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Values are espressed as mean = SD (n=3), Significant difference is P < 0.01.
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o—j|—‘—}oi OU% 101 lﬂ 7017]_ o]x}\
Y Fe-NTA (13.5 mg Fe/kg b.w.)E 57 FASIe] §4 722 548
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dalglth. F 222 Ay FAS fElA AA daE J35
3000 rpm, 4°CollA 1587 A4 Begste]l I3 st Fr)e daNgs B4 dA7pA -70Cd Bastg ).

PE AY AyE Hiy £ ZFHXE YJeRiAQ e SigmaStat(Systat Software Inc., Point Richmond, CA,
S AFE3Fe] t-test9} one-way ANOVAZ f-2xF 748 AAIste] p<0.05 o]/de] ZAfewt 15 1+ FoA7t
7

AAd 1. Az FE2E9] YL 9% 97}

gl MES HF Adde]| A & dAEEste] dYUs Hof sty A5 AU, ATt X
+ Bayer (USA)AFS] ALT (alanin aminotransferase) reagent kit®} AST (aspirate amlnotransferase) reagent
kitE ADVIA (Japan) ®47]&5 Al&3le] 543590,

g2 % ALT (alanin aminotransferase)®} AST (aspirate aminotransferase)+= ZHAE Ulo] A= EAE
doz Qg kA xS FAret 7F 24 o7t e wel aminotransferase’t @F o R fElHo] &
AL el & Aoz 7F &40 AEE AFEH Y.

g3 T ALT9} AST= FTHAIE ol Y+ &AZ GPT (glutamic pyruvic transaminase)®t GOT (glutamic
oxaloacetic transaminase)@il%= 3t} o] G@AEL ALY EE Ar|o =AY, o F AST+= AH, 7,
=74, dF Yol F= EZAstL, 80%7F AX e nEZ=gold ZEA 3}, o] H|E| ALTE F& 7] BX3s
3 AEA AR H 14 B ulel go] ALT 2 ASTE Fe-NTA Fof o|F #3453t %7} jzio
37.13 U/L, 132.25 U/Lel wl&l z}zh 242.88 U/LeF 901.13 U/LZ <F 6.50] 2 6.8¥]9] F71& UrE}MD} o]

o it

-

fr

Fe-NTAo <J&l] 7to] &8 o2 ZA¥E vehdy, wdo] Adx F5E5S 1 g/kg bow. 53 o4& ALT
= ASTS] &Ado] 7hz} 95.25 U/L9F 371.38 U/LO.Z, 2 g/kg b.w. wollAE= 212} 99.88 U/L9F 393.25 U/LO.=,
4 g/kg b.w. oAM= ZHzt 64.57 U/Le} 228.63 U/LO.2 Fe-NTAo| ol8] fite AtstrEds &4S 453 7
2A7)1E ABE 1ol (P < 0.05) Fe-NTAS] f#5)% iron-induced oxidative stressel €lg 7+ =4o] tj&
HE 37 e B F3lh Az FEES] $E JEHOR 52 FER Fo T4 g/kgbw. F
ofztoll A 1 E= 2 g/kg bow. ?0%% B} Fe-NTAoll ]3F 7+ =Ad] i3 Bs a3t o 53 g9 onn
Az FEEo I HE g3t LSS 4 4 ot
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Table 1. Effects of pre-treatment with Plantago asiatica extract (PAE) on Fe-NTA-mediated accretion of liver serum enzymes alanine aminotransferase (ALT) and
aspartate aminotransferage (AST) level in rat

Treatment groups ALT (mg/dL) AST (mg/dL)

Saline (control) 3713 £ 567 132.25 + 12.04™

Fe-NTA (135 mg Fehe
body weight)

24288 + 146.75 90113 + 393.01

PAE (1 g/kg body weight) +
Fe-NTA (135 mg Felky
body weight)

9525 = 30,33 37138 + 11575
PAE (2 g/kg body weight) +

Fe-NTA (135 mg Felke 99.88 + 25.14°
body weight)

39325 + 7406

PAE (4 g/ke body weight) +
Fe-NTA (135 mg Feksg
body weight)

Value are expressed as mean = SD (n=5), *P < 0.05, **P < 001, ***P < 0.01 compared with rat treated with Fe-NTA alone.

