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The Study of Protective Effect of Puerariae Radix against

CCls-induced Hepatotoxicity
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In the present study, we investigated the protective

2. Department of Medicinal Plant Resources, Mok-po National University

effect of the Puerarie Radix water extract (PRE) against

CCls-induced hepatotoxicity and the mechanism underlying these protective effects in the rats. The pretreatment of PRE
has shown to possess a significant protective effect by lowering the serum alanine and aspartate aminoteansferase
(AST and ALT) and alkaline phosphatase (ALP). This hepatoprotective action was confirmed by histological observation.

In addition, the pretreatment of PRE prevented the elevat

jon of hepatic malondialdehyde (MDA) formation and the

depletion of reduced glutathione (GSH) content and catalase activity in the liver of CC1s-injected rats. The PRE also
displayed hydroxide radical scavenging activity in a dose-dependent manner (IC50 = 83.6 ng/ml), as assayed by
electron spin resonance (ESR) spin-trapping technique. Moreover, the expression of cytochrome P450 2E1 (CYP2E1)
mRNA, as measured by reverse transcriptase-polymerasé chain reaction (RT-PCR), was significantly decreased in the

liver of PRE-pretreated rats when compared with that in t
suggested that the hepatoprotective effects of the PRE may
gene expression

he liver of control group. Based on these results, it was
be related to antioxidant effects and regulation of CYP2E1
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thomsonii (Leguminosae)oll T3} alcholZ QIgF Tr&4ta} &l
B a7 AR T Qom™™?, ol 1EyT BE v
815 7™ W cytochrome P450 5 QFBTHALA 49 BEY
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Ao AKEE ZE(Puerariae Radix)2 ZE FH X o)A}
ABEH= &) (Pueraria thunbergiana Benth.)9] #2]1E A#st A
o8, s=uigiy pHEAoA PRSI Bk AHES)H
Gt 22 300gol S5 4= 1.5 4 Z @il 100TCollAl 3417 B9 7}
Eor & of ool 9F 650m1Y HEAE AR Om, o1& 4ol ¢
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2. 488 9 AA

AHE SES AE 150+ 20g9] Sprague-Dawley] 4 rat
£ AIB3INCH, 741 S SolFule SEUE A
AXHI ZHART 1 2022T, &5 1 60%, HY : 12417} light/
dark cyclejollt] M &A171 & Aol AHESICE

HESES MY ZEYT, 2T, HETD)2E Rl
o, 6UZIE TR AKESINT: TS mouseE TEHAIR

2 2E AMgglo] SSoiKen, iR 7847 AEAIES
g AMIglo] FZ8 T carbon tetrachloride(CCl)E 0.5ml/kg
/day EHOE SZFABK] HEdE AT 4872 o
SRAE 7UHEE] 10ml/kg/day BUOE S8AZ 5 8UA)

ol carbon tetrachloride(CCL)E 0.5ml/kg/day 82O E BZAF

Atelo] HEERE A7) T8, CCL Fo] 24417} ol 4 Z-EA}
£ S gde Aol U2 HEIFT
3. Al

2 Agol AHESH AleF2 carbon tetrachloride(funsei
chem.co Ltd., Japan), bovime serum albumine, 5,5-dithio-bis-
(2-nirtiobenzoic acid)(DTNB), sodium dodecyl sulfate(SDS),
thiobarbituric  acid(TBA), sulfosalicylic acid, potassium
phosphate, Malondialdehyde tetrabutylammonium salt 52
SigmaAHUS.AJollA  FABIH O, glutamate oxaloacetate

transaminase (GOT) %! glutamate pyruvate transaminase (GPT)
£ & kit, alkaline phosphatase (ALP) £ & kite OFAHH| A}
(Korea)ol| Al #1313 C}. Cartimox-14 RNA isolation kit, RNA
PCR kif{AMV): takaraAlJapan)ollA] Flald AMSEIOH,
CYP2E1 primere H$HH}0] 2 AKorea)oll Q=5t] &4 EIRATEH

Hydrogen peroxide ! n-butanol, ethanol, methanol, acetic acid
g 1819 A]C’h——o Junsei Chem. Co. Ltd.(Japan)Q] <& A|&

=1 -
(ultra-pure)& A
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4. YAAIES AE

UEEES olBIE(ethen)Z BIFAIZ) TIE BF AEHS
mel =8l F2 iEHoA] AER o AMEF FAHS 4
204 1A &9 %‘Jxl@ o €&¥& 2elsld GOT, GPT,
ALP 5% G40F AIE3K3ct HelAl@408% NaCl)ZE 2
FAZ e xA0] éolwq QULE Fosled EHo| FE0|
HAAE AR Yejagdag2 & Mol whatman G ZAZ 44
A, E HATH & -70°coﬂ &2 RESK] AEIINCE 4
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BHE E8E Y6 A =29 48] 222 50 mM photassium
phosphate buffer (pH 7.5)& 71318 4CollA] homogenizerZ 4
82 A6t o] #adg 1000><g0ﬂA1 158271 QA12¢)
Blo] &9 T4EIXIA (lipid peroxide) & glutathion 81t
ZH817] YT AR E ANESIRL, LHAl 45N E 600X goilA]
1587 JuBEisk] sl A)iﬂon AASH AENS Z8 =
THA] 12,000 X goll 4] 3087 YAlE ]o}c} nERTgolE AA
ot 4ENE catalase %__}“E-‘é— A3t AEZ ALESIA
Cl 4719 222 EESH A S I5F 4TCoA] 4
AlEI9ITHFig. 1)

Liver 1g (X4 KP buffer)

50mM KP buffer (pH 7.5)

homogenate

Centrifuge 1000 Xg, 15 min

» pellet discard

supernatant (LPO, GSH Assay)

Centrifuge 600 Xg, 15 min
» pellet discard

supernatant

Centrifuge 12000 Xg, 30 min

v
supernatant (catalase Assay)

Fig. 1. Preparation of the sample fractions for enzyme studies.
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GOT % GPTY &4 &%
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20)ofl weh ZRE A1 Kit(o
GOT, GPT 7138 1 =
g tig 85 02 ml% ol
B GPTE 30271 2271 H
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NaCH €9 10 mlg 7}5)e] & E§is p1g 42
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CCLZ #HE BN WFage] i BRY) FRMER a7

