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Antioxidative Effects of Scutellariae Radix Aaquaacupuncture
Solution on Lipid Peroxidation Induced by Free Radicals
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Abstract:  Scutellariae radix, has been used as a natural drug for fever, inflammation, cataract, and liver disease
in traditional medicine. This study was performed in order to investigate the antioxidative effects of Scutellariae
radix aqua-acupuncture solution (SRAS) on lipid peroxidation by free radicals. Lipid peroxidation levels were
determined by TBA method during the autoxidation of linoleic acid. In this linoleic acid autoxidation system,
SRAS markedly exhibited antioxidant activity, which inhibited 89% of linoleic acid peroxidation. SRAS showed
scavenging effects on o,a-diphenyl-B-picrylhydrazyl (DPPH) radical, inhibited superoxide generation in xanthine-
xanthine oxidase system, and also inhibited lipid peroxidation of rat liver tissue by hydroxyl radical derived from
H,0,-Fe”? system. These effects were similar to those of dl-o-tocopherol, BHA and BHT. In addition, SRAS
protected the cell death induced by tert-butyl hydroperoxide (t--BHP) and significantly increased cell viability in
the normal rat liver cell (Ac2F). On the basis of these results, it is suggested that SRAS might play a protective
role in lipid peroxidation by free radicals.
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B AYM A2 AT BT FIYRT $EUY
oA FUE RS FAdste ARSI T, A BHAE(A
2F)= 92 cell bank2FE FFEo} ALGeHT. £ £
Ao ALLE Ao A linoleic acid, 2-thiobarbituric
acid(TBA), lauryl sulfate sodium(SDS), o,o-diphenyl-B-pi-
cryl hydrazyl(DPPH), tert-butyl hydroperoxide(t-BHP),
MTT, Dulbecco's Modified Eagle Medium(DMEM), L-
glutamine, butylated hydroxytoluene(BHT), 3-t-Butyl-4-
Hydroxyanisole(BHA), hydrogen peroxide(H.O,)= Sigma
AH(Sigma Chem. Co. St. Louis, MO)Z ¥, 181 fetal
bovine serum(FBS) 2 antibiotic/antimycotics= GibcoA}l
(Gibco BRL, Life Techno. Inc., NY, US.A)Z5-E], malon-
dialdehyde saltf( MDA)E  FlukaA}
(Fluka Chemie AG, Switzerland)2%8, DL-a-Tocopherol
£ WakoAHWako Pure Chemical Industries, Ltd., Osaka,
Japan)FEH Tt AMGEIGl e, 718 At EFE AL
St
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tetrabutylammonium

2. AlEuy
2-1. 8= g Az
33 AL FA-LEHAPYY &8t Az =,
WA 33 (Scutellariae Radix) 300 g& s 223t 9A
flaskoll W1, FFF 2,000 mlE 713 &, 377t H&3lo
#2331 o333t o AL rotary evaporatorZ HUYFEE
31 sEele) FREE 1] WRE 200mo] HES @
£, AL71A] Yz3l 3 ethanolS 715t 75% ethanol &
°—“|—9-§ 5171] g b, wukdty A-2olA WRste AAE
04%'5}0311]— o2 T}A] rotary evaporatorZ 7
o 100 mlE 7letan &A1 &,
ethanol& 7}6}04 85% cthanol £ o2 HA 3 c}g wuk
6]—51 Ao x] waste] A4 AHES AEEHT. JAd
& t}A] rotary evaporator2 ZYEEE 2 dd FHS

100 mi& et &8A)7] &, ethanolg JFske] 95%

cthanol $ 42 2 S ¢ Thg Tuksha AL $A 5]
A4E FRES . 99E& TA] rotary eva-
porator 25330 AR F3o] A A5E 7}
3t2 IN NaOHZ pH 7022 ZH3}o] M3Fo] 1,000 ml
74 BA & g, LA 24A17F 923 £ membrane
filter(0.22 pm, A7 25 mm, Millipore Co., US.A)E o3}
33 ttE date A ge] dH(H1) 22 AR, =
of #dg FxE= 2:(H2), Sul(HS5), 108](H10), 2014
(H20), 50u}(H50), 10084 (H100)2 43t Yol A}
3Tt

2-2. Linoleic acid emulsion®] #| %
T W™ oet Az
3ttt & linoleic acid 0.13 ml, 99.0% ethanol 10 ml, 50
mM phosphate buffer(pH 7.0) 10 ml& &3§+sl 1, 85 43
A 220 xvla HIF L, ZHSTE total volumco]
25 ml7} HEE =AYt o] EFAE test tubcoﬂ
40°Col| A ufFate] 2H54teHE £FA AT,