6457 + 19.19" 22863 + 10347

AN 2. FAZx FEE9 GSH(Reduced glutathion)ol] g F3F H7}

ASolo] 0.1 M phosphate buffer (PB, pH 7.4)2 ©d & 100 mM 5,5'-dithiobis(2-
TNB)E & £33t 5Fof HFFEAE o] &3te] 412 mmoll A SA4skSth. ol A5
g35lo] AMEZo GSH gHS FAH3A .

o=
=
&
to
e
o
N
N
Mo
S 2

nitrobenzoic acid)
A GSH E&FS T5EE A3 dojdl HdF34E o] &

GSH= SFEA2 Adulste]=Z(glutathione sulfhydryl)e] ArRbAQl WAolw Z2]il(glycine), ZFER
(glutamine), AlZ=E|l(cystein) Al 7}A] O}U]L:/‘JO] Agtwo] wHE o] ElElo] = (tripeptide) & Aol
A AAH oz A HETH(Akerboom, T.P. and Sies, H., Methods enzymolo., 77, 373-382, 1981). GSHE 2#2
A FE A RFE AW RZHEY 5ol 54 %éjo]b} = Sl AAEE AstEA] SHEES A UldA
st A7IAY AR wiE A7l AES ke wig 8% kst EAS shubolth. o] A& GSHYF
T aiAzEe oA dojdti(Dolphin, D. (eds.), Chemicals,
and Metabolic Aspects, Vols. A and B, J. Wiley and Sons).

F 20 yehd upel o] Fe-NTAWH A3k 28(92.95 mmol GSH/g tissue)S whxt ZE(193.11 mmol GSH/g
tissue)oll B3} GSH(reduced glutathione)”7} A3 ZFo]Eo] Jow,

o

olt

et al., in glutathione: Biochemical

o]+= iron-induced oxidative stress®l

oa) FArsAE GSH7F Bol AAlE o]

s EHeR TUbekal 1 g/kg bow. o] &

J= AdE Hola Slv.
FolT el

v GSH Ade HA7I= A dEda 8l

2 el GSH A4S €

204 HiE upe} ol
IES 119.87, 135.28, 180.29 mmol GSH/g tissue® Fe-NTA & H]3] ¢k

fro18 2ol P<0.05, P
Az FEw 1, 2,

1.3 H, 5

e E GSH %

H 1.99) 713t

1.
3] S7HAA Fe-NTAS] AFStAEd 2 Lol o

3 2t des A AATE. o] AHx FEE] A YA 5“}5}%*‘3 2}
WA kst Ed o] gk ol & UrE’rlﬂ‘:‘ AoR —irxé% 4 gltk. Lone 5 (Food
Toxicology, 45, 1821 - 1829, 2007)% S
s =439S w B wyy po =)

FEE 4 g/kg bow. T 2F2 oMF AR
] ¥ =gk GSH Shs JEl] Akl ax

r_?t_l( '1}‘ O[ﬂ
l:ol-

> mlm
il
Jo
=
e
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=
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&2 pv
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AN 3. AAZR FE5E9 GST(Glutathione-S-transferase) ¥3F H7}

GST Aldde GSH AlPdo] ALg3F A3 A5do] 0.1 M PB (pH 6.5)¢F IM GSH, 1 M
dinitrobenzene (CDNB)E €3 & REFFE=AE ©]83t4 340 mmollA] 5% &<t SAHSIAT.
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GSTE At EE, mEZEee}, vlo]a® S| AE/T ol EAGE vud Gaw A9 AN4E wE
of Qov WY E: HHEA, AfiEds FUEL, B 5 OFW WFAA 5L AW YU WD
E oAt EAFO HUE OB A% L AAdtY Fad 9B s Rbolvh 53 GSIE SIS

o8 GSH ATS Fujshs maz A A 88 488 Ut

Lone 5 (Food and Chemical Toxicology, 45, 1821 - 1829, 2007)2 Fe-NTAol| &J3l AR3}AEd X0 93] GST7}
farste AS Byon, old o]AZEHE(isoflavone) S FASAS Al thA] F&Ho] HE AAE HIG. &
dhdo| = HE Q] Zho| A Fe-NTAo| 2]&l GST7} thzZ*(65.44 Units/g tissue)oll W3] 28% 7+2(46.98 Units/g
tissue)t AFE HATE. 1Y of7o MR FEFES 1, 2, 4 g/kg T 1FdA= 242 54.87, 56.02,
60.48 Units/g tissue® Fe-NTA 153} 94 2o](P < 0.05, P<0.01, P<0.0D)E moln Z713 %3
< Ht. AHzx FEES 8 welA @atst A& R ERY f9¥ 5A4=5HE A7skeEd #o5s
phase II &4l GSTE ZFHAA Fe-NTAol 2ol&f FatsEE MFJAEYAE 9

