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Inhibition mechanism of Hizikia fusiforme Extracts

by Carbon Tetrachloride-induced liver damage in SD Rats

Seon-Ok Han

Department of Food and Life Science, Graduate School,

Pukyong National University

Abstract

Hizikia fusiforme grows.mainly in the northwest Pacific including
Korea, Japan, and China, that has been widely used'as food in Korea.
H. fusiforme is a kind of brown seaweed that contains highly nutritious
such as calcium, iron, 1odin, vitamin A and various  biological matters.
H. fusiforme has been known.to exert physiological character, diet food,
antioxidant, anti=hypertension, anti-inflammatory,. anti—coagulate, anti—
cancer, this experiment-has examined effect-of H. fusiforme extracts by
carbon tetrachloride—induced liver damage in SD rats.

To investigate the effects of H. fusiformis extracts (HFE) on the
damaged liver of CCli—treated rats, Sprague-Dawley (SD) male rats
weighing about 160g, were divided into 4 groups ; normal group (NOR),
alone CCly—treated group (CON), HFE150mg/kg BW and CCls—treated
group (HFE150), HFE300mg/kg BW and CCli—treated group (HFE300).

On 10 days and 1lldays, all groups except for the NOR group
abdominal injection with CCl; (CCly: olive oil ; 1 : 1 v/v; 1 ml/kg BW).



One day later, blood and liver samples were collected to analyze
bio—markers. FEach group were examined for the liver weight to body
weight, the activities of glutamate oxaloacetate transamine (GOT),
glutamate pyruvate transamine (GPT) in serum and contents of
glutathione (GSH) , activities of antioxidative enzymes and caspase-3, 8
activity, DNA fragmentation in tissues.

The liver weight, liver weight to body weight ratio(%) in NOR
group, HFE groups were low compared to the CON group and also
were not found to be-significantly different among the HFE groups.

In the CON group, the GOT, GPT activities increased significantly
when compared with the NOR group.. In contrast, the, HFE groups
decreased compared with CON group. The SOD and CAT activities
were significantly increased in the liver tissue of rats in the HFE
groups compared with “the CON group. Restoration of SOD activity
indicated that HFE. can “help in cellular defense mechanisms by
preventing cell “membrane oxidation. Increase~ m. the CAT activity
indicates in scavenging hydrogen peroxide.-The GSH levels were not
found significantly decrease in the liver tissue of rats in the HFE
groups, NOR group compared with the CON group. But, the GSH levels
were significantly decreased in the serum of rats in the HFE groups
and NOR group compared with the CON group. An decrease in GSH
content indicated that HFE also help in the restoration of vital
molecules such as NAD, cytochrome and glutathione. The caspase-3, -8
activities were significantly decreased HFE groups and NOR group

compared to CON group.
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Finally, the results indicate that the inhibition effects of HFE by

carbon tetrachloride—induced liver damage in SD rats.
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oot HEAHom v oy e, bR e
gl fe] ALT (alanine trnsferase)®t AST (aspartate trnsferase)®]
Azt Z71eF FdaH Ao 93 y-GTP (y-glutamyltranspeptidase) 7} A%

o] A w2 7] Frkel ol &=l glvk (Wilco et al., 1995).

o
< 3k

f
(P
>

A} B} ek A (carbon tetrachloride, CCLE WAl #4385 & skl 7+
S FEshe tEAgl SER A weA e A, KT &4
o] Asf, 7tAE2 I A} microsomal enzymes® A & EI SAHS
EHE2 Fo{uy, A=, sl mE SA409d, A, 2 AW
5o FHAghe fdbo] Thgdte] x7])¢ FolEAe mGE el ol
o] g3l Arf AFAsIerA = 21 FHU AT A CCls free radical= U]
A s A2 QIR A ] ‘methyl carbong A8 A ArEE o7
7H548 YEF Y, hepatic lipid®] alkyl?] B A X 312] DNASF 3+
A3s 3o GalE deoziga ¢4 Ay (Gomez and Cstro, 1980 ;
Hruszkewyez et al., 1987). wo]E€ =4 WAL= GSHO| Y cysteine 59
sulfhydryl (-SH). groups@ WH-&-3}o]) ol 55 7| = S| wh algfo = A=
Agee ols sh-EdES 1AAT| L T8 V|5 AE A
sHAdteEA AdAiEntsE doA Ax AEIAE s

