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Analysis of Chemical Components and Biological Activities
of Roots and Leaves from Stachys sieboldii Miq.

Lee, Jung Woo

Division of Marine Bioscience and Environment, Graduate School of Korea
Maritime and Ocean University, Busan 49112, Korea

(Advisor : Prof. Sun-Young Lim)

Abstract

This study analyzed flavonoid and phenol contents and fatty acid composition of
Stachys sieboldii Miq. and investigated biological activities of crude extracts and
fractions of S. sieboldii Miq. The flavonoid and phenol contents of the methanol
(MeOH) extract were greater than those of the acetone+methylene chloride (A+M)
extract. Among fractions, the flavonoid and phenol contents of the n-buthanol
(n-BuOH) fraction were highest in root of S. sieboldii Miq., while the flavonoid and
phenol contents of the 85% aqueous methanol (85% aq. MeOH) fraction were highest
in leaves of S. sieboldii Miq. In fatty acid composition of root of S. sieboldii Miq., the
percentages of linoleic acid (LA, 18:2n-6), linolenic acid (LNA, 18:3n-3) and oleic acid
(OA, 18:1n-9) were 54.27%, 20.82% and 2.28%, respectively. Leaves of S. sieboldii Miq.
showed that the percentages of LA, LNA and OA were 11.27%, 16.37% and 5.45%,

respectively.
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In anticancer activity, treatments of crude extracts and fractions from S. sieboldii Migq.
significantly inhibited the growth of HT-29, AGS and HT-1080 human cancer cell lines
(p<0.05). Both A+M and MeOH extracts from roots and leaves showed inhibitory
effects on growth by more than 50% at the concentrations of 0.5 mg/mL in AGS and
HT-1080 cancer cells. Among the fractions, the 85% aq. MeOH and n-Hexane fractions
exhibited a higher inhibitory effect on proliferation of three types of cancer cells.

In antioxidant activity, all tested extracts and fractions of S. sieboldii Migq.
dose-dependently decreased cellular reactive oxygen species (ROS) production induced
by H0, in comparison with that produced by exposure to the extract-free control. The
A+M extract of roots showed a higher inhibitory effect on cellular ROS producing than
that of the MeOH extract at all concentrations tested. On the other hand, MeOH
extract of leaves showed a higher inhibitory effect on cellular ROS producing than that
of the A+M extract at all concentrations tested. Among the fractions, both BuOH
fraction (0.1 mg/mL concentration) from roots and leaves showed a higher inhibitory
effect on cellular ROS production. In DPPH and ABTS radical scavenging assay, the
A+M extract from roots showed a greater scavenging effect than that of the MeOH
extract of roots(p<0.05). Among extracts from leaves, MeOH extract showed a greater
scavenging effect than that of the A+M extract (p<0.05). The n-BuOH fraction showed
a stronger radical inhibitory effect than dibutyl hydroxy toluene (BHT). The A+M and
MeOH extracts from S. sieboldii Miq. significantly inhibited genomic DNA oxidation
(p<0.05). The 85% aq. MeOH fraction showed a higher inhibitory effect against DNA
oxidation compared with control (p<0.05). In addition, the extracts and fractions from

S. sieboldii Miq. increased levels of intracellular glutathione (GSH) in a dose manner.

In anti-inflammatory activity, the productions of nitric oxide (NO) assay showed that
the extracts and fractions significantly reduced NO production induced by
lipopolysaccharide (LPS) (p<0.05). The n-BuOH fraction from roots of S. sieboldii Migq.
showed the highest reduction of NO production by 75.4% and then A+M and MeOH
extracts showed reduced NO production by 67.9% and 78.4%. The n-BuOH fraction
from leaves of S. sieboldii Miq. showed the highest reduction of NO production by
614% and then A+M and MeOH extracts showed reduced NO production by 57.7%
and 61.1%. respectively (p<0.05).
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These results suggested that 85% aq. MeOH and n-BuOH fractions from roots and
leaves of S. sieboldii Miq. inhibited cellular oxidation and growth of human cancer
cells, suggesting that their biological activity may be associated with the contents of
flavonoids and phenols. Thus, S. sieboldii Miq. might be useful for providing valuable

materials to the pharmaceutical, cosmetic nutraceutical and food industries.
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2017; Jeon & Park, 2015; Lee, et al, 2016). Yamahara &(1990)2 =479 <,
=7] 9 o FESES BT A, kst 4, Az Ad A E o]

AA = o Azt 71y fdel] E3rE kil B sk tH(Yamahara, et al,
pZS A

1990). Lee 5(2014)2 =A% &2e F7IgE 779 datst &4 9 F4 5S4
AT Ay 2AF HUE TR vV FREG V2Rt ks FA ol
$48e HuHth Yang (2012)2 ZA%e &85 JieA SAAF AT
ATollA =5 FAEAE A 247 wEgE FEFE W AR T AWY
A, F, dAZAT 2 AFEFY FA 9A, FHE AR
BHustdoh =g 2437 o A FE2E AF5do] o dd FAEA
VA= AEFE ATHRyu & Park, 2002). Ryu 5(2002) =47 43&

3T /Rl%%

5
FEE0] w2 HAAAEY FANMEE 3R AF|AL YAC LA ZFE F
A ATt =3I CD4+/CD8+ T A EZS} Bl AAN Lo A TL-2 5

3 3
ta EA%e FggEst % @g2zAARMY E

Azt w=3ke} HWol Fa ooz A AFEt)ZL(free radical) S AYA|
ol A AhslE= Aer)sel ZE#H2E TRete A ARt~ E# 2 (oxidative
stress) S FASE A2 dHA oW (Macrae, et al, 1993), ©]&%t
A& Az et , O &, A" 4kt 9 DNA WA 55 285k
7k A e fFatdtth(Halliwell, et al, 1984). A 23l AE2E Uy

2 s AV ARREIL A=, ol A=
| otvzt AF7leh RS 2A 5 BIE 74

ofp| gt Fo EAS HAas AU, A AFY AE AA =
2802 AgHET FAFASIA E = butylated hydroxyanisole (BHA), butylated
hydroxy toluene (BHT)&©°l o™, 53] BHT = o2 97 A3 A&
b A mlo]laE2E BA EAd(microsomal enzyme activity)= F7HAIZITHE Z 0]
LEHA WA, o]lF FAFASIAY kAol W =o] AVIH AA= L
AbgEFo] WA o R FFA|E o] th(Brannen, 1975; Ito, et al, 1983; Chan, et al.,
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At el A7 s JIPHN A=
Rice-Evans, et al, 1997). ©ThgE 2
AL FS EFFHoZ A A FqisHso)
e vRR7HAR @hlolEl, ddF, Y &Rt e Aoz dEA
Ath.(Tsao, 2010; Heim, et al.,, 2002; williams, et al., 2004; Sohn, et al., 2008)
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A27d As 2 TH

Az {718l FE& 915t acetone:methylene chloride & 1.1 HI&E
155 st 24 A3 AT & F23AH o]
N2 40C 48 “JellA] rotary vacuum evaporator
(N-1000, Eyela, Japan)® &3k acetone/methylene chloride (A+M) FEE<
. 2 AdE<E methanol (MeOH)E FZ3ta#t
= 5F° MeOH & o] 9{¢ L3 PO = 23 WHES &
53t MeOH FEES T BUWERE A2 F53 FEFES
o8 #3335t n-Hexane, 85% aq.
, n-buthanol (n-BuOH), Water E‘Q%T——I Aot AFede 479
< dimethyl sulfoxide (DMSO)oll o AEHjx= FJQJ FTEE=E
bol Abgshltt. AlEujekel AH8E DMSO 9 HF s&== 01% °lsth
Sk T (Fig. 1).
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Stachy seiboldii Miq.

3 kg
| |
Acetone+Methylene
: Methanol
chloride
| ‘ ‘ |
A+M extract MeOH extract
0.64 @) (12.88 g)
| ‘ |
Crude Extrac
(0.31 g+6.44 @)
| |
Methylene chloride Water
| ‘ | | ‘ |
n-Hexane 85% aq. n-BuOH
0.82 g MeOH (1.38 g Water
' ' 2.0 g

(1.82 9

Fig. 1. Preparation of crude extraction and solvent fractions from root of
Stachys sieboldii Miq.
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Stachy seiboldii Miq.

