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Abstract —

Brassica rapa L. (Tumip) which is one of the specialized crops in Ganghwa island, has been used for diuretic,

digestive, and curative for jaundice, etc. In this study, the antioxidative effects and hepatoprotective effects of turnip in virro
and in vivo were investigated in order to evaluate the possibility as hepatoprotective agents. Ethanol extract of turnip potently
showed the scavenging effect on DPPH and inhibitory effect on lipid peroxidation. Oral administration of turnip extract to d-
galactosamine-induced experimental liver injured rats was significantly reduced the serum AST, ALT and LDH enzyme activ-
ities. And the decrease of catalase and SOD activities in liver microsolmal cytosol was significantly improved by the treatment
of turnip. Based on these findings, it is presumed that ethanol extract of turnip may have the hepatoprotective effect on d-galac-

tosamine-induced hepatotoxicity rat.
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HEME - & APl A3 7= 3R E
T A0 F 79 80% e FE=S A3t
Rl AR TE] Algtol AP ARSI

UEE - & HAPA A3 P2 F)eEldE
o] Qo4 Y7 250 g M) SDA &4 BHE AHE-St
AL, BL FFE AMEt] FRe] Fastis d3d &
73olM 257:7F S8R - ALE-SISiTE B S| WA &
3 AYL 2412°C, % 60%2] T2, FFEFA 7} =]
RE AFAWlA AAEH AT

AleF ™ J|4 - Galactosamine, Trizma Base, SDS
(Sodium Dodecyl Sulfate), 1,1,3,3-Tetraethoxypropane-=
Sigma Co.("] =), mannitol, sucrose, EDTA-2Na+& Yakuri
Pure Chemicals Co.(Y ), &2 & & A] k-2 Bio-Rad
Protein Assay reagent(7]=), 8% AST, ALT, Alkaline
phosphatase, LDH & 44 &7 & kit®} total cholesterol,
triglyceride®] % =44 kite Asan Pharm. Co.(3H) A
FS ARESIAA, 71 B8 Aok 18 AloRS ARSI
. 712+ Prime Automatic Clinical Chemistry Analyzer
(BPC Biosed, ©|&z]o}), #43=7(UV-160A, Shimadzu
Co. ¥ &), AAEZ]7](VS-6000CFN, Vision Scientific Co.,
3=, 2A4158)7] (Uliracentrifuge, Beckman Co., P15) &
& AR&SH

&HASl MM — Free radical scavenging 282 B]wA] Sk
A3t free radical?! DPPH (1,1-diphenyl-2-picrylhydrazy)&
o] &3 Bloise] WH'"e ol g, XAkl A
#49e 82 7+ homogenateS ©]-83F Yokozawa?] Whd'Y
o sttt

Galactosamine {4 ZHsH0l| DIX= Y& - 9 12
S 6vtEl = 3] A 50 mgkg ¥ 100 mgked FHU=
OFEQ] silymarin 25 mgkgS 397F ATEAT 5, 244]7F
AN 494 AAg FoT F, 3AIZE Foll B2 F
Fof] 88A1Z] 5% galactosamine 1.0 mi/100 g& 737 F
319t Galactosamine o3 5 242]7F Fet Ald 22
AR o, AN E st A2ellA 607 ARG 3,000
rpmoll A 1587 A4t B35 Bt 24 5
transaminase (ALT & AST), alkaine phosphatase (ALP) 2
lactic dehydrogenase (LDH) 848 %E olejle] o) u}
2t SR8t 22, A8 AF el ot 1 AE
sto] d¥-e AAIEHE S8R 3l oo Wi
Zeslod 2451, w3 ultracentrifuges ©]&-38led 7H& mito-
chondria 288 937 o]2 T}A] cytosolZ F-8 3l super-
oxide dismutase (SOD) 2 catalse 84S EE oo W
Hell wa}t S 3te] Bluddsiitt.
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< 164 832 A £9(0.21 M Mannitol, 0.1 M EDTA-2Na,
0.07 M Sucrose, 0.01 M Trizma base) 80 mlE 7} T}
homogenizer® F& 3}t 2 AL THA] 3,000 rpmoi|A]
105 F<F 4 £2]38l liver homogenateZ 3te] A F o
2143199 o). Homogenate 1 mI®ll 10% SDS 0.4 miE 7}3s}
o] 3087 37°ColA incubationdt ¥, 2= B2 23 o}
2 1% phosphate buffer 3 mi9} 0.6% TBA 1 mlE 7}3}34
ok 4587 100°C =83 7idste] AR v &
2= 2 43|32 n-butanol 4 miE 718le] &g H, 3000
rpmef 4] 1087+ AR st F5dE FHFE A=
AFS3I%TE. MDA 78S 1% A%dE 1,1,3,3-tetracthoxy-
propane® 2 ML THE0] 535 oA FBEE A5t
2 st

