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Protective effects of dandelion extract against liver damage by
repeated administration of thioacetamide in rats
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This study was conducted to investigate of hepatoprotective effect of dandelion water extract (DWE)
according to repeated administration of thioacetamide (TAA) induced hepatotoxicity in Spraque-Dawley
rats. Thirty rats were randomly assigned to 5 groups; normal control, DWE-control, TAA-control (TAA
injection during the feeding of normal diet), TAA&DWEG600 (TAA repeated injection during the feeding
of DWE 600 mg/kg BW), TAA&DWE1200 (TAA repeated injection during the feeding of DWE 1,200
mg/kg BW). Rats in DWE-control and TAA&DWE groups were treated with DWE (600 or 1,200
mg/kg BW daily) by gavage for 20 days (twice a day). All the rats in the TAA-control and TAA&DWE
groups were repeated injection of TAA (100 mg/kg BW) into the abdominal cavity 3 days interval and
12 hrs later, all rats were sacrificed. At the same time, normal control and DWE-control groups were
injected normal saline. In TAA&DWE groups, serum alanine and aspartate aminotransferase (ALT,
AST) were significantly decreased and triglyceride (TG) synthesis was significantly increased compared
to TAA group. As well as total billilubin and GGT were slightly decreased by the treatment of DWE.
Lipid peroxidation (MDA) concentration was significantly decreased and hepatic GSH content was
slightly or significantly increased in the TAA&DWE groups compared to TAA group. Hepatic anti-
oxidative enzyme activities, such as GSH, GST, SOD and catalase were slightly or significantly elevated
by the treatment of DWE. According to these results, When dandelion extract was long term supplied,
it could be used as a potential protective material for a longer time liver damage by repeated adminstra-
tion of the TAA.

Key words : Taraxacum officina, Dandelion water extract, Antioxidant enzymes, Thioacetamide, Liver
injuries

M 2 stress) 2] RIS Ao Z A|EQ £AMS doy|al

o|& Qlsto] W4 Heks do7|A Hrk(Videladt
ZHse AdolA A AE# X(oxidative Fermandez, 1988; Alfadda®} Sallam, 2012). uw}gha| 2zt
T GatshA| o] Absha] EA4dol dieh At A=

*Corresponding author: Guk-Hyun Suh, Tel. +82-62-530-2870,
Fax. +82-41-530-2881, E-mail. ghsuh@chonnam.ac.kr

Copyright © 2017, The Korean Society of Veterinary Service. All Rights Reserved.

matel] thste] ALHoR FL Hol1 ek H



108 SMEl - AMA - 2EE - 2|

sty BN - M
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A}~ (Reactive oxygen species; ROS)-& AFA 9] Als}
=24 AT AAE We Fr1dezs 2dEA|vE
Oﬂ;‘(] o]x]—_,] }\(])J/Ho] 2] QD:] tﬂaﬂ D]—_'Q_J ‘:'T 4
A W We 9 AL WY 52 Be Yow u
o

2 M

)~

i

d

i S

A= 2= oJthy BT E T QJrHAlfadda®} Sallam, 2012).
weba] o]t BdAAFY] s Fol HeE o
Woal A =mohalA} Sk A7) AlSE AL Qi AAY
A FASA A HE, 7HEIRL, AT e
gavZtEE, T4 ?—%}’&ﬂ?ﬂli/ﬂ E%E—EPEI% =
A, afol B, 2SS SatEstas, kSl
g as FAH ol A= A BEAl 9 A
BA=A el AEst7] 918 AlAE AL lck(Park
T} Kweon, 2013).

s LEet FEAEEA AFRES
Sgolgk e e A, E, A" o At
= Ao® dHA Qlow(Katrin 5, 2006; Im
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7], gatet 9 kA 5o theket A 24
UEM= Ao &2 FEo] gtiHo 5, 1998; Halliwell
=, 1999; Takasaki 5, 1999ab; Hu®} Kitts, 2003; Han
S, 2005; Schiitz -5, 2006; Sigstedt 5-, 2008; Han 5,
2011). W= 9] o=t Ay avtE UEl= ¢
I Z710] Qe a3 ARES FAE 2HES A=
Luteolin, 3+ 9 323317} 9= Taraxacoside, Al
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N5y FE2E2 AYUE(Taraxacum officinale)
AR&-81o] Cho 5(2013)2] X o &sko] Al 23k
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B3] 20 meshe] A= Ad] ARFe] =7]7F 20
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Table 1. Experimental groups of hepatoprotective effect of Dandelion water extract (DWE) on Thioacetamide (TAA) induced hepatic damage in