3 ko
| |
Acetone+Methylene
) Methanol
chloride
| | | |
A+M extract MeOH extract
(24.63 @) (21.39 @)
| ‘ |
Crude Extrac
(8.21 g+7.13 @
| |
Methylene chloride Water
| ‘ | | ‘ |
n-Hexane 85% aq. MeOH n-BuOH Water
(1.83 @ (2.96 g (3.38 g (5.15 @

Fig. 2. Preparation of crude extraction and solvent fractions from leaf of
Stachys sieboldii Miq.
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23 24z e 2 99 F EFRRoE FF A

NE F F ZFgR o] E(flavonoid) 32 Davis W< Eﬁ?“ég}oﬂ(Chae, et al.,
2002) ©F o] SRS 24 S FEE 9 £8E 1 mg S MeOH
1 mL ol 5 Al@de] FH3ta 10 mL ¢ diethylene glycol = 713l 2 &3t

o

1 N NaOH 1 mL #7}ste] 37ColM 1 AZE g7t vbs AlZIHh Wheo] v
UV-visible spectrometer (Helios beta, Thermo electron corporation, USA)&
A& 420 nm oA FREE SASIAH. oln £EF =2 rutin (Sigma Co,,

USA)S AREste] EEFA0l ofsfA & EetiiolE ddFs SAsA
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% ¥ =(phenol) 3= T2 Folin-Denies ¥ (Flolin & Denies, 1912)<
%%—8}04 %—23‘8}9513}. FE2E 2 235 1 mgS MeOH 1 mL o *0]31, 10 8f
2

vl 3]4 3k Folin-Ciocalteu’s phenol reagent 2 mL <

r—{n:

3?: %‘?4 Ho]'-]tﬂ' -5 10%) NaQC03 %‘Ql'q 2 mL::: —a—J_ 1/\121'
o 1z

=3
electron corporation, USA)E AF83t 750 nm oA &FEE =
EFEHDE tannic acid & AFESIHR oM AE9} TUS WHoE B4 & de

FRMoERE F =4 FUE FFL YA

=

_11_
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g
w3
o
X
N

)

NaH,PO; 14 mLE 3 :REste] 4T, 3,000 rpmoll A 383 4
< 43tk o9t 22 WS 3 ¥ o IP3 H AATMAE o] &t AAFY
71 8wE &3] 29 o AdS AUt Morrison & Smith. (1957)2] W o
et F5F A methylationd& A1kl boron trifluoride (BF3) methanol 1 mL
9} n-Hexane 0.4 mLE 7}t $ 1AIZF 5<¢F 100 CollA 7FEatinh 1413 5 A2
4C

A F83] A7 o+ n-Hexane 2 mLe} =7 2 mLE 713 & thA]

N

3,000 rpmell A 3E3F AR F Feds ATk o] FeddN AartrE 01
gotel #F718mE T d2 AWAR2 APAE 2E4 A 7AA -75T deep

freezer (NF-400SF, Nihon freezer, Japan)ol X ¥#3}%TH(Fig. 3).
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Sample + BHT/MeOH 1 mL
\
Add chloroform 2 mL + 0.2 M NaH,PO; 1.4 mL
L <N, gas, vortexing
Centrifuge (3,000 rpm, 4C, 3 min)
\
Place lower chloroform layer in another tube
\
Add chloroform 2 mL + 0.2 M NaH,PO, 1.4 mL again
L <N, gas, vortexing
Centrifuge (3,000 rpm, 4C, 3 min)
\
Combine the 2 chloroform layers
\
Dry to completeness using nitrogen
\’
Add BF5/MeOH 1 mL + n-Hexane 0.4 mL
! <N, gas, vortexing
heating (100C, 1 hr)

\’
Take tube out and cool

!

Add n-Hexane 2 mL + DW 2 mL
4

Centrifuge (3,000 rpm, 4C, 3 min)
\

Remove upper n-Hexane layer into tube

\

Add n-Hexane 2 mL + D.W 2 mL again
! N, gas, vortexing
Centrifuge (3,000 rpm, 4C, 3 min)
\

Combine the 2 n-Hexane layers

\J

Purge with gentle nitrogen until dry and keep in deep freezer

Fig. 3. Procedure of extracts of lipids and fatty acids
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27. 247 B 9 Q9 Gas chromatography & ©| &3 AW4 4

AZolA g A4S 1 uL FHsk A4 £48 gas chromatography©ll
T3] AakS 4351 thSalem, et al, 1996). A4k Ao AL&3 H£FEE
A2 v Nu-Chek-PrepAte] 462 standard©]™, ©]§% column< silica capillary
column (CP-7856, 60 m x 0.32 mm inner diameter x 010 ym film thickness)®]
o 71719 A% injector 250TC, detector (FID) 250C, oven (initial 130T,
7t 175C7HA 4T /min, 210C7FA] 1C/min, 245C7+A 30C/min),
carrier gasv FS ARESATE AW B4 EFE Y retention timed H
wate] AR, WF FEE=H(22:3n-3, methyl ester)= ©]§3t] FT AW

AE
o
At om Z+zre] AWAHELS AA| peak areal] HAEZ AHE3IA T

St
o

_’]4_
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28 =4z e % 9 Ay ;Y A

281 I E

@O AlEzufeF
T AEZF P Lo zRE A AFEAEHT-1080)S HFntop B
k3

APAoNA wiefstHA Al ARESEATH HT-1080 Al*%+= 100 units/mL 2]
penicillin-streptomycin (Gibco, USA)¥ 10% fetal bovine serum (FBS, Corning
Cellgro, USA)7} &% RPMI 1640 (Lonza, USA)E AM&3led 37C, 5% CO,
incubator (MCO-15AC, Sanyo Electric' Biomedical Co., Ltd., Japan)ol A
HlFsta A vk TR xS dFdo] 2 A2E WA 2 @ dFd F
phosphate buffered saline (PBS)2.& AJ&3 F 0.05% trypsin-0.02% EDTA
(Gibco, USA)2 #-28 AzE Zdste] dalde]l & F FJHB A=z wAE
B gyog Mzrt 3% EEES Z S35k cell culture flask o] 10
mL ¥ 43 Axgz Zdete] FASIL, 6~7 dvtth AltiajFstHA Ao

Ab-&-3FA T

_’]5_
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@ MTT assay

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assayE ©|
g3t 24 AN 5o AE A HAe FFES AHEYT MTT assaye Al Z 9]
A Az doldle AEE WHF R SAHsteE Aoz Ao A
gk 12 AEAHALS] FFo® wWol] AREHT thAg o]l =
nEZogote] s g4 Ao ot kMo S84 7]”ES MIT
tetrazoliums FAAME W& HFE&EAHY MIT formazan AR E AT
(Fig. 4). A E MTT formazan®] F3 =+ 540 nme] oA Hhrt
oA SAHE FFEc ot A A ST Alxe w8 wgdd. o
Al Zb wellell A8k A2 BE 49 Bl vigd dAIZE 96 well cell
culture plateo] 5x10* cells/mLe] S =F 100 pL¥ EF3to 37C, 5% CO,
incubatorol A 24A1ZF v FeE & wijAE AAT H 2 AEE AR A5t 2z
welld AEE 100 pL¥ 7}k, controldll= A& th4al PBSE 100 pL¥ #H 75
ATt o] plateg ™Al 37C, 5% CO, incubatorol Al 24417t v sttt vl =
MTT assayES 9¥3te] MTIT Alef 5 mge 1 mL PBSE =< ¥, 10% FBS7} &t
H A 9 mLe} 3 Aste] ZF welloll 100 uLE A7Fstal 3 ~ 4413 < o v
st MTT7} S HE= 33,

% A E formazan A< 7Hd & 7ZF wello]l A AAo] &

EfAA Fas: FstHA ¥ F Fe MTT A wixE AAsAS. # A7
AAD Z+ wellell formazan 28 S &3 41717] 93t] DMSOE 100 pyL¥ &3}
o 5 ~ 1083t WESAIA microplate reader (Victor3, Perkin Elmer, USA)Z 540
nmol A FFEE ZA3AH(Denizot & Lang, 1986).

UREE

ar
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Br
N

MTT
CH; yellow

[3-(4,5-dimethylthiazol-2-y1)-2,5-diphe

N

/ \

\S T

@ yl-tetrazolium bromide]

mitochondrial
reductase

QA
N /
H
@/“\

Fig. 4. Metabolization of MTT to a MTT formazan by viable cells

MTT formazan
violet (540 nm)
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282 43t 49

@O AlEzujeF
T AEZF P Lo zRE A AHFEAEHT-1080)S HFntop B
APAoNA wiefstHA APl ARESEATH HT-1080 Al*%+= 100 units/mL 2]

penicillin-streptomycin (Gibco, USA)¥ 10% fetal bovine serum (FBS, Corning
Cellgro, USA)7} &% RPMI 1640 (Lonza, USA)E AM&3led 37C, 5% CO,
incubator (MCO-15AC, Sanyo Electric Biomedical Co., Ltd., Japan)olA
i FetAA g T AEE dFLed 2 AEE WA E wedth 7Y F
phosphate buffered saline (PBS)S.& A3 5 0.05% trypsin-0.02% EDTA
(Gibco, USA)E F29 MEE &2lste] dAie & F JAA Axo] WA=
9y 3o g HErl 315 BAEES 4 E35lY cell culture flask ol 10
mL ¥ 4% Axgz Fdste] FASaL, 6~7 Lvttt AtiajFstHA Aol

Ab-&-3FA T

_18_
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@ M=E W &d4EAF(Reactive oxygen species) S4

ME W &444FS DCFH-DA (2,7 -dichlorofluorescin diacetate) assay® =
A3t AtH(Lebel, et al, 1992; Tsuchiya, et al., 1994). DCFH-DA (Sigma, USA)<
Az i G844FHR W83t FF=2 (dichlorofluorescein, DCF)< RH&o] U
= A0 =E o] NS AE Ko ol WA FFE SAFOEHN AEX WY
GRNATE ST + At(Fig. 5). MEE 96 well cell culture plateo] &3
S 24417 weFstal, PBSE A2 3 20 uyM DCFH-DAS 7t wellol &3t 3
7C, 5% CO, incubatoro 4] 2043t pre-incubation 3tA T 7} welloll A5E A g
3te] 37C, 5% CO, incubatorol| A 1A13F vl s ¥, DCFH-DAS A A3l A
= O] PBSE A2 % 500 uM H,O,E A Elste AIZFE 2 DCF fluorescences
excitation 488 nm, emission 530 nmoll A microplate reader (Victor3, Perkin
Elmer, USA)Z ZA3lA . ol &7 E(blank 7} control)2 A5 t4l PBSE A
2]3tH, control2 500 uM H,O,= A 2]& 3}al, blankv 2 500 uM H,O, th4l
PBSE Agste SA35tAH.