88X = ALT AST, ALP ¥ LDH Bz &1 - 43 ¥
F 15717 Aol AN vy AAEsl 23 s BT
5], ASTS} ALTE UV-Rate'dd 2ol wie}, ALPE pUEZH
gelat 7189 P LDHE UVRated ™ ol g5t 238
kit A]2F (Asan Pharm. Co.)& A}&-3}¢] Prime automatic
clinical chemistry analyzer® 27433t}
&3& & total cholesterol ! trigiyceride2| Mg - 4
FTE IS Aol AAZ v A s 84
23k 5, 3 = total cholesterol} triglyceride $HF 273
& AP Fsled 234 kit A1F (Asan Pharm. Co.)
& 2183l Prime automatic clinical chemistry analyzer=
24355t

Catalase &4 =% - Hydrogen peroxide®] &3fl¢] o}
gt Ziske FHES 45 Acbie] R o451
t}. 50 mM phosphate buffer(pH 7.0) 100 ml'g 30% H,0,
£ ¥o] 10mM substrate solution (A,,,=0.5)% THEAT}
©] substrate solution 3 ml°f] Zt sample 100 plS 7}k =,
43.6M'cm™'9) extinction coefficients AH&-at] B335
AZ 240 nmol|A] phophate buffers blankZ 3}al 2% &<t
absorbance® 43I, £F 3% HIE HFOZ b
the Al oall §4 84S ALY Ea8de vg
43 (Specific activity=Unit/min/mg of protein)®Z JERN
t}. Catalase 1 unites &2 [ mgo] 1& &<t 183}
EAl1Z] H,0, #Fo 2 Yehd Aol

o

¢

AA/minx 100

Specific activity = 136

AA/min=1¢% §3%= A3t
43.6=H,0,°] molar extinction coefficient (M~ lem™)
100=dilution factor

SOD &EH - Pyrogallol autoxidation®] A3 & &2
&= Marklund®] P28 AR2-8HTh 50 mM tris-acetate
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buffer (pH 8.20) 0.1 ml¢ll 2 mM pyrogallol stock solution
£ 09mlE 718} standard absorbance® AHE-3FTh. ©f
substrate &40l Z} sample 0.1 mIE 71613 EFFEAS
A28 420 nmol| A tris-acetate bufferS blankZ 3L 3%
2t absorbanceE SA8lAL, 3 FEE HIE Hl o
o Ao o8l &4 &AL ALtetitt. 4844e vE
2 (Specific activity=Unit/min/mg of protein)>Z YERNS.
t}. SOD 1 Unit= pyrogallol autoxidation rateS 50%7}FX
AAh= SOD Yoz 33Tt

_(a=b)
0.5xa

SOD activity

a=standard®] 3 H+ 4% W}
b=sample®] ¥ B FFE A

SAXE| - & 43F 7 HEA o BEUA B B

2 o

LS — In virodl A 72 s S S4%
3}, Table Il VR ule} o] vlwa] QFget free radical
2l DPPHel thet 27842 EDg7t 0.110 mg/mi, AFAS}
©ag fuE 839 AFAbsHE A digt e
2 IC,, 22.5 mg/mlZ VER} PguizelEE AMSE sodium
ascorbate®] ZFzb 241 0.004 mg/mie} 12.5 mg/miol] H|3 TF
& o} 4o g gkt e4S AEE A

Transaminase (AST & ALT) #Mof cist &3 - d-
Galactosamine 42 29 7Hgsl] dF2] % 5 transa-
minase&§ =0l v HY 5o I7E Table ol A~
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Table I. Antioxidative effects of Brassica rapa on 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical scavenging and
TBA-Rs formation in rat liver homogenate

ED,(mg/mL)
Groups ) 5
DPPH TBA-Rs
Turnip 0.110 222
Sodium ascorbate 0.004 12.5

Fach data represents mean of 3 experiments.