Sprague-Dawley rats

Treatment (mg/kg)
Group No. of rats
DWE TAA
TAA Non-treatment Control 6 0 0
DWE 6 1,200 0
TAA treatment TAA 6 0 100
DWE 600 & TAA 6 600 100
DWEI1200 & TAA 6 1,200 100
Day 1 4 7 10 13 16 19 20 21
P P P P P IP Fasting
| | | | | | |
1 1 1 1 1 1 1
PO (Distilled water or DWE)
6:00 PM

1P
(Normal saline or TAA)

Sacrified

Fig. 1. Experimental treatment schedule of hepatoprotective effect of dandelion water extract (DWE) against Thioacetamide (TAA)-induced hep-
atic damage in Sprague-Dawley rats. Rats in DWE and TAA&DWE groups were pretreated with DWE (1200, 600 or 1,200 mg/kg) for 20 days,
while rats in the control and TAA groups received equal volume of distilled water. TAA were injected intra-peritoneally to rats in treatment with
TAA groups every 3 days, while rats in TAA non-treatment groups were treated intra-peritoneally with normal saline. All animals were anesthetized

with ethyl ether and sacrified.
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TFEo 3}%itt TAA (CAS No.62-55-5; Sigma Chemi-
cal USA)+= A= kg 100 mgo] H =5 2 mLe| A
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TAA 57070 S5 12X & oo
|3t mh & 7ﬁia}oq S gme
AEshgict 2 He) 7y RS xRl E
27 7|(HEMAVET 850, CDC, USA)E o]g3t3o
AR A5 D NS4 7] (Dri-chem 4000,

Fujifilm Co., 0]-8-5}¢], Aspartate amino-
transferase (AST), Alanine amino transferase (ALT),
y-Glutamyl transpeptidase (GGT), Triglycerides (TG) L
2] 3l Total billirubin (TB)S =743}t

Japan)&

10xPBS= A 43513 2“4 Z} Ao A St
AAjsto] ~70°Ce] Y| WPsko] ABh £
Mol olgaliet. 7+ 2L Fere =Aslo] 02
g/mLo] EE=E PBSE #7}8}o] Glass-Teflon Homo-
genizer (Precellys 24, Bertin technologies, France)E ©]
gste] Tk SHEITh FAAS 4°CoIA 10,000xgE
1527 AT slo] JFozRe X Qe
¢] malondialdehyde (MDA)Q} B & A TFAISHZNR-S
3}+= glutathione (GSH)Y] F=9}, dAFsE G491 su-
peroxide dismutase (SOD), catalase (CAT) 12|31l glu-
tathione-S-transferase (GST) &4 A-&3l% ELISA
kit (Cayman chemical Co, USA)E ©]-&3}o] A| A}
A AAIRE WO Esho] A 2skal S5kl
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2E A= GraphPad Instat 3.0 (GraphPad Soft-
ware, Inb., La Jolla, CA, USA)E o|&3sl¥om AU
HARAUH o8 W3S umstgon, P<0.05 4=
Z9]| 4] Dunnett's multiple comparison test® A% 774
& AAshh

N

=2 TAA HIZH%LOH Hls foj4 o2 ekl TAA
A2+ el Al DWE 600 mgkg -8 Foit2 15.5+
0.05%, 1,200 mg/kg -§ Fojv-2 14.8+1.39%= DWE
Fof §5Fol mE 942l Apol= UErlA] ekgkth
(Fig. 2). B+t Aa AFEH S5 Ze THolA
oA R ApolE UERHA] 9%k

40 -

30

20

Weight gain (%)

