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Saccharina japonica Extract Protects against Carbon Tetrachloride-in-
duced Hepatotoxicity in Rats

Mi-Kyung Kim, In-Hye Kim and Taek-Jeong Nam*

Department of Food Science and Nutrition, Pukyong National University, Busan 608-737, Korea

The brown alga Saccharina japonica is consumed as a foodstuff in many countries. Carbon tetrachloride (CCl,) is a
potent hepatotoxin that is used to assess hepatotoxicity in animal models. This study assessed the protective effect of
S. japonica extract (SJE) on CCl -induced acute liver injury in rats. Experimental rats were divided into the following
three groups: control, CCl,, and CCI,+SJE; the latter two groups were given 150 or 300 mg SJE/kg orally for 10 days.
Three hours after the final treatment, all rats-except for those in the control group-were administered intraperitoneal
injections of CCl,. One day later, blood and liver samples were collected for evaluation biomarker of levels. Aspartate
transaminase (APT; GPT) and alanine aminotransferase (ALT; GOT) levels were markedly lower in the CCI,+SJE
group than the CCI, group. The hepatic superoxide dismutase (SOD) activity of the CCI,+SJE group was significantly
lower than that of the CCl, group. In comparison, glutathione S-transferase (GSH) and catalase (CAT) levels were
significantly higher in the CCI,+SJE group. Western blotting revealed that SJE attenuated the CCl -induced EGFR
and MAPK activity in the liver. Thus, we conclude that SJE protects against CCl -induced hepatotoxicity.
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YA 0K Saccharina japonica: sea tangle)= ThA|okaof &5}
= AXREA, 5, I4F, UER, 2%, vhlvls 5 o
Sk AIA ] A e] o] Hofst= St 771 Fadoltt &
ol eh, §hpdhE 5 QA9 A3t d 4ol o Falj A o=
A o] 54 5 A 71AHT70-80%), fucoidan X laminarin 5-2] $F
o] =2 o7 ey A Itk (Haroun-Bouhedja et al., 2000;
Lee etal., 1998). thA|nf= 3} P ol-3-01 28 4l 31okak-8 &
S AHE A, foll Sa5 AW S5 A 2 HiE 7|
T W ok et HYY F7h AR B4 S 22 tht A
ol tigt A7t o] Fol o, o] 3t A= lsf| thAlmf
= A7 71673 A 2 EA Wol o] 85| {lrk(Nishino et

d

al., 1991; So et al., 2007; Hang et al,. 2005).

e A9 2E YA SAlo] HH, o= RE Fo
AL AellA A BEES tiAkste] si528ol o]
sh=tl, 5449 4 Fo2 Qlaf 127 A4S doH
A= QA7 59 A A &4 7HA 2= Ao® deA 9l
THGrub et al., 2000). HHEZ]Q 7F 54 24 5 shel AHd
3}eka~(Carbon tetrachloride, CCl )= s=olA 4+ 2 57
W2 ol 4| AAlske] Bxsk AYARS sl A 4
o}, T o) A 52 2fisto] 94 5A4E fadthal g
7] QIEHRobbins, 1987). AFE3FEFA= 7HA| 22 2] microsome]|
4] NADPH-cytochrome P-450 electron transport chain®]] 2]
3f tjAE o] carbon-chlorine A3] trichloromethyl radical
(CCl,#) 2} chlorine radical (CI)¥} 22 S/AkAg-S QS
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chiln} 32

t}. Trichloromethyl radical> AFbA~E-2}9} BH-8-51o] Trichloro-
methyl peroxy radical (CCLLOO-)& AlS}E| 31, o]= A|3zu}<]
212]21 91 polyenoic fatty acid2] methyl carbon 523} A
HIIeLE o7 ghek(Recknagel, 1976). o &H41eA o] =&
S Zfsto] A AR R Eohd AlsHA AEH A A 7F s
o] DNA ¥ 3 2} 7|57 oll osko] ThAl| i &4 9 AFE g of
Hol3HA| Eltk(Fridovich, 1978).

olefEt SARARYE 7F £AS WRelE 1S BoT 5
U= dA=olvt A WS A oheFet A7t =3 =
1! QJth(Han et al., 1995; Park et al., 1991).

