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BE AR AHMARKPIRT % E EUDEF25-(GSH), A AT RAE A . A RERE 8
EF25-(GSH), 4L BEAR S 33 70 04 FF 985 4m . B 28 0 A B Hep G2 AT /B4R K., MT TR 4a o 7578 & |
WAL PR U TR R R AR e &, & 8 i L JE PP ik ik (Western blot)# | AMPK/Akt/mTORAH
* B B G BB KT 0 B Ak, 45 R R, EF25-(GSH) * HepG24%F /A 48 h#41Cso4 7.2 pmol/L, *T 2
A KA H VR R B BT £ E RO 4E, B3t EE min e SRR, BAFURI MLt A g
IR AR A, R TPk 45 BRI, EF25-(GSH), T #ti8 it AMPK/Akt/mTOR ) 48 3 18 3437 4 it
Bamle kK., AT RAAARRG FE DT, LB NI BIRRIA R Y. % 5E B4 RIE, EF25-
(GSH), B A RIF691VE A I 6 77 ey FF LT % .
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Anti-hepatoma Effect Study of Curcumin Derivative EF25-(GSH),

Ye Lili', Zhou Tao', James P. Snyder’, Fu Haian’, Huang Bei'*
('College of Life Science, Anhui University, Hefei 230601, China; *Department of Chemistry, Emory University, Atlanta 30322, USA,
*School of Medicine, Emory University, Atlanta 30322, USA)

Abstract EF25-(GSH), is a curcumin analogue, and in this research we will study its anti-hepatoma effect in
vitro and in vivo. Hepatoma cells, normal liver cells and HepG2 tumor-bearing nude mice were treated with different
concentrations of EF25-(GSH),. MTT assay was used to check cell viability, and cell morphology was observed with an
electron microscope and confocal microscopy. Western blot was used to detect the changes in the phosphorylation level of
AMPK/Akt/mTOR pathway related proteins. The results showed that the ICs, of EF25-(GSH), on HepG2 at 48 h was
7.2 umol/L. EF25-(GSH), significantly inhibited the growth of HepG2 cells, the effect of which was much greater than
those of curcumin and cisplatin, with slight toxicity to normal cells. Autophagy was observed with morphorlogical analy-
sis. Western blot results indicated that EF25-(GSH), might inhibit tumor cell growth through AMPK/Akt/mTOR pathway.
Liver cancer models in nude mice were established, and tumor volume was reduced after administration of EF25-(GSH),.
In vitro and in vivo results demonstrate that EF25-(GSH), has good prospects as a potential anti-hepatoma drug.

Key words EF25-(GSH),; HCC; autophagy
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Ell E£EZE. EF25FEF25-(GSH), &1
Fig.1 Structure of curcumin, EF25 and EF25-(GSH),

(E 2 5 P RN o PN RS R NN 075 RN %
SEDR . DA, 220 LT T DA A b 2 e 4
JRLFRY G FEC SR, 2250 3R WAL HT 40 52 BT L AUIG
AR N ARG o 2230 3R WO 32 )8 IR K 1
JHIEEMT o 53Ah, M2 0B A, AR RORPw
H R Y FH A 52 38 BRI

FH Emory K27 FIRIFFEN S alAk 275 B T 1%,
PAF T RHNLLZE B R IO S R 5 T 1 2R
(B Il ik, R B B RS A
PR AT BE— 2D W50, w45 R B,
EF24. EF25FEF25-(GSH), A3 % 4 I8 o AT i 40 i 55
WA RS PET1, EF25-(GSH). BN 5 27 e H IR &
T AT IR, B0 5 IEF25-(GSH), FHEF25 [ 3 (1
AL A R R, WA IS R o (O, IX SR AL
FFEF25-(GSH) 2 A7 HE 4 i I i st