Control DWE TAA TAA& TAA&
DWEB00 DWE1200

TAA non-treatment TAA treatment

Fig. 2, Weight gain (%) of rats in each of Thioacetamide (TAA)
non-treatment and TAA treatment groups. TAA treatment group
showed significant decrease in body weight gain as compared to TAA
non-treatment. “*P<0.001 vs TAA non-treatment group.
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MSE 222 Folo] h2 )% B BYA
ZAVSE A3E Fig. 31} Zth €3 AST 2 ALT
Hl % 2] e} TAA #2)52) DWE 4%
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, TAA SHEE0]520] u]a) DWE #$-5%0] o]
N g% olzHom grasls 4TS Yepor). @
% TG TAA THEE0]20] 4 TAA HE0] 79} TAA
o} DWE H&=ol nr} §ojdos we ghe 1}
Huglon], DWEHS Rolol4 42 olzgoz
e 2he LR QThP<0.001).

S TAA AT 2 TAA H|AelTe) 7+ Aale
of gt WAL AT FHET4E HRF WHy
AN U 2 AEF 5 5o 7 A ToH P4
W9l Wl AEoL TAA HelLe] DWE He
Aal@ol A Fal we AFE Uepjo. & Wy
49} BE Sl TAA H|#2)7-2) DWE Folol A
9.19+2.38 K/mL2} 2.58+0.55 K/mL$ 2 v, TAA T
E o] Lo AL 9.5040.54 K/mLe} 3.33+0.35 K/mL, DWE
1,200 mg/kg &= ool A 8.51+1.07 K/mLe} 2.09+

0.44 K/mLE e SiT).
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AE9] 7k Ao A A AAEEHE Q] MDA} B &
24 oA ARl GSHY| sk 9 J4% HolA|A =
2r-8-5F= CAT, GST 1g]il SOD &9 =4 ZAut
= Fig. 49} 2t} MDAE= TAA #2712 TAA T
Fo]H0.28+0.03 uM)ollA] TAA H]HE|G9] thxt
(0.19+0.02 pM)T} DWE 2] 54(0.2140.02 pM)<]| H] 3]
Fod oz =A Yetsk o DWE 600 mgkg W&
E0]51(0.2240.02 uM) = DWE 1,200 mg/kg B-8=0]
(0.230.02 uM) HEFOA Fo|H o R A LhErY
om, TAA B[R 2]te} H|&35qth ASFAE AA|
adt= GSH ke ti2dto] vls) TAA T=5Fo
7(46.32+1.08 uM)ol[ 4] F-2]H o & whe ZhS UERY

©m(P<0.001), TAAZ 2|94 TAA2} DWE 600
mg/kg H-EFIT(49.52£1.09 uM)©] TAA Th=s5o
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FARSF B9l CATO] &4 FA AR FYA7t
AN TAAZ 2]79] TAA s A 2] tof| A|(97.255+
12.02 nmol/mL/min) 7} W9ro L} DWE &5
oA &F Ao Friste S UEHUWNE
H], DWE 1,200 mg/kg ®H-8 Fof(125.78+6.18 nmol/
mL/min)of A TAA H|x2]5-2] 25 9 DWE Fo
T vtk 2SS UE itk

3lH GSTX: DWE %% 2]$4(335.67+21.19 nmol/
mL/min)ofl A 7 =2 B4dS dEllon, TAA
ThE ] 2] o] A1(98.35+3.02 nmol/mL/min) -3-2] 2] © &
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Total bilirubin {mg/dl)s+

Fig. 3. Serum aspartate aminotransferase (AST), alanine amino
transferase (ALT), y-Glutamyl transpeptidase (GGT), Total billirubin
(TB) and Triglycerides (TG) values of rats in each groups by TAA
non-treatment and TAA treatment. P <0.001; Significantly differ-
ent from control group. ***P <0.001; Significantly different from
TAA group.

71 @k o m(P<0.001), DWE 600 mgkg (253.57+
19.55 nmol/ml/min)2} DWE 1,200 mg/kg (229.74+10.37
nmol/ml/min) 0] W-EF oo A TAA T AHejtkh
o folAor FOH(P<0.01) TAA H[A 9
S LI D i e il

SODE| 7% TAA H|x2] W TAA A2} H|iL
Al TAA T F0]74(4.13£0.03 Unit/mL)o]| A-5-2] 4 o
& 2o m(P<0.05), DWE & o|&EH oz F7}s}
o], DWE 1,200 mg/kg -85 0] 3(4.55+0.15 Unit/mL)
oA TAA T=fFolFdHTY foAoR EThP<
0.05).