2) ALPY] &%

HHFE ALP B4SHE Petkova S99 Wio) wat XA
B A1} KiORFONE AL AAIBIEY. 71 20 mg
Al Boll 7k 37Tl 587 WRISHE o710 @A 0.05 ml
2 71slo] 2 Eglslol 37Tl 1527 QISAIZTE Bl
20 mlg B 235) & 2o T 4204 102 o}a} WA
713l 602 O]Wiofl 500 nmoilA] AJQt blankE X T BT ¥
512 ZE3ICH PAS ALPY) BHTE EEHY Mol &
Z3199n #A diy King-Amstrong unitZ LJERHCE

(]

CARESE RS 3 =t B

1 ZAE 10% B8 ZEULO] /|3 o2} TFAIZ e
automated tissue processing® embeddingG}o} paraffin blockS
THE T2 5 ¢pm9 BB E PHE0] slide glassol HAM & xylene
oz guelEsgl gict. 1% 100%, 90%, 80%, 70%, 60% ethanol
T O 7 $pAl7) Al hematoxylinQ 2 g G4t & 1% HCZ
g3l C}2 0.3% ammonia water2 £3E A|Zch MEZE o
ME Atk eosinQZ HAMTE & 60%, 70%, 80%, 90%, 100%
ethanol &Q & ©+uEE ANt AEAFHOE xylene 1 L I
o]l ©2ic}7} canada balsam© 2 mountingdla] ZEIHDIHCE
2Z g BESIPCH

IR

7. SRIgE o it &5
1) THREg] H

THE X Ol HYS Bradefordd) 2ol wiz} SigmaAHUSA)S
Bradford reagentE O|&061% 21, bovine serum albuming A}
8old EEFAE 4HEdle] Thld g S8
2) ZZX)9] Lipid peroxide(LPO) gFH}EH

ZAW XF K29l gy 58 Ohkawa 79 TBA
HOZ SEGIHCE & 28 vl TEAE 1,000x gollAl A&
ZIoHE 20% ZhERZA] TFEIH 0.4 mlo) 8.1% sodium dodecyl sulfate
0.2 ml, 20% acetate buffer (pH 3.5) 1.5 ml12} 0.8% thiobarbituric
acid(TBA) 1.5 mlg 718} 95T B4R 0A 1417 ¢ 4l
SA711 4222 Jzig) T2 n-butanol: pyridine(15:1, v/v)
9 =g 5 mlE Hrisled & Sgbint o] EglHE 3,000
rpmoilA] 1587 AdEelsi TBA gI§EFHol ExXlsh=
n-butanol ¢E€ F5lod FH& 532 nmollA] EBTE SHE UL,
HYEE ITHof Zolo] IKIBIAE geke xR 1 mgy 4d
@ malondialdehyde (MDA) 812S nmolZ LIERAQICH
3) 7+ £219} Glutathion (GSH) g&r&H

2t ZE B9 glutathione FHEFS Ellman®9} w}o) o510
SHBIACE HA 7F 2E FEAS 1,000x gollA] ALED] 3
= AEY0] 4% sulfosalicylic acidE 713l E§6HE 1,000x g

Al 1087 A4 EEIGHL 43NS F5IH sulf-hydryl group

o] 2AHA|Ql 5,5'-dithiobis-2-nitrobenzoic acid (I mM DTNB)
g1} Zesle] 4204l 2087 RIRIGHE 412 nmojlA] SE T
£ Z£X35l9 20 Glutahthion 2 protein 1 mgy nmolZ
UERAATE

()

4) 7+ £2A)19] Catalase EHEH

ZAWY catalase YT E Aebi®9] witoll wlgl ZEBINCH
50 mM potassium phosphate buffer (pH7.0)oll 549 UHS
EI 714 EA 10 mM H0,8NE 71510 5Ha 240 nmollA] &
B9 Wils 187 ZHIUCE sRHELZE 712 10
mM H,0, 8% thilol) 50 mM potassium phosphate buffer (pH
7008 7Hil thg 2712 A% U sl EBTY HIE
EFsI e, 49 gHkE 12 50 1 o M2 H0,E £
A7l 549 4E 1 unitE SIch

5) ESR(Electron Spin Resonance)& 018%} A7 1481 &5

ZZol) g OH radical scavenging 8432 ESR (Electron
spin resonance) spectrometer (JES-FA 100, JEOL Al, &%, 94&)
ol A3 £8E 5Tt OH radical®] 22 Hy0,9} FeSO:9|
Fentond}goll & FLA1Z3 20, OH radical®| trapping®] 241
DMPO(5, S5-dimethyl-1-pyrolline-N-oxide)& AMZ&kd DMPO-
OH adductZ hyperfine splittingoll 93l LERLR= 1:2:2:19)
peakE 71& A HMY peak heightE 71EQE EIISINCE
peak ration= WEEZEEZ peak®! Mn*'9] peak$} DMPO-OH
adduct peak® 3 HH peak?| heightZA] FIT}.

OH radical 24 4& ¢l HI2HE 0.2 mM FeSO.E 55
@, 1 mM H:0; 75 ut, 0.92 mM DMPO 20 u¢S} 50 9] HE
dokg F7iskd 10E3 vortex¥, PhSY 200 wE 88
radical 54 £ cell (RST-LC09, Radical Research Co, Tokyo)ol&
Al73t}. DMPO-OH spin adduct®] &2 & 91&H H0:,E H
7t & BEs] 123 E™6INTH

ESR71719) &4 Z72 microwave frequency 94 GHz,
microwave power 1.75 mW, modulation width 0.1 mT, sweep
time 60 sec, time constant 0.1 sec, center field 335.8 mT, scan
range 7.5 mT, modulation frequency 100 KHz, amplitude 3201}
oA ZH3INTE.

8. Cytochrome P450(CYP2E1)Q] mRNA w3 &7
1) 2+ 7] & total RNA 22| ¥ T

Total RNAQ] =gl TakaraAl?] Catrimox-14TM RNA
isolation kit ver 2112 AFESIRT}. -70Coll EHS0IH AR A
1 g2 homogenizerg 0Ol&dl] & 24$ thE Cartrimix-14
buffer 1 mIZ lysisA[H 4041 10,000 rpmE 527 412
2l € st} d4lEe] & 45N E AASIL pelleto] DEPC 1 ml
< A7Isld 12,000 rpm 2 F 287 ThA] AU 2D E St &8
B FHAHAIZ pelletol]l guanidinium 0.5 ml H715kH vortexdt
% phenol/chloroform/iso-amylalchol (25:24:1)& 0.5 ml H7}4]
7 vortexglad 12,000 rpm 2 2 387} AU RS & 4EUE F
8ll iso-propylalcolE equeal volume @oj & EF$H & -20Tol
307 YRIAZIT). ChA] 12,000 :pm Q2 10837 AU ECIE o}
of AEHRS MHAIZ! pelletE 70% AEFESZ washingA|7] L Lt
A} Z&3toll BEAIA 01% DEPC 89 1 mlol] = ALBSIAT