“Concentration required for a 50% reduction in absorbance
of DPPH radical at 520 nm.

®’Concentration required for a 50% reduction in absorbance
of TBA-Rs at 535 nm. '

sttt BF ol d-galactosamineZ X5 HF2] asparate
aminotransferase (AST) €42 1,773.3+124.7 IU/LZ d-
galactosamine B4 X] H4a-9] @A % ASTEAHS 206.7¢
23.8 IU/L H]3ld p<0.0019] §-23F ASTEA S F7HE
Btk £5 100 mgkg Fowtol A E 980.0+21.9 [ULZE
thzztel] Hate] p<0.0019] fel3k 4 F AST 4084
o] A5AAEHE BT T3 AT HATFAME F2
3 2 F AST 84849 d5AAaHE Bo Fo9
SFAEHUE & 7 STk

E*% alanine tansaminase (ALTY&/J2 d-galactosamine
B X /el 40.4+5.7 TU/LA BIS|ed d-galactosamine
22 RS 840.0+60.1 IU/LE p<0.0012) 4213+ ALT
49 AeaHE 24t &F 100 mgkg FATolA =
523.3+427.4 IU/LE izl ¥sld p<0.001¢] £-2% &
3 F ALT 242349 A5IAEAS Yok =8 A%
T AR ZAME foet B F ALT 4849 459
A &3S BATKTable ). 18] 2 FAHNZFE silymarin
25 mgkg FATANME EH F AST % ALT E484 %
= x| visted felsiAl AselAnzS a9

At

(o}

—

Table II. Effects of Brassica rapa on serum transaminase activities (AST & ALT) in d-galactosamine-induced experimental

liver injured rat

Dose No. of Transaminase activities (IU/L)
Groups .
(mg/kg, p.o) animals AST ALT

Normal - 6 206.7+23.8Y (-) 40.0+£5.7Y (-)
Control - 6 1,773.3+124.7 (758.1) 840.0+60.1° (2,000)
Turnip 50 6 1,213.3+89.0%* (35.7) 560.0+£38.0%* (35.9)
Turnip 100 6 980.0+21.9%** (50.6) 523.3+27.4%* (40.8)
Silymarin 25 6 1,423.3+87.0% (22.3) 653.3+23.1%* (23.3)

? . Mean+Standard error. s

* . Statistically significant compared with normal data (**;p<0.001)

* ; Statistically significant compared with control data (*:p<0.05, **:p<0.01 and ***:p<0.001)
Parenthesis values are % of protection that is calculated as 100 (values of d-galactosamine control-values of sample)/(values of

d-galactosamine control-values of normal)
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Table II1. Effects of Brassica rapa on serum alkaline phosphatase (ALP) and lactic dehydrogenase (LDH) in d-galactosamine-

induced experimental liver injured rat

Dose No. of Enzyme activities (IU/L)
Groups .
(mg/kg, p.o.) animals ALP LDH

Normal - 6 576.7+51.8° (-) 746.7£39.1% ()
Control - 6 730.0+47.9" (26.6) 2,036.7+185.2" (172.8)
Turnip 50 6 710.0£57.6 (13.0) 1,376.7+108.3* (51.2)
Tumnip 100 6 6633+19.1 (43.5) 936.7+116.4%** (85.3)
Silymarin 25 6 700.0£49.6 (19.6) 843.3+53.8%** (92.5)

¥ . Mean+Standard error,

- Statistically significant compared with normal data (# :<0.05 and

#*.5<0.001)

* : Statistically significant compared with control data (*;p<0.05 and ***;p<0.001)
Parenthesis values are % of protection that is calculated as 100(values of d-galactosamine control-values of sample)/(values of d-

galactosamine control-values of normal)