o|& HIg O R & AoA= AMslE AR
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Aol AHEE thAlvhE FARA] 7174
oA AjF T AL YRS A, A, g
AH FAAZ72 AxsHch A2E A= A3}
Eukg ARE-5FY oW, ThA|uf 32&-E(S. japonica Extract,
)= 47] {8 e W27 A2 2275 o] 85t
ChAJEE 29 40 g 57 1 LE 7Fsto] Aol Al 3AIZE -5t
FE31t) o5 ¥4lE2]7](Supra-22K, Hanil, Korea)E AF
8310 4,416 x g, 47T, 305 7oA Eelstal A5l 3ul F
1] 2] 95% ethyl alcohol & #7}5F¢] 4C, overnight 3~ What-
man filter paper (No. 3)2 I35} t}. o] oS ks
71(EYELA N-N series, Tokyo rikakikai co., LTD, JAPAN)Z
=23}3, £47%7](EYELA FDU-2100, Tokyo rikakikai
co., LTD, JAPAN) 2 7 %3t & 12 A g of| AR&-53i T
HYSEL Az

AL 52 A% 150+ 10 g 559 Sparaue Dawley#|
-S4 ratS A EFZ(SAMTAKO Co., LTD, Gyeonggio-do, Ko-
rea) ZHE LYste] ARSI ow, 7 bR dAet 271
(E 2042C, H% 50+5%, 12A17F Hek71)2] ARS-Alo
A| stainless cageo] 22]ate] 747 H-SA17] 3 AFo| ALE
alsict.

AAETEZ 1 Lo &2 E75t 100 E St o2 AR
5}e1h. A4H(CON)7H Bl 25(CCL) mouse§ 1 AFsz9)
o AlgE o] Tkl e, 1097 A2 A 4= 1.5 mL/rat
F EolStL). ChAlu} 328 FolTe thAju} 238 7%
22 150,300 mgkg B.W. §950.2 432] 4| 0] §551 o]
A7 Fofster,
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AEEARE Ee
23 &9 GOT/GPT

ARSI AR G 7 EAdoll SIE A 2] Al 7t &4k A58
221 GOT/GPT 42 &<13}17] $J3)l Reitman-Frankel 2] w
Hol| upel A oFAHA|¢F kit (ASAN PHARM. Co., LTD.,
Seoul, Korea) & AH4:510] 24311tk GOT/GPT 7] 4o} 4]
Aol War 37T oA S AR F @A 10 pLE gol &
33 o2, 37T ol A GOT+= 60, GPT+ 3027 4|51
c}. A 100 uLE H7}sto] AlLolA] 205 B8} 0.4
N NaOH&-] 1 mLZ 7}3}o] A0 1087F HF2]ah o],
ELISA reader (Benchmaker, Bio-Rad, Richmond, CA, USA)
2 A}g5t0d 505 nmol A FHES ZAeI3ic)

7t ZXI9| Glutathion (GSH) &zf

oo
Atgstetaz g ZF B4l SIE A7) Al 2F 224 F9
GSH stFo] ojwdt 9gake n|x]+= A| glutathione assay kit
(Sigma- Aldrich Co. LLC., MO, USA)E A}8-3}0] 4315
o WA Zh2Als A5 ffollA Al H 0.5 g& 5% S-sulfo-
salicylic acid 820 22 homogenizerg ©]-&3}o] 4T A
st etk o] FE NS 4Tol|A SEZF A T 10,000 X g
o4 1587F 94l Belstol Qe AEolS GSH 528 54
3l7] Qg Aoz o]gslit) AN ol working mixture
(100 mM potassium phosphate buffer, pH 7.0, 1 mM EDTA,
6 untis/mL glutathione reductase, 1.5 mg/mL DTNB stock so-
lution) £ A7kl A2 5&7F BhS-A17] 5 0.16 mg/mL
NADPHE 1! 5587t ®F%] & ELISA plate reader= 412 nm

oA 18 1402 FHEE 235hct.