2) cDNA B4 % RT-PCR
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¢DNA #4442 RNA PCR kit(AMV)E AIZ3I9Ct & 48
oA Total RNA 1 ug/ulE AFESIH M, MgChL(25 mM),
10xRNA PCR buffer, RNase free dH;O, dNTP(10 mM), AMV
reverse transcriptioase XL, Oligo dT(2.5 pmol/ ul)7} A g1
total volumeE 20 x17} A 1Al &85t & mineral oilE 50
¢l BE3K PCRE $EBIATE & 30ToA] 10827} ¥ISA|7]
11 42TCollA] 3027} annalingA]AH AAE 4+ QT E UHE0] F11
99TCollA] 5&, 5TollA} 523 1 cyceg AAIEI}. BEE DNA
= CYP2E1 primer(100 pmol) Z}Z} 05 1 AJISH1L 10x PCR
buffer 5 gl, 25 mM dANTP 1 pul, sterile DDW % taq
polymerase 1 ¢l, 2% DMSOE H7MAIA total volume 50 x 17}
Z]A PCR tube &toll EFEHE mineral 0ilE 50 ul &5l
PCRE £l PCR HIEE 94ToA] 587 95CToA 18 7}
denaturation ¥ 68°CollA] 187} annalingA}7]3L, 72CollA] 12
30& S¢t 35 cycle HFSAIZ] ThE 72°CollA 58 S0 elongation
it} 242+9] PCR products= 10 ¢ 148 1.2% agarouse gel A1l
loadingdld H71¥&8E Al E43i¥ct CYP2ELY
RT-PCRo|| AHE® sense, antisense primer®} &2+ olgfjoll FA]
S A 2o Fig. 2)

901 actgagacca ccagcacaac tctgagatat gggctcctga tcctcatgaa atacccagaa
sense —

attgaagaga aacttcatga agaaattgac agggttattg ggccaagecg cgtecctget

gtcagagaca gactggatat gecctacatg gatgetgigg tgcatgagat ccagagattc

atcaatcttg tcccttccaa cctaccccat gaagcaacca gagatactgt gttccaagga

961

1021
1081
1141
1201
1261
1321

tatgtcatcc ccaagggtac agtigtgatt ccaactctgg actcectett atatgacage
catgagtttc cagatccaga gaagtttaaa ccigagcatt tcctgaatga aaatgggaag
ttcaagtaca gtgactattt caaggcattt tctgcaggaa agcgtgtgtg tgitggagaa
ggcctggece geatggaatt gtttetgete ctgtctgeta ttctgeagea tittaacctg
<« antisense
1381
1441
Fig. 2. Rat CYP2E1 nucleotide sequence and design of PCR primer.
PCR primers were designed based on GeneBank Nucleotide Sequence Database
(accession No. M20131). A forward primer corresponding to base 907-932 (relative
to the transcription start site) of rat CYP2E1 and reverse primer corresponding to
bases 1315-1341 were used to amply 435bp fragment. Each primers sequences are
shown as below : sense oligonucleotide, 5 - ACCACCAGCACAACTCTGAGATATGG
- 3, antisense oligonucleotide, 5 - CAATTCCATGCGGGCCAGGCCTTCTCC - 3

aagtctctgg ttgaccctaa ggatatcgac ctcagtectg tcacagttgg ctttggeagt
atcccaccce aatttaaact ctgtgtcatt ccccgtteat ga

9. 48 HAE9 EARLD

AE Z3o) tigh EA SAS (The SAS System
for Windows, version 6.12, SAS Institute, U.S.A.)Z 0]E3I3Ct
AE HES BF+ TEHA mean+SD)Z LIEWIQOH, Zt 4
710 f948 S HET wlol= student’s t-testZ p-ato] 0.05
ekl o Fet Xlojr} AE ALE BISNTh

A 3

ol BMe

"‘I\_ Rty | vy

1. @& GOTol tigt a1

o
217t0) ARTS CCLE NEYES RUS 3 2417 2o
BuAA HAg AF T BHE 2eld F GOTE &8 2

SPIEl - BES - BES
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3}, normal T 32.1£28 [U/ ¢ Qi 815l CCLE AEist i
T2 419197 U/ L 2 B7I8ITE e 23e 797 Foiet
T CCLE 712N S Sudl ABTolAE 262%15 U/ L2 &

oa 28/
do] Zage & & AU2L SAHQ AL AU Fig. 3)
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GOT(1U/)

Normal CCl4 PR + CCl4

Fig. 3. The effect of the hot water extracts of Puerariae Radix on
serum GOT levels with hepatic damage induced by carbon
tetrachloride(CCls)

2. €& GPTo) e &1

21210] AEAS CCLE 7HEAE Sust & |
B UAIA g AFT & EHE Eeld & GPTE &80 4
3}, normal F& 21.5+10 1U/ ¢ Ol uldlod CCLEH Meist o)
ET2 452184 U/ L 2 RH QAP < 0.05) 7131k &
o 22 e 74 Bo3 & CCLE Ed e R oA

= 190+04 1U/ ¢ & 840] SO5IA((P<001) ZAaBe & 4
%QiD}(Flg. 4)

A7} o]

ot 4
adage

60
50
40
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20
10

— %

* %k

GPT(IUN)

Normal CCl4 CCl4 + PR

Fig. 4. The effect of the hot water extracts of Puerariae Radix on
serum GPT levels with hepatic damage induced by carbon
tetrachloridg(CCIa) (*:P €005 *:P 00N

3. @& ALPo} tigh &3

7210] ABFE CCLE USHE RUS F AT 5ol
SUAIA BAS AA ¥ PP 22 £ ALPE FET B

3}, normal € 13.2%+1.7 20K-A unit/dIQ)] 815} CCLEF A
218t IETZS 409+34 20K-A unit/dIZ 294 YA (P<0.01)
E7KIHEE 5 222 747 Bog & CALE =4 v

USoE TT=



CCLE FHE B FHG e 2R HRMER a7

=3 “‘Q—T’-Oﬂ AlE 16.8+4.3 20K-A unit/d1FE &Xo] FAHAA
ot

(P<0.01) ZAEES & 4 UYKICHFig. 5)
[ 50
* %
= 40 ¢t
C
)
<I( 30 1
X ok
& 20 T
%
< 10 |
O 1 1 ’l
Normal CCl4 CCl4 + PR

Fig. 5. The effect of the hot water extracts of Puerariae Radix on
serum ALP levels with hepatic damage induced by carbon
tetrachloride {CCl). (** : P < 0.01)

