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- Abstract -

Preventive Effects of Sihosamultang Extract on Lipid
Peroxidation by Free Radicals and Oxidative Damage of
Hepatocytes by tert-Butyl Hydroperoxide

Tai-Gi Kim', Sun-Dong Park! and Jin-Young Moon®
lDepart:ment of Prescription, 2Depar’tment of AM-~Pointology,
College of Oriental Medicine, Dongguk University

Sihosamultang (SST) has been used for the treatment of puerperal fever, liver
disease in traditional medicine. The present study was carried out to evaluate the
antioxidant effects of SST extract in vitro. The inhibitory effect of SST extract on
lipid peroxidation/was examined in the linoleic acid autoxidation system. In this test,
SST extract significantly inhibited the time course of the lipid peroxidation. And
SST extract
extracts showed about 73% scavenging effect on DPPH radical. And this extract
inhibited not only the lipid peroxide formation induced by hydroxyl radical derived
from Ho0s-Fe”' in the rat liver homogenate, but also the superoxide generation from
xanthine-xanthine oxidase system in a dose-dependent manner. In addition, SST
extract protected the hepatic cell death induced by tert-butyl hydroperoxide. These
data indicated that SST might play a protective role against oxidative injury by free
radicals.

Key words : Sihosamultang, lipid peroxidation, DPPH radical, hydroxyl radical,

superoxide, tert-butyl hydroperoxide
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B g AMEd I AY TAX
(Ac2F)= Y¥E HSRRB (Health Science
Resources Bank, Osaka, Japan)Z%& £
wol HAsEYT. EI B Ao xF
aRAde ZAE A3 AF 200g W4
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3) Al

B Agd Abg" Aok =2A linoleic
acid, 2-thiobarbituric acid(TBA), lauryl
sulfate  sodium(SDS), a , @ —diphenyl- 8

—picryl hydrazyl(DPPH), tert-butyl hydroperoxide,
(4,5-dimethylthiazol-2-y1)-2,5-diphenyl
tetrazoliumbromide ( ), Dulbecco’s  Modified
Eagle Medium(DMEM), L-glutamine, butylated
hydroxytoluene(BHT),3-t-Butyl-4-
Hydroxyanisole(BHA) hydrogen peroxide(FH20s)
+ SigmaAl (Sigma Chem. Co. St. Louis,
MO)Z RE, 8|3 fetal bovine serum(FBS) %
antibiotic/antimycotics®  GibcoAHGibco  BRL,
Life Techno. Inc, NY, US.A)E5FH,
malondialdehyde tetrabutylammonium salt(MDA)

+ FlukarHFluka Chemie AG,Switzerland)
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Industries, Ltd, Osaka, Japan)Z%H,
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(1) Linoleic acid @& =]

Linoleic acid F@EH¥L Osawa 59 #d

B wa} AMzsHoh 2  linoleic  acid
0.13ml, 99.0% ethanol 10ml, 50mM

phosphate buffer(pH 7.0) 10mle &%3tx,
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sttt o] T AL test tubeol ¥ 40T
off A WSl A A AFASJE FEIHA
t}. v
(2) AAHAEES] TF A

ik A7t Az Aol 2FAse] 9
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TBAY O wat FHF3ATE S 40ToA )
FAZ linoleic acid N 50 8.1%
sodium dodecyl sulfate(SDS) 0.2ml, 20%
acetic acid(pH 3.5, 10N NaOH) 15 ml,
08% TBA £ 15 mlg ¥31, FFHF=E
o] E¢He total volumeS 4mlE ZH3F

£, 5CA 60&3t wxlslz, thA] 95T
A 60T AR FH E2E FEEAA
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Japan)E 7P A w3 o8, 53X E s
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E3}9 perfusionAlZ TS, e
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3kt '
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96-well plate] ®I¥F THEE 55X

10°cells/welle] =2 Wi, AZAIRE &
E£ES »EHEEZ 439 welld 20044
A713 94, 10% FBS-DMEMEIAZ total
volumes 2mlE FA3to 37C, 5% C0:4
FZ4 4 18A17F vjFe the, MTT assay
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H9 A4 AXA -BHPY 23 43}
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%4 AERS 7&E #F37] Y3, |
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HEE 531 T2 ANIAER F5
% ll% 200p  HrbR g, 10%
FBS-DMEMH|#]| & total volumeg 2mlE
Zdste] 37C, 5% CO:9 Z7oA] 18417
wlkEtdet, 2 & CMF-PBS® 23] M3 &)
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(4) MTT assay

