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Protective Effect of Laminaria japonica Extract Supplement

on Carbon Tetrachloride-Induced Hepatotoxicity in Rats

Mi-Kyung Kim

Graduate School of Education

Pukyong-National-University

Abstract

Laminaria japonica is a category of large seaweed plants that can grow to
more than 200 feet in length in underwater forests. The brown algae contains
several vitamins and minerals with many nutritional benefits and has been
widely used in native-diets mn=many countries. The liver is an organ that
plays a major role. in “metabolizing endogenous and-~exogenous materials. CCly
is a well known potent. hepatotoxicant and-has primarily been used as a
chemical to assess hepatotoxicity In animal experiments. This study was
investigated the changes in various biochemical markers related to
hepatotoxicity in groups pretreated with Laminaria japonica extract(L]JE)
following CCly administration to assess the protective effect of LJE against
CCls induced acute liver injury in rats.

Experimental animals were divided into 4 groups, control, CCla and CCls+
LJE 150, 300 mg/kg treatment group, with 5 rats in each group. The rats
were administered orally with doses of 150, 300 mg/kg LJE for 10 days. 3

hour after the final treatment, all groups except for the control group were



subjected to intraperitoneal injection with CCly. One day later, blood and liver
samples were collected to analyze biomarkers. For this study measured not
only the activity of serum enzymes(GOT, GPT), which are used as indicators
of hepatic injury, but also the antioxidant enzyme activities of liver tissue
such as GSH content, SOD and CAT activities. In addition, EGFR expression
and CCls—induced apoptosis of the liver by oxidative stress involving changes
in MAPKs were analyzed by Western blot.

The following results was obtained from this. experiment. The activities of
GOT and GPT were significantly higher than that of the control group,
indicating the damage of liver tissue by CCly-induced. But, in the LJE
groups, the increase of GOT and GPT activities were markedly decreased.
The hepatic SOD, activity of the group that received CClid alone was
significantly increased. And hepatic GSH content and CAT activity of the
CCls group were lower than in the control group, resulting in liver damage.
On the other'hand, the SOD .activities of the LJE pretreatment groups was
significantly decreased /compared to the CCly group. GSH and CAT level of
the LJE groups were significantly increased. Therefore, The increase of
antioxidant activities in the ~LJE groups reduced oxidative stress by their
scavenging effect on the ROS. EGFR responds to a diverse array of ligands,
and plays important role in various cellular proliferation and invasion. MAPKs
signaling cascade represents one of the intracellular signaling pathways by
growth factors and oxidative stress. Western blot analysis also revealed LJE
attenuated CCls-induced EGFR and MAPKSs activities in livers.

In conclusion, it is identified that LJE has a protective effect against

CCly-induced hepatotoxicity.
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v HAAEe Fe ARom B-142F9 B-D-mannuronic acid®t a
-L-gluronicacid®] 912 % ¢ dAH SIdudFolct. 3 Fd2EHEZE A

el S5y Al FF A H wE vle B ook Wy
S7F @9 2 HAAE At 59 A #A4E e AeE dHA v
(Nishino et al., 1989; Nishino et al., 1991; So et al. 2007). Fucoidan<-

EE dxFe S8k #8A4 vdFE 4 ol S &3 A

=

Sl heparindt Aef4 Edo| fAkste] & & 2 2 A
vheksl Ae]ld 7S 3t (Colliec et al, 1991; Do et al. 2005;
Hang et al, 2005). 3 thA|n} Fo i AFEA d433E 5 3y
¢l laminaring @F st &80l U= AOE Wi gt} 1Yl v

Alvtel g g ke g2 o x| ut, T8kt e o] 22 glutamic acid,

ol

aspartic acid, alanine ¢ o}ujx=2ko]  FF3It}  (Penman and
Sanderson, 1972; Kim and Kang, 1998; Kim et al., 2000). ©]¢} #Zo]

FAQ W YL T %E pAEke] Las gAYl Bak A7t

= 71, o] A A

fEAd 2 54 EH F syl AM9EEA (Carbon tetrachloride,
CCl)+= 1718w e stz de] AgEo] o FAo AA=ZA FTY
fozE I, A Fo] AFEAR AdAFelA AREHI A

(Anita and James, 1989). A@ Aoz F=dA A+ 2 74 U= F9oq



Al AR B Xk A HhE g4 ske] A Ao Absh, @] WA T
o] FA HA2EES FEdtha ¢elA At (Robbins, 1987).