(Recknagel et al., 1989).aL <& St} ol FAo=ZHY AAE

i

e

Tote AR v AbA dAbE S AASHE YA HoldAel vjEaE W
oAt ojm &L AWEAE HsE Bad ol oAt 4
th W& AA Wo]QlAE  carotenoids (vitamin A), a-tocopherol (vitamin
E), ascorbic acid (vitamin C) &°] 0L, Eawo] 7]d 2 A] superoxide

dismutase (SOD), catalase(CAT), glutathione peroxidase (GSH-Px),

NADH peroxidse, cytochrome ¢ peroxidase %°] ¢t} (Halliwell and
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oA AlgE £ Adeg® oA A% (Hizikia Fusiforme) <
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(Junsei Chemical Co. Ltd.;Japan) & AF8-3}%aL, A5 GOT, GPT A&
ArLE A efo 2 (Asan pharm. CO. Ltd;Korea) =, catalase assay Kit
(CAT)<}

superoxide 'dismutase assay kit (SOD)E Cayman{ Cayman chemical
Company, USA)E, glutathione assay kit Sigma (Sigma-aldrich
chemical Gmbh. P.O, Germany)-& AF&31%9 ). caspase-37 CaspACETM
assay system & Promega®l| Al 3% 3L DEVO-PNA substrate™ R&D
Minnepolis®l 4], Caspase-82}Granzyme B-Substrate 1 = Calbiochem,
USA9A 918ttt A7) 58 Agaroser™ Seakem LF agarose BMA,
USA9| A, 100bp DNA ladders= Bioneer Co., Korea®l*], = ¢ DNAA ¥

& Al°FE <2 molecular biology &2 % Sigmadl* T3}
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Hizikia fusiforime

Extraction {100%, Shr)

Centrifugation (5,000 rpm, 20min)

Frecipitate Supernatant

Filteratian

Addition of Ethanaol

Supernatant Frecipitation

RO aven dry

Homogenization

HFE

Fig. 1 Extraction procedures of HFE from Hizikia fusiforme




Ao A= AF 1607170 g (557%) ¥ Sprague-DawleyA +3 33
& () AEs (Samtoco. Korea)oll Al F43ke] AF&-3kit)t. g2 ol+
A5 Azt AEtse] 3G AYPAIRE ASAHOH, 47702 FE5te A

ol Akg3lth. APAsAe SR 22+27T, HUlsFE 50£10%, 12A]%F

Fi

=
=

o

AFL7Ee] oAuAbs $ 1098 479 AT o= vro] w4
Aee [Tt 4719 A2 AAT normal group (NOR)3F thx

By

A A~

control group (CON; CCl—treated group)= ZHFF= A7 F3a, &
150mg+w (HFE150; HFE150mg/kgB.W + CCli~treated group)
300mg+ (HFE300; HFE300mg/kgB.Wi+. CCli—-treated group) = %
FEES 10 9 59 15 mA 53 AlZdel sondaez A FoJ 59t
o

AubAtzsh Ho A5 EA 9 £ AmE SFch 1095 1A 5=

bl

o,

oil) 1.5 mlVkgBW<S 23 BZAFASFaL,  AAToE olive ol 15

ml/kgB.W-& 57 FA8L3) .



Male Spargue-Dawley rats (160+10g, 5 weeks old)

Maintained for 1 week at 22+ 2%, 502109, 12 dark cvcle

The animals were divided into three four groups (10rats/ group)

NOR Basal diet 1.5 ml water

+

+

CoM Basal diet 1.5 ml water

HFE150 |Basal dist

+

HFE150 mg #kg BW in 1.5 1l water

HFE300 | (Basal dist

+

HFE300 mg / kg BW in 1.5 rml water

NOR olive ol

o CCLa 1 ml / kg BW (CCly: olive oil 7 1 @ 1)

HFE150 | CCLs 1 ml / kg BW { CCly olive il ;1 @ 1)

HFE300 | CCLa 1 ml / kg BW ( CCly olive cil ;1 1 1)

Decapitation

Fig. 2 Procedures of rat experiment.