_’]9_
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OY
o 2'.7-Dichlorofluorescein

cl dacetate (DCFH-DA, non
fluorescene)

HO. 0)

cl Cl 2'7'-Dichlorofluorescein

(DCFH, non fluorescenet)

2',7'-Dichlorofluorescein
(DCF, fluorescenet)

Fig. 5. Degradation pathway of DCFH-DA in an oxidation-induced

cellular system
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@ 1,1-diphenyl-2-picryhydrazyl (DPPH) =}tz A& &4

A5 DPPH =z AAZA (Chen, et al, 1995) SAES &l WA 7zt
F=E 9 EYES MeOHE 3|43dte] w=E=2 FHsith. DPPH 2 mg <
ethanol 15 mL ©] =< DPPH ¢S T 99 1.2 mL o] DMSO 0.5 mL
EtOH & 3 mL & £%3%to DPPH 34 4SS Fnlstdtt. F4E DPPH 3|49
cuvette o] Y1l TFE=E =AHsto T4 94~0970] FE=E uEr}

I o. H]
ANE 01 mLS DPPH 3FAN 09 mLE A4S ¥ 108 Z UV-visible

AN
rﬁ'ﬁ

spectrophotometer (Helios beta, Thermo electron corporation, USA)= 518
nm oA S5 AHFig. 6). olH control = HAE4ESFA| Q] L-ascorbic acid £}
A g4kskA <l dibutyl hydroxy toluene (BHT)E AM&3tth. =A%l DPPH
GOz 2ABAL Thge) A we ekt

EDA (electron donating ability) (%) = %100

_21_
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OH

N—N NO, +

DPPH ¢ (Violet, 518 nm)

N02 o [ ]
H
N—N NO, +
NO;
Diphenylpicrylhydrazine P hepoxy
(yellow) radical

Fig. 6. Scavenging of the DPPH radical by phenol
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@  2.2-azino-bis(3-ethylbenothiazoline-6-sulfonic  acid) diammonium salt

radical cation (ABTS+) 2tz AAEA

ZAzel i@ ABTS+ ST1Z £AB4L Re, et al (1999) 02 ZASAT 7
mM ] ABTS+9} 2.45 mM 9] potassuim persulfate & 3 713l radical A3 < <130
oA 16 A7 WA F, 734 nm AN FF =7} 068~0.72 7+ F=E EtOH 2

3|48 %Th. ABTS+ 3419 098 mL S %% 2 Y% 002 mLE &t

oA 10 XF x| £ UV-visible spectrophotometer 732 nm 94 &FEE
S48t (Fig. 7). control LE+  HAFAESAIQ] L-ascorbic  acid <+
gAdarstAQl BHT & AH&stdth 2438 ABTS+ &tz £AAZA LS T3 9

1>
2

w2} Alksk A

EDA (electron donating ability) (%) = %100

_23_
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SUJ-

t

+ Potassium persulfate l

ﬁw

ABTS * (Bluegreen) 732 nm

Fig. 7. Scavenging of the ABTS radical
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) Genomic DNA 3% 2 DNA 43} A E =3

Raw A|ZZFE]2 genomic DNA2 F&& AccuPrep® Genomic DNA
Extraction kit (USA Bioneer, Inc)E ©]&3to] =22 < W me} F&33H
FZ50]% genomic DNAS] 4Fsl A=+ Milne, et al. (1993)¢] WH & o] &3t
=439t od dAHFEE AlF, genomic DNA, FeSO; ¥ H0,E Eol ¢
100 pLe] &£3dES W 74249 HFTFE7} genomic DNA, FeSOy ' H,O,9
#% %%7} 50 pg/mlL, 200 pm, L2 0.1 pmeo] HEE F8|5th. o Eﬁ%g
< 30E3F A2oM WEA7IAL 10 mMe] EDTAE A7bste wbg< T4 AZ
o W53 1% agarose gels ©]83te] 100 VelA 30% &< A7]F-53sHA T
7195 gel2 1 mg/mL ethidium bromide® $2135til Alpha Ease gel
image ananlysis software (Alpha Innotech, San Leandro, CA, USA)E ©]-&3}4
UVE #Esiith

® AlZ Y Glutathione (GSH) &3 =4

ME Yo =24¥  GSH &%  thiol-staining reagent?]  mBBr
(monobromobimane)< ©]-&3t ZA3ATH(Poot, et al, 1986). AIZE 96 well
cell culture plate®] well & 5x10* cells/mL7} B =5 53} 24412 v gt &, 7}
welld] FEHEE A 5E A glst] thA 37C, 5% CO, incubatorol| Al 30Xt v 3}
F T oAl ZF well2> PBS &5 0 2 A2 340 yM mBBr< A 8l5t¢] 37C, 5% CO,
incubatoroll A 3087t WFSAIZ] B Al A 2ol 23 GSH e WHIE A=z

Oll

excitation 360 nm, emission 465 nmol|4 microplate reader (Victor3, Perkin
Elmer, USA)E =433t

283 F4935 4d

@ AE W Nitric oxide (NO) A4 =4

_25_
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r°*‘

NO reduction assayw= WA A ZS Fa3 7% F9 3l phagocytosis®t ##
H A GASAHe 3 Yo E giAErt O EFS drpy 2 s
I JeEAE dotEe WHolth(Kong, et al, 2005). Raw 264.7 AZE 96 well
cell culture plated] well & 5x10* cells/mL7} H=% &F3}o 37C, 5% CO;,
1ncubat0r°ﬂ/ﬂ 24N 7t F<k vkttt Wi FAE 10% FBS7F ¥ MEM Hi A
2 wAZ & FrlE ARE 1ARF B¢ AAEE, NO AES FEstr] 9ls)
LPS (1 ug/mL = 1 ppm)E A &, 48AZF &<t 37T, 5% CO, incubatorol A
vl &F skt ot o] < A4 NO<J ¥L&  Griess A 2F(0.1%
N-(1-naphtyl)etylenediamine : 1% sulfanilamide = 1:1)= ©]-83} 570 nmoll Al

€ 5433tk sodium nitrateE AHgste] SAHE FEEE FEFAE A
[e)

12
o
il
I
=3
X
o
£
L

Over night ¥ plateE M&& <% assay diluent 200 uLE&
FgAEi T AlA g gdsdos 4 AHT +

plate®] Z} welloll A& 100 pLE #stste] Ao A 243t Sk B s Al A

M
ol
e
o
>
rfo
2
X
—
>,
o
of

O

& 3k & avidin-horseradish peroxidase®] 100 pL< & 3}3l
Al AZoA 308 FQF WASIAT AAFE SFHS 5 AHIT =
tetramethylbenzidine®] 23¥ 7]29 100 pL& A3dtste] A2oA 158 &<
A F stopdS 100 uLA & 718t Hh-E& A A AIF T optical density= ELISA
(Bio-Rad, Model 500, Hercules, CA, USA)E ©]-&3t 450 nmolA FH3stAth
(Kim, et al., 2001)

29. SAEA

AgAxes 2 F&Ho| Wl MeantSEM  (Standard Error of Mean)2 &2
Uetigla 49 A3 dolE= control 3 ZF AR BIWE 93| statistica
program = ©]-83t] p<0.05 FFol|A one-way ANOVA & AAet o4&
A
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A3F Adx R 1F

311 A% BEY F EFHEEE ¥ F HE §F

24zt S FE= R Bi=s F SFHEkcE 8 F odE dES

Table 1] YEMIQT 247 B A+M 2 MeOH FEEE9 & ZglRLyolE
+ 7

04 + 000 mg/glE A+M FEE F
55 FolXE n-BuOH #3E°] 16.67 + 0.74
| =

=
Water % 85% aq. MeOH, Water #3& <oI%th 7z &ud F2E 42

+ 0.00 mg/g)Ett = = & 2=
B Eo] 049 + 000 mg/goZ 7FF w& FFS YelgdLh o]

o wz} F
Zgryolt 9 ¥HiE FHS p-BuOH EIEIA =4 vetds & 4+ Jddoh
Jeon & Park(2015)2 A3 e 5 ZEdE, & FgExol= 9 F wde

ke Zh7F 139.09 1.97 mgGAE/g dw, 7433 2.69 mg QE/g dw, 40.41 2.54 mg
TAE/g dw & EAHATGT B33 Chung & Lee(1993)9] AT-ollA =A%

70% oNge FEE F ZdHE FFFo] 2458 mg/g AT Baek, et al(2004)] 2]
al

247 Mgs FE29 F Tded F EFHEEE
[e3]

—1
FE2EY ¥ Z2Y9sH F FHERxolE FFo] 3862 mg GAE/g ¥ 221.00
QE/gollth. ol ztel= Mzt Au) &4, F= &9 T/, F= 2% %

A e FE 21 S Aol 7% AL .

m

aQ

M2

oz
i

7}
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Table 1. Contents of total flavonoids and phenols of extracts and fractions

from roots of Stachys sieboldii Miq.