At e AE FAIXE2] microsomeo] 4] NADPH-cytochrome P-450
electron transport chainol] 93] tHAFE ] carbon-chlorine ZA$}9]
trichloromethyl radical (CClz®) 2} chlorine radical (Cl-) 3} 722 24 AL
£FS AATT CClhe = AHAEA 9 WFHE-3}9] trichloromethyl peroxy
radical (CCLOO-)= 2t w a1, o= A E=e] <lx]# el polyenoic fatty
acid®] methyl carhons +243lo) Ay ilstE of7]3kt} (Recknagel,
1976). ol | ksl =o] Hafat

s e Ady wNA G AN 58 QeA Aud WAL fLas o

59| endoplasmic reticulum® T

m{u

A, HEHow TAE FAR oofAE | FAVIHAES kA A
(Halliwell and Gutteridge, 1985).

At ster Ao whAd T L X E ARl Adto] wheke] dE AERE
trichloromethyl radical®] A¥W] GSH X33
Aol EAEARE E8gtkell Fo] 'EAskY, AtsiAl 2 vk FE 9

54 9 We Aestd 2Bk dlst Al Mol 7] A Fagk Q%o
t} (Vendemiale et al 1989). GSHE AXW g9A=2A v 2 =2
AVE 23 A X $4, disulfide exchange ¥H& F71, 91 E2 o] )
At Tl A7 AR AHAE tAtEd S 53 5o T
o] At} (Kaplowitz et al., 1985).

of g} o] A= AbAEtE Aol o] AR &gikao] wigh Wl V)
Ae ZFar ey, AbstE AAsAY AA= =d2E FAEA
(antioxidant)#}3l &}, superoxide dismutase (SOD), catalase (CAT),

glutathione peroxidase (GPX), NADPH peroxidase, cytochrome C



peroxidase %3 Z2 WAdA A3 &
tocopherol (vitamin E) $3 #& kst &2
AN E AASE] A A&zl AbEtE WA ST (Davis, 1986;
Moskaug et al., 2005, Wayner et al., 1986).

Al el vhkdt AR o] FdtsE e AbstA 2EdAE A <kl
EA ke FAakstA ] AAHA R, AbstA 2Ed AT FikEA o]
S zHstel AAFA FE3td DNA W33 754l oste] kX
2 APE Aol FojstA #Avk (Fridovich, 1978).
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phic factor7} #Hofsl= Aoz A Qloh 18] AAole FH oA +
B & = insulin®] Y glucagon 59 =&EE3 hepatocyte growth factor
(HGF), tansforming growth factor (TGF)-a, epidermal growth factor
(EGF), tansforming growth factor (TGF)-B % o2 7% A& A Eo]
2hgsle Ao 2 ¢ A.9lt)t (Noda'et al, 19887 Taki et al., 1990). &
A AE F TGF-a-u HGFE= AXEF7FoAA = Gi7ledA s7]29]
transition %<¢toll 283} (Fausto and Webber, 1993), EGF¢ 7%=
olgnt A o TFAXE A9 7HY X7 (immediate-early phase
&b wRo] A3 Frtste] Gooll A G718 AT ALl UAA L T8
Aol 553 9t} (Ebergard, 1995).

Epidermal growth factor receptor (EGFR)T % @& 2 extracellular
ligand-binding¥ transmembrane domain, intracellular tyrosine kinase
domain® = %Y, EGF o]®o% EGF family¢l heparin binding
EGF like growth factort} TGF-B 3% ZA3 3ol tyrosine specific



protein kinase’} @3-tk AxEe] A B3 AE APE, o]F % Aol
ZA 3= EGF family2A] 471#] E7¢9 @z EGFR/ ErbBl/
HERI1, ErbB2/HER2/neu, ErbB3/HER3 1|3l ErbB4/HER4¢] ¥ &3k,
3] ZbAES] EWel Q= EGFRS] A ¥Z W tyrosine kinase domain

ol
o

i

o] autophosphorylation¥ 3. transcriptional regulator®] A& Z 23}
gl A o] Fald 73l g8k} (Raper et al., 1987).
AZAPE S AE UFo 2209y M E ne)l oy fFHaAEe] ¢d
ozx dojui= FAHoltt (Choi, 2001). Mitogen activated protein
kinase (MAPK) signaling pathwayE A3 AX 52 2 23} A XolF,
AZAPE QARG 53 ZEe A=A ARl dojuA dr. MAPK

