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ABSTRACT

Objective : Myeongganbo (MGB) composited with Hovenia Semen, Puerariae Radix and Dioscoreae Rhizoma is the
prescription for protection of liver function, The purpose of this study was to investigate the effects of MGB
extract against acetaminophen (APAP)—induced liver injury in mice,

Methods : MGB extract was prepared by extracting with hot distilled water, The extract was freeze—dried
following filtration through vacuum distillation system, Mice fasted for overnight were orally administrated with
or without MGB extract of different doses (25—200 mg/kg/day). After 30 min, APAP was orally applied with a
single dose (400 mg/kg). The levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
were measured in plasmas of mice, Glutathione (GSH), glutathione peroxidase GSH-px), cyclooxygenase—2
(COX—2) activity and tumor necrosis factor—-a« (TNF—a ) level were investigated in liver homogenates, Liver
sections were stained with haematoxylin & eosin, anti—TNF—a and anti—-mouse COX-2 antibodies,

Results : APAP treatment remarkably increased AST and ALT activities in plasma but inhibited GSH and
GSH—-px levels in liver homogenates, Also, liver injury was significantly accelerated by APAP treatment,
Furthermore, APAP remarkably elevated COX—2 activity and TNF-a
administration of MGB extract was able to counteract these effects., Histological studies provided supportive

levels in liver homogenates, However,

evidence for biochemical and molecular analysis
Conclusions : These results suggest that MGB extract has potent hepatoprotective effect against APAP—induced
liver injury, these properties may contribute to liver disease care,
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7= ZujuFEIiRhamnaceae) 41E91 SNUFE
Hovenia dulcis Thunb, 2] IS 713 gu] E= HE AL
ke AR M2 ol nke HEESHL fiFE-KIBOE EHE
b ek R REEREEY 852 7T Qlol?
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oteFEol gt 2t B Ft So] Buwo] Qlrp?,

Ateke olab(Dioscoreaceae)  A1EQl  wW(Dioscorea
batatas Decne,) T v Dioscorea japonica Thunb.)9]
HHEZ7|(FZANZA IHE E= #A T AR 2 F
Sh mhes HSML ffiiEroll BREstal whiRaE E kAt
el Beg 7MY ATHOR gl MH RE M
Bl HHOR R AMSEY $hal A o] st
ARSHA At ofgt SR 9 FES 2 B0 By
o] Qo)

28 F3HLeguminosae) A= &|(Pueraria lobata
Ohwi)9] #BE2A Id2 F&e FE AAST A= 42
IeHL ke H¥Esh B A MALESERSEZ Tt
PrIkiEe] S65C8 HEEEA EHEOR 3t fgEo R A}
g0 gon® Ay dpME I fA= gt 7t
Aoy tgE 7 &4 fod 53t 9le AR BiE
ALY T o]5 oFEE FTAHY MGB7F B4 T &4
op7lét= At tigt R gl Aot

Acetaminophen (N—acetyl—p—aminophenol,
paracetamol, APAP)2 A AAZozZ 3|d U AZo| &g
Hie dRhoEo R umekR AT A Hud rHgt
okEolct, ey Ak APAP7E EEH, 7H FAb (liver
AAE4 (nephrotoxicity), Z+83F  (liver
F WO ofle}t ARl o|2= ofE HZHE
o] Y= AL=E A Y0 AFPEE|A APAPY
Fo 5E F 90%= THHNIE &9 U+ glucoronic acid E
= sulfate®} AT T GHF =v FFoE PEEHY,
APAP9] 5-10%= P450 (CYP), E3] CYP2E1°] 254 o
A "l o3 APAPS] thAlEA oA HAYE N-acetyl—
p—benzoquinoneimine (NAPQI)x} =AES
glutathione (GSH)Q] TZ& o= AH=Zzakd X3
o7 &AA Y IAE FEkaL I ET 4= §iA st Ab
o o2 RHozw LHHFY EF o] o
APAP7} B EH, oigFe] WE@r FY=E 34 852
ek A2 Fo AT &, g5 oMiske
AolEFleloz & 4a#A  interferon—y (IFN—y), tumor
necrosis fator—a (TNF—e), interleukin—1 (IL—1)3} IL—6
o e A 9=A4 Alo|E7I(proinflammatory cytokines)
o] 10AIZE ool =g AJatx]o] HFERS-S 7H&3F ARk
1415 §20], cyclooxygenase—2(COX—2)9} prostaglandin
Eo(PGE)St 22 d5 wWiZHEE©C] APAPo| 93] F=Ho]
A AHHQ &AL op7|FTHY 0|9} o] APAPY| 9]
gk 748 A= 9 10%0] o121 =T, 4Rt o™
oloAl Aztet Aol Uehtar, v|gE A3 Aol HIsiA &
= AF AAN 2 BA0] A% Aog Ru=gnH”
ool o]3t APAPY] EA4E AAT = e FEL W=
7] Yol gdHer L7t AL e 4 AES HFE
sto] QIA|o] Fahgo] Hastd FAE e R AU &
urs) AP ok,