CCly & Folshar 1841z A2 A7l 3o ether®Z v}H3Far @73k # A
H3lo], dSolA] 1417 Whx] 3o AAEZ (3000 rpm, 15 min, 4C)3}4]
A

Fede A FEHET0T)o Bgato] Aol ARgslvh 2 A &3

of AYHAFE Ae ¥ 1 TR AR AAA2E F5 YA
WEA (-T0T)e] meshel Aol AHghalt

Zt. GOT/ GPT &4 &4

H A 52 Glutamic oxaloacetic tansaminase (GOT), ‘Glutamic pyruvic
transminase (GPT) &4 2 Reitman-Frankel (Reitman and TFrankel, 1957)
o] Wijel wel &4 8
7129 100 uls Alg &l F7kstal 37Coll A 5#1F WA g &= dH
10 uls weol & 3¢ H= 37CA GOT+= 60+, GPT= 30%3F %A
S 5 Ao A A 100 uls 8ol Aol 207, 04 NaOH &< 1
ml& #7slo] Aol A 1077 ¥HS A7l & B FF A (Ultraspec 2001
pro. Amersham Phamacia biotech, England)= 505 nmolA &3 & =4
7= standard & o] &3} GOT7}F  y=0.001x+0.357, GPT+
y=0.001x+0.363¢] 2]-& 2o} xgtel SHFEE U S)3te] AibstAth

ol Akl &4 SOD &4 =H
SOD¥ superdioxide dismutase assay kitE o]&3}e] =A39t}l. SOD=
cold 20 mM HEPES buffer (1 mM EGTA, 210 mM mannitol, 70mM

sucrose, pH 7.2) 1 mloll F%4 1g-S homogenizer® T2 3}3F 5 A&
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2] (1,500 g, bmin, 4C)3td AT HE F 5] AE3FA T 96-well plate
of AZFH3 SOD standard solution ( 20 ul bovine erythrocyte, sample
buffer (50 mM Tris-HCl, pH&.0)) & 77} 10 ul® 53 o radical
detector (50 ul tetrazolium salt solution, assay buffer (50mM Tris— HCI,
pH &80, 01 mM diethylenetriaminepentaacetic — acid (DTPA),
0.lmMhypoxanthine ) 200ulE #7}38t31 xanthine oxidase (50 ul
xanthine oxidase, sample buffer (50 mM Tris-HCl, pH8.0)) 20 ul& ¥
2027 Ao A7l F 450 nm FEERZ SAS T standardel A
FAA y=0.761x+0.190-2" 4] SOD (U/ml) = {LR (standard 3t/ OD
Y - yEA/T V= A8 AlE o]&ste] SOD#be -3k S

v, gaksl B CAT 244 54

CAT?= Catalase Assay KitS ©|-83l¢] =483t}

CAT+= 01g9] k=4 buffer (50 mM potassium phosphate , pH 7.0,
ImM EDTAZF ¢ Lomle 7P 5 ddstete] e (1,000 g,
15min, 4TC)3F =9, 4.25mM formaldehvde standard, positive control,
samples 272 20 ul 2 96-well plateo] 33 1X assay buffer
(100mM potassium phosphate, pH 7.0) 100 ul, % MeOH 30 ul & #7}3k
% hydrogen peroxide (8.82 M Hydrogen Peroxide) 20 ulE Y il 219
A 2087 wFeAZl ] potassium  hydroxide (10 M potssum
hydroxide(KOH)) 30 uls #7}% purpald (0.5M hydrochloric acid) # 7}3}
o HAo|A 107 HHEAIZl Folpotassium periodate (0.5 M Potassium
Hydroxide) 540nmolA 3 =5 A3t

standardell /] FAA v = 0.254x- 0.161 = ¥ o} formaldehyde (uM)3ts
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ALretA . CAT  Activity (nmol/min/ml) = uM sample + 20min

xsample A% 2 AArE 9o

A8 R kxAe] GSH & 54
GSIH+= glutathion assay kit (Moron et al., 1979)E& o]&3lo] =433
o 7rEA¥ 5% sulfosalicylic  acid  (SSA)  £98  HIbgha