&x & ALP 3 LDH EM=0 0|Xl= &2 - d-Galac-
tosamine FHZ FE 71435 2132} PHF alkaline pho-
sphatase (ALP) 2 latic dehydrogenase (LDH) & 4~E/d o
ul X e 7S Table o A A8t d-Galacto-
samine® A X| g hxZe] S ALP S48 7300
+479 TU/LE HIAX] FAE 576.7+51.8 TU/LA B|3le p<
0.058] F-o]%k ALP E484 =0 S8 #3F + U
o} 5 100 mgkg FAZNME 663.3+19.1 [ULE =
ol Hlsle] tia AANTIE S Holu fejRle i3It

HA % LDH 842 d-galactosamine B4 X /32
746.7+39.1 IU/Lel H]sled tiz2t2 2,036.7+185.2 [ULE
p<0.001¢] #2]¢ LDH 4849 458345 it &
T 100 mg/kg FoIZoAAME 936.7+116.4 ITULZE thzd
H]5le p<0.0019] 23 83 5 LDH E4849 45
A EHE BAUA, AsE FATNME Fo g s
2HE #ET F U 282 F2FE silymarin
25 mgkg FATIME F F LDH E485E tixd
o Bl3teq Folgh A a7t AF =AU

X = Total cholesterol ¥ Triglyceride £120f| CHSt &
I} — d-Galactosamine oI 2 g 1Pge] 859 9 F
total cholesterol (TC) & triglyceride (TG) & 2ol vlAl= A
ool 35 Table IVl A|AIBFHTE #1F 9l d-galactosamine
e XR|EPH B TC e 55.7+4.58 mg/dL=E d-galac-
tosamine H1* X 9] TC &% 73.0+8.89 mg/dLol| ¥]
dlo] YolA]e AEE Holi, 5 100 mgkg HX|FolA
T ok AT AEE Holu ke gt

g3 & TG 32 d-galactosamine * x| tH2FNA &=
753+348 mg/dLE A 53.3+2.87 mg/dLel] BIEt] p<
0.001¢] Fo3h A& VYERAAT. &5 100 mgkg T
A= 54.8+3.28% tx] H|sl p<0.001¢] Felsh &
A T TG $He Al adE BN, AwE A2
MZ Folgt F F TG T3 JedAars s &
UATHTable V). 2232 FFHZEFE silymarin 25 mg/kg
B ME 84 £ TG e vzl sk st
A dsdAAZE BEE F AT

ZI=Eo| BHAISIX|E (MDA) &Hakol chst £ - d-

S

Table IV. Effects of Brassica rapa on serum total cholesterol (TC) and triglyceride (TG) in d-galactosamine-induced

experimental liver injured rat

Dose No. of Serum levels (mg/dL)
Groups . - -
(mg/kg, p.o.) animals Total cholesterol Triglyceride

Normal - 6 73.0+8.89Y (-) 53.3+2.87°(-)
Control - 6 55.7+4.58 (23.7) 75.3+3.48" (41.3)
Turnip 50 6 62.8+3.54 (41.3) 57.8+3.08%* (79.5)
Turnip 100 6 67.2+3.72 (66.3) 54.8+£3.28%%* (93.2)
Silymarin 25 6 65.7+4.58 (57.7) 54.7+7.87%* (93.9)

9 - MeanzStandard error.

# ; Statistically significant compared with normal data (#:p<0.05 and ###:p<0.001)
* . Statistically significant compared with control data (*:»p<0.05 and ***:p<0.001)
Parenthesis values are % of protection that is calculated as 100(values of d-galactosamine control-values of sample)/(values of d-

galactosamine control-values of normal)
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Table V. Effects of Brassica rapa on liver cytosol lipid peroxidation contents in d-galactosamine-induced experimental liver

injured rat
Dose No. of Malonyldialdehyde contents
Groups . - -
(mgkg, p.o.) animals pg/mg Therapeutic ratio (%)

Normal - - 6 1.24+0.13Y ;

Control - 6 1.78+0.09" 436

Turnip 50 ‘ 6 1.61£0.05 312

Turnip 100 6 1.43+0.12%* 64.7
Silymarin 25 6 1.31£0.12** 87.8

9 . Mean+Standard error.