Zb ZX[9] Superoxide dismutase (SOD) &4 &3

ArAStERAR R G ZF 4ol SIE A2 Al <9
SOD ¥l ojw gt JakS u|x]&= A superoxide dismutase
assay kit (Cayman Chemical Co., MI, USA)E A&-5l0] =
ottt WA 7h22S A flollA AET H 0.5 g2 ex-
traction buffer (20 mM HEPES, pH 7.2, 1 mM EGTA, 210
mM mannitol, 70 mM sucrose) 8-24 22 homogenizerg: ©|
&3to] 4ColA st skt o A AE 4ToAA 5&E1t
2] $- 10,000 x gofl A 1523 A4 Ee]ste] A2 ASHS
SOD =& 573517| 915t Ao o833t /g5
radical detector solution (50 mM Tris-HC1, pH 8.0, 0.1 mM
DTPA, 0.1 mM hypoxanthine, 0.0025 mg/mL tetrazolium salt
solution) £ H7}s}aL A-Lof 4] SEZFHRSAIZ] 3 0.025 mg/

mL xanthine oxidaseE 11 2027 W HFSE Sof] ELISA plate
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mL= YERf it

7t RZ19| Catalase (CAT) &M

Attt aE G 7 &4l SIE A2 A 7 24 9]
CAT gtegol| oj w3t ke ] A= A catalase assay kit (Cay-
man Chemical Co., MI, USA)E *}Q-;}Oﬂ =451k WA
F2AS 43 oA M-S H 0.5 g2 extraction buffer (50
mM potassium phosphate, pH 7.0, 1 mM EDTA) g0 &
4ColA w23} STt o] HH NS 4ToA 52X A F
10,000 x gof| A 15871 Q4] Ea)slo] A2 A=olS CAT &
TE 4] 2R Ao o gt 5ol assay
buffer (100 mM potassium phosphate, pH 7.0, 30% methanol)
= Hrlslar Aol A 5E7E ERSAIZ] 3 0.035 M/mL hydro-
gen peroxided @1l 202-7F wHSIATE ¢ 7]9] 10 M potas-
sium hydroxide & & 7}5}o] W8-S £= 35 0.5 M potassium
periodateE- % 71510] ELISA plate reader2 540 nmoj| A %
w2 2450,

Western blot0i| 2|gt CHEHE! BI5d

AjEEraR S8 7FEA4bo] SIE A2 A| Tl v
5o ofwet 5 ]3| 2| Selakic

0.1 mg®] 7+ ZZ]of] RIPA extraction buffer (50 mM Tris-
HCI, pH 7.4, 150 mM NaCl, 1% NP-40, | mM EDTA, | mM
NaF, ] mM Na,VO,, 1 ug/mL aprotinin, 1 ug/mL leupeptin, 1
ug/mL pepstatin, I mM PMSF, 0.25% sodium deoxycholate)
£ H7FsFo] homogenizerslitt. o] HAIEE](12,000 x g,
47C, 20 min)ste] FFHS 3lpotal, Bl FEE FUsH
Al #3514 sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE)=Z #7] 955l &3 & polyvinyli-
dene fluroide (PVDF) membrane (Milipore, USA)of| A o]A]
Zth. Membrane2 A1-2-0)| A4 1% BSAE & 7}st Tris-buffered
saline containing Tween 20 (TBS-T; 10 mM Tris-HCI, 150
mM NaCl, 0.1% Tween 20, pH 7.5)°|4] blocking ¥4 7|
7 2ol 12} FAIE TBS-Tofl 1:1,000 Hl-&-2 3]45ko] A2
A 2417 HEGAIF T 7L %, 22; A1 TBS-Tof| 1:10,000 H]
&2 M sto] Ao A 2417 Bt WA 3 2.1 super signal
west pico stable peroxide solution¥} super signal west pico
luminol/enhancer solution (Rockford, IL, USA)S ARME-3}o]
KODAK X—ray ﬁhnoﬂ 7L3v,1-/\] 74 1,]‘1:,]‘1,]—.‘; u]-] i==4 u]-uﬂ 2] §:l-/\4
S sl Tl A a2 densitometer (FujiFilm, JA-
PAN)2 e A
SAXE]

AAEA Aiks Bty #2U K mean +S.D.)= ERAS
©m, SPSS 10.0 (Statistical Package for Social Science, SPSS
Inc., IL, USA)E A3} Oneway-ANOVA test= H53F &

J|>|I

A

il

HI

o] 2R 2ol 7t = el tisto] P<0.05 4E°l4 Dun-
can's multiple range testo]] 2|3l Hat gk 7H] 2ho]of| gt -2
4= A58

83 50| GOT ¥ GPT 24 st
S Folol T 2 4 28 9 elsp] 91
%9 GOT%} GPTY 4& =%
et -‘4 vl aske] & uf A StERA T Rl 1214 QA
}ﬁ}oﬂ o, SJE 150, 3002 CCl,Ho] H|sto] 5= oJ&
© 2 45kt GPTE 24 EEP o 2+to]| v|ske] CCl
o W,] A 0 7 Z7}5191 1, SIE 150, 30072-& CCl, o] v]5}o]
GPT] Ao ZHAsl 3 th(Fig. 1).