mEb & As AN HAEE dREEY 1HEde
B T A4Sk AEd A YA IETE A
A3ste],  Balb/c UR$-AE Ol oE APAPY 93 F=H
7t &4 digk MGBS&=9 7+ 23 aiE AR v &
n2% ZAE dg7lo| Eisk= violt),

necrosis),

cirrhosis) S §43
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1. A=
1) Al2f
Glutathione  (GSH) assay  kit®}  glutathione
peroxidase (GSH—px) assay kite=  CalbiochemA}

(Darmstadt, Germany)2%§ Jt¢8tgal, COX—2 activity
assay kit Cayman ChemicalsAH(Michigan, USA)=Z}-E]
FAstET, Anti—-TNF—a, anti—-COX—2, anti—mouse IgG
phycoerythrin, anti—mouse IgG fluorescein®} TNF—a
ELISA assay kit R&D Systems AHMinneapolis, USA)
ZRE  32YstEt. Acetaminophen  (N—acetyl—p—
aminophenol, paracetamol, APAP)¥} 7]g} A]2F&
reagent gradeg 22 Sigma—AldrichAl (MO, USA)Z:E]
TRt

2) MGB =

A ARgEE MGB +4 IE 52 4] &4 AL
(B9, A=A FYste SAdigteladist ExA
st oA FASIATE, MGB o9& 742 A1 84g, 42
60g, AFF 56g2 ¥ 200 g2 ATFst EEE Azt 10
v BeFol GARE Thete] A7|(dE, Korea)o 2417+
¢ B &AL Hste] 3,000 rpmeE AHIA A7l A
S Hot 0.45um TEHE AREst oatgh thg 34z
I%=7](Eyela A—1000S, Tokyo Rikakikai Co., Tokyo,
Japan)2 ¥=3te] ARE 5% F FAAX(ILSHIN,
Korea)st™] 27.6 g& =3ty —20To|A EstHA Ad
of AR&3FAT

iy

3) MEss

BRI ARE TEFY GA Balb/eA mheat F
FERUBANAZE FUslgct mheat 129U
2EYAE ash] 98 1507 vt we] F712 12412
W sl ARGYERUBNY BF B FFIUA
AR F ARFENUIY AY 73 Etol APl g

1) MGB F&22| £0f

2EH A7 4" 8FH Balb/cA nh-AE 18A7F B¢t
AN T HEEE MGB #£E(25-200 mg/kg)S T
sto] 30&7F WS ok APAP(400 mg/kg)S ZTFos)
I 3AZE BRF HAISAL, O Fof Holgt B FE5| I
SHATE o9} o] APAPE Fogt & 2¢U7F 5= E MGB
£ FosteA ArEI ARy AEE syt A dizx
T2 APAAFE AFFSIAL, APAP Fojie FAH
nh-of A deg 3087 £t APAPE Fofgt & A
ZAEFE MGB oo AMggg FYsHA AEdd-E
Faorsct.
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XA A dizdy APAP 9ERSFE 2
APAPS} MGB #&ES A3t 479 nk$r APAPE
Fogt & 12417 Fof uiHE & 7k EHozHE Fulo]
A" APAE o83t AP & 3,000 rpmOZ U4
a5l 7 (plasma)S Fol —20Col HPSIA, ALTS
ALT 84 &Ad AMg3t9tt.

N F, Al%3] 7 23S &3t 2K fAst,
= oFo] Wz &5H(0.01 M Tris—HCI,
0.0001 M EDTA-2Na, 0.01 M sucrose®} 0.8% Ay=]4d
=, pH 7.4)° FUste] 7+ 2&& vpgt &, 10,000 rpm
o2 A4 Bty ASHE Aot doR ASHe o
22 AL Bio—Rad Protein Assay Kit (Bio—Rad, USA)
< ol gst AAAPL AAshs Wl wel ARt
COX—28/d3} TNF—o A4 &4 AF AHgstct.