o= GSH 24239 Ao} e AFgow (A2 FZEL AA A AAHHE itz =
kst A& ARAor AdEE S4AE SHIAA AstEEd s digh HegHE HQl
e AstaEd s os) 7he] 750l

£ 4 g/kgd] Tl AN AEHE 35S AFT

¥ 2

Table 2. Effects of pre-treatment with Plantago asiatica extract (PAE) on Fe-NTA-mediated depletion of liver glutathione content and decrease in the activities of
glutathione metabolizing enzymes, glutathione-S-transferase, glutathione reductase and superoxide dismutase level in rat

Reduced glutathione Glutathione-S-transferase Glutathione reductase Superoxide dismutase
Treatment groups X 5 i i ; i ¥

(mmcl GSHig tissue) (Units/g tissue) (Units/g tissue) (Umits/g tissue)
Saline (control) 193,11 + 1494™ 6544 = 3927 3951 5,75 1041.26 = 10231
Fe-NTA (135 mg Fekg

) 9295 + 13.48 46.98 + 331 2651 + 227 65043 = 7046

body weight)
PAE (1 whs body weight) +
FeNTA (135 mg Feke 119.87 + 692 5487 + 231 30.63 = 266 T88.19 = 165,90
body weight)
PAE (2 gke body weight) +
FeNTA (135 mg Fekg 135.28 £ 9.30° 5602 £ 215" 35,75 £ 388 916,07 14487
body weight)
PAE (4 ghe body weight) +
FeNTA (135 mg Fekg 180.29 + 1821 6048 £ 627 4082 £ 8.17 999.31 + 11421

body weight)

Value are expressed as mean + SD (n=3), *P < (.05, ¥*P < 0.01, ***P < 0.001 compared with rat treated with Fe-NTA alone.

AN 4. AAZE FEE9 GR(Glutathione reductase) 93 H7}

F5 Mol 0.1 M PB (pH 7.4)el 5 mM EDTA, 10 mM oxidized GSH (GSSG), 1mM G-

GR AlHL GSol Ap&E A5l
; oF BYBEAEG ol §3tel 340 mol A S

NADPH, 1% BSAE Z3 % 5

SRS
oft ol

b

GRS AA U o8 =#o] ®¥3star dom GSSG(oxidized glutathione)S GSHE YA7|= 284S Fvlsts
axolty.  GSHE HZAlo]=(peroxide)E AASE LS sl FFEAR #H2AYA(glutathione
peroxidase)9} o 2HE 9oy EA9 A3t AA 28-S s GSTe 7|22 220t (Dolphin, D. et al.,
(eds.), in glutathione: Chemicals, Biochemical and Metabolic Aspects, Vols. A and B, J. Wiley and
Sons). oA RS -8 FolA Fag ksl Eda 28eh= GSHO) At dolsin], AAH R fli]
A e =AW HSAe] =(peroxide) $F WHEsto]l A7 skE YA WA Fag Fakst ol

it

T 20]) UERG ule} o], Fe-NTAo| &3 ztol] AgAEd A7 E 185 26.51 Units/g tissue® oFFEAE
234 ek thF*(39.51 Units/g tissue)oll B8] GR %17} 33%7} 7HA3te] Fe-NTAd 2]g+ koA 2] 2ha}4]
ol IFETE. et X 2004 BHE upet o] AR FEEY FEE s, 2, 4 g/kg) FAS
Z+zvo]l T Zo| A 30.63, 35.75, 40.82 Units/g tissue® GRY 7o) & ¢&Z o7 3]Ho] o] Fe-NTAd
o3k AbshA Eate] A x FEEC Folo o3 A He= s 9l Stk HTu 4 g/ked] AAHE FEE

o2
[«0

)
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Fol AL ETH 914 AolF MolA Bom MK £ ML AL Mo} ¥E BEE FAE FF
B FolUFE A8 42 YRR ol Ao neln