signaling 'pathwayelli= Ewhd o= pdd4/42 MAPK, extracellular

£

signal-regulated kinase (ERK), c-Jun N-terminalkinase (JNK) % p38
kinase o2 UFojX|H, o|& & FHA|xEe] Aldeli= ERK, p38, JNK
sol AbshA &GN ol RIAEE Fa% JE8S 3w Ao Wi
3 ¢)t} (Lin et al, 2007; Suzuki and Tsukamoto, 2006). ERK:= A%
a2 E3E sk AEE] S8 el @A st H A A FAE
e AEAPED A SR Zggrh INK9F p38e UV, & 59 AX
2Ed 2o tha)] #A3stE W apoptosis, transformation, W G w0 o]
=5

7]l &3ttt (Nair et al., 2004).



1. 238 A5
71. A8 s E

AFEEZ 55H @ A= 150 g9 S.D. (Sprague Dawley)A &4 3
71E SAMTAKO (Korea)oll A F+8to], 743E o] Ab=salo] 27 4
Ao AL AEFEL2 25 20 £ 2T, 5% 50 £ 5%,
12717 BkF7]e] AbsAol A stainless cageol 23k A3kl oM,
2ol dnk g AtE o By A Faste] AfEol AAHSNESE 39

.

DR

. A 2 AE

oAl AREEE ThAlpRE 2010 1€ FAb3 A 718w g i
v FA A AHE AE dste] AmE ARSI

Ao AFEEE GOT, GPT A& A" HARE A|oFS ofibA| o5 2 3| A}
(Korea) A& AF83993, Glutathione Assay Kit® SOD assay kit
Sigma Chemical Co. (St. Louis, MO, U.S.A) AEFS AR



Western blot A& o] BCA protein Assay Kit (Pierce, USA)E Al-&
319 2™, Protein standard marker® dual color marker (BIO-RAD, CA,
USA)E AFE3IA Y. antibody® Santa Cruz Biotechnology inc. (Santa
Cruz, CA, USAAIES 93843, detection regent® SuperSignal
West Pico Luminol/Enhancer Solution®} SuperSignal West Pico Stable
Peroxide Solution (Pierce)& ©¢]83%9d KODAK BioMax XAR Film

(Rochester, NY, USA)Z &<2l3} 9t}

2. A8

7}, Alze] ZFA



& A#sen, oA A

Aol ALg ekt




I Laminaria japonica powder l
|

l Homogenization l

[ Extraction (RT, 3hr, 408/1) |
|
Centrifugation (3,000 rpm, 30 min, 4T) l

g 3 Vohmme of EtOH

|
I Supernatant |

]

| Concentration |
[

| Freezing dry I
l

I Laminaria japonicaExtract l

Fig. 1. Experimental manufacturing process of Laminaria

japonica Extract
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A W& 150 mg/kg T4 (LJE 150 mg/kg group, n
D AW EE 300 mg/kg + CCl

D AW EE 150 mg/kg + CCl
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Male S.D. Rat (15010 g, 5 weeks)

¥

Acclimatized for 1 week before the experiment
(temperature : 22417, humidity : 50410 %, light and shade 12 hr)

)
Oral administration respectively for 10 days {150 mgkg BW, 300 mg/kg BW)

1 2 /3 VT I 9. 10 1(day)

CON 5 CCl4 intrapentonealinjection, Fasting
o : {exemption: CON
14
* CCla Oilive oif = 1:1
LJE 150mg/kg + CCla 5 (CCle 1 milkg)
LJE 300mg/kg +. CCla 5

Fig. 2. Experimental design of rats

_12_



CCLell o&l =9 3F Z4dd mAs dof B3t A gl GOT
GPT 273 Reitman-Frankel®] W] we} SA3vh GOTS GPT
7129 100 uL-E Al g e 2ar 37CoA] 521 WXx3k § &34 10 uL&
wol # Eek vk, 37CAA GOTE 60, GPTE 3031t A}
AR 100 uLe H7bsto]l Aol A 207 WA Ekal 0.4 NaOHE-< 1
mLE 7}ste] A2 1087 A S So FFAEA (Ultraspec 2001
pro. Amersham Phamacia biotech, England)= 505 nmeoll A &3 LE =