4. Rat Liver?] He|ZZ|8t5 4o cigh 37
712t 48T e CCLE (=S Fut 4113 Foll 54
AlA EAE HEdle MeAE408% NaC)ZE BFAF| 1L
AL T 70T 52 &I =24 18 9 nigl
zof &9 zAE &l zAEBE AABIHOH,
hematoxylin and eosin 2 O 2 HaBgle] HSAn|ZOZ B
BiAC

(=N ik}

Fig. 6. Light micrograph of paraffin-embedded mouse liver. All
section were stained with hematoxylin and eosin. (A) Photomicrograph
(X 100) of a section taken from the liver of normal control rat treated with olive
oil. (B) Higher magnification (X 200) of the same sample. (C)} Photomicrograph (X
100) of a section taken from the lver of rat treated with CCle (0.5 mi/kg). (D)
Higher magnification (X 200) of the same sample. (E) Photomicrograph (X 100) of
a section taken from the liver of rat treated with CCla (0.5 mi/kg) after
administration of Puerariae Radix (10 mi/kg) for 7 days. (F) Higher magnification
(X 200) of the same sample,

CCLE AMZIBIA &2 FUHEFS

veing B4CE HAHEQ AFFEE FXEHHA
o led, 7l xASEQ X EF
C}(Fig. 6A, B) CCLE MAIol UEHE R
ZAZ2 oY BAHEQ FA7F HESIA go, IMEE
less eosinophillichm A ZZ ol T2 N E(vacuole)’} #&
At EB central vein FYME SHFY Aa{H THAE
9| o] HEEASH, hepatic sinusoidd] 72X Hgt 235
AL pyknotic nucleusE ZET H@Y A 27} @LFY 7
oAl w7 = 1L Jrh(Fig. 6C, D). CCLE Aelsh] 74 HWEH
Zdeg Bod dETdiMe d4TH uiEIVIAIE central
veing E408 7HZ7} HAH AHTEE olFHA i
gxlo) Aom, B2 ZAGHE T ot HYLFE Vet
CHFig. 6E, F).

Z}zto] 4ETE CCLE I=4g RuUs & 24470
IBAA RS MFT & TG Ad B 8 & AF
POYE X% 23, normal T2 1.98£04 nmol/mg
Qldll vlgl CCLR A2igh thET 2 378110 nmol/mgE &
7V 8 22 & 740 o8 & CCLE 4 E st
A TolAe 272£0.05 nmol/mgE E40] Z4gE & &
KoLt EAFHQ gAY JUTHFig. 7).

o
2

< Lo
é_\_
o
1]
=

§9

E-N
—1

LPO (nmol/mg of proteins)
Noow

Normal CCl4 CCl4 + PR

Fig. 7. The effect of the hot water extracts of Puerariae Radix on
lipid peroxidation levels with hepatic damage induced by carbon
tetrachloride(CCla)

6. ZYRAY GSH &alol tist g3
2zj) ega% cag 7_}%@% Fue & zwa %ol

g &893} 3J)f, normal :‘_r_"E 278+O mol/mgolt-l] B]okﬂ
CCLEE Agist U272 1.86+054 nmol/mgE  FSHA
(P<0.05) ZABIICH

w3 227U SOl &
TollAlE 4491098 nmol/mgE E718HE &
ol KOS UAUCHFig. 8).

CCLE V=& wule 48
P QUL EA
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[$,1] (o]
:
—

Now A
,
d

GSH {nmol/mg of protein:

Normail CCla CCl4 + PR

Fig. 8. The effect of the hot water extracts of Puerariae Radix on
GSH contents with hepatic damage induced by carbon tetrachloride
(CCly). (* : P ¢ 005

7. ZYZA Catalase 4ol tgh g1

Zi7te] UEPE CCLE VSHES FUS § AT &
AIA RAE AMFT & FAslele] Adgel T
catalase 84S &3S A, normal T2 21.6+0.63 unit/ng?l
Hl B8l CCLEt Aelg thE2 17.8+£1.95 unit/ngLE 79

BIAI(P<0.05) ZHABIFCY gk 228 781t Fogt & CCLE
ZH=EXNE guist Ad oAy 29.111.64 unit/ngCE L9014
UA(P<0.05) E7EHS & 4+ UACHFig. 9.).

® 40

S 35

s |

S 30 1 T

g2 .

:c: 20 T

2 15 t

& 10 |

«©

® 57

S 0 1 L y

Normat CCl4 CCl4 + PR

Fig. 9. The effect of the hot water extracts of Puerariae Radix on
catalase activity with hepatic damage induced by carbon
tetrachloride(CCly). (* : P ¢ 005

8. ESRol| 9|3} OH radicalo}} thet &34

Fig. 10.0141 LIERG 812} 20} DMPO-OH adduct®] peak=
1:2:2:19] SRS LERI, controlol] Qlo] 1:2:2:19} peak & A
WAl peak®} Mn’'9] peak ratioE ¢F 891 UERISU,
Puerariae Radix(Z2)9] Agloll 93] DMPO-OH adduct®] &2
P intolel=0

9. ESRoll 9§} OH radical A~AHEH
2+29] DMPO-OH radical9] scaveging activity= Fig. 11.0f
LERIDE 228 559 F7lo e sEEH FEE VER]

si7le] - HES -

L 1=

or, 1000 pg/mi9) MEjolA] 87%F Lo ARl Fgol Uehat
T} Scaveging activity®] 1C*S 2+ (Puerariae Radix)2 245
ug/mig LIERICH

OH OH
OH . OH
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)
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Fig. 10. Effect of aqueous extract of Puerariae Radix on OH radical
determined by ESR spectrometry. OH radical was generated by 10 mM
H.0> and 0.2 mM FeSO4 in the presence of 0.92 mM DMPO. (A) control: (8) PRE
1 & g/ml: (C) PRE 10 # g/ml: (D) PRE 100 # g/mk (E) PRE 1000 ¢ g/ml. PRE
i Puerariae Radix Extract.
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Fig. 11. OH radical scavenging activity of Puerariae Radix

determined from the difference in intensities of the ESR signals in

Fig. 8., relative to that without Puerariae Radix extract. Means
(+/-S.D.) of at least three separate experiments are shown.