Fe-NTAl ol% 7be] Alshd &omyE A0z FFEe] R +7¢ HUALoRA )5 BE &}E W
A3t Bl VY GRS FEL olo] FFL W GO FEL VAT, HBE GSHE G ST FES
FRAVE AL BAAAG. olel@ ANEL BN AdE: FEEel A Wl U3y 2Ed s o &
A olAlste A1 Bas wlole PALESH, GST, R §)& txw FEoz H¥AYomA it
AL & 5 Atk 9 ANE Bal AAE F2E ALLo] FeNIATOl wla) oA WEH SEULE oA
FUee wolFUa, ko) AHAA 4gol o8] LhEhbs ALTSH ASTS] A7} AT FEOD ABE Aol
oJal 2t 7)ol ABHYHE A& AFF] AAx FEE| 2 /)% BE EAE eIt AL BEY

AA 4 5. SOD(Superoxide dismutase) 7}

SOD Al &ML GSHel AFg3F Ax 2o Ab=dlo] 2 mM xanthine, 1 mM EDTA, 0.04 g/ml BSA, 500 uM nitro blue
tetrazolium (NBT), 0.25 unit/ml xanthine oxidase® 2 Z3}aL 20 min F° 3 FE=AE o] &3lo 540

ool A =491

SODi= #AabslEg-o] & (superoxide anion,?0, )& AtAae} A FAaR Halsle Assdaiolt. o Fit v

Ezceold] ol EXatm 9or] ABAEASE P
2 bk (catalase) 9 H2AthAl (peroxidase) 5ol o3 <A F-3i
Ad SD= 98 wollA AstA=Ed 2o gis) wolr|Rez Fa g 4lks)
7+ o= 22 W 32HE44(hydrogen peroxide)oll 2Fg3he] Al AsE AA|

e
12
i)
tlo
PL
Kl
30,
v
w2
=]
()
2
1o
:%,
o
X
)
i

>
>,
o
4

F 20 YERG nle} o], Fe-NTAWF A 2]dt 18(650.43 Units/g tissue)S thET 18(1041.26 Units/g
tissue)ol B8] SOD7F @AE] ZojEo] 9lom, o]+ iron-induced oxidative stressol &J&) @AF3AE S SOD
7F @ol AAEe] e AnE Holi drh. AR Az FEES AT AFAAE vE JEHoRE FUt
33 2 g/kg bow. o]AFe] ¥E FoF FEE §9% Aol(P< 0.05)F Holn SOD AHES FEAE AL
ERla glth. 3 204 B wpe} o] Az FEE 1, 2, 4 g/kg oI 1F-S 783.19, 916.07, 999.31
Units/g tissueS 2 Fe-NTA Lol Hlaf <F 1.28], 1.49], 1.5¥] S718k Aoz ey SOD AAHS 453
7 A Fe-NTA9] Arsl~Eg 22 §35 = S0D 7hael 9lgh 3k &2 st Bs a7 &8 Fdd & AN
. olE AHE FEEO AA WA kst 8-S e a4l SO FFE SUIAA AEAEd s flgh
o] a2 JehgE Aoz FAHT 4= Avt. Lone S(Food and Chemical Toxicology, 45, 1821 - 1829,
o] T Fe-NTAR 2t3lA~Edx fb 5 7holA SOD &S SAH}RS w, & s
adE 9 vk Aok, E=F 2 dHdgAE AdE FEE 4 g/ke bowv. T I1F
A dxa 25§94 Aols WEA o Bled S F S e

of\

AN 6. AFAZX FEE9 X FAHAZE (Thiobarbituric acid reactive substance, TBARs) 9% 7}

#4715 o]83te] 3+ &S 0.1M phosphate buffer (pH 7.4, 1.17% KCL)olA 2 wpaflst 0, 1 Al
trichloroacetic acid (TCA) buffer (0.25 N HCI, 15% trichloroacetic acid, 0.375% thiobarbituric acid,
0.01% butyl hydroxytoluene) 0.5 mlS F7Fete] 2 EF3 F 95T FxolA 308 &< & F 2oz 4
gtk @A (1000 rpm, 10 min) F ATHE BHFEAE ol&ste]l 535 mmellA FABEUTE. TBARs=
1,1,3,3-tetraethoxypropane (TEP)9] Atoll 9t 7hial= Do{Zl malondialdehyde (MDA) equivalent®] <=
F4E A thg, old oA ZAHXE MDA F%(puml/ g protein)®2 E7]|8H3IT).