Carbon tetrachloride, thioacetamide, dimethyl nitrosamine
d allyl alcohol 5 7HsA B2 0] AT &2 7Hgto] Gty
749 7k eko 2 QIgt 1A 2] FAle) 724 o) 9137}
sj=lo) ujg} %0 & aminotransferase”} 52| E 0] =& &4

rusl

JN OIN F

& Hol= 7l o7 &4 A Qltk(Balaze et al., 1961; Reitman
A 200
150
=
2
= 100
-
3
) J
0
CCl, SJE 150 SJE 300
Experimental group
B 60
I 40
2
h
. l
; J
CCl, SJE 150 SJE 300

Experimental group

Fig. 1. Effects of SJE on serum GOT and GPT activities in CCl,-
induced rat. CON is control group without CCl, administration.
CCl, (distilled water 1.5 mL/rat) and SJE 150, 300 (S. japonica
Extract 150, 300 mg/kg rat, i.g) group were oral administrated to
rat for 10 days before CCl, treatment. Different superscripts repre-

sent significantly different results (P<0.05)



and Flankel, 1957).

Arsietist dat2 e Eﬂ 5% F310IHULF) %ol A
o) 7t 54 B avkE eR1gh A}, CCl 9] 75 ti 2t vl
sof 7t 7ol ‘?jfi el oH GOTSE} GPT [ Aol oF 3.3uH,
3780 Z7¥8H91 3, Al 2329) ULFZ-2 o) b ] 2 3912
29.8%, 48.2% 11 7“\ 5= A0 2 YERGtH(Nam et al., 2007).

2 At A= CClL ol A @3 GOT % GPT &/do] tix+*
of vl =2 A& Efﬂiaittﬂ o= At SetA Fol &
A 7V Aoll7F S QoS T Aolth E3h 150 mg/
kg, 300 mg/kg®] thA|n} &5 AFGSHetAS oA Foi gt
Aol A= A sk A Boj o] BlsiA GOT, GPT &4 &
Ao] 3lEE|o] thA|ul &80 7k At gt BT 5 alE 7}
A= A& oA

7t ZEIZO| GSH &2 st
_]

P |2 ILZIZ_PZSZJIHG
CCl, wollA it fo2 02 2rastglen, SIE 150,
300—_rL°ﬂ/\1 CCIE 2% 7t &43o]| o8 7h4-¥) GSH §ef
ol gk —thqii S7tHE = A Folak Y thFig. 2).
GSH+ Glutathione peroxidase (GPX) 2 Glutathione S-
transferase (GST) A} G 42] 7| A2 o] L-EHA] HES-A] 0]
2 =2t AR S AlASHEE Y A8 she Zles
e A glth(Hayes et al., 2000). A W A AA A E GSH=
GPXof 93| TAtslAE A7 3HH A glutathione disulfide
(GSSG)i= GSHE gHl=|o] hiksl a4x9] 7|H = o|§=H
A AE2E Boshe Adds she oz A gl ofefet
GSSGE /82 A1 apikel Armup 24] B4ko] Faat 44
Teo] gl Ao 7 A4 A tH(Vendemiale et al. 1989). E3|
GSH7} Bolow 422 uf ko] AZI A7} A|2HE o2 (Hi-

200

GSH level (%)
s g
jo)

(o)}
o
T

0 -

CON CCl,

SJE 150 SJE 300

Experimental group

Fig. 2. Effects of SJE on hepatic GSH content in CCl -induced rat.
CON is control group without CCI, administration. CCl, (distilled
water 1.5 mL/rat) and SJE 150, 300 (S. japonica Extract 150, 300
mg/kg rat, 1.g) group were oral administrated to rat for 10 days be-
fore CCl, treatment. Different superscripts represent significantly
different results (P<0.05).
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daka et al., 2007), GSH+= CCl°l| &Jsl| f-=% 7t=/d Ak
A5 Eoled $a% g g
Attt G 7F &4 FE Foll Chlorella vulgaris