Korean J Vet Serv, 2017, Vol. 40, No. 2



112 SHE A ARSI UskE - BXIY - M2

i
=
@
2 o020 T
5
=
&=
=
2
5
=
=
Control DWE TAA TAAS TAAS
DWE600 DWE1200
TAA non-treatm TAA treatment
160
e
e
E
=1
£
=
2
E
<
=
o
Co (=]
DWE600 DWE1200
TAA non-treatmel TAA treatment
6
E
= .
=
=2
=
3
s
=
=
i)
=
°
=
g
5]
=
S
@D

Contro | DWE TAA TAA& TAA&
DWEB0O0 DWE1200

TAA non-treatment TAA treatment
1
WS SRECL FGABRA Ao =
Foolet AR A, A, AR 5ol wat 9
L oRo® QA ik AT NSt ok, A,
FAZ, AE, FLHA, dAke B Fa Sol o
HA Qo m(Ho 5, 1998; Takasaki 5, 1999ab; Hu%}

Kitts, 2003; Han -5, 2005; Schiitz -5, 2006; Sigstedt
5, 2008; Han 5, 2011), 3+ g4l 7|4 of ]s}od
7 BREaarh 9l8o] HilEQIth(Baek, 2003; Park
, 2008; Cho &, 2013). o] ¢t ARE-H W= =

=) *
Sus NI officinale)o| x| E5 FE3F A
2 2(Cho -5, 2013) -2} y=fo ull-p- g2 FE3kaL
el A B oolgo] Folste(Keum, 1995), #FH7d
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Fig. 4. Concentration of malondialdehyde (MDA) and hepatic glu-
tathione (GSH), and antioxidant enzymeactivities (Catalase; CAT,
Glutathion S-transferase; GST, superoxide dismutase; SOD) at the
hepatoprotective effects of dandelion water extract (DWE) in
TAA-induced hepatotoxicity. “P <0.005; Significantly different from
control group. #p<0.0001; Significantly different from control
group. **P<(.01; Significantly different from TAA group. ***P<
0.001; Significantly different from TAA group.

AEAR B4 W okl ik o] et B} o
Q1o (Williams 5, 1996; Kim %, 2007; Sigstedt
, 2008; You 5, 2010), &1 =7 Gt vl=d
#2380 YU} ABE A5 FEEC Y S50
Ao 2 ®HE I MinZ} Jhoo, 2013), X D-Galac-
tosamine (Park 5, 2008)3} 7lolA] Flavin-containing
monooxygenase (FMO)o]| ]3] AtS}Ad S-S dbol Ak
sHdtiAM RS sk, AARRIEH dAMEES
thioacetamide S-oxide”7} 7IA|Z oA EALE Ao 7]|A
W(Porter®} Neal, 1978; Lee 5, 1998; Hajovsky 5,
2012), 7+ A o|A FAAHW FHO A o] A
i A& HYAHE UER=(Chen, 2012; Cho 5,
2013) TAAE ©3] Foisto] Fbs 7 &4 gt
s a8 Hied 1 s aurt g9l

ot 4 de
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& AHCho -5, 2013). o] AA+tollA= DWEE 205<t
AT Folalu A TAAS A% ke 100 mg& 39 7}
Aoz Wi Ao Eolsle] x40l 7F Ak
3t DWES] 23 a15 3913t}

NS drFEE2 A QR S22 FDAY
A GRAS (generally recognized as safe) 502 E&
1:401 Q) ODf] A Q—Fﬂioﬂ xﬂé‘}_o_ =174 ] 0]—*7 HX]-_Q_O]
= Ao F(Bisset 5, 1994), A= kg T 1,200 mg=
wolstol o] 5 UEhHA] FdthCho 5, 2013).
2 Ao A TAA ¥HEFojof] whg 7F &4 gt
Azade] FAG He AA] JFAY EE ol