e Statistically significant compared with normal data (W p<0.01)

* . Statistically significant compared with control data (*;p<0.05, **;p<0.01 and ***:p<(.001)
Therapeutic ratio are % of protection that is calculated as 100(values of d-galactosamine control-values of sample)/(values of d-

galactosamine control-values of normal)

Galactosamine FHZE & 73] 2F| 1+ 5 sk
Z 7S malondialdehyde (MDAYHO 2 A=t A3E Table
Vol A3IsAct, 22 23} d-galatosamine #1%] tlz=ate] MDA
22 1.78+0.09 ug/mg protein® = d-galactosamine H] 3] |
AT 1.2440.13 pg/mg protein®l] HlSt] p<0.012] {2
3 27 SREUT 25 100 mgkg T E 143
0.12 ug/mg protein® 2 th2Fl| H]3te p<0.019] 28t
AFdzslEd FAAMETANE HAL, ATE FoolA
=tk dAATE AES BATH HERIELeFE silymarin
25 mg/kgF A7l 1.3140.12 ug/mg protein® =2 p<0.01
o] frojgt A& IE A AsjgAo]l A=Yt
ZH=Z| 9| Catalase % Superoxide dismutase(SOD)
SAEY0| ChEt E3} - d-Galactosamine Foi= U -
Al 317 9] 7k cytosol 8 5 catalase & SOD EATA
Toll mixE AAe] EHF Table VIO ERHSACE -4 d-
galactosamine ] |29 catalase SAYEE 1475
5.77 U/mg protein® & d-dalactosamine B3 3] A4+

212.6+14.2 U/mg proteinl] ¥]3}] p<0.0019] 23 244
2 e 4= At 5 100 mgkg M AL 192.9+8.25
U/mg protein® & Tzl Bisled p<0.059] F-2]3t catalase
[ABAEL] HAAAE B T3 AFE 50 mgkg A
AN E 23 catalase AT TS THAAA GHE
e a, HAe] SFo)EAUS & 4 AT FAgH
WOFE silymarin 25 mg/kgFoIolA & 211.8£19.1 U/mg
protein® = p<0.019] 73t 7} cytosol -8 3 catalase &
284 AR o] A=A

231, d-galactosamine X X] HZE72] SOD S48 E
£ 1,691.6%95.3 Umg protein® 2 d-dalactosamine B]3] 3]
AR 2,259.2+111.6 U/mg protein®l]l H] &t p<0.0012]
folot ZraE AFE F ARk &F 100 mgkg AR
2,032.3+134.3 U/mg protein® = T2l Bl3la] p<0.059]
F2)3t SOD BABA TS 7HAAE B} T3 AFE
50 mgkg AMA| oM = thar JAAT = AE Holv &
ARORE folxh= QA ottt YHIFE silymarin

Table VI. Effects of Brassica rapa on liver cytosol catalase and superoxide dismutase (SOD) activities in d-galactosamine-

induced experimental liver injured rat

Dose No. of Liver cytosol enzyme activities (U/mg protein)
Groups .
(mg/ke, p.o.) animals Catalase SOD

Normal - 6 212.6+14.2Y () 2,2592+111.67 (-)
Control - 6 147.5+5.77" (30.6) 1,691.6£953" (25.1)
Turnip 50 6 188.8+20.5* (63.5) 1,948.8+115.7 (45.3)
Turnip 100 6 192.9+8.25* (69.8) 2,032.3£134.3* (60.0)
Silymarin 25 6 211.8+19.1*%* (98.9) 2,131.2£160.0%* (77.4)

? . MeanzStandard error.

Catalase unit : H,O, pmol/min/mg protein, SOD unit : #Eyrogallol pmol/min/mg protein.