FEE(CVE)?] Fof Al 7H\J}}—% A3 A ZTH 519
E]‘(Klm 2009) E}“j’]—]\i, g ‘__ oﬂ/\‘]E Z_]_‘—/J‘:—/;) H]‘O-]‘a—]_l_. /\H

A ) s4e £209) GSH Bk A1t 23, ool )
COl, o] 4] Bl Az QI A Abo] 3715lo
GSH gaFo] 7445 Z a5}t SIE 150, 3000] 4 GSH &
do] CCl, =l Hlsl] &=A| et 212 SIES] A2 = 7hA| 2L
W EAsk= GSHE| gl 355 A= oA, GSH &
/ol ti kol vlsl EA vehd 22 AFgSteka Fof 2 e
9] hydrogen peroxide (H,0,)7} A/d = L o] & &~A3H7] 9
3k 2189 Az wo] Ak,
2t ZAiEOl SOD B wat

b &l thAlnk F5E0] ojmTh
AL 2= A] 7+ 23] Y superoxide radical 227 #4921
SOD?| gHd2 S4sk3ieh 21 A, CCl, wHoll A 2t i e}
FoF o7 27151 2, SIE 150, 300—_rL°ﬂ/ﬂ CClL =
7k &Adoll ofsfl 57He SOD fgo] oAl o= k= A
& 3RI59THFig. 3)

SOD+= mitochondria®l] &3} superoxide radical & X
t} Bk§-/d o] kgl hydrogen peroxide (H,0,)& Z3HA|7]= A
A vl o] gats} gro} 7]t 5 bR A A4 Ith(Crapo et al.,
1978).

SOD &4 9] g2 THasl= A% 9= W (Jung et al.,
2004), AHESHELS 32) 5 2715} ALRE SelA olek A
A3letAE Fosto] 7F &AM X5} 2 u|A} schizandrin

C =4 biphenyldimethyl dicarboxylate (DDB) &&A|A| 21

DWP-04 (DDB : selenium yeast : glutathione = 31.1 : 6.8

10

o

1l

CCly SJE 150 SJE 300

SOD activity (U/mL)

Experimental group

Fig. 3. Effects of SJE on hepatic SOD activities in CCl,-induced
rat. CON is control group without CCl, administration. CCl, (dis-
tilled water 1.5 mL/rat) and SJE 150, 300 (S. japonica Extract 150,
300 mg/kg rat, i.g) group were oral administrated to rat for 10 days
before CCl, treatment. Different superscripts represent significant-
ly different results (P<0.05).
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D621, wiw%) & F5S Elgh Aol A SOD7} Abgi st
29 Fof 2 thh FTFE 9 o, DWP 04 ZA| Fo = A
o} H]5=%E S YERY Ick(Park et al., 2005). E H3=
Foll it 2 P avs US| At A=
SOD2| &/go] Attt Fof 2 tizstel v|sto] T 9L
Ouf, Bzl Ao sleta HEHEo 2 SOD B4 A3t

4 Fofto] viste] Fofgt faavts veh glrtar skl
l‘%-(Lee, 2001).

A7-ATHE o] wlsto] ARqighha Fof 2 kA o
JOI FrE|o] SOD H4 B0l S7Fsk =t ol= A st
AR S7he BAARE skl AR A Ae @
7:]111:} SIE 150, 30072} SOD 24do] CCl, ol H] 3]

AL ThAnE o] /Aol A oAl Eoist
E AAZI

lo rm r&

A F
=

fr oy
P
m”£4

PEEREER JEEPEE )
CAT= *1]:& Y] peroxisomeo]|

P‘ﬁﬁ}(Flg 4).
—I%:EOPU% A} A%

AL 9 S 7] 80] AlskE YA ng %(H O)} A4
(0,)= &3} 0}04 53} Al7]= BA R g A Itk (Sunde and
Hoekstra, 1980).

b 2250 Pileks dE AllA CAT 242 CClLt

o tzzol Hlsle] folHor Fasiga, e Fojgt
A RAAE CCL o Hlate] 7 LTk 519tk Lee,
2010). T, ARSIREAR RS Gl Hol Ag 252
2] A] Bzl ula)] COLZoIA §-o]4.0 7 CATS] E4o]

Hdasion, o FE=e A7t Folld= CAT 24°]