10. Cytochrome P450 2E1{CYP2E1)S] mRNA 3ol thsh F3t
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<
9?2 5

OLKLane 1), CCLE A2iT HETZoNAE o
&5kl ArHLane 2. olo] HIGH L& 7
CCLE = E FUSH FollAle CYP2EL0]

wmoa

2000 bp — [

1000 bp —

500 bp — —435bp

Fig. 12. Rat CYP2E1 (right arrow, 435bp) polymerase chain reaction
(PCR) product. Ethidum bromide-stained agarouse gel containing reverse
transcriptase (RT)-PCR products with template CYP2E1 mBNA from the liver of
normal controf rat treated with olive oit (lane 1), treated with CCls (0.5 mi/kg} (lane
2} and treated with CCls (0.5 mi/kg) after adminisiration of Puerariae Radix (10
ml/kg) for 7 days (lane 3).
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wEadl Fold] 271X E i =,
AlE SIEFA(CCly), D-galactosamine,
olgsle = sEZde Ue
& QUch olF Al¥EAaE MEtaolA] Bo] Ol8FM Free
Radicalol] O/} tEHQ) MEEAOZA @Al 2142 ol

FEBH7] AaiA Wol AR, AlalEAaE 1 AHZE

=
[

At 71el 31829 thAloll Baldl= Cytochrome P4500] 2]3)
| & =24 Free Radical®l CCly 2 Hg=Elo] ME 2150
oA CCs OHAY AR IMKIBE Yo7)= AUt
le EXJAYI0)A] 4R
A1 Woigt A2 CHCLE ¥l EXFAI ) o8] A
AE EOEM X2 Free RadicalztE $u5}l, o] Radicalo]
4440 BHZ(peroxidation)ld 77] I4}8ME (organic peroxide)
€ g4%itt /571 MIEHE2 1 ABA 7t Free Radical 2 ZHE5}
o] X} 2L Free RadicalS &5, wielsl QAL wiEA 3
ATt o] w18e ke WETAMYLE wEA Dy
WEAAYY 722 7lsol WA stgn) CCh R0 7 308
ool Z+A| 9] Tl gHgo] XSkEln 24]17F ojujol] MAMEU]
ALE WEAAYS 537 elE&9 gel, 1elu Eelsd ol
218 BRE 4 Ui "xl Do) HELAY Wl A RE &
A7) AEBl AEZZE ) N2 SE2 TN E9] T
o] Asixio) NEFE o) 7K BoiE wh] w&0]
t}. & ZHIET} tryglycerideE £B1517] floiAle ANdLE ©
w3} tryglyceride7} Z 816t XA HElE vHEoiof sk,
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1=1}]

TR FEollA A- & vhio] ARIEIX] @27 gl Xaels
ggh = gA Pt w2l Al Z2 ol tryglycerider} ThE2
2 #x5o] CCL 59 280 Auzlo] Bk olold g
FZ=glot £4EW ATPY ZAas|Eg AEate] Badol &
VE I ME GAG] FEo] dojdrt. id@aMge NdiRkis)
WE F A2 2707 2R vluA oFEE fatty aldehyder} 4§
Auvkz), fatty aldehydes FHE EHIx]o} A EOILL PIES
Zgjo} Soll £48 Yoni i HAX I ATt AEEY £42
o] &S A ZUE 012 i 0] nEZEeIoH W
o £&xlo] n|EEE=g]ol] 7|50] £UETE O1F Y AlEHS}
= SEY &ddMg BlseA IdHO BT AEY TAZ
oloiRITF?.

2 (Puerariae Radix)2 279 thdd d=4 = 2
(Pueraria thunbergiana Benth)S] H2|& I8 X 482 F ALE
B ACE, Y421 E£ZojAs FE Pueraria lobata (Wild.)
OhwiQl 24 & 2O R AESHL e fElUEiolA AHlshH
+ Pueraria thunbergiana Benth.9k= &
B, =2 0] E Pueraria edulis Pamp., Pueraria
omensis Wang et Tang, Pueraria thomsonii Benth., Pueraria
phaseoloides (Roxb.) Benth. £9] Z¢AES U2 E AIETI
1% S Selgloies 228 guirt ZB(EF)SIL I
ZMER)CE ARSI dI7|UE@AHE) SAXNB(ERLE
) X ckIEETA) 89 588 7K AR QAlshL
Aok H2ole A, nEY, §45Y, guy®” S0 v
B |7 2P YRHACE Eok 222 SHIEREDR A
3 dmzkgol oM™ BAge] b AeZR ezl
coumarin & 7KL Urks ARE Hol UzA g Hog
AOE 7IHBCH?. 13} 2¢IEQ) Pueraria lobata (Wild.) Ohwi
L} Pueraria thomsonii (Leguminosae)oll thol] alcoholZ 1%}
7R3 BEE AT QgD on™, AZos 1
o B WAsE @7 9 cytochrome P450 & FZTHAMA
a4 BEYYT MAEL ATk
GOTS} GPTY] 4X] &7hs MZRN9 Z59 nlux &
o] £g ¥ ozt ThE EF /& Faoll BISI dlEsiA
St K3 ohe £AlErt 712 Transaminase®] ZAI &
Tt §A6H =1 €@52F fE0] A2 ¥TRE L
7) wEoll GOTS GPT| EE 5T & A9 Jdall g o]
8312 Yk, £ ALPE ARl del REGHIZE EFol
Z£315h= A2 " &719 ALPo 9§t Aoltt. &=, £4]7}
gulgl 2ol M= ALP7} SR510] B4 812 E widE 1 lrh
ALPoll& isoenzymeo] EAGIH 1y, MM, sAyg &€, 71
E} Tt AE g0l 248 9 dyo] e W EriiH, o
A5 997} Ik 2 dfolMe 229 U-IES CCLE T
EHE FUS £ 24417 Foll FUAIA EdE AFHT & €8
Boigt & §484E 58It GOTY BL ekl &}
CCLE} Mzist 2 FolA] E7i6lser, 2d2e ARAs 4
TollMe g4o] dxlsle d3e BYou Rade gt
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7relgon, 4o g AR g TolMe 4ol /s &
4282 ¢ = UATHFig. 4). ALPE Fakdol dlglo] CCLEr A
2|8t i ol B718IR M, 22 TAEIR 4E8FdME
gdol AL dHEe & 5 UUTHFig. 5.). CCLoll 2Je
Y FE MHZIA B RS | 1ZHEY "z
UERE, R EAbe ez SR I35l 2l
Aot olBY e BEAI FHE LERIH, AdhEE0] SA
ol ZelElE dl7t Bob. 2 48olie 2o 48Tl J
&% EZX9 EEE hematoxylin and eosin FHOE G435}
of FslEn|ZdoE H|ABIRCE FER RAEHQ xRV H
Ao g UERGOLNFig. 6A, B), CCLE AXIT HEZME &
o] ZAEQl Fx 7} ataso} JAKMTHFig. 6C, D). 12jut 22
AREIeE daldolie Fouvd fABH Ba8Q 228}
& FAE VUERIACHFig. 6E, F).