H R & AL T EAZ A b — s FE AR ST 1A
WL, Z 55 40 R B S SO . E IR
AR, HWRAR S WK S5 T R F R A, BEAR
A0 i 22 4% B4 B K 2 - R Al s, O AR B
i I P AL R R B, AR A N PR BT AR AT I
VR E AT CAS A AT T, BT R P 4 i AE
T, X FE A R4 SRS S T ) AR SRR A
ANTR], FEER I A 40 i v 3O S R 5 40 it 5 R 4
JHL 255 P 5 I 5 ) S AR R N By I B . B
Wik R 7 4 M TGV E AR S 4ERE B S AR A IS S Al )
BMEFET . WETURIR, A5 5528 e 40 B ) B
HETR] RE 2 e 40 i e 1 i) 7 200, = A Ak
T AH(As,05) AT LUl I i Beclinl (1 #3417 S 41 i H
Wi PR FE T, 2 ff vk T 40 S 1 o s PR 1T, i S s
JE S 1 WSS 2 ) ] LA B 1 b R K A P T
() 2 P e e A Y. DL iR dE 2 B, BT ] LU
o 5 IR A0 T 2 B WROR T R IR T 2

RIS A 2 1B [adenosine 5-monophosphate
(AMP)-activated protein kinase, AMPK]# I\ 4 +& H

% 22 W0 1 41 i BE 2 00 1Y A%, 52 AMP/ATP LG AE ¥ 1
Ao WS I, AMPKAE LAAS [F] 1 7 28 45 — PP RR
H Vs34 K IEA R E G, —LVps34lif 2
557 I 40 1 ) B S (A0 b — R E 4 T
B, WAL Vps34 L AW S5 T 41 i gl
AMPK-o . JE b A7 7 — /N RE 3k (1 95 2 1 5% 35 (Thr-
172), %A% A5 ] B LKB 1 R 1k . 7EACU I A7 4E
FITE UL T, R LKB1-AMPKGHE B A P id & ik,
75540 M B DAREREAS R RBE ) R ). TSC24B, 42
AMPK ) HH#AE K, 8 HImTOR R IL,
2 55 IR 7~ SO KT 14, 13 [R) P> -Thr 1 984 i {2 14 %) 4
JiLFE A 4 ), 40 i s o, et B g AR 1)
HEATUT,

FE 40 b, 38 % AT DL R BPI3K/Akt/mTORAS
SR ANIE R, H AR RS, AT R
MR ARG, R0, 7R AR KR T RS FR Y
ML, 25 R AKHImTORKIEfL, & S
4 B R RE 2 2NHH] . Ak (Wperifostine
FIAPI-2). mTORH il F)(Urapamycin) & #i v LL i@
I 0 A PI3K/Akt/mTORAE 53 4%, Ji 291 41 Jfd 19 Wt Jas
B, 5 R A AT,

AT T LA 9 41 P bR (Hep G241 i) S 1 Ar 980
R NS %, T EF25-(GSH), i 470 44
6 AMPK/Akt/mTORZM i {5 5 0 % R 52

1 MR 5HX
1.1 w8

%W [ 2 [HSigmad ) % = 2B
EF25-(GSH), 1 3¢ [F Emory K 27 [ 2% [t 8 hf 2 4%
TR, T2l K % T AL 27 6 BT ) 1 v [ 2
A=W G S BT N TR 40 i Mk Hep G2l [ ATCC;
SMMC-7721. BEL-7402 H #1 [F B} 47 K 2% 58 4 B 4%
5t HL-7702 FH 15 25 5 B2 27 BL 27 B BRI 93 0
T AR W A6 e 8 R AR SE B0 B R BR A
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A); mTORHT K. p-mTOR(Ser2448)Hi /K. AMPKHi
& p-AMPKa(Thr172)i4K . AKtHifA . p-Akt(Ser473)
Pifk. LC3BHLIA. B-actinfi {4 [ Cell SignalingZy
#; mCherry-GFP-LC3B/Fi i i H [ R K 2% S 4 44
e
1.2 RFI R

DMEM; 75 3 F116408 75 3L 1 Gibco A 7 4=
7R O R ARG A I (FBS) . 0.25% )1
fiff-EDTA LA K 75 4 77 22 VR A W (100>) 1 H A IR fd 58
AEYRHE A R ST A 7 MTT(HEME %), J2 2 5 5
#(Wortmannin) ¥ 4 Sigma 2 ;5 HoAd 3 4 [ 5=
srATal.