4) AST2t ALT &7H

Alanine aminotransferase (ALT)&}+ aspartate
aminotransferase (AST)& RO 2HE IFAHK(AH7]=,
giEral=oll A AAgE Wel Este] S48k

5) GSH2t GSH-px &3

Zul" 7t 27 458 o= GSHY GSH-pxo &
AL CalbiochemA} AA|sH= w¥ o] wat =A3tgch
GSH #4& wd g © ymole® XEFsIFoH,
GSH-px €42 mLg £% nmol& sttt

6) COX—2 activity?l TNF~« =X

Zu" 7 27 $IEL UeE COX-2 BAL
Cayman ChemicalsA7} AXoh= Wi w2t =431t
tzAol COX-29] &4 0. 1 nM® NNN N
—tetramethyl—pphenylenediamine ©] AH}E=
(nmol/min/mg protein) 22X ZAG3}Hct.

AE o wet tfxdat AFEES G E Y7L,
mmE Z&3F9] 4% paraformaldehyde(pH
dHAe IFL Fote mEtE £S5 At
L, 5 pm AR AL FUHOE A sy, 235}
Z HAAE 93l hematoxylin & eosin 2 FMst AHl&
(X40)0 4 Tt EoistaA X200 dul AlopollA ARz
< Ao AL, 7HAZ IARE E)lst7] s X400 |
a7 Aopefl A AZ3HAtHOlympus, Japan),

8) HASISIEM

gt mjEH TRRZE 5 m HFe2 Fuste] &k
o|Eof F2FSHal xyleneC 2 EHAS AAT F, I I
BAE AA 2ARES SvstqY. £HE g 232 1%
bovine serum albumin®® 1X]7FEQr blockingdt =
anti—-COX—-2¢} anti—-TNF-oZ Z}Z} 1: 10022 34sln
zZo] ZE3| A 4= J&F sto] 4T YAGHE A 124]
7+ o)A WXEELt. 1 & Goat anti—mouse IgG-PEQ}:

Goat anti—mouse IgG—FITCE 1:5002% 3]43}o] 14]
7 B9t Ao sk, T FAE F NS T, A
o2 FEste FFdnH(Olympus, Japan)o® HAsRL
ARlE #Gsto] BlaEA St

9) SAIXz2

HE AP FF+EFCA(mean + SD)E FAFPL
o, SAEAE Student’ s t—test2 AHz|Pow, o4
AE p<0.052 AHAT).

2 ¥

1. APAP $= BE&3} ALT ¥ AST Ao
uAL MGB $3%9 9%

# A= APAP &= 7F &40 digt MGB #&&9 2
3 ANE GolHy] 3te] 18A17F o] HAE uhfioj
MGB #Z£E2 AF kg 7 25-200 mgS AFLE3IT 30
£ Fo| APAP (400 mg/kg)E ATFoIsch ALTS
ASTE &73t7] $3te] 12417 o - A9, A=
< YotE7| A APAPE Foigt ok 3A|7F Fof ukga
W F 11mkE)el  Holok B& HE3| T8t MGB
FEES 3170 134 FHFFASHHA 4847 Bt AMGE
< AT 2 A3} Fig, 13} Zo] APAPY £oj3 iz
TolX= oF 50%7F AFEetSal, MGB &% 25 mg/kg ¥
oAl APAP tizZm o]zt ¢lld W, T o4t
FrAE =7t S & F A& FA3] Uk &
3] 100 mg/kg¥ 200 mg/kg FATZAAE 100% YZE3A
t}. MGB 3&Eo] %o ALTS ASTY| mjxe F3ge =
ARt A3}, Fig, 2004 Yebd wkel Zro] ALTQF AST7E 2}
Z+ 4,050+ 550 IU/L3}+ 4,265+425 IU/L2 & =gkon)
MGB #&E 50 mg/kg F9w(p<0.01), 100 mg/kgt
200 mg/kg FAE(p<0.001)dAE ALTS AST7F @A 3|
ot A7 2Yoh
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o
MGB (mgikg) 0 0 25 50 100 200
APAP (400 mgikg) s + -+ * + -