o}t S ThEAER F4EH W HRE 9 HeleHd
Q) FHAA B ul 422 CCLE 38 EYE Yoldhks &
8ol UEE ¢ 4 Uem, I 711 CCLE ATt A &4
ol thet Wol7|Ad E= CClLE CC'E M &5k Cytochrome
P45001 ch3t A8 o £EE 4 Atk

AEZ Y E44 IS gEE SOD, catalase,
glutathion peroxides(GSH-PX), glutathione reductaseol] 213} 4
AT} 0|F RIBIFAES Oy, H,0; J2]3 {71 peroxide,
OH iz 89 =4 & ESH3sEHU UL EA] 1 7]
52 UElIch ol8 KIS & SOD, catalase, gluthathion
peroxide:= W2 A7} AIBE L YTF?. B FAFo)AE CCl
Eool) wE A ZL A& IIslel Tof HEE FRIE gAY
g4e Yotry) 8l AZIISE(LPO) B st aae!
catalase®] B4 E FH3IF oM, YAo] EMSlE 8¢ S
SHIQ) GSHE) ek FEBIRITE S 2 AAZL 7R = et
A A9 &M E ESR WHE Al&dle] BETINUTE

A& B4+l Lipid Peroxdation; LPO)= A18 W &EolA] &
Y AZ 7M. 2A, AZL ZE o] YoM 4181 AE
Al20] NEZA AEHI Yot IRIBAE S ECrgsI ghe
4 carbonyl SEIEE ZEoh= oE] 7HX SEHES HEEE 2
slEct BxEgiAuito] 2RI1EH malonaldehyde (MDA)Q}
4-hydroxyalkenalsg E34{HEE 4438H=tl, Malonaldehyde
(MDA)S} 4-hydroxyalkenals®] S8 AERIGIY] A X2 A}
291 Uk 2 dgoliE 2429 dEFolAM BRAE A

o

4

o & FAssicl AU § & AAIMIBELPO)S 58T
e artsimemn,

23, Fahroll vldle CCLet Al tix
238 BXEIS Ao E 4ol daske e Be
L 7AHE /IRCHFig. 7).
Glutathione(gamma-glutamylcysteinylglycine or GSH)2 3%l
30| B 714 MZO F4g AlARRet ok gt ol
AlFgol QoM BUAQ] g2 sk A dgEel
tripeptideo|C}*?. GSHE glutathione peroxidase, glutathione
S-transferase and thiol transferase & 2] 71X 4ol £33t
82 5l a4 (coenzyme) 2 E AEBIC). BT AETA}

ﬂ‘

9} Zr&EthAlL gamma-glutamyl cycle, 843 W A ZE 7)50
Ao} FE A8 St ®F GSHE 4A) o]249 ZHAA W
THAZY] -SHY| g9l FA), thiol-disulfide?] W, T4itelE3
free radical®] AMA, MELo]A] ol L4tel &3 § olE] 71A
AES0l oA BAlHQ) AV Bk AEU CSHY Mg
A £AE tAZ 1~10mMY) W SASHL Ank. 2 4
HollAle Z79] 4EiTolA GSHE E3¢r ZH, Aawtol vl
5l CCLEE AEig iRl Zasin et g2s AAels
A TolME E7i6ks ZES HAUCHFig. 8.).

EHAEY ShQl IR BHH 51 Al
A % #elEel ROS 4ikol 9t 54 4Hgolnt. Catalase
(EC1.11.1.6, 2H,0; oxidoreductase)= dismutationg EdlA] H
o} peroxidatic activityE LIEPE OB IKIgk=AE mHdle
a2oltk?. IRIsHIS loixle AEXIY LEFI WAL A
SAZA] g, 241 o 4elAe) 99ld thaiAlE of
AT =89 A7} Y. 2 UolME 2zl - Tl
GSHE &8¢ 23 g4wol nldld CCLRF Agigh tEF A
#adiRen, 22g ANE dEgZdie Erlsie 48
VERASITHFig. 9).

A XA ZHH (Electro Spin Resonance; ESR)2 Eofl KA}
£ 2t1 Q= BAE #E6lL 1 TAE ZYsle 2EaE
HOg, EPR(Electron Paramagnetic Resonance), SWR(Spin
Wave Resonance), FMR(Ferromagnetic Resonance)S2 2% B
Bk Aol AHBSH= 71718 HAKY) 2% =287 (Electro Spin
Resonance Spectrophotometer)ztl BEm, WESH o)A
GAUY Stz 55, SSYH, HEy FREA S 0]
8511 AomY, o2 BISlES WESE YHOEE 88
)3 YcH?. ESR spectroscopyE 0|83} spin trappingS &4
[aE 7HE B840l Ai 80| #E2 OH'E 55V Adl
74 gl ol8Fo] 2 Wiolr). o]A2 DMPOS} &2 nitrone
£2 spin trapO & A}SSl0] OHS} BHSAIZIT. olg A 44e
spin adductE2 ¥]A QFEZFo|1L Ho! Zoji] ESR ~8E
Y 248 B3 OHY 588 7Hsshl s, 2 aoie
Fig. 10.014] UEhA dl9} Zo] &2 R&EE9] Helo) 9af OH
radical9] ¢Jo] ST EHQ! ZAE e 2, 1000 mg/ml
9 AejollA 87%EH 7t AMERL B 1Co2 of 245
pg/ml2E VIERTE(Fig. 11.)

Zh E, A3, B, o] W g § [k 713 HEEA
IHendoplasmic reticulum; ER)oll ExH5H= Cytochrome P4502
HelolA Eo2E BHEAE Al B&A A8 ok
FAEA UAFE B 44 radicalolut HOrE AEBITF.
Cytochrome P4500ll = i8] 7}A] TIQFS) isozymeo] EA§SH=H,
1 Zo)A] ethanolo] 934l FEE  Cytochrome P450
2E1(CYP2E1)0| AlHESIRFAZ QI8 o F& Hojske A
OF YA Ur} oo thsleis Wong 52 CYP2EL FHA}
g ZHAI] YF0le AEEEAE Roslol ddaae g
2} GOT, GPT &7} 5716IA] 22 iEyo] WysAl &8
€ Husle] CYP2E10] AMHSIHAZE QI8 7hEdol) &izi0)
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CCLE HHE QRS Fifo) tish HiRe HRMER a7