A9t

AAE 5 05 g& 5% SSA 8N4 07 homogenizerE ©o]&3Fo] 4T oA
5e-7F Hx] 3 10,000 goll 4] 15%-3F

_13_



glate] A& 4EdS GSH 555 437 3 Zadoz o
£3Ac}t. A=y GSH assay kit Standard solution2 96-wellell 2z}

7} B3 v}S working mixtures FH7FEar Ao A 5EIF wkg-AIZ]

al

% NADPHE Y il ELISA plate reader® 412 nmoll A 587 "= 3
T AR FRHEE FASSTL

(2) 3+ x42] SOD &4 =74

SOD @4& xanthine oxidase®t hypoxanthineo| <& AAE=
superoxide radical detectionS ©]-&3}le] =4 319t}

AN F/2HE Mttty 2RSS AV f5ke] 03 g& 3 mL
SOD buffer® #2A3} A7l $ 1,500 g, 4T, 6523 A2t 4 4
ZolS gagor A&t 96-wellel]l Sample®t SOD StandardZE 7}

—

ZF 10 pLA, ¥F3 3 34 A7l radical detector 200 L= #A7}3k the-

xantine oxidase 20 pLE Yi=rh A 204 20837t ¥ Azl § 450 nm

Catalase B4 4% 4L catalase?} methanol 1|3 H0.9] ®E
S0 2 AAF formaldehydeE =4 3= "W o]t}

Rat?] 7+ 53 5 A dslo] buffere] 2 #23 A7l L,
10,000 g, 4T, 15 min YAFs A4S ARG FS A,

bz} 20 uLA EF8kaL, 1X

o
N

Formaldehyde standard, Positive control
assay buffer 100 puL , MeOH 30 uL & # 7} ¥ hydrogen peroxide 20 u

LE Yar 2204 208 =A%t} A7 Potassium hydroxide 30 L=

_14_



H7hd e purpald 30 uL BFste] Aeed 10% WA @ o
Potassium periodate 10 uLE #H7}stir H=olA] 5 ¥H-&A1Z1 5 540

nmo| A FHEE YeRY ST

o

i

4 dmAd atyg 9 HA (Western blot analysis)

7 245 0.1 mg F3te] RIPA lysis buffer (2 ng/mL pepstatin, 2 u
g/mL Na3VO4, 2 pg/mL NaF, 1 ng/mL aprotinin;.5 ng/mL leupeptin,
10 pg/mL phenylmethylsulphonylfluoride) 4:ol A} homogenizerdt v}S
A (12,000 rpm, 4T, 20 min)ste] FFhs 3l @i d 5
= BCA protein assay kit= =A3la, gld okS 50 ng/lanel®
A #3lo] 3X sample bufferet 48 $ #olar 10% SDS-PAGE geld
Western blots A3, ojw] EEEA=F-2 dual color markerE Ab
£33 th. PVDEF membrane (Millipore, USA) 9ol & 2t} Membrane<-
0.19% bovine serum albumine (BSA)= blocking gk & L2} Ao A 3}
FRF EFQE 4TolA whEALTIAL) o)zl g Aol AL-2A)1%F whE-A| F T} Super
Signal West Pico Stable Peroxide Solution¥} Super Signal West Pico
Luminol/Enhancer Solutions AF&3e] KODAK X-ray filmol 7334
A Ael & scanningdle] W2 W= 2 protein expression FaS 13+

.
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FH2E Window-& SPSS
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10.0 2 =19 (Statistical Package for Social Science, SPSS Inc.,
Chicago, IL, USA)& o83t AHelste] #4319k v A9
zkol & H7bet7] 91814 Oneway-ANOVAE of&3talal, 7k FJd 119
o4 AEE Duncan’s multiple range test® #2A3}¢it}h ojnf, m&

EAA o 5L p<0.0500 4] Ay Hgho
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< 40.03% = hERET
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Table 1. Proximate composition of dried Laminaria Japonica

powder and Laminaria Japonica Extract

(unit: %)
) Crude Crude Carbo-
Moisture ) o Crude ash a
protein lipid hydrate
Laminaria
] ) 6.30+0.13  10.70£_0.08 . 1.09+0.03 15.18%+ 0.12 66.73
japonica
Laminaria
japonica  2.18f 0.06 9.15 £0.18 = 27.79.£0.15 60.25
extract

*'The content of carbohydrate was calculated by 100 - (Moisture +Crude

protein + Crude lipid + Crude ash)
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Control CCl, LJE 150 LJE300