MWL TM . A0 HBE IR VRAEE I H CORN-
INGZ 7); 3% 5} Hi 85 (JEM-2000, JEOL Ltd.); 03t
F A BABI(FV1000, Olympus).

1.3 Ak

1.3.1 MTT#%  SeH4i/K K EF25-(GSH), AL & ik
10 mmol/LI¥) BE, 4R 5 4 55 56 22 3K 7 FIDMEME;
FEMFRRE e — o IR o K83 x10Y/mLIv 40 fg 2 Fh
96fL 1, £ FL100 pL, hnAS[F] ¥ B () EF25-(GSH),
VAT, i ERE 48 WG IIA10 uL MTTH(S mg/mL,
FIPBSHCH, pH7.5). 4R£L0F H4 hi, BEFLIIAL50 uL
DMSO, fiMTT5E ¥ il HEFF 490 nmig K AL, H]
PEEEK G 2 R 4SO o 45 F LGRS o 4% N A SITHE
A MLAT IS 5 Al LA7 S =N 25 4L DA% A ALD1E)/
O HR AL DA 75 1 41D 1)< 100%

132 w4 Ramie  FREE AR 259 4 21
(R0 B, AT 4 40 B O I PBS i e2~3 7K, 4R Ji5 N Tl
P11 A7 3% )30 (1) — F R 2 22 i1 3#(0.1 mol/L)
[ 5 41 H, 4 °CIE R, Ik H DU A0 B s 4 i [ 5
£, TR B R T v, 7R 150 20 FH IS o Bl R A A IR
B, FHTEM-2000:7 5 H 5 i 82

133 JuAndd 7E6FL AR 1 B2 FiHep G241 i 15
Fr it 7, 4 WK A Ui B H Lipofectamine 2000
mCherry-GFP-LC3%HpeG23t 1T #% 4%, % 4% J56 hH]
RSP RIRass Sep i 2= RS W SRS
24 h, JHZE0(GFP)RIZL (% (mCherry) 9% 6 7E BOE TR
LR TS

1.3.4 Western blot #0| & & & ik PN i
3% 10*/mLIF 40 i T-6 LA, INAAN[FAR BE 1K 24547
BRI VCE IR, AR 4 e, BSOomAN B FESZ ph
W10 minj5 _LFE. LLB-actiny N 2, SDS-PAGEH],

VKT, A BPVDFK . PVDFEL & g A
2hE, IIN—Hi, 4 °Cid . B S AL b i
(F) 470, 37 °CH# 52 h, TBSTZZ VLS 5, ECLA
FEVFATI B Rk .

13.5 HHEBRZARAGHERFE LR
PR R, A AR R R 1 g A R IA #)
200 mm’ i, RE T B R G o 4, i sk R U R
(AR T R bR B (0 K AR RN A%, 3% 4% AR E T B A
s, Wit B st i s 25, BRAE
[ A, DAAH R RF 45 2. AEZA 25 00A), 483 did =%
— YA FORR R PR L, I AR R RO R B
KArafIHif2b, MR AR V= bxa/ 2715, H Ll
SR BB IIRTTEAS, LS FE i s A B IR 0 o

13.6 itk KASPSS 17.04kF b #icH,
$ 45 K FHlmean+S.D., H 51K 2 J7 2 40 HT, P<0.05%
Zrnd, P<O.0UN RN S . U HIE EE3
WL b