Total flavonoid contents Total phenol contents

Sample

(mg/g) (mg/g)
A+M extract 3.15+£0.19¢ 0.35+0.00¢
MeOH extact 7.04 £ 0.002 0.41 +0.00°
n-Hexane fraction 722+ 1.302 0.30 £ 0.00¢
85% aq. MeOH fraction 3.89+0.56¢ 0.33+0.00f
n-BuOH fraction 16.67 = 0.74° 0.49 £ 0.002
Water fraction 5.19+£0.37¢ 0.36 £ 0.00¢

Values are expressed as mean*SD and *'Means with the different letters are

significantly different at p<0.05 by Duncan’s multiple range test

_28_
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Table 2 o 1} S =

Se 7tz 759 + 026 T 944 + 026 mg/g O MeOH *>&E %
T RiolE o] HYTh BIYEBE FIME 85% aq. MeOH EIEo] 1037
£ 052 mg/goR2 M e TRk FFE dEglen, tgom
n-BuOH, Water ¥ n-Hexane £33 & <o|dt}t. ZF &rjd FEE&E 2 B3 E9 &
A Fe T MeOH ZZE(024 + 000 mg/g)ol A+M ZFZE(023 + 0.00
mg/g) Rttt 2 = FFE YeUdien ZEE FolA n-BuOH Z2=0

g HE IFES MeOH FEE, 85% agq. MeOH ' n-BuOH EFEo|A =
el & F AN

_29_
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Table 2. Contents of total flavonoids and phenols of extracts and fractions

from leaves of Stachys sieboldii Miq.

Total flavonoid contents Total phenol contents

Sample
(mg/g) (mg/g)

A+M extract 7.59+0.26° 0.23£0.00°
MeOH extact 9.44 +0.26" 0.24 £ 0.002
n-Hexane fraction 4.44 £ 0.00¢ 0.23+0.01°
85% aq. MeOH fraction 10.37 £ 0.522 0.23+0.00°
n-BuOH fraction 4.81 + 0.52de 0.24 £ 0.002
Water fraction 5.37+0.26% 0.23+0.00°

Values are expressed as meantSD and “°*Means with the different letters are

significantly different at p<0.05 by Duncan’s multiple range test
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3.21 =A% B AYLxA

2A%E A4 % % gas chromatography & ©]&3te] At S

BRI =A% A sk 242 n6 AEAHB42
2118%) > ESAMAH1970%) > 19 AWA(B.60%) wO
b‘rE‘r‘fkgfﬁ, el 7PE Ee n6A A4 linoleic acid  (18:2n-6)7F
5427% % 7+ we TFEFES UEHII oleic acid (18:1n-9)7F 2.28%, linolenic
acid (18:3n-3)7} 20.82%° ¥ FS 7IX Ae® UEyt B A s AV H9Y
Ao thet oleic acid o] #4% FdFT EHE HAs AHY jd =T
B3 A H(Linos, et al, 1991; Kremer, et al., 1990). A|F3afl2] Alche] JAF

St
1%
g
i
o
i
;{
QL
=3
(@)
W
=2
W
N
R

\Y
>
W
)
oL,
=
m

A2 =2 &Y oleic acid oF A#FO ATl HIAFHUTH(Sales, et al, 2011).
H5o] n3 AAke I SEH ode AAHE Y d5d #d dee
SF3 sl =98 FU3 B35t (Wardhana & Surachmanto, 2011).
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Table 3. Fatty acid composition (% area) of roots of Stachys sieboldii

Migq.

Fatty Acid %
14:0 0.18
16:0 17.5
18:0 1.01
20:0 0.31
22:0 0.67

Total Sat. 19.70

18:1n-9 2.28
20:1n-9 0.19
22:1n-9 0.13
Total Mono.? 3.60
18:2n-6 54.27
Total n-6 54.27
18:3n-3 20.82
20:3n-3 0.35
Total n-3 21.18

1) Sat, saturated fatty acids 2) Mono, monounsaturated fatty acids
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Nz Qo) L=y

=

3.2.2

oju

ol

4 o

Table

it

ZE!

o

i

> n9 AWH2296%) > n-6 AWAA712%) > n3
gtﬁ/ %*\:—‘I;i’— X]HO]—

(38.85%)

<

HEA

o= et

A HAERD oleic acid (

A1 8.97%) <=

U EFP A linoleic

1

acid (18:2n-6)7} 11.27%, linolenic acid (18:3n-3)7} 5.45% <]

Jepse,

_33_

Collection @ kmou



Table 4. Fatty acid composition (% area) of leaves of Stachys sieboldii Miq.

Fatty Acid %
12:0 0.10
14:0 0.85
16:0 21.76
18:0 5.13
20:0 17.54

Total Sat.” 38.85

14:1n-9 0.15
18:1n-9 16.37
20:1n-9 4.84
22:1n-9 1.59
Total Mono.? 22.96
18:2n-6 11.27
18:3n-6 0.59
20:2n-6 4.90
22:4n-6 0.36
Total n-6 17.12
18:3n-3 5.45
20:3n-3 2.78
20:5n-3 0.74
22:6n-3 0.26
Total n-3 8.97

1) Sat, saturated fatty acids 2) Mono, monounsaturated fatty acids
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Az o] A FE dAlEe digk F2 dAEAE GolE7] $JF MIT
A < A ALAMEAGCS) S UA
ARG EMHT-29) 283 AA {75 AH E(HT-1080)S ol &3t o 7 M xd

0.05 mg/mL & E°A&= A+M I MeOH
7} 42.8%%} 58% 0.5 mg/mL & FZolA+=

4y
247} 57.5% 83.3%% H& ME F4 AAARE YEN U THFig. 8).
HT-29 A|Zo that 2% #g] A+M 3 MeOH FEEL 0.05 mg/mL 2|

sxoMeE 4 59% 1.7% ZElal 05 mg/mLo FZoNME 2+t 654%
295% % AGS 91¢AIZ HIs] 2 A 54 A aIAE BHAFATH(Fig. 9).

A+M 3} MeOH FZEE&°] HT-1080 A2 S52 Al &3] 79 0.05 mg/mL 9
A 247y 263%, 131% 1813 0.5 mg/mL 2] 9ol ZH2F 84.2% 72.0% =
AGS 9 HT-29 ¢A=xet vudle o Fodgoz = AAax}E HY(Fig
10).

ZF AxE 243 g A+tM FEFE MeOH o ! ICsx < Table 5 ©l
YeR Atk 2472 A+M FEE2] AGS, HT-29 2 HT-1080 ol thdt 1Cs 22t
0.06, 040 &3 019 mg/mL°]l™ MeOH FZ&2| A%t z+7 028, 093
Z2€)31 0.34 mg/mL ©] Atk
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| |
1200 OA+M ex MeOH ex

1000 i

20.0
_—
®
=
&
= bec
-0 60.0
.5
= be
o
o

400

c
200 C c
0.0 - —ee s -
CON 0.025 0.05 01 0.25 0.3

mg/ml

Fig. 8. Inhibitory effect of acetone/methylene chloride (A+M) and methanol
(MeOH) extracts from roots of Stachys sieboldii Miq. on the growth of AGS

human gastric adenocarcinoma cells
“Means with the different letters are significantly different at p<0.05 by Duncan’s

multiple range test
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Op+m ex. MpeOH ex

1200

—

1000 | b

800

600

cell viability(%)

400 | d

200

0.0 L 1 1 | 1

COM 0.023 0.05 0.1 0.23 0.3
mg,/ml

Fig. 9. Inhibitory effect of acetone/methylene chloride (A+M) and
methanol (MeOH) extracts from roots of Stachys sieboldii Miq.

on the growth of HT-29 human colon cancer cells
““Means with the different letters are significantly different at p<0.05

by Duncan’s multiple range test
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1200

OA+M ex. EWMeCH ex
a
1000 | i
ab ab
b
800 | b b
£ b
£
5 600
]
= cd
]
g
400
d
200 d
0.0
CON 0.025 0.05 01 0.25 0.5
mg/ml

Fig. 10. Inhibitory effect of acetone/methylene chloride (A+M) and methanol
(MeOH) extracts from roots of Stachys sieboldii Miq. on the growth
of HT-1080 cell line

““Means with the different letters are significantly different at p<0.05 by

Duncan’s multiple range test
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Table 5. ICsp values of acetone/methylene chloride (A+M) and methanol
(MeOH) extracts from roots of Stachys sieboldii Miq. on the growth
of AGS, HT-29 and HT-1080 cells

Samples AGSY HT-29 HT-1080
A+M extract 0.06? 0.40 0.19
MeOH extract 0.28 0.93 0.34

Y AGS-human gastric carcinoma cell, HT-29-human  colonic cancer cell,
HT-1080-fibrosarcoma cell ?mg/mL
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24z B9 F=2ES n-Hexane, 85% aq. MeOH, n-BuOH 1|3l Water=
Al Z8ste] dolxl 7 EEES AGS dAE AEd A3 2E 0.05 mg/mL
o] FEAA BIEE EF =2 HNE A gAEHE BYth 53| 85% aq.
MeOH £829 ZASol QAL Z2 oA &7} 005 mg/mLolA 863%, 0.5
mg/mLe] F=olA= 89.8%°] wl-¢ =& A &35 Y Ath(Fig. 11).