* . Statistically significant compared with normal data (*";p<0.001)

* ; Statistically significant compared with control data (*:p<0.05 and **;»p<0.01)
Parenthesis values are % of protection that is calculated as 100(values of d-galactosamine control-values of sample)/(values of d-

galactosamine control-values of normal)
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25 mg/kg 5o ol A = 2,131.2+190.0 U/mg protein . &
p<0.012] #2138 7+ & SOD B4gA XafdA|sde] <l
A=A

]

a

are] il gt Aalo] Hotar el weh Adxisky
Q) AL FollA 28 2EA Ao tig B4lo] ot
7FAL Utk 58] HAEL 7|F, EY T A¥A A 9
st Ao EAkE0] glom, o vl szt
E2A e oMnt AR Qe FABESEE F9] 3
vpolth, whebA, et 584EQ1 £ E5S F73lL
A} Bl At UEOF jn vitroolX] DPPH 42484, X
Faakatg g Al a=t 2 ojn vivooll A d-galactosamine
W s RS EAE AESS

SakelEAdS AES] Qs Blad QR 3 free radical
¢l DPPHe ol3le] Wlsl= Al g HAE= =g AR
2 3} 253 A3} &F oJES FEE9) EDyel 0.110 my/
mLo] 3, 7+ homogenate % XA 34HsLE A A&
EDs, 22.2 mg/dLZ Ft)Z=FE ascorbateol] B]&te] tha
ofsi} QF5 3k ksl ge] A=A

In vivoell X 78] sl g S AESP] S8l 7h
A3l FEA 2 d-galactosamineS ©]-&3te] H7}al ).
d-Galactosamine> 7153 FE||x] lojA] npolefnAd 71
A FARE HEAS QolE AoR AEA Y0 s
3], d-galactosamine 7 EIA} Bl A2 A o} Zull o]
o= et d4 F5A glucose S FAA1717]
st thAPEoR7F dojut 2k HAE dojubA] Hu vy
A VS A2 FYo] dolus AR HirE o
SERL

urebA, BF o) d-galactosamine® E74Ujoll FALSA &
O 72 HERd S o8ty &5 duE FEES 4
A7+ A AAE & Hge)e] ARE A F transaminase
(AST & ALT), alkaline phosphatase (ALP), lactic dehydro-
genase (LDH)®] &4E459} total cholesterol & triglyceride
ol nA= FIS Frrerict

E3E e 2R oo wEd 7o F4A8YE &4
Vs 5789 &gt vh 9] shiZ d-galactosamine
FrEEEN e 7|28 AHapet hA o] B3y A
Yol wet transaminase’t BF 02 fF2]5o AST, ALT
o] AABAEI} FASA FHETY B ALqMRE d-
galactosamine 2]+ tHZZoA 9] transaminase & AEHA]
T BAA el vlste fold g B kA

o
T

=
[

of

o] FEE U 4 Uit} wEbA, d-galactosamine #@] A
of Al &F- kS FE2ES 7534 d-galactosamine
7454 dita s FES 8 FdA 100 mgkg T2l A
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£ UlEzol ¥ldke] AST ¥ ALT E284%E 717} 50.6%
o} 40.8%%] st A7} JAAFHUL, A5 AT
NME Felgt /i &I} A=A

ALPE 95 €44 7 f8 ALPY] HE S22 wjd%
oo} gt Wigth aixlell oJgh Tlollxje] AEF7IE EF ALP
FAE7} BAS Frkeke Zo® g9A o P B o
TFME d-galactosamine X X2 fbE 7-ds)] 3Fe &
AT ALP B2 =s HAA] /gl vlste] oF 134
o] frofgt SV AAEA 3R HA 100 mgkg A
oM thh ALP R84SR 45 IAlsks AEs Y
ERfivt EAA 0 Rk QI EA] @it 28] 3, LDH
= 7 A AR 25 5 AAWel] ge) B33 transami-
nase®t S THHIE Zofalof] HFol F7Fehe olg@ ol
U A B2} 3 9s) wiel gr15e)Ae] wxgt
d-galactosamine® ¥ 35| #F ] A Fo= ol
g LDH 8485 M| BAkakol H|ale] oF 2.7 A4
T FUMsIsic 9, 9 100 me/kg T tlael] Hl
ate] 85.3%¢2] ol g AR A7F AU