23 A 23

TBAHol| 2|3 MDA A& Ohkawa 5] uH'9d| u}z}
ARBAT. F 40°Coll A vJekA]Z] linoleic acid EEY 50
wloll 8.1% sodium dodecyl sulfate(SDS) 0.2 mi, 20% acetic
acid(pH 3.5, 10N NaOH) 1.5 ml, 0.8% TBA 28} 1.5
mlg Y1, F/RFZ o] EFA9) total volumeS 4 mlE X
HE tg, 5°CollA 607 BA|3k1, thA] 95°Cel| A 60%
2 F, B2 £EENX ¥ZAA spectrophoto-
meter(Gilford, Response™, U.S.A)E AMH-3}9] 532 nmoj| A
E3EE Y. 2eln XA 2L malon-
dialdehyde tetrabutylammonium salt MDA)Z A ZEZEZ M
< AT O3, old gAY YA E MDAUME ¥7|3}
s,

2-4, DPPH radical 24 &3 &R

32 e} DPPH radxcaloﬂ 3k scavenging IS
golr 7] $13te] Hatano 59 g 7ol wet oo A4
ANET. WA 2 3T HRAS FR4Y EUE 4
mlg 1.5x107*M DPPH/MeOH 1 ml¢} £55l & &5
o] & o, AoA 308 Ft IS F, 517 nmoi|A
B8 280

25. HO-Fe'7le] 83 2 232) A 853t g o

EEEERL:

#HFFZ7l 7.5 mg/ml homogenate, 10 mM FeCl,, 30
mM H,0.8 sx5d 33 <3lde] AHrtd 0.1 M sodium
phosphate buffer(pH 7.4)8] ¥+$-£-988 1 mlZ 3}y 37°Coj)
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2-6. Xanthine-xanthine oxidaseZ}o|4] superoxided] A4
A &S £

Xanthine-xanthine oxidaseA|o|lA HA=EE O, - o gk
g AAEAE 2Ha7] Slalod e gL W
gole zA3gch WA 250 uM xanthine 0.5 mls} 54
ekl 0.1 ml ¥ 50 mM sodium phosphate buffer(pH
7.0) 1.3 mlg $fate vHeEAS H2oA 387 AXF
t}2, 0.1 unit xanthine oxidaseE #7}s}o], nkL L olo] 2
#FE 2mlz2 2HE £, 290 nmelA 187 F3x] H3E
2333k

2-7. A EufFA A o gatelte =

2-7-1. A Euf

A} 7EA E(A2F)E 10% FBS-DMEM uix|2 37°C, 5%
CO,9 Zol| A wjkated, 2~3Ynlct $HHH 75-cm® plas-
tic flask(Corning Co., U.S.A)A] subculturedlo] A EF&
+A8 At

2-7-2. 35 g9 HEEA &

A HAZAQFO] B 22 $F Hyde AEE
AE B&s7] ke, 94 24-well plated] ZHHIZE 5x
10° cells/wello] S| =& Y1, 35 FdE 22 Y9,
2, 5, 10, 20, 501 3Aj5te] wellF 200 WR H7}ek ohe,
10% FBS-DMEMu#]Z total volumeE 2 ml2 FH&}o]
37°C, 5% CO,28] Z7o|A 18-20A17F vi¥3 oS MTT
assay 2 A E ] AEEE S

2-7-3. 83 oA galsag 24

+BHPS| 483822 03 AT 33 ool
vAE 23E B Yael, BA 24well plateo] 714
XE 5x 10 cells/wello] |52 Y7, stz Ade =1
g2 el 2,5, 10, 208 5435kod well 200 WA H715H

&, 10% FBS-DMEMB}] 2 total volume & 2 ml2 24
3lo] 37°C, 5% CO,8] Z7io)A 18-204]7} vjetatsict. o
% CMF-PBSZ 23] M35z SEFME welld 2 ml¥ 713}
1, +-BHPY HFF 7} 1 mMo] HE & H71g thg, o] &
THA] 1208 uf¥AlZ] §, MTT assay2 Al X 9] Y=g =
Haeict.