homogenizer® T2 3tA| A HA| A 37C water bathE o] &3t &2

B Es 23] WA 4T A 5k A5 5000 rpmell A 104
T PRl AP 43AL Agsdth @4 8 43, Blank %

96-well plated] #Hstal working mixture OZ H7}ske] A Lo A 5E7F

jud

S A7l 302 mM NADPHE 21 33le =z &3}3k

o
59|
.
—
w
>
j=3
5

reader® 412nmol A 187 ACc R 587 23T E =239}

o}, 7+xA o)A Caspase-3, 8 &4 =4

Caspase-3, 8 &4 CaspACE Assay -Systems 23 o] AL&3}¢)t]).
7F#AS lysis buffer (26mM HEPES, 5mM EDTA, 2mM DTT, 0.1%
CHAPS, pH7.5)el w23t AlA Y4F2( 12,000rpm, 5min, 4TC)3t A5
e ALLETE AE S BCA protein Assay kit (PIERCE, USA)Z &
My FEE FAse] dWE FRE S0mgd FLIA FHAste]l 96-well
plated] caspase-3 oA+ DEVD-pNA substrateE #7}sle] 37C, 247
30 &<F WHSAlA 405 nmoll A FHEE A3 Ah
Caspase-8&4 =AA] Granzyme B substrate 12 #7}sle] 37C, 247

30

!

b WESAIA 405 nmol A FHEE ST

2

_12_



A+ DNA ©3H

3

HxAE FHI TE buffer (10 mM Tris, 1 mM EDTA)® 37
homogenizer® & 3A7A AAEZ ( 2000 rpm, Smin)dte] FE=dS W
23 pellets  70%9 ethanol® A& 3ar AZA7A TEbuffere] ¢
260nm SH =S ZAH3Fo] A3 5 1% agarose gelol 70VeolA 2417+ 30
w3 A7ldEstdeh A7) FEo] Evk F 1X Redsafe (Nucleic Acid
Staining Solution)® A 3le] A B27) oA B2tz tlxdE 7hd
2 #Fgstith

il
|

A FAANE A474e wHE Fid EFHA (meantSD)E AHES)
o #7|3tloy, e A=+ windows SPSS 10.0 2 =13 (Statistical
Package for Social Science, SPSS Ine., Chicago, IL, USA)S o] &3}o] 3
2 3}, HHE=Aof 9]¢ ANOVA test®} Duncan’s multiple range test

E 4&3vh e A4 ot FE2 p<0.05004] A E.ekT
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Table 1. Proximate composition of Hizikia fusifome and HFE

(%)
Moisture Crude protein Crude lipid Crude ash Carbohydrate
Hizikia
3.77£0.04 13.97£0.05 1.46+0.05 27.32%+0.26 53.47
fusiforme
HFE 11.59+0.02 5.02£0.06 0.15+0.03 224 7E£0% 61.07

Carbohydrate = 100 - (Moisture +Crude protein +Crude lipid +Crude ash)
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NORT< 7.34%0.1(g), CONT< 1051+0.5(g), HFE1503% HFE3007 2

9.7+0.4(g), 9.7+0.5(g) .2 CCl, FoJol <3 7+ nth7} vpebskuh. A 5ol

g 2k S ¥l NORTS  314%0.11(%), CONT-&  4.33+0.23(%),

HFE150-2 3.96£0.11(%), HFE300+-2 4.01£0.25(%)% 1}Elt} NORel 4]

g CClL, o5 FololA f942 &712 vEryton, HFEF o 7ol A

NORol| = " A =] ¥3tA §F CCL &5 Fof el vl A ivt. CCLel ¢
A2l

s H=go] Fu

CON=, HFE150:%, HFE300<°1 4% NORel W& 2t

o] uithel T T WEGo] foFer T sk, CCLE HA HE5Ao

F2E CONwollA NORw®i} ZFFA/A e w7k o EA ek

Bl (Jin et al,~2008: Kwon and Nam, 2006)¢t-<42 8-S w3t CCly

FEE 54 A ug T S Watg S HFEIS0w ¥ HFE300
C

S oEAQ Aol PAAT CONTel val o4 248 u
Ho

—_

ST
B
o

°
iy

o2

=

I HFES] Folz 3 &8-S dF AAANZ Aoz A4

na)
=

_16_



Table 2. Changes of body weight, liver weight, liver weight/ body

welght ratio on acute hepatotoxicity by CCl..