2 #R
2.1 EF25-(GSH), ]l BTz 40 A By 14 78

FAS AR BE [FJEF25-(GSH),« 223 25 (curcumin)
FEA (cisplatin) 73 il Ak 35 -8 4 fis HepG2+ SMMC-
7721, BEL-740241 Jits LA A 1 41 g HL-7702, 24 h
248 hJe FIMT TV AT 40 A7 % . (1812) .t EI2A~
K2CH] LWL 53, B EF25-(GSH), i 5 11 T s, 4
PR 2 B S B, T 22 X R ) A M A 3
7E [R) S5 B B 5 T EF25-(GSH)41. M 2D
o LA H, BF25-(GSH) 6 T-HepG241 i (I1CsfE
(48 hoh7.2 pmol/L)EL M i /N2 R, H R T
Ji4A (48 hoA9.1 pmol/L), 7£20 pumol/LI/E IR R,
EF25-(GSH), % HepG-24f Jfd 1 41 1l 2234 £180% LA I,
TMSTHL 770241 A (1) 34 58 J LT3 F0HAE H (EI2E).
XUt W], EF25-(GSH) 0] 1E W JH-4i )i JL P % A 25 1,
XoF JH s 4 1 18 L AT S BRI T
2.2 EF25-(GSH),5| 2Rt 40 i HepG2 B Mk

T 3B EF25-(GSH) M HUHEAEH], 2k
i1 Y HepG21E A AR, HIANRIHE EF25-(GSH),
Wb, WS ILTEAAAL . FRATTR IR, 610 pmol/LEA |
(R S Al it K B s VA (I3 A o A S i g
P WLEE, T LLRTE 8 M 2, #4520 pmol/LI¥ ik
PEFTR, 40 M5t i = AR K B Wi gk & 28 25 i Ak,
{E40 B8 T IS A B E(K13C), HEWTEF25-(GSH), 1]
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(A) (B ©
100- EF25-(GSH), 100 100-
W Curcumin EF25-(GSH), EF25-(GSH),
80r B Cisplatin B Curcumin B Curcumin
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@ Cisplatin E Cisplatin
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D
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40

~
=3
~
(=)
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Cell viability of HepG2 (%)

Cell viability of SMMC-7721 (%)
N
f=}
Cell viability of BEL-7402 (%)

20 20~ ‘
5 10 15 20 0= 10 15 20 0 5 0 20
Concentration (pmol/L) Concentration (umol/L) Concentration (umol/L)
(D) (E)
= P=0.003
%] 100 - B EF25-(GSH),
=) 90 + & Curcumin \’?
;:; 80 + Bl Cisplatin S.N/ 100 * o
3 70f g gol N S EF2s-
5 60t P=0.001 5 80 § B Coanin
% 50 E 60 § B Cisplatin
T 40f S \
>
Z 30t £ 40t \
£ 20l 2 §
“g ot E 20+ §
SN I \
24h 48h 5 10 15 20

Concentration (pmol/L)

A: 48 h HepG24H il (RI4£35 %, B: 48 h SMMC-7721 4 [ 4235 #%; C: 48 h BEL-74024H J (I ££ 35 % D: 24 hf148 h HepG24H il () ICsofE; E: 48 h
HL-770241 BIIAF% 5. Ay By Cr, *P<0.05, **P<0.01, EF25-(GSH),41 5 ZE 8 =AM LK B, *P<0.05, **P<0.01, EF25-(GSH), 41 55 i1 21
VS

A: cell viability of HepG2 at 48 h; B: cell viability of SMMC-7721 at 48 h; C: cell viability of BEL-7402 at 48 h; D: 1Cs, against HepG2 cells at 24 h
and 48 h; E: cell viability of HL-7702 at 48 h. *P<0.05, **P<0.01 in A, B, C are the differences between EF25-(GSH), and curcumin; *P<0.05,
*#P<0.01 in E are the differences between EF25-(GSH), and cisplatin.