2-7-4. MTT assay

MTT assay= Sladowski 9] 9}%'"g ulz} siich 71
AZE A7) 24-well plates) MTTE & £29) 10%7}
HEE Y3, 447 sUAIZ] TS, 90x goil A 1087 94
2elsidd. 1 & A2 AT EcOH/DMSO(1:1 v/

vIZ 600 wl® Y3 2087t shaking st T}-2, AolglE A E e
DEZ=golo] & mitochondrial dehydrogenasedl] ¢]3
MTT dye [3-(4,5)-dimethylthiazol-2-yl)-2,5-diphenyl-tetra-
zolium bromide]7} blue formazang 343l 2S¢ ELISA

readerZ 570 nmol|A FJZEE 2R354
I A8z & D

1. Linoleic acid X}SAE X &0}

Fig. 12 B2 3}ulite] Y%9 linoleic acide} AHEAtstz
freE s IgA2 e g8 TBAY o2 £3§ Hjor).
of AzfelA] BF FAAE IR e R TAME u)
& 3d# ol ojn] MDA 57} 15 uM ol e 2 Z7ts .
a2y 34E8AIQ BHA, BHT Z2ju 33 ka9,
2uj) sl o, 5 3)A ol HIlFolME vl 3Uxje] MDA &
=7} 72} 1.44, 0.00, 0.61, 0.53, 4.18 UM A )= ol H]
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MDA A4sre 85 GHdS srEz 99, 24 349
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Fig. 1. Inhibitory effect of SRAS on lipid peroxidation in
the linoleic acid autoxidation system.

At intervals during autoxidation of linoleic acid in the water-al-
cohol system, the degree of oxidation was measured by the
TBA method. The reaction mixture contained 50 pl of sample,
0.2 ml of 8.1% sodium dodecylsulfate (SDS), 1.5 ml of 20%
acetic acid solution (pH 3.5), and 1.5 ml of 0.8% aqueous solu-
tion of TBA. The pH of 20% acetic acid solution was adjusted
with 10N NaOH. The mixture was finally made up to 4.0 ml
with distilled water, and placed at 5°C for 60 min, and then
heated at 95°C for 60 min. After cooling with tap water, the
absorbance was measured at 532 nm. Each values are the
mean of triplicate experiments. ——; Control, ——; BHA,
= BHT, &5~ Hl, -~ H2, ——+H3.
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2. DPPH radical A} &3}

Fig. 104 &5 <k o] linoleic acide] AH54tatE 73e}
A A RS B FEo] AR71E £AT F U8 AN
£ Aol22, Fig. 24 &2 o] DPPH radicalo]
B 2AEHE DALY B FUAE Frye Y9,
2, 5, 10, 20, 50, 1008} 843le] A7}3 &, DPPH radical
of o 2AENE BEE 2, T HH 949 2 2,5,
10, 20, 50, 1008} 3)Med "rhZolA 7zt 70.23, 50.54,
4696, 49.88, 39.97, 21.05, 12.35%¢] AAEHE BT}
=3k F4aksiAl 2 2 g2 A= BHA, BHT, tocopherol&
7}7} 85.94, 85.70, 85.67%2) AAZHE Uehydch AF
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Fig. 2. Scavenging effect of SRAS on DPPH radical.

The effect of SRAS on DPPH radical was determined -ac-
cording to the method of Hatano. SRAS in 4 ml of distilled
water were added to a methanolic solution of DPPH(1 mM, 1
mi). The mixture was shaken and left to stand at room tem-
perature for 30 min; the absorbance of the resulting solution
was measured spectrophotometrically at 517 nm. Each values
are the mean of triplicate experiments.

BollA 1% BatAe] DPPH radicale 3HESIAZRE 4
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A 24 AL Aol BE AR7INA F2U2E 4A 7
AfFeeMA 2H71E B T 2 AFND + 3

Qo) 3 o] ZAEE SJrlshs Aol

rir

3. H,0,-Fe"Hjo| #1F 2t ZZ9| X|E MAte| €H20) Cist
ofxl= 2

Fig. 3& H,0,-Fe* Aol 4] A4 == hydroxyl radical(OH-)
of oJate] 3 7+ 22} A FFAsto] g 5 R
AAE0E A3 AHol). o] Aol B FHAS 5
=2 99,2, 5, 10, 20, 508) 3AMEte] Hrte ATl
A FAEQ 2T Blete A HAEES] A4S 74zt
100, 100, 100, 97.86, 74.36, 42.32%2] A ZH4E et
ot 18] 3 sHakgkAlel BHTE 94.77% dAZHE B9
t}. Hydroxyl radical{ OH - )& superoxide anion(O, ') 2 hy-
drogen peroxide(H,0.)2t} &Ao] A 3oz A9
AT U DE AR Ao AT 42 E
B2k 8 AR72 g Aok B 489 24, g3
A AL hydroxyl radicalo] ojg FAAstAAe] A4S
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Fig. 3. Inhibitory effect of SRAS on H,0,-Fe™ system in-
duced lipid peroxidation in rat liver.