150

120

90
60
30

0

CCl, SJE 150 SJE 300

CAT activity (%)

Experimental group

Fig. 4. Effects of SJE on hepatic catalase (CAT) activities in CCI,-
induced rat. CON is control group without CCl, administration.
CCl, (distilled water 1.5 mL/rat) and SJE 150, 300 (S. japonica
Extract 150, 300 mg/kg rat, i.g) group were oral administrated to
rat for 10 days before CCl, treatment. Different superscripts repre-
sent significantly different results (P<0.05).
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ek

Z7Vetsiekar 5F9ich(Ha et al., 2007).

o IS v o A}@‘ﬁ‘rﬂi?n FEEEE T
of ThA|u} F259] Foll CAT 42 FATIAA A3
4 Fol= Qg H,0,9] S Z;ﬂl?:l *Ml 242
sh= Aoz oA

2H ZE U AbE HE 5

rﬂ

o] H TBJFP /\l % téf A A= eplderrnal growth factor receptor
(EGFR)2 A|225-4] 9 B5lof| Thofs|al(Raper et al., 1987), AF
34 E=AFo o]t A 3 AE of] mitogen-activated protein kinase
(MAPK) pathway 9| 243} 3 =5 A A 7hA| 22 APE =3}
ol = mRHaL 424 ltk(Heo, 2005; Jang and Surh,
2002). o]t At At shekaol| o3k kAL o] 2871
o] EGFR} extracellular signal-regulated kinases (ERK), p38,

c-Jun N-terminal kinases (JNK) 5-¢] &A4of 9= = o= 4l
2 70 & Hof Western blotS ~345}9ic}. 1 A3}, EGFRJJr
phospho-ERK 9] #H&l-2- CCl ol Al 7443819111, SIETollA]
S7Vol= AL 2 UEREt v, phospho-JNK 2 phospho-
p382] -2 v 2+tof| vl CCl ol A 5718l aL, STE<Ho]|
A s Ao g Y thFig. 5).

BatadE Al2FA, 23k APE ol eisk= MAPK
pathway S Z&sh= 7oz a4 Qlck(Sano et al., 2001).
MAPK pathway+ 37}4] kinase, < ERK, JNK ¥ p38 kinase
Sz FdEo] glown, o] EaEo] B Aol theket

EGFR

e _

p-JNK

p-p38

CCly SJE 150 SJE 300

Experimental group

Fig. 5. Changes of liver toxicity related protein expressions in
CCl,-induced rats. The protein levels of EGFR, p-ERK, p-JNK
and p-p38 were examined after treatment with CCl, or SJE (S. ja-
ponica Extract).



H-g=0] UEhA Eoh ERK= theeh 472l P—Oﬂ ot Al
30| FHoluf FAlof o] gl WhHof|, INK 2 p38+= Al
APEO] ot T o] gl A o2 A A %E}(GUJral etal,
2001; Kolch, 2005).

AM3ler4 A2] A EGFRY} phospho-ERK W A A= 7+
Al A7 oA = 1AL, INK B p38 T o] S7k= Al ZARE

of] Tolst= AL EHelsl T SIE Fo A] EGFRZ} phospho-
ERK & 9] F7h= Al Aol Fholgh A o2 AZHEH, p38
I} INKO ¢1Ak}7E g O =) N ZAPE-E Al8fish= A
2 oAt} o]¢} 7P°l AP Fo Al AR &4
%5191 a1, ThAlaF 3255¢] SJE= EGFRIF MAPK 348 %
Aot AtdstEr AR ST E 7H Z o] A ZAPE S A §)|5k= A
o7 Kozt

oo r g0l Aifeo T B, tAnF FEES A
dstetas Frw g4 1 Edel @ 59 GOTL GPT &
4 BAL 3= AIZ 23, 7 22%59] GSH, SOD &
o] Ham AR AAS AdAstleH, CAT 24e 5
THAA A W 24S HEsks Ao s YERITh 3L ThA|

nh 228 A2 Al ZFA 2] &4 ‘3< Aol #Hofsli= EGFR}

i

r
>

0 mlo

O

phospho-ERK 9] WF&-& 57141 % 31, phospho-JINK % phos-
pho-p389] TS AAN7|= A o= LrebiTh wheha], AF
SpehAR QITH A T EF A

cha 1 o} 320 77)% FHAle]
A,

1 7H](20134)of] 2]5}
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