HT-29 tAlZ] 2 28 EES A3 A= Fig 120 JYebideh HT-29 &
Azo] tidt Az F24 JAEAE AGS dAZe Hlads u JiHoez v
%k 05 mg/mLe] FEANAE BE TIEolA oF 50% 7S GAE T4 Al

Z3E YER AT

HT-1080 A%l ek MEZ4 o4 3= Fig 1391 YERIATh n-Hexane
7} 85% aq. MeOH, n-BuOH 183 Water 23Eo]A control? 9731 }o]
7} UEtom 85% ag. MeOH®| 7% 05 mg/mLe] F=olA 951%9] H& A
Z 4 AAEHE et (p<0.05).

AGS, HT-29 1¥]3l HT-1080 A=) thet 2 E8E=52 ICy #t< Table 6
et AT AGS ¢ EZ oAl n-Hexane, 85% aq. MeOH, n-BuOH 12|11 Water
BIEE 3 1Cy #e 22 0.03, 012 027 223l 045 mg/mLI 3L HT-29
GAZo thE ICs w22 023, 030 027 LT3l 049 mg/mL 3L HT-1080
GAEol Tt ICs #E2 0.01, 0.17 019 223 0.33 mg/mLE YEFSTH

N

N
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1200

100.0
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“*Means with the different letters are significantly different at p<0.05 by

Duncan’s multiple range test
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Fig. 12. Inhibitory effect of solvent fractions from roots of Stachys sieboldii

Miq. on the growth of HT-29 human colon cancer cells
*dMeans with the different letters are significantly different at p<0.05 by

Duncan’s multiple range test
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Fig. 13. Inhibitory effect of solvent fractions from roots of Stachys sieboldii
Miq. on the growth of HT-1080 cell line
“"Means with the different letters are significantly different at p<0.05 by

Duncan’s multiple range test
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Table 6. ICsy values of solvent fractions from roots of Stachys sieboldii Miq.
on the growth of AGS, HT-29 and HT-1080 cells

Samples AGSY HT-29 HT-1080
n-Hexane fraction 0.03% 0.23 0.01
85% aqg. MeOH fraction 0.12 0.30 0.17
n-BuOH fraction 0.27 0.27 0.19
Water fraction 0.45 0.49 0.33

D AGS-human gastric carcinoma cell, HT-29-human  colonic cancer cell,
HT-1080-fibrosarcoma cell *mg/mL
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g T4 dAEHRE dotry] ] MIT
& AlEES A ALAEAGS)eE 1A

[

AGS @A o] 24 9 A+tM FEFEH MeOH FEES A of oA
24 qAEHAE YeERRon. 025 mg/mL FEAE A+M 3 MeOH FZE
AZx Z2 JAER7E 242 70.6%9F 73.9%°1H 05 mg/mL 2 oM E 27t
751%%F 85.7%% =& ME F4 JAEHE YElH AT (Fig. 14).

HT-29 A xo] tigh 2448 o A+M 3} MeOH FZEE-E 0.05 mg/mL 2|
TEdAM= 2z 482% 45.6% 1213k 0.5 mg/mL o FEolA

719% % AGS 1A Lo Hls| @& A F2] AdHaIAE Ko
A+M 3} MeOH F& &2 HT-1080 HA=E 54 A& 7% 0.05 mg/mL 2|
TxoNAM 22t 39.2%, 18.6% L3l 0.5 mg/mL <] A%ole= 2t 86.1% 87.5%=

AGS % HT-29 g4z HuPS v doFos =& AgAaxE HYU(Fig
16).

Zb A=EE 2% o] A+tM FEET MeOH o] tid ICs) #k& Table 7 el
el =245 Ao A+M FEE2 AGS, HT-29 2 HT-1080 o thd ICs
247} 0.04, 0.07 L 0.09 mg/mL °]H MeOH FZ&29| A%l Z+2 0.03,
0.06 123 0.18 mg/mL ] AT}
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Fig. 14. Inhibitory ~effect of acetone/methylene chloride (A+M) and
methanol (MeOH) extracts from leaves of Stachys sieboldii Miq. on
the growth of AGS human gastric adenocarcinoma cells
“"Means with the different letters are significantly different at p<0.05 by

Duncan’s multiple range test
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Fig. 15. Inhibitory effect of acetone/methylene chloride (A+M) and
methanol (MeOH) extracts from leaves of Stachys sieboldii Miq.
on the growth of HT-29 human colon cancer cells

“8Means with the different letters are significantly different at p<0.05

by Duncan’s multiple range test
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Fig. 16. Inhibitory effect of acetone/methylene chloride (A+M) and methanol
(MeOH) extracts from leaves of Stachys sieboldii Miq. on the growth
of HT-1080 cell line
“"Means with the different letters are significantly different at p<0.05 by

Duncan’s multiple range test
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Table 7. ICsy values of acetone/methylene chloride (A+M) and methanol
(MeOH) extracts from leaves of Stachys sieboldii Miq. on the growth
of AGS, HT-29 and HT-1080 cells

Samples AGSY HT-29 HT-1080
A+M extract 0.04? 0.07 0.09
MeOH extract 0.03 0.06 0.18

Y AGS-human gastric carcinoma cell, HT-29-human  colonic cancer cell,
HT-1080-fibrosarcoma cell ?mg/mL
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247 Q19 FEFEE n-Hexane, 85% aq. MeOH, n-BuOH 18|31 WaterZ o
Al B3t dojr 7 BYES AGS PAE] A A7} EE 0.05 mg/mL
o] F=oA EEEE EF FYF AolE HIJo 53] 85% aq. MeOH &¢
B9 Afoe dAE F24 JA E77F 01 mg/mL ©]4e] FxolA 80% ©|4
ol 2 a¥}E Yet ATt (Fig. 17)

HT-29 A2 Zt B EES A A= Fig. 189 YERHAT HT-29 ¢
Aol tigh M= F4 AdAEHAE= 05 mg/mLe FE°4+= n-Hexane, 85%
aq. MeOH, n-BuOH “1¥]il Water -8 EolA = ¢F 50% 71 HAlZ S

bo12

oA 88% ovu we wRE e

HT-1080 Aol digh MEZ2] JA £33 Fig. 199 YeERN ST WaterS
A2 gt n-Hexane, 85% aq. MeOH 183 n-BuOH &8 Eo|A4 = controld #2
Al Zpol7b e O™ 85% aq. MeOHO| A9 B sEo4 50% °l3e &2
A F24 AAZHE JERH AT (p<0.05).

AGS, HT-29 183 HT-1080 Aol wiet 2k &8 =52 ICsx %45 Table 8°l
YeER Atk AGS SAZ o)A n-Hexane, 85% aq. MeOH, n-BuOH 12|31l Water
BB 3 1Co 62 22 0.01, 007 0.09 183 0.16 mg/mLYI HT-29
AAZol| e ICs #2 27 0.04, 015 0.09 I3 0.17 mg/mL 3 HT-1080
GA Eol Ttk ICs #E2 0.08, 0.01 0.31 Z12]3L 1.09 mg/mLZ YEFSTH
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Fig. 17. Inhibitory effect of solvent fractions of extracts from leaves of

Stachys sieboldii Miq. on the growth of AGS human gastric

adenocarcinoma

“*Means with the different letters are significantly different at p<0.05 by

Duncan’s multiple range test
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Fig. 18. Inhibitory effect of solvent fractions from leaves of Stachys sieboldii
Miq. on the growth of HT-29 human colon cancer cells

“8Means with the different letters are significantly different at p<0.05 by

Duncan’s multiple range test
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Fig. 19. Inhibitory effect of solvent fractions from leaves of Stachys sieboldii

Miq. on the growth of HT-1080 cell line
“*Means with the different letters are significantly different at p<0.05 by

Duncan’s multiple range test
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Table 8. ICsy values of solvent fractions from leaves of Stachys sieboldii Miq.
on the growth of AGS, HT-29 and HT-1080 cells

Samples AGSY HT-29 HT-1080
n-Hexane fraction 0.01? 0.04 0.08
85% aqg. MeOH fraction 0.07 0.15 0.01
n-BuOH fraction 0.09 0.09 0.31
Water fraction 0.16 0.17 1.09

D AGS-human gastric carcinoma cell, HT-29-human  colonic cancer cell,
HT-1080-fibrosarcoma cell *mg/mL
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DO ME W ZALFAF(reactive oxygen species) A A &3}
Y& p

Mz e o] A+M % MeOH FEES 005 ¥ 01 mg/mL 9 T2 <IA
SSAHEHT-1080)° A st A=x | &Y FLaFes 43 23, F

B ZAHAZE 120 0] Aol wet 2o AT W BHAL

A =
k=t B E i th(Baek, et al). 24 FEEC] HoMAHE EIES
a-tocopherol, BHT, BHA ¢} 22 3itsiA| o] nlsfA #itsixd A4 JAF,
obAd aAE, AAFTATo] ¢ Fatst A S Zhevhal B E Y tH(baek,

et al, 2004). =3+ Takeda, et al(1985)& =A@ oz2HE E3d Hl=A 31¢ES

ju s

4’-methyl ether  7-O-B-(6"-O-acetyl-2”-allosyl)glucoside,  isoscutellarein
7-O-B-(6” -O-acetyl-2” -allosyl) glucoside, acteoside & hyaruloidase /<
Asjste] A= JASt= FHE&S