AFYEE B2 ¢lolth ®3 DWES Fo3h 339
SAEol Bl HwA o4 A S
=, 53] 5AS 7= 225 Tt A

T Blsty FAle S7he Aoz HiuEQd
(Park =, 2008; Cho %, 2013). & Au}o] = TAA H]

A 2-9] DWE Fo - F4]51(28.540.8%)°] TAA A
2] 14~15% SA& 2otk o4 A #=A uE
Wi Qlek 12y TAA X g]Ffof A DWE i<t
o FALE TAA ©5 o9} nl53 TS et
Wl ol A= (t=As Fiddthes 549 F
of Rl Apolof 7|Ig A
DWE 0% 7t=4 =485

-

A5 o A= DWEQ] Foje}t FAlo 3Y 714 9] wiE
2l B AR Qdste] v A1 7H=EAef 7]91
sto] SA&o] HgaH ZoR Fohect 2t TAAA

gle AlRAHY d4ag 25 H(Cho 5, 2013),
Wista ratof] 200 mg/kg 8352 TAAE 155 334 14
F7b B SofSIAE A A EA S0l
HaEgeo] et Guerra 5, 2010).

W59 & AL tumor necrosis factor alpha
(INF-)& Aot 711 52 o) ol2ol0] of
2l 7] 45 i 2o gtk aat Qe Aer

HaE QtkYasukawa 5, 1996; Seo 5, 2005;
Katrin 5, 2006; Park 5, 2008). 31 TAAL 3] &
o & F4 2 YA ¢ s fsta g9 W 4
TFAE 7RI BaEoe]  QlthRousa T,
2009), Cho 5{(2013)-& TAA ©3] Foi3t Aufol| 4] =

ol 53T 40 Z7h7h BREYOL, DWE =
oo olsto] 4uF olEHor T 437h o7
oz Zadltly sl w3+ Abbasi (2013)= 300
mgkge] TAAS B7h w] Roigt T 1247H 0
ANFE BT AN & WETeT) kg em,
s8] 5740 S04l Z7p} WHEAe, 18

gt

0 200 mg/L =2 TAAS &4 A o,
el TFEeT fFYF R % S
T3}k HHE A O 2 TAAS &= 2 Aol A

Z W)L 22 TAA H|Z] 279 qng(9.40¢1.40
IQuL)J} DWE Tc>z1il(9.19ﬂ:2.38 K/uL)o| B8 &=
ol ol ¢IUATF TAA TE  FEo](9.50+0.54
K)ol A =2 kS yetdol, &3] Foig 2yt
9} |28t Aoz, A7 =oidt Abbasi (2013)2)
Ael kol E H Atk o] 2|3k Afoli= TAAY] Foir)
H, &5 283 ARG Apolof 7IQlE AR
dEh g 2 difoA W el STt
DWE H-§ Foois Wolrl= ¢S Hch
E3F TAAA 2]129] TAA T Foftel vl A] DWE
e FooA dFAER] 5 W F At 3
of A= A= Eth olgg H 7] K WE
g FTHKim S, 2000; Lee =, 2010)
DWE9] x]+?<401 Fo7} TAAC| 2J3]
= A e

T
filo oy

lr il .l:”é %N
hz mlm

rw;;ﬁ

[e) b
SRR B
AL o] BEFT 9
thH(Batt¥} Ferrari, 1995). ??_1'5 TAAX TAAAA| Hot
= AR diAAI7E BolAor Tt 94 F44d
AL 2 HZ=A) 322 (Mangipudy 5, 1995, Lee, 1998;
Choi, 2013) 9 AlsEA] A3z &AKPorter 5, 1979)S
dorl= AR LA Uty EZF THA|E Ao A
SE7E S7tE o] 1M FAAE &3] SAEH=
ol 7182291 AST @ ALT (Steven S, 2008)%}
e dHolu|l7] transaminase Ao} 7FA|E Jq/\}