LJE - - 150 300  (mglkg)

CCly - + + +

Fig. 3. Effects of LJE on histopathological changes by CCl,

CON is control ‘group without CCli administration. CClL (Distilled

water 1.5 mL/l rat) and LJE 150, 300 (LJE 150, 300 mg/kg, i.g) group

were oral administrated to -rat for 10 days before CCl: treatment.
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Atdslgla Fojo] mE A XE £49 AEE GOTS GPTY 4& =
L ¥ Karmen unit® Fig. 4. ¢ Fig. 5.0 et}
GOT &A% vzt vuste] B o Adsies ds 5
4 7 Fsksled, LJE 150 mg/kg, 300 mg/kgs- CCliarell 1]3he]
Pkt GPTe @4 34 Zyes dixael vy
CCLre freodoz Frhstddal, LJE 150mg/kg, 300mg/kge CClsirell
Hlske] GPTe] &/ o] wolst).
GOT$¢ GPT Al Ul TCA 3 2ol o} thalat=a} ofv]it Aol

ol /] olm| 7} HolE ZAsLE @ Aottt GOTI aspartic ‘acid® o}v| =

o

ol
ol
2
it
o,
5

2
M
flo
do
lo

71& a-ketoglutaric acid®2 HACJAAFTE B4Z ofn|w7|7l Aeo]xH «a
—ketoglutaric acid<- glutamic acid®] % 3L, aspartic acid<- oxaloacetic
acide] ¥t} GPTE alanine® ©o}v=7|= a-ketoglutaric acid® @ 9]
ANAFE 42 olnw7|7k do]¥H ™ a-ketoglutaric acid< glutamic
acid®| ¥ 3L alahine<= pyruvic acide] ¥t} (McPhalen et al., 1992). ©]&
Bav I A, A el BolE o] S0t dF e 24
A7 g ez &#A ATt (Gabriel et al. 1982). Hgk carbon
tetrachloride, thioacetamide, dimetyl nitrosamin % ally alcohol & 7H=
A =2 wAFolR e pdsto] iy A 3 EA0E % T
Aol At rxAe I g uh o=
aminotransferase’} 25 o] ¥ A7 yERYE (Balaze et al
1961; Reitman and Flankel, 1957)

a2 e FEE FRo)d (ULF)Q 7+ 54 1
A GOTSH GPT FAA A CCL =9 4% vz
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O

§ 2 Qe GOTe GPT &4 €/do] oF 3.34, 3.78 F7F3k3laL, Al
29l ULF2S iz vl 3918 ol 29.8%, 48.15% zHaste Ao
2 Yebttl (Nam et al. 2007).

oo CClLralld &3 GOT 9 GPT &4do] thza3} vust

of W GOT 2 GPT B4AuT #4350 2k Aae B3 o9

t} ol A3 e A Fo 2 A4 1 FHel 7 FRHASS YERHATL
22131 150 mg/kg, 300 mg/kge] AV FEET AL EHAE A F
o3l AT AE3E A @E Fojto] vlEA] GOT, GPT &4 A

o] B =sjo] 71 £4el tlskel WE E#FE vheh= Ao sHelsy
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Fig. 4. Effects of LJE on serum GOT activities in CCli—induced
rat

CON is control~ group without CCli administration. CCL (Distilled
water 1.5 mL/1 rat) and-LJE 150, 300 (LJE 150, 300 mg/kg, i.g) group
were oral administrated to rat for 10 days before CCl; treatment.
Values are means £ SD of five experiments. Values with different
superscripts are significantly different by ANOVA and Duncan’s

multiple range test at p<0.05.
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Fig. 5. Effects of LJE on serum GPT activities in CCl;—induced
rat

CON is control group without CCl; administration. CCL (Distilled
water 1.5 mL/1 rat) and LJE. 150, 300 (LJE-150,-300 mg/kg, i.g) group
were oral administrated to rat for 10 days before CCl: treatment.
Values are means £ SD of five experiments. Values with different
superscripts are significantly different by ANOVA and Duncan’s

multiple range test at p<0.05.

_24_



x4 W GSH gds 34T 23 Fig. 6), AHstaa FololA

EA40E fo4 9l Aastdon, 150, 300 mg/ked v
Al FEE Folio M CCLE e 3 £3¢ o8 44® GSH
EHor fI5 FHEIA.