ML AEELE AL 9% MTT assaye
Sladowski 59 ##9¢ wa . 3t
AEE WFAZ 96‘Well plated] MTTE &
|79 10%7F HESE i, 4A17 s FAZ
g, 90xgolA 1087 ARG o
F A% #AE A} EtOH/DMSO(1:1
v/v)E welld 60048 23 2087 shaking
3 O, Aolgls A X vEZ= ol
£ mitochondrial dehydrogenased] ¢} 3}
MTT dye [3-(4,5)-dimethylthiazol-2-y1)-2,5-
diphenyl-tetrazolium bromide] 7} blue
BA S AE ELISA reader®
F4=E SHs A

formazan<
570nmel A

7 BAZ Ag
B A%oA Q& APFEe) AFe st

o] Student’'s t-test® AA|3le FoA A%
g AZsgzm, 2 A3 pzkel 005 <3¢
B F9d4dE JdAsE
m. 2d4d3
1 AARERS oA T
2 AgoMe AZAERY i T S
FEs7] 2% Ustezw B3 A9ty Q
%9l linoleic acid A F43AE o]l &3l &
EH ANIAIEY FEE9 AAANIE A

A A ZAnE WY AdEE #gEsd.
O A, olFY HAE A Fe YR
Ae] AFAstE o] gFL WY 1YA 1.69
pMolRl o, Azto] ZHgtel et AH F
7hete] vk 11d Aol = 4346 ME A%
Z7ve Rt &3, dakskAd 1% BHT,
BHA 2 tocopherol€ H713 A TANE
ol 11 Aol z+z; 1.19, 1.36, 958 ME o
279 4346 p Mo wis) A ZAIAEE S A
ol dAHA AU 28I AFZAE
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g FE2EL FEEIE 8000, 4,000, 2,000,
1,000, 800ues H7Ie APZAME vl 11
AR AFFALSIE o] ZZ 13,
151, 162, 296, 471y MZE dzo] s
linoleic acid®] AEAE ZdAl JAHRA
th o] AeA A|ZALER ] FitslE e 7]
F9] g4kstAl¢l BHT % BHAS fAlsk &

Fol e E3| tocopherol Bt} 238 Z#
& FAEHE Btk T ASAEY F2F
28 FEEE 400, 200, 100, S0ugs H7H%
AETAME wjF 1148 AR EY
ol 4 2249, 2972, 37.00, 3621y ME
=9 4346 Mo dls) X E G EE o
el GAHA N (Table I).

Table II. Antioxidative Activity of Sihosamultang in the Linoleic Acid

System
Groups Incubation time (day)
1 3 5 7 9 11
Control 1.69+008" 3.47+015 1395+055 18.12%0.48 2358+0.81 4346+2.88
BHT 0.82+0.03 087%0.01 089£0.02 097£0.02 118%=0.03 1.19%=0.04
BHA 084*0.01 088*X0.03 091£0.03 095%£0.02 099002 1.36=0.04
Tocopherol 095+0.02 097=0.02 1.04*004 108%0.02 126*002 958*+1.14
SST (ug)

8,000 098+0.01 1.01%x0.04 115%000 1.17£003 125%0.10 1.31*+0.03
4,000 0951002 1.01+£002 1.04£002 1.17%£0.02 139*022 151%+0.13
2,000 097£0.04 098*0.01 1.06%£0.02 1.26=0.01 142%0.18 1.62x0.08
1,000 098+0.01 1.08+0.02 1.09£0.00 128%*0.03 131001 296*+0.72
800 1172004 117£003 1.22+000 134*0.03 173%£009 4711047
400 1.20£0.01 124002 248=£0.00 391*x051 645007 2249%0.77
200 140005 145007 485+049 6.72+1.23 1370+0.33 29.72*0.18
100 151002 156%0.01 9.02%+082 13.20%£095 1758+0.10 37.00+0.10
50 153006 182002 927062 16.09%£094 2134049 36.21t1.65
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At intervals during autoxidation of linoleic acid in the water-alcohol system, the

degree of oxidation was measured by the TBA method. The reaction mixture
contained 50uf of sample, 0.2mf{ of 8.1% sodium dodecylsulfate(SDS), 1.5mé of
209 acetic acid solution(pH 3.5), and 1.5m{ of 0.8% aqueous solution of TBA.
The pH of 20% acetic acid solution was adjusted with 10N NaQH. The mixture
. was finally made up to 4.0m¢ with distilled water, and placed at 5C for 60min,
and then heated at 95C for 60min. After cooling with tap water, the absorbance

was measured at 53Z2nm.
a) : MDAgM. Each values are the

experiments.
2. A%71 &2A &9

A SAHERS] A7 &3}
#stel B A@ANE DPPH radicalg A&
3t s A ZAIEET BeAZ g, F
BFEE FAHsn 2 ZHE RSA(Radical
Scavenging Activity) %2 H7|8dH. 2
A48 A, #F43AY BHT, BHA 2
tocopherol 2 #H71$ AdFANAME ZZ
90.38, 87.85, 79.24%%] 7% DPPH radical
2A%E YEUAY. &H A SAEY FF
£& FEEE 4,000, 2,000, 1,000, 900, 800,

aASE

mean=*standard error of triplicate

700, 600, 500, 400, 300, 200ueS H7Hs 4%
To)AE ZZ 6401, 66.44, 6849, 68.84
7363, 7226, 7328, 7192, 69.86, 68.15
63.36% 24 o] ZE AFTdA 60%%
%2%3l= DPPH radical 2A% &