El2 EF25-(GSH),. Z#EZLURINHX MRS ER 00
Fig.2 Effect of EF25-(GSH),, curcumin or cisplatin on the livability of cell line

EF25-(GSH), (umol/L)

(A)

0 5 10 20

(B) Control © EF25-(GSH), 20 pmol/L

- T O 2y Dew, Ol G 7 Y P

Az 24 WL R AR BEEF25-(GSH), AL BE () Hep G2 i JE 25 24784k, 400%; B: 1E i HepG2 HGixt I, C: Hi8i NEF25-(GSH), 20 umol/LAL3424 hif)
HepG2, i Sk FH8 A IEAE R A A W .

A: HepG2 cells treated with increasing concentrations of EF25-(GSH), for 24 h were observed under a light microscope and representative images were
visualized, 400%; B: a representative transmission electron microscopy (TEM) image of untreated HepG2 cells; C: representative TEM image of cells
treated with 20 pmol/L EF25-(GSH), for 24 h. Arrows showed autophagic vacuoles.

E3 REKEREF25-(GSH),{Ef24 hiEHepG2BIFE ST 4L
Fig.3 Morphological appearance in HepG2 treated with diffierent concentrations of EF25-(GSH), after 24 h
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24h

EF25-(GSH), (umol/L) 0 5 10 20

LC3B-1 A —
HepG2
LC3B-II e - "
B-actin i
LC3B-1 - - . . ]
HL-7702 o

. -
LC3B-II
B-actin I- GO agm o |

El4 REKEEF25-(GSH), 5| &£HepG2 K& HL-77024H i B Mk
HHXLC3BERN(24 h)
Fig.4 Detection of autophagy-related protein LC3B in
HepG2 and HL-7702 cell lines treated with different
concentrations of EF25-(GSH), (24 h)

eI 5 3 40 i N S R A R T A DG s
AR SN, AR A 1 R R R s A A, AT R
R | S TR A Ak, A N R TR BT R, 4 AR
D e S A 40 B AT

[F]INF, FRATTA F LC3IBATE Ay Akl JH-92 48 e Hep G2
FIE 5 FF 40 OHL-7702 13 W 14 4y T F5 5. LC3BH
PO RN A 43 ) S LC3B-IMILC3B-1L, [ W & 2E i

LC3B-If#fi# N LC3B-11. 42 Fl Western blot 7 445
MLC3BIE AL 25 R, H W 7R 7E5~20 pmol/LI
EF25-(GSH), 7t [ A, B 45 ¥ 52 1 389 0, Hep G241 ity
PLC3B-17 [ i BLLC3B-TIZ i Eb 451 58 i, ity 78 AH
o I (R 2 P T HIL-7702.52 745 11 W (R o i 9,
FE10 pumol/L LA 1= [ 2 4 kb BRI A 455 I S E Wi s
DU AR, IX AR5 A0 s S50 1 45 AR

FE A0 A A I, T R R AR SR T
LC3B4: MM 4% 1) | Wi Rk (2R i s 1. I GFP
Rl 2T ILC3B TR i YL 4 i i, 1F i 41 U GF PR
B AT P, A ST B WRAR I B R, KB BRIk
B 28 A A RIORT . i, GFP(SE ()X R
UK, 7E W B A B A, K AT mCherry IR 21 (1
PN, KRG RERRA 1 B W 2, BEA gl
Fet. MESH T LU %L R, A5 EF25-(GSH) ik
FERBE i, 40 Mt rh fCIR S 68 A, 10 B 40 i B W AR
JEPE .
2.3 EF25-(GSH),%t AMPK/Akt/mTORiE & 4 2

AMPK/Akt/mTORIH ¥ 24 40 Jid fg & A 3 1) &
B W %, b T BF 5YEF25-(GSH), A AMPK/Akt/
mTORGE B K152, FATTHIAS [R] R B 1 22 3 3% DL &