€ CYP2E1 RAAI] ol GBS FEAlol
o  RT-PCR(Reverse Polymerase  Chain
Reaction) @& ol8dlo] Au{HEUTt. 1 A3 CCLE A6l
Al 2 FHaFolalE CYP2EI] W 5TE WL CCl
€ AMEls i ZEFolME R 2 s 2 w2l e, o
of vlgl Z2g FA2Ie A FollAls CYP2EL0] A9 W
SHA] 2Tt
ol49 At Zo] CCLE 7t &Y tiskd HS
gdo] 1o, 11 71Me gIsta 40 SHELT okE AA Y
HIsEE W CCLE =geitze CALE Pekdhe a4
Cytochrome P450 2E19] HA} AAIQF HHEE AYE AlAlSTh

Transcriptase

ATE BYoU FAHE FRen, GPTY 44] ¥ ALPY
e 2% FaYH As BAa7 VETE 3 THEA ] oish
2|28k AAllMe CCLE e o tagT3e o
ot NEAWY Az, XY FF, 5479 A8 89 4ol
#d2g AAzIs FolMeE UEIAl 2Tt
229 R A 7™l el |75 8l EA
uel avistAlel gl AE 23 22 dAS ol
CCLEHS X2|$t ol Hisked X ZAISIE(LPO)S] gHgdo] 2
oHe AEE H¥ou RAAMdE qRled, GSHe e
catalase 4T E7IBIRCU FAH2 YAt £33t ESRE E
o g Hislsg £8% A3 sk JEHSE OH
radical®] o] Z+43IRCm, OH radical®] AAHEAH9 ICH2
Ok 245 ug/mlIZ LElITE CCLE SHeHERE He|7le &
¢ Cytochrome P450 2E12] mRNA @3 & RT-PCR WHOZ
ol A 228 Fogh oAl CYPELY FAZL A= 1L
€ ¢ & ATk
0]4}9) Zihk= g0 CCLE Fabg &Y gl B3
ol om, I 718 EIsla 49 E4583 48 AH Y
ghiglalg 9 CCLE SHeitldel CC'E HEshs F49
Cytochrome P450 2E19] MA} Axi|et HRAE AYE AlAlSICh

S ol O

Fued

M

1. R . A%HE, A2 . 2lFAL vol. 18, p.537, 1984.

2 W ERESEEARS, S48, BN  BUGL, ppes-
69, 1982.

3. @7]1X) : 22 Ethanol 7149 48X ] nji]= B
g, ZAhehal thehd HARRI=E, 1981

4. Fang CC, Lin M, Sun CM, Liu HM, Lang HY. Studies on
flavones of Radix puerariae. Zhonghua Yi Xue Za Zhi.

10.

11.

12.

13.

14

15.

16.

17.

18.

- 305 -

5:271-4, 1974.

. Fan LL, O'Keefe DD, Powell WW Jr. Pharmacologic studies

on radix puerariae: effect of puerarin on regional
myocardial blood flow and cardiac hemodynamics in dogs
with acute myocardial ischemia. Chin. Med. ]. (Engl).

98(11):821-32, 1985.

CZRA B ok Al AlEC) Bh R EF 9 EY &

Foll mIAE & A, AR, QAL 8 B ARE B
HCE, GEAHAREN ek HARI =R, 199.

L EZX1E - BRsEwo) AlloxanC B HHE KR &Ikl

Dl EE ZHS Sl HAK=E, 1989.

CHMEE 229 ERIBEE B TE-EY Y89, 38U

81T T3l AAIBHI=E, 2000.

CHEA L 22 FEEO] S E RO EFY A IS

of njAle ¥ Solthatl thakl ARSI =E, 199.
Yasuda T, Momma N, Ohsawa K. A simultaneous
determination of daidzin and puerarin and determination
of daidzein in Oriental pharmaceutical decoctions
containing puerariae radix by ion-pair high-performance
liquid chromatography. Yakugaku Zasshi. 113(12):881-9.
(Japanese.), 1993.

Keung WM. Biochemical studies of a new class of alcohol
dehydrogenase inhibitors from Radix puerariae. Alcohol.
Clin. Exp. Res. 17(6):1254-60, 1993.

Keung WM, Vallee BL. Daidzin and daidzein suppress
free-choice ethanol intake by Syrian golden hamsters. Proc.
Natl. Acad. Sci. USA. 90(21):10008-12, 1993.

Arao T, Udayama M, Kinjo J, Nohara T. Preventive effects
of saponins from the Pueraria lobata root on in vitro
immunological liver injury of rat primary hepatocyte
cultures, Planta Med. 64(5):413-6, 1998.

Guerra MC, Speroni E, Broccoli M, Cangini M, Pasini P,
Minghett A, Crespi-Perellino N, Mirasoli M, Cantelli-Forti
G, Paolini M. Comparison between chinese medical herb
Pueraria lobata crude extract and its main isoflavone
puerarin antioxidant properties and effects on rat liver
CYP-catalysed drug metabolism. Life Sci. 67(24):2997-3006,
2000.

TEA : AREES RO E QIT kA SEER His
Bholl ARSI, ZETiSta thal HIASHR=E, 1984.
MER - Al SIERA0] ¥EsRoi7E WA 1ol o)Xl EE]
ZASE AT, Fdrhatn thaY HARI=E, 1987.
Fernandez G, Villarruel MC, de Toranzo EG, Castro JA.
Covalent binding of carbon tetrachloride metabolites to the
heme moiety of cytochrome P-450 and its degradation
products. Res. Commun. Chem. Pathol. Pharmacol.
35(2):283-90, 1982.

Tomasi A, Albano E, Banni S, Botti B, Corongiu F, Dessi



19.

20.

21.

22

23.

24.

25.

26.

27.

28.

29.

30.

FEE - LY - YA - oI - EE - EES

MA, lannone A, Vannini V, Dianzani MU. Free-radical

metabolism of carbon tetrachloride in rat liver
mitochondria. A study of the mechanism of activation.
Biochem. J. 246(2):313-7, 1987.

Le Page RN, Cheeseman KH, Osman N, Slater TF. Lipid
peroxidation in purified plasma membrane fractions of rat
liver in relation to the hepatoxicity of carbon tetrachloride.
Cell. Biochem. Funct. 6(2):87-99, 1988.

Srivastava SP, Chen NQ, Holtzman JL. The in vitro
NADPH-dependent inhibition by CCli of the ATP-
dependent calcium uptake of hepatic microsomes from
male rats. Studies on the mechanism of the inactivation of
the hepatic microsomal calcium pump by the CCls.radical.
J. Biol. Chem. 265(15):8392-9, 1990.

