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Abstract The aim of this research was to investigate the industrial
application of Sedum sarmentosum. Antibacterial activities of the
n-hexane, methylene chloride (MC), ethyl acetate, and n-butanol
fractions of S. sarmentosum were tested against Escherichia coli,
Staphylococcus aureus, and Helicobacter pylori. The MC fraction
showed the strongest antibacterial activity against E. coli, with an
inhibition zone greater than 13 mm in disc assays. At 100 pg/mL,
all fractions scavenged more than 50% of I,1-diphenyl-2-
picrylhydrazyl (DPPH) and hydroxyl radicals (‘OH). In particular,
the MC fraction showed the strongest scavenging activity against
DPPH and -OH. In addition, we found that treatment with the MC
fraction inhibited the growth of H. pylori and gastric adenocarcinoma
cells. The present results suggest that the MC fraction of S.
sarmentosum would play the promising protective role against
pathogenic bacteria and free radicals.
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oJebrle] WER B FRe] AgEel A7t wBHE W
W, 4509l Wils $ERE0E 4% ¢, v 5+
7 =

ATHNSOK, 2011). ool we} ofe] SHoA w=stelAel 7117
FAE st ARG 24 g A7t vAE 2 ERok
oA sHHYEA AFEL AUTHGoldberg, 1994; Sadaki, 1996).
E3] H0, 59 4447 v Hagddie 2 Addxt
2 FE o]E9 AAC gk HA o] FoAI U
(Fridorich, 1978). E4d4tae 733k 4k8lgo] glof Alxut B,
il Baj, 2 Ak, DNA §4 oA, 384 oA, 434
o] # T AA oA A7kt A s st
(Imlay and Linn, 1988; Gardner and Fridovich, 1991). Ay
W] Al ol 2EH X dF Tl ot &4 ikie] 3}
Y A QAle] g4 3 whiF) DNA 59 4L 7L
3 FAEA ] thFst el ofshd olee #Y) FEE 84
2k Qs RS 97 el TN DAY o)
7 GAlM = ZRgate] wWeke] jlo] He Aoz 4EA
AHJung 5, 2006).

eV Aes e A9 F Ao R AdRdestolu
I, Wt 58 £ F Uetl(Bae, 2005), o9} 22
255 Al tigh A AEe g7 595 Aoz
AS3saAt she A+ @Es] X8 Folvk(Lee &, 2011). &
St A e (Helicobacter pyloriy= 919, A9 2 94<]
Y gQlo @A 1983d Ry F Ay 200 A FES 2
| N&e #o 2 (Waren and Marshall, 1983) AA7HA % ©]
| et 3t g wyole] gt B A7t o]FAR| AL Qlth. o]
e I3eAe] v He R The 84S 2 e ¢
Hutzh Hoe] ek AN AAshEA el H
pylori urease®] ]38l EUolE FATFOEMN AF = 1M

o N



158

J Appl Biol Chem (2012) 55(3), 157-161

Aoz el &3S ZHiste] Adolv SIS LA
= 2oz dHA 3Uth(Graham, 1989). EA7HA] o] Al Al
AsE] 93+ o8 A7 e (Ohta 5, 2001; Parente %,
2002; Isomoto 5, 2003)=o] ko, FAAE 7|7+ Foist
= A wE A WS 2 NEL 757 YERUA A}
gt oFEe ogt §2go] A& F W] wEe v Ha W
2lo] 1= QlE A oltk(Yoon 5, 2011).