EF25-(GSH), (umol/L, 24 h)

mCherry-GFP-LC3B

10 pm 10 pm

10 pm 10 pm

10 pm 'y 10 pm

&5 mCherry-GFP-LC3BZE AR 254K [E AL AT Hep G2 4B B9 7 Fa
Fig.5 The distribution of mCherry-GFP-LC3B in HepG2 treated with drug of different concentrations
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EF25-(GSH) At # HepG2 )5, 1124 hilt 5241 Hfl, Western
blotks Wl AMPK-T172. Akt-Ser473 S mTOR-Ser2448
WM K284k, & BILEF25-(GSH) 4k PR A8 AMPK -
Thr1 7247 £ R fk 7K °F I 7F 177 Akt-Ser473. mTOR-
Ser2448 1 [, FLFifi A5 ¥k FE (1) 3 im0 SR 14 i (K16), M
M EAMPK, #1#] Akt/mTOR, $2/REF25-(GSH),AJ
AE I 1 T AMPK/Akt/mTOR ¥ i f A i i Ja i i,
AT A0 50 0 %) 48 5, R 33 4 L 1 W 4 B A T

I R A5 R FE T, 2280 2 E M 5 & O M B 1k
S EF25-(GSH) A A — 3, (HAE AR 2 T
EF25-(GSH),.

it S ERITEF25-(GSH), AL 21 5 BT 5 |6 F )
AMPK/Akt/mTORGH ¥ [ 5 Wi & 15 05 2, ANBIFHEAE
FEF25-(GSH) Ak #1 1¥] [7] I} i A 100 nmol/LIFJPI3K/
Ak, 5P 2 A R S R AR A R

H &5
LC3BIE MM A (7). &5 3 8. fEEF25-(GSH),

=
=

(A) (B) -
EF25-(GSH) Curcumin 5
Mh S0 203 10 20 (umollL) g3 EF25-(GSH), Curcumin
P-AMPK | m~~”-| = 30 z
— =
&
AMPK [ S S S E
P-mTOR [ e o <2:
mTOR [ e o e ] ke
P-Akt |-—.— - --l ‘i
5 A:f‘ : || § 0 5 10 20 5 10 20
-actin P-.—--
Concentration (pmol/L)
© (D)
08 EF25-(GSH), Curcumin % 10 EF25-(GSH) Curcumin
X 0.7 5
3 06 S
A 0.5 @
=4 * <
£ 04 Z
£ 03 b
RS *k 5
o 0.2 7;
%;‘ 0.1 ok z
z 0 g '
Z 0 5 10 20 510 20 o 0 5 10 20 5 10 20
j53
(=)

Concentration (umol/L)

Concentration (umol/L)

A: AMPK. mTOR. AtHEE kAT A I (B 11 S BN E); By Co D: 2% HAMPK. mTOR. At {8 (B AL 5 1/B- AN 8 1), S

BEAT3VASI P A . *P<0.05, **P<0.01, 50 umol/L4H L #5.

A: the phosphorylation levels of AMPK, mTOR and Akt were detected by Western blot; B, C and D: the density value of AMPK, mTOR and Akt (phos-
phorylated protein/B-actin) respectively. Experiments were repeated three times independently. *P<0.05, **P<0.01 compared with the 0 umol/L group.
El6 EF25-(GSH),* AMPK/Akt/mTORIEE£S@BIR A BREARZIN
Fig.6 Effect of EF25-(GSH); on the key protein of AMPK/Akt/mTOR signaling pathway

(A) 100 - 0 EF25-(GSH), B)
BEF25-(GSH), +Wm 24h
S 80f L EF25-(GSH), (umol/L) ~ 19 10 20 20
E 60 L Wm (100 nmol/L) — -+ — -+
§ or o
% LC3B-[] [ .
O 90+
0 ' 1

5 10
Concentration (umol/L)