SRAS in 0.1 M phosphate buffer (pH 7.4) were added to
homogenate (7.5 mg/ml), 10 mM FeCl,, 30 mM H,O,. The
mixture was shaken at 37°C for 10 min. The level of lipid
peroxidation induced by hydroxyl radical derived from H,O,-
Fe* in rat liver homogenate was determined according to the
method of TBA. Each values are the mean+S$.E. of triplicate
experiments. -
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4. Xanthine-xanthine oxidaseH|0|A superoxide| A
HlEs
. Fig. 4o ¥ =9 33 Ho] xanthine-xanthine oxidase
AZEE WA EE superoxide(O,” - )oll g AAAA &3}
£ Yehhdoh g4 A, 2u) Ao, suf 4,
10u) 3|AR A7tFdlM zHz 86.44, 80.41, 72.50, 53.30%
9 AAESS BYr}. Superoxide= Ao A, X
A o] Wl 28" A%, 282 catecholamine, fer-

rohemoprotein, thiols, ascorbate, hydroquinone 3 Z<

4284 BALAT AU AHAE 45, £8
xanthine oxidase, NAD(P)H oxidase 3} #& A3laL s

o 8o gHME A HC} £33 superoxides FE mi-
tochondria, microsome, 32} Z9] MIZA7|HoM FYAEH
o, £§ 244 Z(phagocyte)7} AT BA8 Lddhe
714 FoM 8% 4%E 2z Atk T4 su-
peroxidel= AN 5714 dAlFHA ] BAEZM B
2 2ot ohe} B2 R ook Asd &4 fad
o] ol Ao, AH Fxo B5H 8L T
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Fig. 4. Inhibitory effect of SRAS on H,0O,-Fe** system in-
duced lipid peroxidation in rat liver.

The reaction mixture contained of SRAS in 0.1 M phosphate
buffer (pH 7.4), homogenate (7.5 mg/ml), 10 mM FeCl, and
30 mM H,O, were shaken at 37°C for 10 min. The level of
lipid peroxidation induced by hydroxyl radical derived from
H,0,-Fe* in rat liver homogenate was determined according
to the method of TBA. Each values are the mean of triplicate
experiments.
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Fig. 5. Cytotoxicity of SRAS on cultured normal rat liver
cell. :

Normal rat liver cells (Ac2F) were plated on 75-cm’ plastic
flasks in 20 ml of DMEM, 10% heat-inactivated fetal bovine
serum. And cells were incubated under 5% CO,, 95% air, at
37°C. The cells (5X 10* cells/well) were incubated at 37°C for
2 hrs. After washing, SRAS were added various concentration.
Viable cells were detected by MTT assay. All data are the
mean of triplicated determination. ***p<0.01.
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Fig. 6. Effect of SRAS on +-BHP induced lipid peroxida-
tion in rat liver cell.

Normal rat liver cells {Ac2F) were plated on 75-cm’® plastic
flasks in 20 ml of DMEM, 10% heat-inactivated fetal bovine
serum. And cells were incubated under 5% CO,, 95% air, at
37°C. The cells (5X10* cells/well) were incubated at 37°C for
2 hrs. After washing, SR aqua-acupuncture solution were add-
ed various concentration. After preincubation for 18 hrs, #
BHP (final concentration 1 mM) was added, and the reaction
mixture was incubated for 2 hrs. Viable cells were detected by
MTT assay. All data are the mean of triplicated determination.
***p<0.01.
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o 2,5, 1084 54} FAAZolM FH7ZS 71.09% H]3h
Fe 4Z8S BT

v.gd g
3 Qo) s &5 AR Asted D 2

EA84), HO-Fe?d R AZujGAS o] &3l Pilgta
b 2719 AAZTHE BEE AT ol

1. 33 e dlsl %S dolrv] f8ld 19
E XA linoleic acid®] A-gASAAA A AAtst
B QA v J¥s s 43, 33 g do o
2} S okt A Rt vl X AFHASEY] A
A€ @A GAALn, E3]) 4 HrlEe itsA]
9 BHA % BHTY A &9 JAEHE BAG

2. A1) dig 25 FR 4] LATHE LotrI) 9
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