APEAN( 4R), BN, AESH#lE) Be TEE
EEE R Bele BVE (Sedum sarmentosumy S
&3k thdA OSAEE 5 AofA|e] Bl e A
AEOZ EUE, EUE, FEXELY), ORI (NT ), Y
EAZCHMTE)TALE Sk (Kwack, 1976). 91#2 FHE
B o] Qo] £719] mit)E wEt 34 fAE, 56973l
o] Wmeke] o] I, o) WTEAIVE Eof okE, 4
| opg} WL o R 2l 53] e B Wizidel F
sl EZS VA A Agke ASEAS AU Yo ¢
2t oftjellMut A AiE 4= ok EUHE-S sedoheptulose,
sucrose, fructose 59| F&3}, 53] HIEN Co} Zgo] §=fol
=2 Zlog nyFHgon, H AAYAES] T80 F4=EH
Al BUYES] AR A O g 590 9
Z5 3% JrkKim and Lee, 2007; Sim 5, 2008). E1}22] &
AAE AFEE quercetin, isorhamnetin?} kaempferol 52| Hl
FA S0 <93t angiotensin converting enzyme #] 3l &322},
terpenoidsel] 23+ 711 & &3} Fo] AtHHe &, 1998; Oh 5,
2004). =3t EUE FEE0] 2P MENA 9] hyaluronan
A 31 2ol Qs Zlo] B Hlow, Egk Sgika
2AEg 9 FepdAd A3l 97 BaEJkSim F, 2007
2008). 28] EUHE2] alkaloid ¥#&E°] murine hepatoma}
human hepatoma®l] &} &=2] o] Ao BIHJTH
(Kang 5, 2000). 28]3L RIZkME SvHE4] el o] o
3k, A8 59 IR 2ol goX F& v g, E5,
el Fow AFFH, Y, A, sPdlE 2RItk
Fh(Kim 5, 2002). 22y S4Ee] olHd Aejeds s
AT 7 de FH AFdd= vEe 2Folh

wEta B AN E 715ANE Ee oE FHEEES]
|5 IS 913 712dTe] g EuEo] THAe S
7S EaL o] 2837l fI8l 1,1-diphenyl-2-picrylhydrazyl
(DPPH) 4271%3} hydroxyl radical (‘-OH) 27% Z4< Sl
ksl gdE AAE B, Aes 3 MEQl Escherichia
coli (E. coliy?} Staphylococcus aureus (S. aureus)| Tt &
dadel UM EFA AGSel g AgAE) a3 2 H
pyloriell gk 3FEAd-S FAlste] A=A 9] A}
HAAFAA, 192] el a4 AR A 7%
S Zh= HAY 715 AR &8s g ARE Ak
AES AT

As R 9y

ARAR. AEANZZ ARRE SUE(S sarmentosum)S 2010
F3M AHE AL FHTFHASEZTY AFEUTE
FEE ¥ BYE A, S48 Bl ovE B

T 3.0ge A st FEol ARSIt FEUH
2% (heating methodyS ©]-&-3t312™, WEhE(methanol)S AH8

o
—

o k4

o

afe] F=eiith ARE WigE: &ule 300 mLE ARSSISIS
, O15 Al AlIZF B3 3WHES 2 AAEl] FE3H . 2N
2 AFAE ol g3l A F IAPEFS ARGt HERES
FZE(methanol extractys LAth Lozl HEE FEES &
| dEste] FAol tE vl 7HA] #7147 n-hexane,
methylene chloride (MC), ethyl acetate (EtOAc), n-butanol
(n-BuOH)E 7}7} Z85te] E8&5 At

DPPH &A% &4. A& 100 uLe} 60 uM DPPH £ 100 uL
£ 96 well plated] &35l 3087F Ao WA T,
540 nmelA FEEE ST AEE HUleHA &2 iz
3} B3 DPPH &AEHE WE-&(%)2 YERSITHHatano
= 1989).

Hydroxyl radical (‘OH) &A% &74. Fenton W30 wlz}
10mM FeSO, - H,O-EDTA®| 10 mM<2] 2-deoxyribose solution
I AEE 100 pg/mL FEZ A F, 10mMe] H0,5 X
7¥ated 37°CellA 4r1ZE FRF wiFeiaiTh o Eqelel 2.8%
trichloroacetic acid®} 1.0% thiobarbituric acid solutiong 2z}
A7rsted 2087 Bl A8l & 490 nmollA 38 S
H(Chung 5, 1997).