0

20

A: 24 h HepG2A L IR A£35 2, *P<0.05, **P<0.01; B: LC3B&E FIFRIA RN . Wm: )2 8 5 /2.
A: cell viability of HepG2 at 24 h, *P<0.05, **P<0.01; B: the expression levels of LC3B were detected by Western blot. Wm: wortmannin.
El7 EF25-(GSH)BX & B2 5 EH X HepG2AMTFE R Rk BUEIAX EHLCIBRIEERIF/NT
Fig.7 Effect of EF25-(GSH), with or without wortmannin on the viability and expression level of

autophagy-related protein LC3B of HepG2 cell line
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(A) (B) 1 Control (C)
12000 o 30- * EF25-(GSH),
& Cisplatin
Z 1000 = BF25-(GSH), 25
)
% 800- ~* Cisplatin Z20-
g %
< 600 215
> >
5 3
g 400- = 10-
2
200- 5.
0 0
0 3 6 9 12151821242730 0 10 20 30
Time (d) Time (d)

Ar IR AT AL AL # £2(n=6), **P<0.01, EF25-(GSH), 41 S WA 4153 53] 15 2 0t AL BL AR B: 45 24 3 e vp AN [ 4L 0] /) Bl 4 E 1) L 2 (n=6),
*P<0.05, 1215 EF25-(GSHLAL LA C: EF25-(GSH)AMHIBR B AR AT IR IR 24

A: the tumor growth curve (n=6); B: comparison of body weight (n=6); C: EF25-(GSH), suppressed the growth of human hepatoma tumor in nude
mouse. ¥**P<0.01 in A is the differences between EF25-(GSH)s, cisplatin and control; *P<0.05 in B is the difference between EF25-(GSH), and cis-

platin.

8 EF25-(GSH)fafB#RRIAAKIER
Fig.8 The tumor-bearing nude mice experimental results which treated by EF25-(GSH),

910 pmol/L\ 20 pmol/LIN & L4l hn 24 20 AH L, &
SHHRAQMAETEZRD TS T 1% 18% /A,
SEIRENES. WREFEEZERETA), 5—J7H,
10 umol/L. 20 umol/LI{JEF25-(GSH), I & 5 7 &
Ab R A R LC3B-TR# A B LC3B-T1 Lh 451l 9 (] 7B) o
SEHG S5 UL, iR 2 R = ARG, A
KA, $LoRAE A S T, EF25-(GSH) % HepG24
it A B B K AT A2 8 I 3 1T AMPK/Akt/mTORIE %
ER e NS 1 INTR G ) 7
2.4 EF25-(GSH) # I far 8 R BB A 4

AT A EF25-(GSH), o 117 H 400 il JH i 8 A K
(3 2, AT TR Hep G240 M A AR B 3 f R IRk
FLRETE TE 1200 mm?* ) K2 T R Ee . S AR e T 1)
R S HEAT 4041, AR S EF25-(GSH)4b B 4 2R Bl
B RIEATT mol/kg I s 4 253 5 (n=6), X 14111
B (n=6)3EAT A1 [R) AR ARPBS (4 I I v 5, 4524 J 9
H30 do 45 B SR, EF25-(GSH)Ab B 20 f R BT
IR e KR, 5 O A 22 e 0 2, LR SR
FR T (8. A T KL MIEF25-(GSH). [ i i
T SRR A SR IE S B A BUREAE AR R, R
AT IR &85 2 7 98 %) 408 BN s ¥ S A [+) 571 &2 (R EF25-
(GSH),, &5 5/ R Bk 0 B 4F, Rl e, =
PR AR A WL AR, $E/RNEF25-(GSH), [ HE s i 4
XPIE /N OB B R i