BoAANdE 224 &4 et #E" Aoz 24 U ROS7F s QXA wtof| b g e BXE
At FALAE AASHA Aok, o]2A A& IEs}(lipid peroxidation)e] Adk-go] futwar, A|wkAlk A}
oA HEA #o]Z(peroxyl radical)¥ &4 #htiZ(alkoxyl radical)o] AFHTE. oAEL Fadxte}
Agtsle] #akaxA (lipid hydroperoxide) S AAst=dl ol E&¥o] HF:Ho=z WA 59 L3

(aldehyde) S AT, o2 D AAstEe Axue] F3AS F7HA7] Ao &4 2 gz

HekE FEdn. ol dolu #HAst, ndy 5o A% dHe 4ot 5 duk. & AAfdelA TBARs Hell
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o3 A A}Aarsle] AR ES] MDAS =439 o1, TBARs ‘ol A+ thiobarbituric acid
535} malondialdehyde® AJAd3tH o3 HF2 WS WA g, o] F2 WS v EAS SFF=AdA
535 nmoll A A3k}

Fe-NTA+= iron-induced oxidative stress@ <13 FsAo] #ojxo] iz BuHol Q= SR A Ay

Fe-NTA %+ A28, = AStA~Eg Ak 288 18 206.74 umd/ g tissuel® FEa 189 92.10 uml/ g
tissueX Tt X ZA 23 E Wol] doA 2.2v] B2 MDAS AAIIIAY, AHx FEES T3 2FNM= &
E o EAOR MAY Aol Hhdhs BFE Holw 2 g/kg bow. o] & ol FE= Fe-NAw 2 9

A pol( 0.05)F Holw MDA AL HAAT AL Uehln gtk & 104 BE e} Po] Az FEE
S 1, 2, 4 g/kg T3 1FELS MDAY AJAd ko] 154.46, 133.22, 109.53 umol/ g tissue® Fe-NTAwrol] H]&] oF
25%, 36%, 47% FHAe Ao R Vel MDA AAS €53 SAFSEZMN Fe-NIAS AStAEd A2 foE= A2
HitatEo] st 1 BRE a7 ASe AT 5 Utk 53] aEE 4 g/kg bow. Fo] 25 A H-e
izt 257 A9 frAke MDA B AEHIE Ho] itst a9 vEeR o 1 BE gt €58 =55 §

=L =~
A% & ek,

2 ANAE Fal olA FeNTAol o§ Asisdlsz AdspaiEe] 4gel G4 FhSAN Adz
B Fol2 AAWnEY YHE FAHoR FolFoaM, AARURE Y oA @ 1 wEv
gatgon, ol oyl FASEAL FAT & :

2N
a-
I}= ugoz 3 7k BE g3t Jes F9 & & i

AAA 12 FA Y Ax

Z bzl = 100mg, S5 AE 90.0mg, F9 175.0mg, A-d=2AZ2IAZ220 2~ 15.0mg, ZH|dT]
EEE 905.0mg B olEhE Aol duE A EFste] FAAHEHOR FHHstetal oA nhadlg
1.8mgs 7hatel 38k § 14¢] 400mge] ¥ =% EA 3Tt
AA 2. AR715AH HES Ax

Az FE= 500 mg

HIERY E3HE A &

HIEFRL A oRAEIO]E 70 ug

H]E}Y E 1.0 mg

HIE}R Bl 0.13 mg

HIE}R] B2 0.15 mg

v EFY B6 0.5 mg

HI e B12 0.2 ug

vl e C 10 mg

H| 9 €] 10 pusg

Uzl Aol = 1.7 mg

Sefs 50 ug

HEA et 0.5 mg

14 9= A

akA14 1.75 mg

2bstotad 0.82 mg

= el AT | e 25.3 mg
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hyde in rat.
Values are expressed as mean = SD (n=3), Significant difference 15 P < 0.01.

PA(gkzbw) -
accretion of liver malondi

Fe-NTA(13.5mgFelkzbw) -

Fig. 1. Effects of pre-reatmemt with Ham asiaica exmact (PAE) on Fe-NTA-mediated
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