At wjF. Aol AR a2 FEH S awreusSt Y
St E. colic 3=nAEHZME(KCCM, Korea)ollx] £
o} AM-SIATE. S, aureus= nutrient HIA] (beef extract 30 g,
peptone 50 g, 575 1L)E, E coli= luria-bertani HJX](LB
W #], Bacto tryptone 10g, yeast extract 5g, NaCl 50g, 3
FE 1 L2 2AI81 AME38la, 37°C incubatorollA] wiFSIATE
H. pylori 9. A3l 285t 7= 9 2 AHolAF AY ¢
QIFFR1 H. pylori strain 266952 A|39lE] Fjol2e] £ o
Safol ] Hefgtol ARSI 2] BiYelE 10% horse serum
(Welgene, KoreayS 371t Brucella broth (Difco, USA)E ©]-&-
3F9om, wix]e] 244 Bacto tryptone 10 g, Bacto peptamin
10 g, Bacto dextrose 1g, Bacto yeast extract 2 g, sodium
chloride 5 g, sodium bisulfite 0.1 g2 FA= o] Ut} nE7]
A ZAL FA4AA F71 YA CO, incubator= 10% CO»,
Fee FE 95% oI fAERlor, £Es 37°CE A
skt

g A Y. t|=3 ISR E coli, S. aureus 173
H. pylorio] &t +8/4ES =783t} Brucella agar HiA|o]
H. pylori st 100 uLE &3t B+t fefeos =293 o
<, "a9 disc paper (p8 mm, Advantec, Japan)E 2|3 50
pg30ul =9 A8 30uLE disc paperdl TFAIZI T
37°C9] CO, incubatorellX] 24A17F EF wiFSH ohg, t]2==
F99 S A3 3kclear zone) A FFE AT
(Davidson and Parish, 1989).

MAME Wl AGS oA Y AHFEAGS, human gastric
adenocarcinoma celly= g MEZFL3Y (AUl A Bt

=)

2

T oo
oF AR AGS Al $1Y MEZ= 100 U/mLe] penicillin-
streptomycin (Welgene)?} 10% fetal bovine serum (Welgene)
o] H7He RPMI-1640 ®jX](Welgene)E ©]-&3le] 37°C, 5%
CO, incubatorollA] B3It widE Alxes Ao 2-33]
refeedingd}aZ A7} confluence “JE7F E%H phosphate buffered
saline® & A H3 & 0.05% trypsin-0.02% EDTA (Welgene)=
Eelste] AR & FAE Axo wixE Yo Azt &
A FAE S 2 Egete] At ket Ao ARt

At
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AE 24 ANES 38, AE 24 AN 1G5
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
assayS ©]-&3le] A3 MTT assaye AIXE U nEE=
go} oute] Y g izhgol oate] =g 84Sl MTT
tetrazolium®] A4S wj= H][8402] MTT formazan® = £k
dE= dEE o8 AR FHEE 540nme] I
o7t =, o] Fgex SE FEEw tAPE s Ao}
A AlEe] FEE Riggitt. o] WEE HlwA 7Hdsta 7
A AE GA AP F o] o 7% AFelA Ee o]
£5E WY 59 dhtoltt 24 well plated] 5x10* cells/well
2 seedingdl] MAEE F2AZ] T A|RE 100 pg/mL TE2
Aelate] 24A17F Mg ¥ Smg/mLel MTT solutions 7}
welld]l F9438le] 37°C incubator WollA Auikst & A=
formazang- dimethyl sulfoxide®] %91 TR 540 nmollX 3=
£ =793 th(Carmichael 5, 1987).

Inhibition rate (%)
=(1-A8 A9 FE=/M212] F45)x100

A 4. 4 A4F Ay Wi+ FTFUAE e, SAS
software (SAS Institute, USA)E ©]&3te] 2zt A4
ANOVA (analysis of variance)E -3 % Duncan’s multiple
test= 7} 9] BtZk FeldS A8t