experimental Body Liver liver weight/ body weight

group Weight(g) Weight(g) ratio (%)
NOR 234+8.3 7.3440.1 3.14+0.11°
CON 242+5.2 10:51+0.5 4.33+0.23°
HFE150 246+8.7 9.7+0.4 3.964+0.11°
HFE300 241+6.4 9710.5 4.01+0.25°

Groups are the same 'as in Fig.2.
Values are mean+S.D of 10 rats per each group by duncan’s multiple

range test.
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Fig. 3. Photographs of liver after CCl, or CCl,; with HFE.

Groups are the same as in Fig.2.
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3. CCL % HFE®] Fo7F &% 34 A= nA= 4%

7} CCLY HFE® o7 dA Glutamate Oxaloacetate Transaminase

(GOT) ol vA= 4%

B A
ol 49 o] BAe dH RVt el CCLE =Y 1 &42
2 HFE FolA dFos WEHE E4F 2y 2 Ay GOT, GPT
B2 A CCLE- A3t tAledl ols CCL2l free radicale] A4
53l ©]& free radical®]l membranes I 3kal MZ Ul EA)3= ol &
a7t dFoz WEHo o &@Aael Aol AP Glande et al,

1976: Reaknagel et al., 1989).

ﬂJ

I 2 8 ol A] NOR ¢l A] 226.43+16.82(U/L), CON=Z ol A]
282.57+248(U/L),  HFRE1B0olA | 264.29+17.71(U/L),  HFE300 ol A
266.43+28.22(U/L)Z e} NORZHTE CONT oA feold oz =4

wrow  HFEW -CONT¥e Az 5989 o) A A7 CCLY
EAFAL] o8 7k &l idolw &gl & 2l o= CCLE f =+
&4 A] HFEF97F GOT &43& AAAA7 A= 23 o=z ey
o} (Fig. 4 ). 28y Rat®] CCL F% 7+ &4 ek 3w Al FALA <
23 (Jang et al, 2010)9F W& & CClFo] ol A B Ador AAF 1
ml/ kgBW7} 2F £438 3537 d5 AR wol Fod Az GOT

9 99 fzol

i
N

—_—

o|\

7hek Ao ® Wl

i
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Fig. 4 Effect of HFE in GOT level.
Groups ‘are the same as in Fig.2.
Values are. meanzS.D of 10 rats per each group by duncan’s

multiple range test.
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2 ol EAEE obvxy] HolEaR F &4
Hol b &40 NER o]gdrl CCLFSE CCL2 free
radicale] = @ A3} w-8-3o] menbranes M3 A E ol £
GPT7F dFo=2 wEsoe] dF GPT7F 4sHth (Glende et al, 1976).
o]9} ko] B Ago|A GPTEHAL NORolA 1844+1251(U/L), CON*
o] 11357+11.81(U/L), ~HEFE1503 | A 94.71+41.94(U/L), HFE3007" ¢ A]
100.57+33.42(U/L)%= WEFY NOR# vl 3k vl CONZ, HFETOIA
o3 Z71E B CCl, o gt b &8l FEEHASS G AT 2
#u HFEZAAE $7H8 GPTEA S /94 #7208 aryAe %
gto] HFEFo{7} GPTE#A A #&de mAA 33te Aog Holxin
(Fig. 5).
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Fig. 5 The level of serum GPT in the experimental Rats.
Groups. are the same as in Fig.2.
Values are meantS.D of 10 rats per each group by duncan's

multiple range test.
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4. CCly 31 HFE®] Foi7} kx4 F¢f @4kt 34 @] viA= 4

(
o

7k 2 SODE] g/ Wzt

Superoxide dismutase(SOD)+= AU 244 3iks; ol 74 F9 sk
2 F =2 mitochondriad] EA|stH 440 HAkstES AF wkE
gto] HoO29F 02 HABAA ol59 A4S o=z Absa &4 ¢
212 wrojo] #ojdts Aoz 4 A At} (Rosen et al, 1993).