GSH+=  Glutathione peroxidase (GPX) % Glutathione S-transferase
(GST) @Atst 848 74z ol & uA whgAde] & F53 da=2dS
AAs =Y AEe des ks Aol de A vt (Hayes et al 2000).
BA W SALAAZ GSHE GPXel 98 3atsEss Al A3 A
GSSG+ glutathione reductase®l] £]34l NADPHE A WskH thA] GSH
= dsof P Al 7|HE o FHEA AlXE HIAY TEX

A 7 vk thiod] ®HIF-E& AFA[shE GSHE A9 A #iks v

o
ot
o
off
b
Ag

A3 BEo] e Aoz A Atk (Vendemiale et al 1989).

53] GSH7} @How &4 uf (ko] AXHATE A 2HE o Absba] ~
Efdart 9 27004 mEZCgole] GSH WEe Az Akt #
Aol Tk A acle]l AY (Hidaka et al, 2007). wekA GSHE

WEde A4 gaAATL BT (Kim, 2009).
o 7 £ Wolsh ofF F8d AA W FAH B4 GSH @
e 2AS A dzzel mal CCLEolA AsA 2EAR od 3

S77F GSH %9 245 F3 deut LJE 150, 300

=
Hel
>,
(2
lo
of\
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mg/kg oA GSH &7d0o] Atdste s &5 Fojto] 7

GSHe| &afo] 345

s

X ol EA)

o] Axe = A

o

steha Fol = thERe] HoO7F AdH AL ol &

2 Kol A

_26_



160

140

Lo
a
120 a
I |

Control CCH LJE150 LIE300
Experimental animal group

b
o
(=2

GSH content (%)
@ ®
S B

s 8

o

Fig. 6. Effects of LJE on hepatic GSH content in CCli—induced
rat

CON is contrel group without CCl; administration.” CCL (Distilled
water 1.5 mL/1 rat) and LJE 150, 300 (LJE 150, 300 mg/kg, i.g) group
were oral administrated to rat for 10 days before CCl; treatment.
Values are means £ SD of five experiments. Values with different
superscripts are significantly different by ANOVA and Duncan’s

multiple range test at p<0.05.
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5. %t A SOD &4 A3t

Superoxide radical (Oze ) &7 &A¢ SOD ¢ AR WHIES =A 5}
AT Fig. 7oA 3 A A9 SOD &9 43 FoAd& vuste] B
A, AbstEE A FolE2 el vEke] Fold A F7hEhE BAla,
150, 300 mg/kg®l GYAlvE 5= Fowre] @A Adste s dE Fo
oA F7kE SODel vlshe] ZFashs yElTh

SOD+= mitochondria®] A8t superoxide radical = H.t} WkS-A o]
oF3l A3} 4 (hydrogen peroxide, H.On) & AZA 7= A e &
2b3} whoy 7] 3 syt (Crapo et al., 1978).

Fabsl Ba4E gy iAot Akl oE i E e 3 3
e o Fdol FEHVIE SRR S4HE
Ebe] Adxe 9sto] thekst A E Hel = v} (Cao and Li, 2004;
Kono et al., 2002).

b

98 1] A} schizandrin 1
DDB E3& DWP-049] &%S #HES oA SOD7F AH93keks9
Foz Ui S/ o, DWP-04 E3H4 52 Aty vd 4
&S Jedut (Park et al, 2005). B F-Fx5o] datst 9 v g

A9 wHE AF7) A7 AYNAE SODY Bl Adsgs %o
2 ogzTel ustel FhHAoY, BEEFH A9Hus WTelR
SOD B4& Agsiera Folwel Hste] fold ParAE eyl

(Lee, 2001).
VoA Aol A thxarel vste] AMASE A TR ZhA Eo| EAbol
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o] SOD 40

= 2AGHE 494
t}. 150, 300 mg/kg UAIvE FEE Foje SOD &4o] A

o

/1\1,

3

X

o

BH

_29_



CcCH4 LIE150 LIJE 300
Experimental animal group

SOD actibity (U/ml)
O =N W OB oMo = ™

Fig. 7. Effects of LJE on hepatic SOD activities in CCli—induced
rat

CON is control group without CCl; administration. CCL (Distilled
water 1.5 mL/1 rat) and LJE. 150, 300 (LJE-150,-300 mg/kg, i.g) group
were oral administrated to rat for 10 days before CCl: treatment.
Values are means £ SD of five experiments. Values with different
superscripts are significantly different by ANOVA and Duncan’s