44 9 31

DPPH radical® A]89] free radical 227 TEolY F4 39
YL Hrishe WHoRA Aol 7hdsiy Aol =
o} 9] AMEEE radical &7% SHEoRE dEA 9
(Hong 5, 2010). DPPHE AJA Wjo] EA18k= radical> ol
ARE 22 AA7F B RS ZE o] 517 nmellA] ek 53
5 yehdoh webr dielsoe] e Edd ukgslA i
g3t complex® FZIEHA 1fo] & xplo] EAEo] &
Fx gho] 743 KKim %, 2010). -OH radical® E44kA%
O = reactive oxygen species (ROS) oA 74 2o 73]
3 dkgAdo] mom XFAtslel W AJRE £, 53] DNA
HolE doA we @yl f9le] Huh F3 -OHe H,0.2
B Fenton ¥H&ol 3] A= &g4H4aE2d ONOO| #+
ol o8] AP Chung 5, 1997; Kim %5, 2009).

E1}HE9] n-hexane, MC, EtOAc, #n-BuOH £3E&E-2 100 ug/
mL 5EE 28] A] DPPH} OHoll W3 4755 Table 19
eIt bl 7K E8E % MC, EtOAc, n-BuOH E3&
ol4] DPPH &71%°] 80% o322 et 53] EtOAc &
3 Eo] 93.52%% 7F4 958 DPPH 275S Eth -OH &
5S 243 A3 ] BEE BT 80% o] =& -0H &
A &= Qv 53] phexane?t MC HIE-2 717} 102.07,
102.23%= -OHell thgt =43 AA 5237t w9 =r3s & +
ANTE BHE FollA MC E£ZE©] DPPHS} -OH &AF°]
25 2781 in vitrodllA] free radical 27l &]3t dilkst &
7t 7 Hojd Aoz AYztET)

AFE Agoz2es AFAM B EAV H2 e AFE
3 Al F gram FHAITFRA S awreus?t gram S/3AFS]
E. coli2 st @35 AHE7] 95t EUE9 n-hexane,
MC, EtOAc, n-BuOH #8E& 27t 50 pug/30 pLe == 24

Table 1 Radical scavenging activities of the solvent fr. from .
sarmentosum

Sample Scavenging activity (%)
(100 pg/mL) DPPH -OH
n-Hexane ft. 51.22+0.459 102.07+0.21°
MC fr. 81.070.29° 102.23+0.90°
EtOAc fr. 93.52+0.19 87.12+0.14°
n-BuOH ft. 89.94+0.16 88.60+0.10

*dMeans among fractions with the different letters are significantly
different (p <0.05) by Duncan’s multiple range test.

Table 2 Antibacterial activities of the solvent fr. from S. sarmentosum

Sample Clear zone (mm)

(50 pg/30 pL) E. coli S. aureus H. pylori
n-Hexane fr. 8 12 8
MC fr. 13 8 8
EtOAc fr. 8 8 8
n-BuOH ft. 10 8 8

Table 3 Cell growth inhibition in human AGS cells by the solvent ft.
from S. sarmentosum

Sample (100 pg/mL) Growth Inhibition (%)
n-Hexane fr. 4.97+0.95°
MC fr. 48.83+0.83°
EtOAc fr. 1.69+0.75¢
n-BuOH fr. -

*““Means among fractions with the different letters are significantly
different (» <0.05) by Duncan’s multiple range test.

>

7F Bt A2, E. coli¢t S. aureus®] A5 JAFS =4
AT} E. colic ©lol] O3] QAR AF AF wE AE5s
Jo] A AAH R FTste] SEutilE Al A9
ARE Fag HAA F9 shelth(Lim 5, 2008). E.
coli®] FH AL 2317, HAI] 5 S/ QFEE,
nteul= 8 AR 5 o AFE 9 25 AR
A= AlgellA AlgreRe] Holrt 7hsdh ZoR Hiww
AH(Doyle, 1991; Novello, 1999). ©]¢} & E coli= 10-
100 CFU/mLY] #3no g ZdE <= Jx, 299 Shigella
dysenteriae type 1°] AFsl= shiga 549} LAY A
5405 1] o] 83 YIMEE &JAA £84 855
Z%F(hemolytic uremic syndrome, HUS), 8734 dA3ts
ZJ A1 (thrombotic  thrombocytopenic purpura, TTP), &34
O7gd, A 2 =t 58 fsh Alg ZaEe] A o]
27]% S} (Morrison 5, 1986; Park 5, 2008).