53 3 73%E 9 2% H%%

Table M. Scavenging Effect of Sihosamultang on
DPPH Radical
Concentration RSA(%)" of control
Groups () * %)
1% BHT - 80.38
1% BHA - 87.85
1% Tocopherol - 79.24
SST 4,000 64.01
2,000 66.44
1,000 68.49
900 68.84
800 73.63
700 72.26
600 73.28
500 71.92
400 69.86
300 68.15
200 63.36
100 50.00
20 3288
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Wleh &4 /\li*}%‘% F&E% 100, 50ug
%X 50.00,
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7LE:327]- p{=

=2
32.88/0-4 7‘]’ 7l &
o &
988 ¢ 4 99IcH(Tabe ).

AN AxAE
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3. Hydroxyl radicaldl 2]& AAz}43
g oA ax

AR =F71el 9 A DAk bk
€9 AA DdACAN F8F T8 st
1 hydroxyl radicalCOH)ol th§ A|ZALS
2o IHE A5ty st B AdAgME

H;Oz-Fe”’ 2 74 == Fenton #3SAS A%
3le] hydroxyl radical& AAA7|1, AHY
hx= FRASE HIs e hydroxyl radical
o o AAFAAE wEe fFTIgY 2
dol AR, txTdAY X FAFA3E Y
#Fe RI6 Mooy, FAaztAlal BHT

A AT E 270 M2 HEZ T
Hl3) of 93%9] A AFHE Hch &R/ A
IAEY 228 FZEE 1,000, 800, 400,
200, 100ug e F7H3 AP TAAE 22+ 479,
4.36, 567, 890, 1825 MZE dhzT] u|3j
87.65, 88.74, 85.36, 77.04, 52.91% 2] =] & 3}k
3HE AN 94 298 By B 43y 2

mlm ok i

Table IV. Effect of Sihosamultang on the Lipid Peroxidation of
Rat Homogenate induced by Fenton Reaction System

Concentration MDA Inhibition
Groups
(ug) (M) (%)
Control ~ 38.76=0.55 -
1% BHT - 2.70£0.11 #*x¥ 93.04
SST 1,000 4.79£0.18 **xx 87.65
800 4.3610.39 *xx 88.74
400 5.67L0.06 **x* 85.36
200 8.90£0.15 *xx 77.04
100 18.2510.15 **x 52.91
80 29.66t3.66 23.48
40 35.55+3.46 8.28

SST in 0.IM phosphate buffer(pH 7.4) were added to homogenate
7.5mg/ml), ImM FeClz, 3mM H:0,. The mixture was shaken at 37°C for
10min. The level of lipid peroxidation induced by hydroxyl radical

derived from Hz0p-Fe® in rat

liver homogenate was determined

according to the method of TBA. Each values are the mean = standard

error of triplicate experiments.

a) : values statiscally significant as compared with control data of each group.

( *okx

1 p<0.01)
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E£& hydroxyl radical®l
o] gt %Zr] ZvZzA e ARG e H¥m
R kst &

. (Table V).

4. Xanthine-XOD ur3-AleAle] superoxide
A A &

B AFo = hydroxyl radicald) ©fEol
AA el A Atald EAHS obvlElE FE A

g ARTAA FA AAE X Fe
xTol wlE) #ZF 7477, 69.55, 52.95%°]

B A8 superoxide B4 A EFAE e
, 53 J1 U%E 9 B &S B
STk 33 200, 100, 80, 40, 20, 104g9) A&
AEE F2E2S HUR AETdAE #F
4364, 32.95, 29.09, 20.00, 15.68, 13.41%9 &
= 9 &AQ superoxide B JA BHE
R (Table V).