243 A% NORwY  24.06:149(U/mbel  vl&]l  CON9]
14.95£241(U/mbel A w49l A5 yEHen, HFEIS0W
17.77+£1.54(U/mD3  HFE3003 18.93+2.24(U/ml)Z NORw o & v A =] X
kA ¥ CONvroll vlal] o4l T715 Bl ike&d 3 free radical
A A= CCLESE £A44 35 3} (Borek, 2001) H.are} 7+

of\

=
o

o] HEF1503 HEF3002] SOD &4 5717F NORolli= & A x|wk g
Aol Z7hsle AL B o o5 HFEEYE CCLY s AAdw &4

A (0)E Ak 28] e & AUMNE (Fig. 6).
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Fig. 6. Effect of HFE on/SOD Activity.
Groups are the same as in Fig.2.
Values are mean+S.D of 10 rats per each group by duncan’s

multiple rangetest.
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t}. Catalase®] 24 ¥z}

Catalase= WH-& Z7|4 Axeo| EA3ta AASHE FAkstar=z QA
W g2 dabEE Rl E g9 el 1 A, A AelN =2 F
WA AT ( Johansson and Borg, 1988 ; Wheeler et al., 1990). catalaset™
Aol A A e 2F4k3}t, F7] &9 A3}, Superoxide dismutase ©f 2] 3]
B3E O Otf 202 &8, sjdA 7= Absh, ghel 3am o
o] O R EAEY] BEIAE FAFY peroxisomeo| F= X dlal
H:0: F7Fel w& A& Holshs 297t vt (Gutteridge et al.,
1983)aL e A Jom H0. 657 we W F2 L&3vha Bl HAo
(Dolphin et al., 1971).

2 g AE CAT9 2ol CONEel 2.74+0.19(nmol/min/ml)- NOR
T2 3.44+0.57(nmol/min/ml) 3} HFE150 2]  3.25£0.42(nmol/min/ml),
HFE3007 9] 3.27£0.48(nmol/min/ml)3} o & o2 31A4sk AL & o tf
o) H:0:.7F A4 o] CATS am7F dojuf Fad Aoz A7hw o)
CCLell 93 7+ &=24Fe] dojutk Ao = HQlYy CAT Activity 7} HFE150+
3t HFE300<Z ol 4. NORsZell =3 shA &7do] F7F3 A& HFES] F7}
HitstE S AT oZN K SRS AT AR oA THFig.

8).

MX
o
FU

Pr(
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Fig. 7 Effect of HFE on CAT Activity.
Groups are the same as in Fig.2.
Values are mean+S.D of 10 rats per each group by duncan’s

multiple range test.
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oo "@d 3 24 9 GSH €44 W3t

GSH2 Ade] H54E4dE al5A71 dodoy DNAS Hd, ofv e
2719 olE, AgAe 24, EAMAY fE 7]l g% AXE 23S 4
wakE & Ade] F88 whEo] #odit}t (Parke 1993; Meister and
Andewson, 1983). GSHE H, O, 9} 3413448 thAA] 7] = glutathione

o

peroxidase?] 7|deo] Ho =z Axu IFAE FAAAE 7HH SR

K

s w@sta vk GSH7F o2 fEdw b AXAXTE A 2y
=

o

nEF=gole] GSHE &2 o024 GSH 23to& CClL 9 54%
oh 2 AP Aldstet e Folz GSH ko] 5949 Aol A ut
CONT9] 83.25£21.82(%) 1 A+ NOR 2 100+ 182(%) B} 74w AL
GSHE 71&d= 3t H, O, & AlAz= GSH- Pxo &4 F7F2 GSH7}
2RE Ao Hoxv, HFEIS02 11248+16.02(%)¢  HFE300 <)
114.82438.87(%)°] NORTE.T} 53k AL HFEQ 9= free radicalse
2718 GSH-Px9 AR7FZFolE 1 2M GSHe AF#ko] 7238 A
2 HAZY( Fig. 9).