< FF o9 = Feung, et al(2015)
B 3% d3Rd % 86z sA%0 $53E HAL oF

CEERE
HFRE FaU4 FOAARA GBSl PP ANVEE FANPOEA
]_
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Fig. 20. Inhibitory effect of acetone/methylene chloride (A+M) and methanol
(MeOH) extracts from roots of Stachys sieboldii Miq. on levels of

reactive oxygen species in HT-1080 human fibrosarcoma cells
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Fig. 21. Inhibitory effect of solvent fractions from roots of Stachys sieboldii
Miq. fractions on levels of reactive oxygen species in HT-1080

human fibrosarcoma cells
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FE= 9 £3=° DPPH stz &7242 SNEE AATD
A (electron donating ability, %)% Table 9 o YepH AT 2
W 22E 2 EHES 77 0.25 005 01, 025 xﬂm_ 05 mg/mL 9]
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Table 9. DPPH radical scavenging effect of extracts and fractions from roots
of Stachys sieboldii Miq."

concentraion (mg/mL)

Sample
0.025 0.05 0.1 0.25 0.5
1738 + 2254 + 33.10 + 4245 + 60.28 +
A+M extract 4
0.00 0.02° 0.00° 0.00¢ 0.02°
11.05 + 12.08 + 1496 + 1863 * 2746 *
MeOH extact " b b . b
0.00 0.00 0.01 0.02 0.01
) 931 + 10.28 + 1150 + 13.89 * 1572 +
n-hexane fraction i i i . .
0.00? 0.01% 0.01% 0.00? 0.00?
85% aq. MeOH 1091 = 13.64 + 18.39 + 3584 + 5873 *
fraction 0.00° 0.01¢ 0.01¢ 0.00° 0.00°
) 1281 * 16.76 + 2355 * 63.68 + 85.35 *
n-BuOH fraction
0.00¢ 0.01¢ 0.01¢ 0.03¢ 0.00¢
) 9.66 + 10.77 + 12.60 + 19.08 = 28.39 £
Water fraction ) A " b
0.00* 0.00? 0.01° 0.00 0.00
) ) 99.69 + 99.69 + 99.72 £ 99.79 + 99.79 *
L-ascorbic acid ;
0.00 0.00° 0.008 0.008 0.00#
39.34 + 5433 £ 69.56 * 86.98 + 91.45 +
BHT f f f f
0.00° 0.00 0.00 0.00 0.00

Values are expressed as meantSD and “°*Means with the different letters are

significantly different at p<0.05 by Duncan’s multiple range test
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@ ABTS+ Sz A2

2N FEFE 9 E9E ABTS+ #uz &2AEAHE DPPH oz
24843 nA7A 2 AAF 5 EDA & Table 10 o Yelgdt 7+ &od
F2E 9 BIES 747 0025 005 01, 025 183 05 mg/mL o FEE
control(L-ascorbic acid, BHT)¥ H|w3}th. A+M FE=3 n-BuOH #I=&
2 27% YEUAS A+M FEEL 05 mg/ml9 FZNA 90.36%2
2A%E YEWROeH n-BuOH #8EL 9022%=E control ¥ AR <
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Table 10. ABTS radical scavenging effect of extracts and fractions from

roots of Stachys sieboldii Miq.

concentraion (mg/mlL)

Sample
0.025 0.05 0.1 0.25 0.5

2401 39.22 68.43 89.57 90.36

+0.02° +0.01¢ +0.05¢ +0.01¢ +0.00¢
10.76 14.56 24.85 40.70 65.00

+0.00%° +0.00° +0.00° +0.02° +0.02°
3.20 417 5.89 8.39 12.47
+0.00°? +0.00°  +0.00*  +0.00° +0.00°
25.64 2272 4172 67.87 90.77
+0.15° +0.02¢ +0.06° +0.04¢ +0.00¢
18.68 39.82 54.43 90.91 90.22

+0.01° +0.02¢ +0.02 +0.00¢ +0.00¢
5.56 8.44 13.26 28.74 54.94

+0.00%° +0.00° +0.01%° +0.01° +0.01¢
92.77 9291 92.77 93.05 92.77

+0.00° +0.00" +0.00° +0.00° +0.00°
9291 9291 92.77 93.05 9291

+0.00° +0.00 +0.00° +0.00° +0.00°

A+M extract

MeOH extact

n-hexane fraction

85% aq. MeOH fraction

n-BuOH fraction

Water fraction

BHT

L-ascorbic acid

Values are expressed as meantSD and **Means with the different letters are

significantly different at p<0.05 by Duncan’s multiple range test
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@ Genomic DNA #F3} oA &3}

FHEAE 0] 2(0%), HatsEAH0,) I8 stel==A g ZOH)ZS
FAAE AEZol DNA G7I¥oly d77tg &4 5 DNA S 4H3kA It
18& 2bsta ~Ef e ale] 93 DNA7ZF 45 dAEHE doju =3
2 Yty A4 7F Yebdtha 88 oh(Halliwell, et al., 1984).

O.>'I

O.>'I

A% 58 2 EIYEL o)gste] AHH T DNA 435S JAAIE=
e B7)918 HT-1080 Ml ZZHE] genomic DNA & FE3+9 H,0, 9 FeSO, &
o] &3l DNA Z 4M3lA# A1Zo] DNA 4H3lE WAsleE AEES =43

S 25 Hy0, ¢ FeSO, TF 23 4FEAIZ] control 3 A58} 4HE A& A
Blank & A}-&3}% T

=2 %] DNA oxidation 4% A3 25 4 #3F EF blank & vl &
g fold HolE JFHU(p<0.05). I 7l2H 85% aq. MeOH ®IEo| 7
blank 3} B]528 $F9] ¢ =2 48 A &7t JEFS T (Fig. 22).

4o o

Devasagayam, et al. (1995)= HA&ASA|Q] 7h2E] w0l =9} ZEfH-olE
7F ROSe w3l pBR322 plasmid DNAE X agthil 9133, Noroozi, et al.
(1998) & Zetri-o|l=9} FhEE o]}t SIAFZ T o)A HO0l thEk DNA 43}
of thell E3Zolekar YT

]L
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Fig. 22. Antioxidant effect of crude extracts and solvent fractions from
roots of Stachys sieboldii Miq. on genomic DNA in HT-1080
human fibrosarcoma cells
“?Means with the different letters are significantly different at p<0.05 by

Duncan’s multiple range test
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® Glutathione (GSH) A4 s &3

Glutathione  (L-y-glutamyl-L-cysteiyl-glycine, ~GSH)<  thiol 7|&  X%%t
tripeptide 2 M ZW JFHFHA A st= =2 =A Aol 4Hshz 2Ed 29
FFoE yAPHE GSHE 4 44aFE AASIAY  glutathione peroxidase,
glutathione S-transferase, thioltransferase #°] 3A4ks} FAFS] ZEALE
2483t Mol Zgsle Absd 2EHAE A AT (Schroeder, et al., 1996;
Dickinson, et al, 2002). Zg]a Fo}xl GSH & 4hsd 2EH2E fF&9
AZAEALZRE AEZE BEstetd AZAEAL AL @5 D430 9SS
3l cysteins protease 1 caspases ©] Zw|& x| GSH 7} &3t A=
ZAFEAHE o] gtk (Musallam, et al., 2002).

of Al o] GSH AA el mAlE &S Lotr7]

98 HT-1080 Al Zol] F2&E 9 BIEEL 0025 05 01, 025 2

mg/mL ¢ FEZ AYF F mBBr AE 1 90E F =HF A}, Fig 23 3
7d

—?— 51E T Oﬂfﬂ control Xt} GSH & §Fafo)
P

_l
il
o
M
s
o
i

gFo] E2 oz Fel aiﬂr(p<0.05). Fig. 24 o|A= 2t F2&E<S n-Hexane,
85% aq. MeOH, n-BuOH, Water = £33} GSH &S AT slo=2 TE
& 5ol A control % FoAH O R F2 GSH &Fo] UESTH(p<0.05).

fr
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Fig. 23. Effect of aceton/methylen chloride (A+M) and methanol (MeOH)
extracts from roots of Stachys sieboldii Miq. on GSH level in
HT-1080 human fibrosarcoma cells

““Means with the different letters are significantly different at p<0.05

by Duncan’s multiple range test

_65_



n-Hexane 85% aq. MeOH
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Fig. 24. Effect of solvent fractions of extracts from roots of Stachys sieboldii
Miq. on GSH level in HT-1080 human fibrosarcoma cells
““Means with the different letters are significantly different at p<0.05 by

Duncan’s multiple range test
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O M=Ez W &4 F(reactive oxygen species) A A &3

247 2o] A*M % MeOH FZE2 05 9 01 mg/mL9 FE2 QA
AFSEAEMHT-1080)0 AZlste] A=z W 4 daFs AT 2Ad, F
FEEES BT SAANT 120 ol Aol weEt =2 AE W P4 AET A
2345 Yt MeOH FE=2 45 A+M FE2=3 ¥la 3l # A=
U EddaTs diz ez A AN, 535 MeOH &% 05 mg/mL
XA+ control # Blwste F2 JAEHRE YEMNRITHFig. 25). =A%
FZE=%5 n-Hexane, 85% aq. MeOH, n-BuOH, Water 2 THA| FZF3l] AL
FYES 05 2 01 mg/mLe FT=2 AHZFAS w, 05 mg/mL oA

n-BuOH > 85% aq. MeOH > Water > n-Hexane #3& <TOo=Z Ax 4
GAAAT A&l A UBEYT ol F I/ =2 AHAE U S44AT
(e} e)