3 itig
AT R I, 228 ZRAUMEF25-(GSH), X i

20 16 2R (P 1 A S AR o 40 PR B A I 1)
S5 AR, EF25-(GSH) 0 i 41 J A7 e Bt R 1E
FH, A S22 40 PP 40 e RS B 1 [ B, 6] 1 4
T 2R CRARE AR SRR (1 4 ) 2, JEL ) 1 5 4 M % 1
PE B KT 2250 3R, (06 9 40 e R 1) 2 B0 =R
HIC AR T 20 %, HAHROR s 7 it
Pt ()5 T AT T 29I, DR I B B B G IR 25
VE R B, RIVRT 3 21 275473 i 8 400 Jba vy AS 45 4 1 4
PR BEALECR . S0 45 3 W, EF25-(GSH) 0 T
0 i 2R 01 A0 ) 00 R 5 R ) RGP D o T AR
B 25 I I 18] 4E K 4248 h, EF25-(GSH), I3 &
7120 pmol/LA: A7 I, I 1E & 41 Jf) 5 85 VEAAIC, HXT
JHF92 40 Jif 2R PRI AR R LR TR B80% i A7 o A4 P S2 6
45 FAUEW], EF25-(GSH)L.7E 8 A IR n] R AEARLF 1)
AW EE, T H S PR AR S 25 B —F, EF25-(GSH),
TBIT G VA 5 R T AR R B 4 EE R B, FHEF25-
(GSH) X IE 5 F 25 24 Ja A WL 45 21 B (2 R AR FE AR 4k
T 2% 3 AR, X de gt E B EF25-(GSH), & — Ik
B2
XTEF25-(GSH): I I HLEE () - S 4G 7 —
SO AR NS S B0 25 K o 158, HOGS I8 4t fifa
AL S 25 FORE, e T 4l K& A
W YR N S MO LG () 7 A, e B A A 52 A i) f 18
T M 36 5% . Western blotf IILC3BK 1A DL S LC3B
JEURL A Je S50 A U B T Al B B R e A FRAlTie
K I, BF25-(GSH) 4 BE 40 My J5 51 2 T AMPKR% /2
A2 138 0 LA S mTORMIAKtREFR AL () 54K, 5%
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SR AR TE T 22 55 200 IR A R A OC BT 1 IR AL 1)
PE AR (HA R il 2. HATo & A K
18 UE W, AMPK/Akt/mTORIE # 15 i I8 45 4 1) 5%
2, IR A M A7 AN [R) - 1 40 B AR AIE, 41
AMP/ATPE 5 [1) T B2 3 EAMPK PTG, 5L
U6AIF S, 38 1L 40 i N AMPK FF) B0 P Am TOR Al Akt
55 R Mk, EF25-(GSH) - HepG241 il b 51 &
T AR, iy I )k R A A P 1 SRk
UEH . 5 SCHRARE 1 HoAth 22 B 2 R LA, AT
HEMEF25-(GSH),22 T LA SE K A FT B 1] Ji 41 11 R 2R
RORH I, FF FA IEH 4 i ag e, TR e
JIR(GSH)EEA 1) BRI 3k Ji 3 40 i 6 120 7% v = 2R 1)
H 555 AT FH ) U 1R A M B T — e R E
FH IR, EF25-(GSH), {4 40 g 5 Hh sk 7= A ok
10 25U 0T A AR S AR A 2 12, R B T EF25-
(GSH), 1] B XS 4H A% P 3 A% 40 o (1) 453 45 88 /AN it e ok
Rt AU ) T A bR 40 P AE T, rTRE A — FloBT
R AP 2 .

FEARWE I, BT U Ik A4 A 5556 F A4 Y
SIS UE T 2 3 3 R AUYIEF25-(GSH) I T i 4%
E S A BT =S W S O G NP S X (W
XTEF25-(GSH)HUH B VE I WLER AT T W28
WF 58 45 T AN EF25-(GSH)LE g FFE AL )T 2590 ()
I R R FH St 7 B 1 S 50 Al 3 D 4k R T R 2%
WP PEAE T — s BB AR
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