Fig. 1. FEffect of Myngganbo (MGB) extract on acetaminophen
(APAP)—induced mortality rate in mice. Normal control mice
received only saline and APAP control mice received a single
dose (400 mg/kg body weight) of APAP dissolved in saline. MGB
extract (25, 50, 100 or 200 mg/kg body weight) was orally
administered at 30 min before APAP administration. The
accumulated survival rate was determined at 48 h later. Data
represent the mean = SD of eleven mice. "p<0.001 versus
normal control group treated with saline alone. ***p(0.001 versus
control group treated with AP alone.
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Fig. 2. FEffect of Myngganbo (MGB) exiract on acetaminophen
(APAP)—induced hepatoxicity in  mice. Normal control mice
received only saline and APAP control mice received a single
dose (400 mg/kg body weight) of APAP dissolved in saline, MGB
extract (25, 50, 100 or 200 mg/kg body weight) was orally
administered at 30 min before APAP administration. Hepatotoxicity
was determined at 12 h later by quntifying the plasma ALT and
AST. Data represent the mean £ SD of eleven mice. ”g<0_001
versus normal control group treated with saline alone, p<0.01

-

and " p<0.001 versus control group treated with AP alone.

2. APAP f+= GSH®} GSH-px &/l m|X+=
MGB &% 9%

ESF B d1L APAP &% 7F &4 i3t MGB &8
o] HE aus gotRry] fJste] 12417 Fof] whes 7F =
A& PF3te] L3S the GSHY GSH-pxo A4S &3
sttt 1 A3 Fig, 33 Zo] APAPE Fod dix79 7t
%2 GSH®} GSH-px =S ZZ 5.62+0.51 x M}
105.2+12.5 nM& AAF iz vls|A A5 Zo59)
THp<0.001). U 50 mg/kg ol’de MGB &8 F
g AYFL B oEFo= GSHE GSH-px o] Z7h
sl 3] MGB #&E 100 mg/kg FF(p<0.01)3}
200 mg/kg FAFE(p<0.001)M= B izt FARE
=2 GSHO GSH-px &dol S7Fstsich.

e

A B

Hepatic GEH (umelig protein)
N
4

Hepatic GSH-px [rmobiminimL)

[ o
MGE (mahg) L 0 2 S 100 200

MGB (mpkg) ] L] 28 80 100 200
APAP (400 mg'kg) - . * * * + APAP (400 mg/kg) - - - + - -
Fig. 3. FEffect of Myngganbo (MGB) extract on acetaminophen

(APAP)—induced hepatoxicity in  mice. Normal control mice
received only saline and APAP control mice received a single
dose (400 mg/kg body weight) of APAP dissolved in saline, MGB
extract (25, 50, 100 or 200 mg/kg body weight) was orally
administered at 30 min before APAP administration. Levels of
hepatic GSH and GSH—px were determined at 12 h later. Data
represent the mean = SD of eleven mice. p(O 001 versus
normal control group treated with saline alone, p(O 05, p(0.01
and p(O 001 versus control group treated with AP alone.

3. APAP %= 7t
289 BRI FI

3HE B d APAP &% 7 237 &4 didt MGB =
Z£E9 B3 FE dolrr] 95te] 18A]7F o)A AAE u}

o220 MGB #£52 AF kg T 25-200 mge ATEY
Shal 30 Fo APAP(400 mg/kg)E ATFAT & 124

229 &4 did MGB 5
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7+ 3o 7+ 2L AHste] mPd 2AFES AT =
H&E AAS3te] 7hx2o] S 40uHel 200t @v]Z st
A zAFEIGTE 2 A3 Fig. 494 Zo] APAPS T fix
29 7+ 2A9] &AL 7+ 2A IArFHo| oF 80% ol FeR
A WET Hgol Flo| F7HHo] thigth. MGB &
£ 25 mg/kg Fo{FolAE APAP tizZo] g 2t =3
Hapet WP Hgo] AAHA GPAT, MGB F=E& 50
mg/kg FoZoAE F 22 AL HEF Fgo] Fx=
gz o A3 FojEo] 7t 239 MA A} T3
E3] MGB #&% 100 mg/kg 200 mg/kg Fodzo]
Me b 2A AR HEF &) APAP tixgtol| H|s|A
90% o) MAEE IS Ko ZA 2T AR