A EFHE UYERA n-BuOH 8 E°] 49 £ A& EAuth(Fig. 26).
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Fig. 25. Inhibitory effect of acetone/methylene chloride (A+M) and methanol
(MeOH) extracts from leaves of Stachys sieboldii Miq. on levels of reactive

oxygen species in HT-1080 human fibrosarcoma cells
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Fig. 26. Inhibitory effect of solvent fractions from leaves of Stachys sieboldii
Miq. extracts on levels of reactive oxygen species in HT-1080

human fibrosarcoma cells
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@ DPPH iz 2784

243 F2& % £8E9 DPPH @tHZ &A8HE 24M4LE AAT
AE 58<l EDA (electron donating ability, %)& Table 11 o YJeRJATH 7z}
g FEE 2 BIES 747 0025 005 01, 025 223 05 mg/mL 9]

52 control(L-ascorbic acid, BHT)¥} Bl st WA F2=E3 vl S o
MeOH FZE&& A+M FE&3 Pladle wf FALLE 750 ¢80

ol A MeOH FEES 2 & ZdExolE ¥ %

Ao g AAZY BEIEE F n-BuOH EIE9 EDA #to] =4 vElsteHn, 05
mg/mL & FXolA 17.79% <]

2 FFe] F kol 9 HEsH 044H0% AThaL of A X

B
\
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Table 11. DPPH radical scavenging effect of extracts and fractions from

leaves of Stachys sieboldii Miq.’

Sample

concentration (mg/mL)

A+M extract

MeOH extract

n-Hexane fraction

85% ag. fraction

n-BuOH fraction

Water fraction

L-ascorbic acid

BHT

0.025

9.49+0.00°

11.82+0.00°

10.29+0.00°

11.13+0.00°

11.34+0.00°

9.86+0.00%°

91.33+0.00¢

41.25+0.00¢

0.05

9.44+0.00°

12.72+0.01°

9.81+0.01°

11.76+0.00°

11.76+0.00°

10.02+0.00%°

91.44+0.00°

61.11+0.00¢

0.1

9.44+0.00°

15.30+0.00°

10.76+0.00°

13.40+0.00°

13.35+£0.00°

10.18+0.00°

91.44+0.00

63.23+0.00°

0.25

7.12+0.00°

20.27+0.00

11.29+0.00°

14.30+0.00¢

15.25+0.00°

10.13+0.00°

91.55+0.00

86.05+0.009

0.5

11.71+0.01°

25.71+0.01f

10.13+0.00°

15.73+0.00¢

17.79+0.00°

8.75+0.01°

91.55+0.00"

88.48+0.009

Values are expressed as mean#SD and *"Means with the different letters are

significantly different at p<0.05 by Duncan’s multiple range test

Collection @ kmou

_71_



@ ABTS+ =tz ~AGA
248 FE2E 2 EBEIYE9 ABTS+ oz £2AZAHE DPPH oz
2AGARY VAR AAE o 5e EDA & Table 12 o] Yepidth 2+ &ujd
®ES 7tz 005 01, 025 28I 05 mg/mLe HEE
control(L-ascorbic acid, BHT)¥ H st th. MeOH F=%&3 n-BuOH &3 &2
0

o

=

025 % 05 mg/mL¥%oN4 MeOH FEEL 8534% 2 6531%2 47
el R o™ n-BuOH 3 EL 77.08%, 53.12% 2] EDA #t-g YeERf AT
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Table 12. ABTS radical scavenging effect of extracts and fractions from

leaves of Stachys sieboldii Miq.’

Sample
0.025

A+M extract 5.55+0.00°
MeOH extract 15.19+0.00°¢
nHexane ¢ 4q. 6000
fraction
[o)
85% aq. MeO 4 57,0 000
H fraction
?‘B“.OH 13.06+0.00°
raction

Water fraction 10.30+0.00¢

L-ascorbic acid 92.84+0.00'

BHT 92.84+0.01

0.05
7.62+0.00°

24.55+0.00°

7.00+0.00°

13.54+0.00°

20.90+0.00¢

15.26+0.00°

92.98+0.00f

92.98+0.01f

0.1
9.75+0.00°

39.97+0.01

8.38+0.00°

17.74+0.00°

31.78+0.00°

24.21+0.00¢

92.84+0.009

92.84+0.019

concentration (mg/mL)

0.25
12.99+0.00°

65.31+0.00°

11.13+0.00°

23.73+0.00¢

53.12+0.01

42.38+0.00¢

93.12+0.009

93.12+0.019

0.5
13.68+0.01°

85.34+0.00°

12.16+0.00°

30.06+0.00°

77.08+0.00¢

64.55+0.01¢

92.98+0.00

92.84+0.00f

Values are expressed as mean*SD and *®Means with the different letters are

significantly different at p<0.05 by Duncan’s multiple range test
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@ Genomic DNA #F3} oA &3}

27 2Z2E 9 RIEQ o83l AAHAOFT DNA AEE A A 7|=

E3E 2798 HT-1080 M ZZHE genomic DNA & &3} Hy0, ¢ FeSO, &

o] &3le] DNA & 4H3tAl# AlZEo] DNA 4HstE WRsles AEE =S435
[©)

22472 DNA oxidation 4% 23 F2& 2 £8E ZF blank & H2 g S
o fFo]A AolE TFHTHp<0.05). L 7h&EH MeOH FZ=&3 85% aq. MeOH
B8 E A9 =2 A3 AR AV UERRTHFig. 27).
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Inhibition of DNA oxidation

120

a
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c ©
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40 | Rt
20 Rt s
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0 — | I L I I I I
Con BK A+M MeOH n-hexane  85% ag.MeOH  n-BuOH water
85% aq.

Con BK A+M MeCOH Hexane MeOH BuOH Water

Fig. 27. Antioxidant effect of crude extracts and solvent fractions from

leaves of Stachys sieboldii Miq. on genomic DNA in HT-1080
human fibrosarcoma cells
“"Means with the different letters are significantly different at p<0.05 by

Duncan’s multiple range test

_75_

Collection @ kmou



® Glutathione (GSH) A4 s &3

Glutathione  (L-y-glutamyl-L-cysteiyl-glycine, ~GSH)<  thiol 7|&  X%%t
tripeptide 2 M ZW JFHFHA A st= =2 =A Aol 4Hshz 2Ed 29
FFoE yAPHE GSHE 4 44aFE AASIAY  glutathione peroxidase,
glutathione S-transferase, thioltransferase #°] 3A4ks} FAFS] ZEALE
2483t Mol Zgsle Absd 2EHAE A AT (Schroeder, et al., 1996;
Dickinson, et al, 2002). Zg]a Fo}xl GSH & 4hsd 2EH2E fF&9
AZAEALZRE AEZE BEstetd AZAEAL AL @5 D430 9SS
3l cysteins protease 1 caspases ©] Zw|& x| GSH 7} &3t A=
ZAFEAHE o] gtk (Musallam, et al., 2002).

=A% FE2E B E8=0] AE Yo GSH A4l vAs 92 dotr7]
3 HT-1080 M 2ol F2F 9 #9=5< 01, 025 05 183 1 mg/mL 9
E BBr A#E stal 90& F =SHI A, Fig. 2837} .

ol B
o
fd
uy
of

243 FEES oA control BTt GSH & o] Fodo=
Z715t9a AdF o2 MeOH FEEHT A+M FEE9 GSH o] o
Ao 2 FRIEHATH(p<0.05). Fig. 29 A A= 2t FZ2E<S n-Hexane, 85% aq. MeOH,

n-BuOH, Water 2 33l GSH S#HS =HH3 Zoz RE RIELS9)

FrejH o g F7bsh= GSH ol WERRTH(p<0.05).
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WA+M ex. OMeOH ex
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100.0 i
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GSH-mBBr fluorescence (%)

400

2000

Con 0.025 0.05 01 0.25 0.3

mg/ ml
Fig. 28. Effect of aceton/methylen chloride (A+M) and methanol (MeOH)
extracts from leaves of Stachys sieboldii Miq. on GSH level in
HT-1080 human fibrosarcoma cells

““Means with the different letters are significantly different at p<0.05

by Duncan’s multiple range test
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Hexane 85% aq. MeOH
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Fig. 29. Effect of solvent fractions of extracts from leaves of Stachys sieboldii
Miq. on GSH level in HT-1080 human fibrosarcoma cells
““Means with the different letters are significantly different at p<0.05 by

Duncan’s multiple range test

&9 AT 2

e

3331 4% Bl F2E 9

= dhgolgt A MEY M| EZoA LFEAZ 23] NO, tumor necrosis
factor a (TNF-a) 5& wHIE &3l AAE BEste W7z F shvolth. 95
Hgo 2 EHEHE= NO= A &40l 93] L-argininedl A ¥FEoAH AgFd 7
= olZE AHE JHAH AT I} Fr]