el B coli A% thatie] g Alle glov #
2ol &Aooz Wy ARZE HAEA e FAlOItHLim 5,
2008). E. coliell Wist AL A =4 2, »n-BuOH, MC
Eeeol Z17F 109k 13 mme] A5 AR Yehlo] E coli
o thgh FtEAS BT S aweuss AHA 73] gk A
Aol Zatr] wiizol AdAlel B flsAl xSkl 9lom A
golu} TE9| shsd Wi EAF ERE ol 717 Al
TE] F Sol® st o] AFH QA 2=
Faidol wig- =k o $3¢] wstel eaiijie] W= 24

A

o Mg S
W

i)

N
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FHol FUFNL 2 FRE eRIR o feuet AF
WA Foll FAEEAA o AEEe e E Wt
7 =293 WAl Yolo] 3 ‘E}(Cho 5, 2011). Y= &
gE 5 n-hexane 8 E°] S aureusoll 3t S YEH
W 12 mme] S JAZS BTk 99 2 A AdF
Q H pyloridl W3t d484S AES 2, 2vE F952
H. pylorioﬂ gt gFEAd-e Holx] ¢TH(Table 2).

A SIMME S A E4E AGS A HLHEE o]
83t] MTT assay® ZolHSITH(Table 3). MTTE AolSl=
A2 Bl =A] ¢ formazan crystalZ2 AT =H o]
crystal2 U5l DMSOZ Ho] AAE F3=2 =4s=
Hoz ¢ 7|2 ATdA g olgEE W o shvolth.
Table 3& EUE2] n-hexane, Mc, EtOAc Al 71X HEEo
gisted AGS QA YPAlZ AE oA T35 ERIgh Ao
th Al BEES 100 pgmL FE2 A A3}, MC 75
A 48.83%2] AGS HME AE A a3E EH%P T AU

oFe] A Fall Bl radical A%, A5 ‘ITHL Al
ol gk 3+, AGS A IPHE AE A e -5
st §3E JEEE € F AT EuEd #9 AR
= BUE i I AR BUER &3k 3] =
sJA g, dEAa, 235218 9 deTlzReo]
U= Aoz A AthKim T, 2002). E3 EUES IY
AJEol oA HlER C, AE E ZAFS ol THIL
Sl a3t e Zle® <A SlthHam T, 1998;
Nam 5, 1998). EY&(S. sarmentosum)g et St ¢ 9
SHE S HES AYEEE B e AER, B A
T s B3 g A ]%/‘é 2EF H oJokRe] AR
Nk 7hsAde] wom, ot AA E8o] 7diE Bes

A7y,

3o

B

=
=

= :rLoﬂ/ﬂ‘“ EE 2g=9 s 2 9 29E o

S P EFE |83t AESIAY. Escherichia
colz, Staphylococcus aureus Z12]3L helicobacter pyloridl T
E1}E 9] p-hexane, methylene chloride (MC), ethyl acetate,
n-butanol &2 FAAIHE disc E}/&‘%ﬂ_é ol Az}
MC £8E°] E colidl T3] 13 mme] SAES 2o 7HY ¢
T3 IHEHAE Yeie AE & F 21013}‘ 100 pg/mL &
TolA RE EEE2 1,1-diphenyl-2-picrylhydrazyl (DPPH)<}
hydroxyl radicals (-OH)IA 50% ©]/3e] AASS Yyelith
53], MC #8E°] DPPHS} -OHOIA 7H & 27A5S lﬂ_
Atk T3 MC #9522 H pyloriot S19A129] 3348
ke Ag ERIE & Ao 2BER = HQD
3] MC ¥889| radical &7%, H pylorzoﬂ EH‘GJ
AGS AA %%RIE AL A gt 3 =

r_{

N
o1, °% oY _12

mBr
P v i 2

Keywords E4Y& - &<t - &% - 343} - free radical
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