3
kl

f712 ¢35 A gE superoxide(Op -)oll Wi
AZALERS  EHXE  FAHEEY] Yy
Table V. Inhibitory Effect of Sihosamultang on Superoxide Generation
Induced by Xanthine-Xanthine Oxidase System
Concentration Inhibition of control
Groups
(ng) (%)
SST 1,000 74.77+3.12
800 69.55+1.54
400 5295+3.16
200 4364£2.88
100 32.95+3.11
80 29.09*t1.75
40 20.00£0.36
20 15.68*+1.69
10 13.41+1.95

The reaction mixture contained SST, 250u¢M xanthine,
0.1M phosphate buffer(pH 7.0) was left to stand at room

temperature for 3min. After 0.lunit of xanthine oxidase

was added,

the absorbance of reaction mixture was

measured spectrophotometrically at 290nm for 1min. All

data are the mean=*standard error of triplicate experiments.

xanthine  -XOD WS AE AL-g-3le
superoxide & "B A /‘] o o 23, AZALE
g 3288 ¥ & 1,000, 800, 400ugS 3
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5 87 A TAXA AF 54

=, %lzé /\l{} ﬁﬂr li AEES MTT
assay2 ZAsgth o A obFd AA

A ¥ YERTY AR FEES 100%6=
Bem AZAEES welld 2,000, 1,000,
500ugS H7ME APTdANe A4 2517,

4924, 58.75%9 A HNzge BHY. w
A 500ug oY AEALEE HrtFElAE
AT AT BAL UEEE ¢ F AN
o utd, ANEAEY FE2ES welld 250ue
A7 et w 8366%E MIAEEo A
A Z=rtstgen, welld 100, 50, 25, 10, 5
s Arte APTAMe Az 9827, 9721,
9953, 9858, 98.16%<% E2 Ax BEES
Bon. B A8 Ax 53| welld 100ug
ol5te] NEBAIEH FEES
"o Ae A9 100% 77
€8 HPonz AZAE®
2o well?d 100ug ©132 A
AT O =4E JEYA @
% 2tk (Table VI).

Z = =
@71 2E A

T

Table VI. Cytotoxicity of Sihosamultang on Cultured Normal

Rat Liver Cell

Groups Concentration  Viability(%) of control
(ug/well) (%)
SST 2,000 2517+ 156 *xx
1,000 4924+ 279 *xx
500 58.75+£4.37 *xx
250 8366+7.92
100 98.27+4.50
50 97.21+325
25 99.53+4.35
10 9858+4.14
S 98.16£5.95

Normal rat liver cells(Ac2F) were plated on 75-cm’ plastic flasks
in 20m¢ of DMEM, 10% heat-inactivated fetal bovine serum. And
cells were incubated under 5% COz 95% air, at 37C. The cells(b X
10%cells/well) were incubated at 37C for 2hrs. After washing, SST
were added various concentration. Viable cells were detected by
MTT assay. All data are the mean T standard error of triplicated
determination. Values statiscally significant as compared with control

data of each group. (*x

1 p<0.02, ***

: p<0.01)
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6. 83 BY FAXY WY &3 A AFH EHoE JAHUS

2,000, 1,000, 500, 250pgs HAYTF Thg,

B AgXE AHY AL AT g -BHPE A AFFAAE ZZ 1745
g3l a5 S BFsy] 9t 2296, 2370, 50.03% 2 -BHP &% AT

o B DAL E 96-well plated] 5026%2.TF 238 R NE HEEE e
FAHY WYY O, = ASAER £ Uitk o] AFdA AXE FEEo] -BHP
5 AA3tdh. dAAIZG Nz b, ©F AR FaE RS -BHPY| %
BAXTY AEH &S FEIV 98 s &4 AZAIER FEEY ARxE
t-BHPE #E7ela A BE&S s Aol €4 22 234dE & + UM #
th I A oA AHAE A ¥e dx W AIAMER FEEL AXSAL YA
79 HAE HELL 100%E BYE o, ¥E FE, & welld 100, 50, 25, 10ugS
t+-BHPTHS A g AFTlME 5026%9 HHHE thd -BHPE Hd HPTAA
AEX AELL vego. o AFdA & HAE AEgol 4z 5675, 6348, 5507,
t-BHPE Aelgtezx of 50%9 HM®E7F  5628%= t-BHP @5 Ao vldte &

p

N

o

Table VI. Effect of Sihosamultang on t~-BHP Induced Lipid
Peroxidation in Cultured Normal Rat Liver Cell

Concentration Viability(%) of control

Groups
(ug/well) (%)
t-BHP ¥ 50.26 +2.68
SST 2,000 17.45+1.11
1,000 22.96+3.30
500 23.70£2.80
250 50.03%3.38
100 56.75+2.37
20 63.48£1.85 #xx
25 55.07%£1.31
10 56.28£1.48

Normal rat liver cells(Ac2F) were plated on 75-cm’ plastic flasks in 20m¢
of DMEM, 10% heat-inactivated fetal bovine serum. And cells were
incubated under 5% COs 95% air, at 37°C. The cells(5X 10%ells/well) were
incubated at 37C for 2hrs. After washing, SST were added various
concentration. After preincubation for 18hrs, ~BHP(final concentration 1mM)
was added, and the reaction mixture was incubated for 2hrs. Viable cells
were detected by MTT assay. All data are the meanzstandard error of
triplicated determination.

a) t-BHP : t-BHP treated group.

b) SST : Sihosamultang pretreated and t-BHP treated group.
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