%_
Al ZAo] 73 peroxynitrite (ONNOO)S S AAste] 95 WS H3AA o
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] dFA%S fFEdte AoE dEA UH(Minghetti & Levi, 1998; Radi, et al,
1991; Glezer, et al., 2007).
Az BE7E NO9 A dvhvd G 71A=A dotry] s =A%
= % B8=se A= o] Asta, A=A LPsE o83 Al
A7l & AE v AT Griess Al —F-"]' HES-A1A ERISIA T A5+ 0.5,
2 2, mg/mLe FEE AYsHon txzsdozes AR il PBSE AT
controli# ¥} LPSE A gdtA] %2 blankT <= AFE-3tA T LPSE *El¢ controli*
o] A% NO Agee] i ow w9kom LPSE AelstA &2 blanke> NO
Aol A er WA vetEt 243 B2 A+M FEE3 MeOH F=E
< BT FE gEHOE NO AHS AdlstATHP<0.05). 2 mg/mLe] FXolA]
controli ¥ BI13F S Wl AtM FEFEL 67.9% MeOH FE52 784%° =
NO A4 Al &37F Jebsth(Fig. 30).

fo rr

_79_

Collection @ kmou



W A+M MeOH

120
100 —
a0
&0

40 dl

MO Contents [%)

20

Con Blank 0.5 1 2
mg/mL

Fig. 30. Effect of acetone/methylene chloride (A+M) and methanol
(MeOH) extracts from roots of Stachys sieboldii Miq. on
production of nitric oxide (NO) in Raw 264.7 cells

'P<0.05, significant effect between the control and each extract
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O

=+&< n-Hexane, 8% aq. MeOH, n-BuOH Z1¥]3l Water=
A 2 F89ES 5282 A8 & NO A FS AT 27

05, 1 2 2 mg/mLe &XlA controld} #2% ol 1
AT (p<0.05). EI=5 7F2dl 85% aq. MeOHI} Water & &E°] 2 mg/mLY &
SO A control# Bl wf 242t 754% H 779% =2 =2 NO A4 A &35
et 1o n-Hexanedt n-BuOH &9 Z-vol= 242 747% F 705%9]
NO A4 A a3& YeEhd A th(Figs. 31~34).
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n-Hexane

130
£ a o
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]
5
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Con Blank 0.5 1 2
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Fig. 31. Effect of n-Hexane fraction from roots of Stachys sieboldii Miq. on
production of nitric oxide (NO) in Raw 264.7 cells

'p<0.05, significant effect between the control and fraction
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85% aq. MeOH

130
& a
» 100 |
=
] b
s
W a0 b C
: | d ' :
=

D 1 1 1 . 1 -_l
Con Blank 0.5 1 2
mg/mL

Fig. 32. Effect of 85% aq. MeOH fraction from roots of Stachys sieboldii
Mig. on production of nitric oxide (NO) in Raw 264.7 cells

'p<0.05, significant effect between the control and fraction
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n-BuOH
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Fig. 33. Effect of n-BuOH fraction from roots of Stachys sieboldii Miq. on
production of nitric oxide (NO) in Raw 264.7 cells

'p<0.05, significant effect between the control and fraction
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Water

1530

& a

& 100 |
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g C C C

D Emin B B B

1 2
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mg,/mL
Fig. 34. Effect of Water fraction from roots of Stachys sieboldii Miq. on

production of nitric oxide (NO) in Raw 264.7 cell

'p<0.05, significant effect between the control and fraction
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3332 24F 949 FEE 4 Y E J¥EF 59

@ M= W Nitric oxide (NO) A4 A3} L2}

245 9ol NO9 A dvivt IFS 71X =R dotrr] feiA =A%
FEE 9 BIEES Ax wigde Hgsta, # 3
= Hj ol 3 Griess AloFH RESAIA 18t A&+ 05,1 2
2, mg/mLe FE2 AYsion dxaw o=+ Alm T4l PBSE A 23 control
T3 LPSE A E3tA] &2 blankS AHE3FA T LPSE A ]3¢t controli9] 7%

>
>
~
R
x
b

o] FHo = %711 b}E}‘ka‘r. 247 A+M FEE3 MeOH F2EL 25 5%
ojEH o E NO AHES As3lsHth(P<0.05). 2 mg/mL«] FEo A= controlT
a9 S v A+M FE2EL 57.7% MeOH FEE2 61.1%2 ¥& NO A4 A
& &#7+ ek th(Fig. 35).
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HA+M MeCOH
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a
- 100 -
£
w20
b b
= B0 T
£ c bhe ¢ b c
Yo - u -
S
20 F
D 1 1 1 1 1
Con Blank 0.5 1 2
mg,/mL

Fig. 35. Effect of acetone/methylene chloride (A+M) and methanol
(MeOH) extracts from leaves of Stachys sieboldii Miq. on
production of nitric oxide (NO) in Raw 264.7 cells

'P<0.05, significant effect between the control and each extract
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247 8l F2E<5 n-Hexane, 85% aq. MeOH, n-BuOH 18|31 Water® THA]
T8ste] dojxl 72 8955 FEHEE AP & NO A4FS AN 234= =
= 2 mg/mLe FEolA control# & ZolE EHAYTH
(p<0.05). =FEE 7F&H n-Hexane® n-BuOH & E°] 2 mg/mLe FXEolA
control® WAL W Z2Zt 604% H 61.4% = FEE Hrk £ NO A4 A3
a4E YehfNeH 85% aq. MeOH 3 Water 8 =9 7%l 22 55.8%
2 598%% A EHAE FEESH AR NO A4 AHs &35 et
(Figs. 36~39). .
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n-Hexane

120
a
g 100 +
w30 -
‘é b
45 60 d C d
w4l
Q
= 20 +
D 1 1 1 1
Con Elank 0.5 1 2
mg,/mL

Fig. 36. Effect of n-Hexane fraction from leaves of Stachys sieboldii Miq.
on production of nitric oxide (NO) in Raw 264.7 cells

'p<0.05, significant effect between the control and fraction
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37. Effect of 85% aq. MeOH fraction from leaves of Stachys sieboldii
Mig. on production of nitric oxide (NO) in Raw 264.7 cells

Qf'_
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'p<0.05, significant effect between the control and fraction
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n-BuOH

120
a
g 100 +
o8B0
g
60
E C b bc C
w4l
Qo
= 20 +
D 1 1 1 1
Con Elank 0.5 1 2

mg,/mL

Fig. 38. Effect of n-BuOH fraction from leaves of Stachys sieboldii Miq. on
production of nitric oxide (NO) in Raw 264.7 cells

'p<0.05, significant effect between the control and fraction
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Water

120
a
g 100 +
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= b
2 80 |
E C C C
w4l
Qo
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Con Elank 0.5 1 2
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Fig. 39. Effect of Water fraction from leaves of Stachys sieboldii Miq. on
production of nitric oxide (NO) in Raw 264.7 cell

'p<0.05, significant effect between the control and fraction
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A4 QL FAE

3
mg/g? 704 mg/glE MeOH FEE9 IFgtEkolt Fafo] Hgow,
n-BuOH & EN 4 16.67 mg/gl 2 & EFetRolt &S YA
7 AtM3 MeOH FZEE9NA 27 759 mg/gH 944 mg/gSE MeOH F=
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o] % n-Hexane ¥8E&E ICsx #t= 001, 0.04  0.08 mg/mLHAI, 85% aq.
MeOH £3E ICs < 0.07 0.15 2 0.01 mg/mLE g2 359k FAEA o]
s F 2YEE9 9 2 AAEFHTE =34 (p<0.05).

e
olN
>

Fikst 2ol A9 A+M %2 MeOH FEEE° 9d &44H4F (ROS) A
s vud A3 By A+tM FE2EF 9 MeOH FEE0] 48 oz w2 &
e AdEaAds vetdlt. 243 Bt o £8=5 TolA Y n-BuOH
8= ¢ 85% aq. MeOH #+8 =9 &3 ROS A&7} =3kt DPPH 2hH
4 27 &43 ABTS @tz &7 49 A gvzd &4 8450 fAsl

HT-10804] Lol A =3+ DNAE ©] &3l DNA 4tst A &35 dotd A3}
M7 BEe 9 FEE 2 BIEE BF controld WS w FoFH AolE
B AT p<0.05). 53] H2le}t ol MeOH F=& 85% aq. MeOH &8 &l 9%
DNA 4tsl Al a7t =4 YERETH(p <0.05). HT-1080 AEZE ©]&3}e] GSH
S %— st A3t Byel Qo) A+M 2 MeOH F=E0°l A4 control¥ H| 1 g)S
) GSH ##&ol fFolzxo=m F718t At (p<0.05). £8EE9 4-+% n-Hexane,
85% aq. MeOH, n-BuOH Z1g8]3 Water & E=°l4 E& T4 GSH A4 o]

Go)H 07 27819 th(p<0.05).

o

FHF a9 A9 =43 el F 9o NO X ANEHAE Lot Az
e 2@ 9 A+MIY MeOH FEES g 23 #glgl o ZF MeOH FEE

77y 784%, 61.1% % A+M FZE H8)] =& NO A4 dA&EHE YErd
om BIEE Fol|A Be 85% aq. MeOH EFEo] 754%, U n-BuOHO| 61.4%
2 NO oA &35 Jehyioh

<
E=%E 85% aq. MeOH9Jr n-BuOH &8 &S o] &3t &g 2 AHAe 22 571
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