Fig. 4. FEffect of Myngganbo (MGB) extract on acetaminophen
(APAP)—induced hepatic injury in mice. Normal control mice
received only saline and APAP control mice received a single
dose (400 mg/kg body weight) of APAP dissolved in saline, MGB
extract (25, 50, 100 or 200 mg/kg body weight) was orally
administered at 30 min before APAP administration. Histological
analysis was determined at 12 h later by H&E staining. Note
narrow zone of basophilic hepatocytes and a few remaining
macrophages surrounding central veins,  Original magnification,
40X ; inset, 200X,

4, APAP §% 7+ 239 COX-2¢} TNF-«a 9]
3o U)Xl MGB &89 B3 a3}

utXgto 2 2 AlEs APAP7F fEste 1k 239 854
ujfEe] vtd 2 Ao X MGB FEE2 adto g3l
A dotrgith 7k 2F 9] H&E GAoA Yehd whin Z
7+ 27 #2L o g COX-2¢9 TNF—ad tigh &d

ZAR] 5t 2 FEASY PE/ 2=
anti—-mouse COX-29} =A FFAEO FITC/} HId
anti-mouse TNF-a FAE E-83te] WHzZ s} d’ﬂ‘%
3H3aL, GSHS GSH-px A& 4T 1t 27 &ES
Ao g COX—2 B4 TNF-ef ks ZARFETH Flg
5A%} Fig, 6A%} Zo] FAHRTLLE COX-2¢+ TNF—« 9
UEE =X ggou, APAP Fo fizFolAs COX—29
TNF-e9] Wdo] 7+ 237 AL R mje A A=Y
o, U MGB %28 50 mg/kg oo FoioA:
COX-2¢} TNF—9| @do] dA3 A=, 3] 100
mg/kg¥ 200 mg/kg FoTNAE FY 2T FARE
AE2 A3 COX-29 TNF-e2 Edo] At o&
o] & dF= APAP7F {Edhke= 7F 2FOA COX—2¢
TNF-¢9 &A4¢] u]x]= MGB &89 235 518 golr
7] 9J5te] COX—29} TNF—o| Fe ZAlsIgch 2 A

e rlo
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Fig. 5B¢} Fig, 6B¢t Zo| A4 dtiztol HIsiA APAPE
Folgh =79 COX-2¢F TNF—o9 &4o] #A|s] F7t
(p<0.001)8t% e, MGB &8 25 mg/kg TS AY
3t 50 mg/kg ol FoToAEe FEYEHoRE HAI
COX—29} TNF-@2] &4o] A= et

APAP+28mphkg MGE

APAP+80mphkg MGE

APAP+100 mghkg MGB APAP+200 mghg MGS 1

MGB(mghkg) © © 25 50 100 200

APAPUMImMGRG) -+ 4+ & o+ &

Fig. 5. FEffect of Myngganbo (MGB) extract on acetaminophen
(APAP)—induced COX—2 expression and activity in mice. Normal
control mice received only saline and APAP control mice received
a single dose (400 mg/kg body weight) of APAP dissolved in
saline, MGB extract (25, 50, 100 or 200 mg/kg body weight) was
orally administered at 30 min before APAP administration. (A)
Immunohistological analysis was determined at 12 h later by
anti-mouse COX—2 staining. (B) Hepatic COX—2 activity was
determined at 12 h later by COX—2 assay. Data represent the
mean = SD of five mice.*”p<0.001** versus normal control group
treated with saline alone. p<0.05, p<0.01 and pP<0.001 versus
control group treated with AP alone.

A

APAP+25 mp/kg MGB APAP+50 mg/kg MGB

&

¥

Hepatic TNF-a (pgig protein]

g

APAP+100 mghg MGE

APAP+200 mpikg MGB

0
MGBimgkg) © © % & 100 209

APAP[#00mghgl - + 9+ o+ %

Fig. 6. Effect of Myngganbo (MGB) extract on acetaminophen
(APAP)—induced TNF—a expression and activity in mice. Normal
control mice received only saline and APAP control mice received
a single dose (400 mg/kg body weight) of APAP dissolved in
saline. MGB extract (25, 50, 100 or 200 mg/kg body weight) was
orally administered at 30 min before APAP administration. (A)
Immunohistological analysis was determined at 12 h later by
anti-mouse TNF—a staining. (B) Hepatic TNF—a was determined at
12 h later by TNF—a ELISA assay. Data represent the mean =+
SD of five mice. "p(0.001 versus normal control group treated
with saline alone. p¢0.05, “p<0.01 and = p{0.001 versus control
group treated with AP alone.