Qo7|m F7ILE Fof A A H T A

HIEQthKuroda %, 1987; Lee 5, 1998; Yeh
. 2004) 12U} Zimmerman S(1986) H| A ko
o TAA (200 mg/kg/day®] )& 165 53¢ =
o W =ofA] AST9} ALT: uju|dl Z7hu Absl
£ Heltta 3¢ick. DWES A&H 02 ofstH
o A0 100 mgkgday B 78] Folgt
ABolA] WY AST 9 ALTO] 4L TAA TH5
oA Z+ZF 237.33428.64 TU/LL} 38.5+7.94 TU/
DWES fola}x] ore tzsur gojdes &
% 1l(P<0.001), ©]%= Choi S(2013)T} Lee S(1998)
TAA ©3] Eofx] ASTS} ALT 20| Z7sheich
Aol AXeks) 1 DWE TS Folo] 7
DWE ulgo] tjzyeh nsgt 548 Lehjol

£

St LR h
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DWE7} ©H=0.2 AST?F ALTO| 2Hgol JaFe w7
A gEE & 4 ASITE TAASL DWE ®-8-4] 2]+
oAl AST= TAA H[A 2|7 B} #3ro F-92Ql
ZpolE LERA] 9kl ALT= TAA B|A 2|} ]

o= =7 yeho] Choi 5(2013)9] At
Y25kt A Zimmerman 5(1986)2 7|1t
TAA FoQA] A AtfAte] SlojA @A Triglyceride}
Zro Al VLDL-TG 5 %=7} Zagtehal shqieh ThA|E
o] HIAFA AAEID S 2 EHIS7H Sl
ofsl =A vetd 4= Sle @4 T RNy 5=
= Y421 Abol= UAAITE TAA A 2]tof A TAA
vz g tof] B]sto] =9t o1} DWE -85 ofqtof A
BFoEH o R Polx|= AFS Eth oyt 4
= TAAS] HHEA Q] A g]of ofs f-d% 7k &4
tjstel DWES] 7|7t ol Foulgt 1t 715 7
A EITE eE & S Ak

ZEA|32. 2] endoplasmic reticulum®] Z£A)3}+= &)
Ab&F 42l Cytochrome P450-2 steroid, Z|¥Ak, amine,
OJokE, e dHdEd ¢ Aol 24 At
Atk gkekEd S0 1F "AFE ARl= 2 ollA]
ARSI A S FAE =T FAES AU 2
HAHS AA A StE =, Y= L824 S8 b
ot FRHATES FATH] Azl 54 UE
WHkLee 5, 1988; Nordmann 5, 1992). TAA= 7hof|
A] Cytochrome P450 2E1¢f o]3f AtshA H3 who}
TASO % TASO.9F #-2 RS tiabitEsd A
Hote] FAALLF IRA ABH AEAAE §
shol ZHAIE TAL, ZHAIE 54 9 78} 58 oo
7= Aoz dEHA QthiHunter 5, 1977, Dyroffe}
Neal, 1983; Kim -5, 2000; Hajovsky &, 2012).