o) AR ZAZE ARE @ 2ol A GSH7ZE dojow fEAv) dejom
2% GSH %% wd NOROA 100£29.48(%), CONOI A 198.7+13.46(%),
HFE1501 4] 169.13+18.25(%), HFE3000 4] 170.43+21.66(%) 2.2 CON©| 4]
7Hd wol WEHAAL NOROIA 7Hd wrekvl. HFE1S0¥ HEFE30001 A=
A Fo4dLe gldley NORw FEutheE 371893 CON HUh=
FoH oz Zadle] CCLE 49 ztol HFE FoZ 7F AlX9] A}

9% GSHE &S o= A% odAss 8o 9 Ao g7en
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Fig. 8. Effect of HFE on GSH content in Liver tissue.
Groups are the same.as in Fig.2.
Values are mean+S.D of 10 rats per each-group. by duncan's

multiple range. test.
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Fig. 9. Effect of HFE on GSH content in serum.
Groups are~the-same as in Fig.2.
Values are mean=S:D of 10 rats peneach group by duncan's

multiple range test.
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5. Caspase &3 DNA 43

7}, ZEE2 Ao A 2] Caspase-3, Caspase—-82] &4 =4

AEAE L AZ R 22aPd A5 E wel oy fFaxEe] Tage
24 dojui= AA(Choi 2001) S % caspase-3, caspase-8& F3 A X 7]
dg ZIE  caspase’t @/dstH o], AxAbd el Aotstd dEjeh4 W
Z f¢3vt (Igney and Krammer, 2002). SA3lE caspase-82 U} &

caspase—-3= A4 Ao EZHN M EAES fE=skt) (Lim 2006). o] gk

N

2

caspase?] A&7k £k dojA Al EApHe| <A 6]t (Yin and Ding,
2003)

o Aol caspase-3°14  NORE©S]  100+12.92(%)=  CON-2
132.1+£8.16(%) ¥ HEE150+" 2] 108.53+10.84(9¢6) <} HEFE300+ 2]
115.19£6.16(%6) 3.1} o d o2 srola Ik &gdo] dojufA @ Ao
e AL, HEEIS0w2 HFE300w 3 &3 oA 5% o&E4Q o5&
b AAIRE NOR Eo2 &4do] Has U COLH=E Fo4a¢ CON
wET HFE1S03: 3 HEES00%:0] 2] 4 o gt Axsfof A HFEZE Al 2 AHE
S AAEtE B S Ao=E A7FETHFEFIg. 11).

caspase—8°l A CON+9] g o] 153.55+12.17(%) = NOR+ 9]
100£5.94(%)<F  HFE1509] 120.51+9.5(%6), HFE3002] 123.62+8.04(%)
wrh fojAo R Eokow HFEW S NORWHUNE Ehoit CONxT)
T fFodez #ZAaFvh HFEISOW ¢ HFE300w & k& o&4 Aol
Stk CCLell 93] F=d H4 1 &4olA HFE7F AlZAPd el 3o st
+ caspase-8 @A AAE Fal 1 E4E JAEtE AoE o AZIHFig.

10)
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Fig. 10, Effect of HEE on caspase-3 activity from SD rats

treated with-CCl,

Animals were treated as materials-and ‘method and collected

liver tissues.
Groups are the same as in Fig.2.

Values are mean+S.D of 10 rats per each group by duncan's

multiple range test.
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Fig. 11. Effect of HFE-on caspase-8 activity from SD rats treated
with CCl, .
Animals were treated as materials and method and collected
liver tissues.
Groups are the same as in Fig.2.
Values are mean+S.D of 10 rats per each group by duncan's

multiple range test.
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v}, DNA ¢33}

CCLel 98 AxEAbdol Fgl M¥EoA HFEY AR Zol that A3
A<l WstE DNA @HsE Fa&f Fdstr] 9 x4 F2 DNAS
Tz wAs Huls #2223 NORw ol A= DNA w37t
dojuhA] kil CCLE Foldh ZE o)A DNA @#H3 7 #FH
CCLY=+rl CONto] @37t v wWol #zH¢lal HFEW oA DNAW
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