1 F
e gofstolALt Ackolstol At QlAle] Wolthg F
BT HE7)5e I FaT AR glo] LAEd,
ABUST FA AR 24F WBL oplsh] i 7t
SAS HET 4 b oFBY LS dus Fasit

MGBE 7 59 4@A AFsh QoA 7 BEo] anae

2 47 AT, Ak, 2SS st A" Az
Eoltt,

A4 QAR S 712 o E= NE ARSSH
= ALE #HEAEMhRRSBEAEERESY aso]
29 HZol oere §= 7t 27 &4 mdEEA AT
2} =22EBL Eo3t Ax} A4 superoxide dismutase
(SOD), glutathione S—transferase (GST), ¥ GSH, 5
22 A W g B2 848 VA RS JiA
A7lE Bzt Qo' ARt (CCLy) = T 7F Ag
2doflA FeHl(collagen)®] & A 7= AFA F&
B0 A7E ZW3 ub TP, AleRe ul ml ule] Mg
Z7|24 I B AA D AR milgd s A
B aed A AStE &4 oie dAE 9 FHF
Zrgo| glojV MEAoZ ol fEEol RS whehH kst
= 5Fo2 AgEH gitt Eeh 22 39 R EA 1
2 = FHE AAT ALE MHLRSAEEIS IR
G508 FEFEAA HESE Qg FgEoZ ARgEo £
. ol SR EiE dAFoME dFL AR <l
b 4ol thE 7F &4 {3t ATt Sl ZeR Hu
Q. a2y o5 ztztel ofE®ul ofyet B At
Zo] AAL, Abek W Zto 2 AdE RAJEC] tigh APAP
= 54 AT A itk A= fle ARt wEkA
H FEE A AE 5 e NEE RS i a5t
o|Foj Aokt Faido] Qirh,

Aol T=Fe] APAP7E FAEH 7F 2 o] IALE|HA Al
ZY ALTS AST7F frEjElo] 83 o2 {A=HA X9
ALTS} AST Z7hE|o] 24-96A17k] AgsiAl o'V, o]
3 B2 @9 SugolErt ¥4E wzkx] deEle ARt
Z, prothrombin time (PT) %} o}Uz} transaminases®}t
bilirubin®] =7} Z7}etn 7+ 22| At Ad P,
ol zt EAo &= F U ASTS ALTZE S7i8ta
ol @FWE [U=l=dl, APAPY 9% 7+ 54 712
P450 cytocrome Col| o0& oz} ot

£ dAolA 8= APAP T whE MGB F&E°| 7t
=40 digt Reauet AMESE JAISkEA] dopE st
1 ZAd} APAPYE T3t tixFe AMGE vl MGB &
E< 100 mg/kg? 200 mg/kg FoolME BF &=
a2E 2Ot E3 W ASTSF ALTS] 79 %% APAP
o T4 iz vsiA dAs] 7K ¥, MGB &
2 Fog AT FEo SEHOE TG, o]
23t 23= MGB FEE9 Fo= APAPY 93 44 7t
22Z B4 5 Uv= 2AE AXNE FUo

E3H APAP7F AAS] FAEH, o] ekEo] thAEHA
AJataso] Agdo) disF AALEEA A F4kE EE
25 1A, B A7 APAPY MGB $&E%
gk mhea A W A4S 28-S dotir] 94 GSH
9} GSH-px 59 4L 2AIYY. 1 ZAd Fig, 33 2
o] APAPE Fogt tiz=+2 A4 diztol Hls| GSHS:
GSH-px7F Z¥2} <F 57%¢t 65%7F 1ZE Hhd, MGB &
WS Folgt AY2S =7 S7HESE GSHY GSH—px 9
ol 7M. 53] 100 mg/kg® 200 mg/kg Fol
2 GSH®} GSH-px9| o] dA3] F7t=o] AAthz=aat
FARIGE. AAAA APAPS B9 5% F 90%= THAIE
29] Ql= glucoronic acid = sulfate®}t A3 & 95
T oz wEEw APAPY 5-10%% P450 (CYP),
£3] CYPIELS] 9S4 thAt BTHY. ofelgt APAPS T

e
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Aol A HAE NAPQI®H #2 S4E2 GSHY 1Zd5
ZHFoEN NEUS AYHOR EAA 7He IAE F
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