UEY FEEL G4 53t Qe AeE B
E 2 QtiKang %, 2002; Park %5, 2008; Katrin 5,
2006; Im -5, 2011; Han -5, 2011; Choi &, 2013). Cho
ZQ013)S WIS A5 REES 797F 2olF TAA |
3] Foigt Auf 7F 220 A|szutolA] EZoA4E
o] Aikst= A= AF kst v HEY o]
H3}5l+= Malondialdehyde (MDA)7HNordmann -5,
1992) TAA ©r=FojFo|A foHozr Frstgle
), DWE 11-8% -8 Foldoi= TAA th=5Fo
ol vle) golulst 4 Uehyck skl ®
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it A 52 AAS=H 8 o
2 3= HjaAZ SHASHA] £ glutathione (GSH)
AR S 71 -0 Hofsh= A E 24
A5 52 HIAA ALR wjEA|7|= catalase
(CAT) (Halliwell, 1999; McMichael, 2007), E-4AF A2
TSk g HEAA S22 B 7] EF A
3}% glutathioneS LFH OS2 == glutathione re-
ductase (GR) ¥ glutathione S-transferase (GST) (Eaton,
20002 243 AT} 7K BE TAA HE Roly
oA EAHCE fol4 Sl WAE ushow
DWE 1185 FojtofA TAA t= Fojto] Hs|
om Q= F7H et Ik shglch E3) Park 5
(2008)-2- D-Galactosamine ©. = AFs}A £ARS Q-dbSH
ZrésAoll | MDAZ} DWE®] 8% o2 0.2 7144
A free radical /2 AAISFAY 27 5ko] 2| E AL
3= 9o AoF HI35} 2w, superoxide anions
H02 HA2AA AW &4o 2R e HEsk= gl-
tathione peroxidase?} catalase, glutathione reductase 1
23l superoxideE A AdF= &A9Q Superoxide dis-
mutatase (SOD) S¢] DWE &5 o|&& o5 Z7}3t
= 1 58l A717F DWEE Foi8h= 2Hg oA 3
o] 71402 TAAS Aejah ¥ ATl AE MDAV}
TAA A9 TAA T F074(0.28+0.03 pM)ofl 4]
TAA H[H g Hs Fodor w4 Ueiton,
NEEFEEY ¥8 Folvt A8%(0.22+0.02 uM)
2 A1-87H0.23£0.02 pM) EFoA oA om YA
et 1AL, Hl A a2] ol A = 285k S FEHA
2(GSH)Z} & 42 Wo]H| A= superoxideS | A d}=
842l SOD&} catalase (CAT) 52 £5F o9& o=
Zaskn glo} oj S| Autel Axsich Ear A=
of TAAS &5l 300 mg/L s== 37]€7t FoiA|
MDA~} Z7}=E|al GSHE HAastARE 7 HEA =

e

7F Bo5tag wf, A AIASHEO] FHAsal Q=
IKBalkan -, 2001)¢} TAAo]| &t 7F &4F {4
HESAZ FAS AT Q= Aoz HiH Ry

58 Box MDA Z7bslil Qal GSH7} Zhas)o]
MR G} Qe Aow BuH Aol Axs
otk mehA B ATHe 7 Rej u &

fe) A

chbet WSR-S el o

9J=(Kang 5, 2002; Katrin 5, 2006; Han %, 2010;
Im 5, 2011; Gonzalez-Castejon 5, 2012) HIEH ==
=9 A7IZF Foi7} 4tehA AER A0 o] ofs)
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FAEHA o] o7t W Ao oy A7 54
o7 olfojxaL ek e, Tk, ek, AAHAL
M B2 71 S8 o7 At dEA e
e vad, Hedigts, Setieols 59 o
et Fiket 24E ek ok 2 dAelA =
s 9] oj2jet A BAE o] gato] AshA 2k
Fe Yo7le TAAS MHEA R aE A9 It
&l izt MY FEEY e avE gelstal
=3 v 2 g Kt} TAA

ZA% Aol @itk 171% AES) WA AST
ALT $X2= TAA ©= Fo]F(237.33£28.64 U/L,
38.5+£7.94 U/L)ol|A] €-oF o0& =931, TAA B]A g
o} TAAS) DWE W50l ol A vag 238
Uehfgick @4 TBE fo9el AolE e
Aok oLt TAA TEFoFo H|5| DWE &5
oA Hadts A UEr e, Zho A
= 8% TG= TAAS} DWE H-&-F oo A TAA o
ur gojdea we e el U5
#2229 (%2 Fol7l TAAY WEHOR
wEE B4 g BEI) Uee Blsk
th E3F TAA T Foftof|A] Aksha] &R 32
MDA (0.28+0.03 uM)7} 52431 S7+H LYERS

GSH (46.32+1.08 uM), GST (98.35+3.02 nmol/ml/min),
SOD (4.13+0.03 Unit/mL)%= 2-0]8 0 2 1ko}o n] Cata-
lase GA] A Ut it 12y TAASF DWE 1
SR ZO|AE MDAZF §oHoR FrasiHov,
GSH, GST, SOD 4! Catalase &4Jo] §olxo=z =7}
Sh3 glo] FABHA H5EIE Bl et o] 4]
M WSY ArrEEel A2He Foirk TAA
of WA O R w2 7k BAo| gk HE AT} 9l

e 4 sen, olg Ful MEHdrTEE

o7
A
2
SN

M)
o)
i
4

D~

adiel 2
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