Reitman, S. and Frankel, S. A colorimetric method for
determination of serum glutamic oxaloacetic and glutamic
pyruvic transaminases, Am. ]. Clin. Pathol. 28:58-63, 1957.
Petkova ], Popova N, Kemileva Z. Changes of enzyme
activity in  some following  thymectomy.
Agressologie. 14(5):323-6, 1973.

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in
animal tissues by thiobarbituric acid
Biochem. 95(2):351-8, 1979.

Ellman, G. L. Tissue sulfhydryl groups. Arch. Biochem.
Biophys. 82:70-77, 1959.

Aebi H. Catalase in vitro. Methods Enzymol. 105:121-6,
1984.

Kamokawa, A., Ohta, S, Tatsugi, A, Kumasaka, M., and
Shinoda, M. Experimental Production of Various Types of
Cholestasis and the Effects of Cystemine. YAKUGAKU
ZASSHI. 106(8):709, 1986.

Noguchi, T,, Fong, K. L., Lai, E. K,, Olson, L., and McCay,
P. B. Selective early loss of polypeptides in liver
microsomes of CCl-treated
cytochrome  P-450
31(5):609-14, 1982.
Weddle, C. C, Hornbrook, K. R., and McCay, P. B. Lipid

peroxidation and alteration of membrane lipids in isolated

organs

reaction. Anal.

rats.  Relationship to

content.  Biochem.  Pharmacol.

hepatocytes exposed to carbon tetrachloride. J. Biol. Chem.
251(16):4973-8, 1976.

Clawson GA, Sesno ], Milam K, Wang YF, Gabriel C. The
hepatocyte  protein  synthesis defect induced by
galactosamine involves hypomethylation of ribosomal
RNA. Hepatology 11(3):428-34, 1990.

Watanabe A, Akamatsu K, Takesue A, Taketa K.
Dysregulation of protein synthesis in injured liver. A
comparative study on microsomal and cytosole enzyme

activities, microsomal lipoperoxidation and polysomal

31.

32.

33.
34.
35.

36.

37.

38.

39.

40.

41

42.

43.

- 306 -

- BEY) - HuY

pattern in D-galactosamine and carbon tetrachloride-
injured livers. Enzyme. 23(5):320-7, 1978.

Poli G, Chiarpotto E, Albano E, Cottalasso D, Nanni G,
UM, AM, Dianzani MU. Carbon

tetrachloride-induced inhibition of hepatocyte lipoprotein

Marinari Bassi
secretion: functional impairment of Golgi apparatus in the
early phases of such injury. Life Sci. 36(6):533-9, 1985.
Biasi F, Albano E, Chiarpotto E, Corongiu FP, Pronzato
MA, Marinari UM, Parola M, Dianzani MU, Poli G. In
vivo and in vitro evidence concerning the role of lipid
peroxidation in the mechanism of hepatocyte death due to
carbon tetrachloride. Cell Biochem Funct. 1991 Apr;9(2):
111-8, 1991.

olaol : ABEBT BAS, AS : 249, p197, 1981,
APEHALY, S, pp.2236-2237

Retman, S. and Frankel, S. A colorimetric method for the
determination of serum glutamic oxaloacetic and glutamic
pyruvate transaminases, Am. J. Clin. Pathol. 28:58-63, 1957.
Higashi, T., Tateishi, N. and sakamoto, Y. Liver glutatione
as a reservior of L-cystine. In : Sulfur Amino Acids, :
Biochemical and Clinical Aspects, Alan R. Liss, New York,
397-410, 1983.

de Toranzo EG, Gomez MI, Castro JA. Carbon tetrachloride
activation, lipid peroxidation and liver necrosis in different
strains of mice. Res Commun Chem Pathol Pharmacol.
19(2):347-52, 1978.

Chaudiere J, Ferrari-lliou R. Intracellular antioxidants: from
chemical to biochemical mechanisms. Food Chem Toxicol
37(9-10):949-62, 1999.

ESTERBAUER H., SCHAUR RJ., ZOLLNER H. Chemistry
and biochemistry of 4-hydroxynonenal, malonaldehyde and
related aldehydes. Free Radical Biology & Medicine ;
11:81-128, 1991.

DOLPHIN D., POULSON R. and AVRAMOVIC O., Eds.,
Glutathione: Chemical, Biochemical and Medical Aspects,
Vols A & B, J. WILEY and Sons, 1989.

ANDERSON M.E., Enzymatic and chemical methods for
the determination of glutathione; In: Glutathione: chemical,
biochemical and medical aspects,Vol.A, DOLPHIN D,
POULSON R. and AVRAMOVIC O. Eds., John WILEY and
Sons, pp.339-365, 1989.

Deisseroth, A. & Dounce, AL, Catalase: Physicial and
Chemical Properties, Mechanism of and
Physiological Role, Physiol. Rev. 50, 319-375, 1970.
Zamocky, M. & Koller, F. Understanding the Structure and

Catalysis,

Function of Catalases: Clues from Molecular Evolution and
In Vitro Mutagenesis, Prog. Biophys. Mol. Biol. 72, 19-66,
1999,



45.

46.

47.

CCLE HHE 8RS FiRgo s BiRo FRAEER d¢

. Mason RP, Knecht KT. In vivo detection of radical adducts

by electron spin resonance. Methods Enzymol. 233:112-7, 1994.
Lin CC, Yen MH, Lo TS, Lin JM. Evaluation of the
hepatoprotective and antioxidant activity of Boehmeria
nivea var. nivea and B. nivea var.
Ethnopharmacol. 60(1):9-17, 1998.

Rosen GM, Rauckman EJ. Spin trapping of superoxide and
hydroxyl radicals. Methods Enzymol. 105:198-209, 1984.
Zhu BZ, Zhao HIT, Kalyanaraman B, Frei B. Metal-

independent

tenacissima. J

production of hydroxyl radicals by
halogenated quinones and hydrogen peroxide: an ESR spin

trapping study. Free Radic Biol Med. 32(5):465-473. 2002.

- 307 -

48.

49.

50.

Gwebu, E. T, Ttewyn, R. W, Cornwell, D. G. and
Panganamala, R. V. Vitamin E and inhibition of platelet
lipoxygenase. Res. Common. Chem. Pathol. Pharmacol.
28:361-369, 1980.

Gwebu, E. T, Ttewyn, R. W, Cornwell, D. G. and
Panganamala, R. V. Vitamin E and inhibition of platelet
lipoxygenase. Res. Common. Chem. Pathol. Pharmacol.
28:361-369, 1980.

Wong FW, Chan WY, Lee SS. Resistance to carbon
tetrachloride-induced hepatotoxicity in mice which lack
CYP2E1 expression. Toxicol Appl Pharmacol. 153(1):109-18,
1998.