Z#]3, d-galactosamine A X2 f2HE 7s)] EFe] ¥
% % triglyceride FFS Al wlste] oF 41%9] 35
o] JAABHAUAL, AN 100 mgkg Fo -2 2Ll v]3le]
93.2%°] f-ofst A EIE Bk v A F total
cholesterol 3ol thallM = HrhE Hsls #Agdd £ Qi%
o}, AR R R AR silymarin 200 mg/kg Fo 2ol
A 2R 7| Re] WA, FAHE ks olgEAlA d-
galactosamine *X| tZgol] vlsle] F]3k 7t S g 37}
A=Ak

d-Galactosamine ‘5 5AEEE AN Fofste] A
= oxygen radical> A|ET AR shuel Bskxt
2k AR whgol] of3te] BApA 4] radicalo] ]
2HA9} ZAgsted hydroxyperoxideZ AJAJ81H triene 042
E ¥ 32 4HE hydroxyperoxide, endoperoxide, polyper-
oxide 5 A FFkslEo] AJAJ=]] malondialdehyde (MDA)
2 BE ) uebd, 7 Fo A" ARFAE S
TBAY S o|-&3st £33 A3} d-galactosamine =] Tz
& HIA A GAdtel Blete] oF 44%9] frold AW At
sHE ¥4 S a7 BT oojA] HH 100 mgkg
FoFolr e 2 gkl 64.7%2] frolek A @ atal
E FAAER AAZAF Q=S

AE olgske AaAle AdEQ AN super-
oxide radical anion, hydrogen peroxide, hydroxyl radical
53} 712 HkgAgo] & reactive oxygen species (ROS)E A
207 GBIl o] &2 UV, ozone, 37|24, AFdsteki
T 2L 9 ¥o] AFel| QM E ARG wela,
oxygen speciesE A 7 st AL S A A7) = A
mechanism S 24} A58 £ A2 A superoxide dismutase
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(SOD), catalase, glutathione peroxidase (GPX), glutathione
S-transferase (GST) 5o] L&A YUt o5 4% oxygen
speciesE EEAAATIAY AAT 2N EE-2 3
A Aot

B AoAE 7F ceytosolollAe] SOD E4FA TS pyro-
mgallol autoxidation®] A& & X2 =354 -* SoD
£ 0,8 H,0,% AFAI &= 424 d-galactosamine 3|
2 zFelAe] SOD EATYEE HIAR| el vls)
o 25.1%9] Hog 744 Bk Y ¢F 9s 75
E 100 mgkg A AZolM = tlzTl Hlste 60.0%2]
olgt SOD E484 % AsldAl g7t AZHIUTH

SHH, superoxide (O,) radical hydroxyl radicalol ¥]3h
o] "h-g-Ado] Ao superoxide dismutaseol] 2|3l] FHAkE-
TAE AFEw AME JAEAE catalased]] 5o &
F A2z B Ech? malA, o]5 AAES superoxide
radical?t F¥shpa 7t wE 2AEGE Hojske &
Fol e Row gEA Ykt ajma 7} cytosol %
9} catalase E08AE S5 HA Y FEFS HESI
t}. 22 A3} d-galactosamine 2] X] THRF- WX ] A T
o Hake] 30.6%<] I3t catalase AT AT <)
A= Ne™, AE 100 mgkg FoJFolA = ol Hst
o 69.8%2] F-2[3 catalase EATY A3HE AAAIFO] Q1
A= AT}

ol de] Ax=E w|Fe] Kol d-galactosamine X2 12t
H Z2gse] dist oF-e] 2R s age] A= A stress
of that o3 zhg-off 7IQlehe Aoz AlEET

4 £

FEEIAZ O BN Ao OF AAE A 7 A
A1e] Lo Z iy vigpol A FAEEA T in vivel A d-
galactosamine % 7H33l HejRd AHE ARE-3t
Ashie] 2l e g 3E Frreisivh. 2 A% d-galacto-
samine A2 fE 7l SFoA] € F transaminase
(AST & ALT) 2 lactic dehydrogenase &40 tha}
o & AsAdAEA7E AHFH A, 5 T cytosol %
grAksl g 4l superoxide dismutase 2 catalase E 28
& A WA E Bt AR EATE 223, in vitro
o)X DPPH &tz £AE/d5 AAAIslEd 442
do] JAAHAG. w2t & A8 dedE FE2E2
7] R syt e AoE ARy, 1] B35 ]
4 242 7|d€r
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