multiple range test at p<0.05.
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A BE B3E AESY] YA CATES 48 AT Fig. 8.9
A B kel o] Al BlERA Folito| A thEte| vlE] fod A

astgon, 150 mgkg AT FEE TN 3 e BHL B

olm BAA freldel Wi, 300 mg/kg AR FEE FATE

CATE A XY peroxisomeo| T2 X5 9o AuUola] =49
Asiksl 9 fr1Ee AbstE AdE ks 4A (hydrogen peroxide,
HyO0)E & (H0)3 b4 A(O)= ®alsle] F535 Al7]& &idot)
(Sunde and Hoektra, 1990).

1 xAe] aitsls Ad AFAGA CAT @4 A= CCLwo]l
Zro| HlstofroetAl Beka, vises FH 3 A3 Lol E CCLol
Hlako] A U TE (Lee, 2010).

o] g A& Fdske] B vAvt FEEol el A CAT
E AN A A steiao o) s Mbsladtg kst dEE

a2k A Wl 24e BEEkE = Hof
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Fig. 8. Effects of LJE on hepatic CAT activities in CCli—induced
rat

CON is control group without CCli administration. CCl (Distilled
water 1.5 mL/1 rat) and LJE. 150, 300 (LJE150; 300 mg/kg, i.g) group
were oral administrated to-rat for 10 days before CCl, treatment.
Values are means £ SD of five experiments. Values with different
superscripts are significantly different by ANOVA and Duncan’s

multiple range test at p<0.05.
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AtAsteAE FRE I 54 Hde Ax T4 A&l oM T8
3 NEAY AAR EGFRE-2-2 Growth factorol]l ®F&-3ke] & =3
Hol Mz, 4hs A gl o sk A AR Y] MAPKs pathway 7} 2}
&gtk A o] Bhe AT

EGFRZ  ligand® Ap=teol  eJsia 243t Y+=v] EGF, TGF-q,
amphiregulin; heparin-binding EGF, betacellulin, epiregulin®] ligand= 4]
2143t} (Hynes and -Lane, 2005; Schlessinger -2002). ~2¥] 3l ligands
927} hepatocytesS  913F mitogen? =2 7FA 3 Ut} (Fausto et
al.,, 2006). EGFR= Ras ¢ Rho #™#¢ GTPase &, MAP kinase,
phospholipase Cr 3 ¢J# PKC isoforms, PI-3 kinase2?} PKB/Akt, Src
2] tyrosine kinase, FAK ¢} JAK 3™, transcription factors STATI,
STAT3, STATS & T NS HY pathway ¢ E7dstel 212 #d o
avta <& glvh (Jorissen et al, 2003) o]ojA] Alx ] U3} =
°] RNA®F DNA $4 59 &A2 AX #9498 A3t} (Cohen et al,
1980).

MM AT o] AXSA, B3 APE Sol #o3E MAPKs pathwaysZ



Z-3ttar Wikt (Sano et al,

pathwaysel| 37}#] kinase€, & ERK, JNK %
Ao, o &

ago] FYHHW A x| thd

= ok3l A Aol AE

I R
o, INK % p38= MEZAE ]

2001; Jang et al, 2002). MAPKs

p38 kinase o2 A4 5 of
F3b wbgEo] YEbdth ERK
o] Fdolv Fao] #H#Ho] gl Wi
22t #AF o Y (Gujral et al, 2001;
Kyriakis and Avruch, 2001; Kolch, 2005).

ChAWE FZE0] Folgdls wl EGFR¥ P-ERKS] <14hst7l Z7kd A

AN
v &8 Aoz A7tEm, P-p3dd P-JNK=
g ozH AEAT-l Ao Hefst= Aoz AlmEY

ol¢} Zo] YAlw} FFE o] EGF F8A9 ME Alsdde] iy o
Wz ol MAPKsE @48 xHdsto g 7HA ¥ apoptosisE A1) Ayz
HozTh
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Fig. 9. Western blot analysis of hepatic .microsomal EGFR,
MAPKSs expression CCli—induced rat

Distilled water (1.5 mL/I-rat) and LJE (150, 300 mg/kg, i.g) were
pretreated to rat for 10 days before CCL administration. Three hour
after final treatment, the rats were administered CCly. The rats were
anesthetized with ethyl ether and a microsomal fraction was prepared

from the livers.
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