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[Abstract] Objective: To investigate the mechanism of Huazhuo Jiedu Huoxue Tongluo prescription in
alleviating cerebral ischemia-reperfusion injury via regulating nerve cell autophagy based on c-Jun N-terminal
kinase (JNK ) signaling pathway . Method: Sixty SD rats were randomly divided into 6 groups: sham group,
middle cerebral artery occlusion/reperfusion (MCAO/R) group (model group), Huazhuo Jiedu Huoxue Tongluo
prescription group [ traditional Chinese medicine (TCM) group (25.0 g-kg') ], JNK inhibitor SP600125 (SP)
group (5 mg-kg') , TCM+SP group and JNK agonist Anisomycin (Ani) group (15 mg-kg'). After 24 h of
modeling, TCM group and TCM+SP group were given TCM decoction (ig) for 3 consecutive days, and the
other groups were given equal volume of normal saline (ig). Neurological deficit was evaluated by neurological
function score and cerebral infarct volume was determined by 2, 3, 5-triphenyltetrazole chloride (TTC) staining.
Hematoxylin-eosin (HE) staining and Nissl staining were used to observe the structural changes of brain tissue
and the damage of neurons, respectively. Terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end
labeling assay (TUNEL) was performed to detect cell apoptosis. The ultrastructure of autophagosomes was
observed by transmission electron microscope. Western blot was employed to detect the protein expressions of
microtubule-associated protein 1 light chain 3A/B (LC3A/B), autophagy related 5 (Atg5), the ortholog of yeast
Atg6 (Beclinl) , p62, B-cell lymphoma 2 (Bcl-2), JNK, phosphorylated (p)-JNK and c-Jun in brain tissue.
The mRNA expressions of LC3A/B, Beclinl, p62, Atg5, Bcl-2, JNK and c-Jun were detected by Real-time
fluorescence quantitative polymerase chain reaction (Real-time PCR). Result: Compared with the sham group,
the model group had elevated neurological deficit score (P<0.05), enlarged cerebral infarct volume (P<0.05)
and typical infarction manifestations formed in hippocampal region and its surrounding brain tissue. In addition,
there were a large number of neuronal cell degeneration, necrosis, liquefaction, nucleus pyknosis and deep
staining, and inflammatory cell infiltration in the cortex in the model group, and severe swelling of
mitochondria, lysosomes, autophagosomes and autophagolysosomes were clearly seen under electron
microscope. TUNEL positive cells were increased (P<0.05) , and cell apoptosis was severe. The nuclear
membrane and nucleolus of neurons in brain tissue were blurred with discontinuous processes, and Nissl bodies
in cytoplasm were stained light with reduced number. Western blot revealed that the model group had up-
regulated protein expressions of LC3A/B, Beclinl, Atg5, JNK, p-JNK and c-Jun in brain tissue (P<0.05),
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while down-regulated protein expressions of p62 and Bcl-2 (P<0.05) as compared with the sham group. Real-
time PCR indicated that the mRNA expressions of LC3A/B, Beclinl, Atg5, JNK and c-Jun in the model group
were higher (P<0.05) while the mRNA expressions of p62 and Bcl-2 were lower (P<0.05) than those in the
sham group. Compared with the conditions in model group, the neurological deficit scores of TCM, SP and
TCM+SP groups were lowered (P<0.05) , and the cerebral infarct volume was reduced (P<0.05) , with
improved pathological status of brain tissue, especially in the TCM group. Furthermore, there were abundant
and basically normal mitochondrial cristae, slightly dilated endoplasmic reticulum, slightly swollen golgi
apparatus, slightly fused nuclear membrane, and few visible lysosomes, autophagosomes and
autophagolysosomes. TUNEL positive cells were decreased (P<0.05), displaying reduced apoptosis, especially
in the TCM group. The nucleolus and nuclear membrane of neurons in brain tissue were discernible, and Nissl
bodies in cytoplasm was reduced to a certain degree as compared with those in the model group. Western blot
showed a decrease in the protein expressions of LC3A/B, Beclinl, Atg5, JNK, p-JNK and c-Jun in the TCM
group ,the SP group, and the TCM+SP group(P<0.05), while an increase in the protein expressions of p62 in the
TCM group and SP group (P<0.05) , and an increase in the protein expressions of Bcl-2 in the TCM group and
TCM+SP group. By Real-time PCR, the mRNA expressions of LC3A, LC3B, Beclinl, Atg5, JNK and c-Jun
had a down-regulation ( P<0.05) while the mRNA expression of p62 a up-regulation in the TCM group , the SP
group, and the TCM+SP group (P<0.05) , and the mRNA expression of Bcl-2 a up-regulation in the TCM group
and the TCM+SP group (P<0.05). Scores of the Ani group were raised (P<0.05) , and infarct volume was
increased significantly, with aggravated neuronal cell necrosis and obvious inflammatory infiltration. Moreover,
there were neuronal nuclear membrane fusion with abnormal protrusion, increased heterochromatin aggregation
in edge, severe mitochondrial swelling, endoplasmic reticulum expansion, increased lysosomes, increased
intracytoplasmic vesicles, and visible autophagosomes and autophagolysosomes. TUNEL positive cells were
increased (P<0.05), representing severe apoptosis. The number of Nissl bodies dropped with light staining, and
the nucleolus and nuclear membrane were blurred. Real-time PCR found that the mNRA expressions of Atg5, c-
Jun, JNK were up-regulated (P<0.05) , while Beclinl, p62, Bcl-2 were were down-regulated in the Ani group
(P<0.05). Compared with the TCM group and SP group, the protein expressions of LC3A/B, Beclinl, Atg5,
JNK, p-INK, c-Jun were decreased, and p62, Bcl-2 were increased in the Ani group (P<0.05). Compared with
the TCM group, the mRNA expressions of JNK mRNA had a down-regulation in the SP group and TCM+SP
group, while LC3A, LC3B, Atg5, c-Jun, JNK had an up-regulation( P<0.05) and Bcl-2 had a down-regulation
in the Ani group (P<0.05). Compared with the SP group, the mRNA expressions of Atg5, c-Jun, JNK had an
up-regulation (P<0.05) , and Beclinl, p62, Bcl-2 had a down-regulation in the Ani group (P<0.05).
Conclusion: Huazhuo Jiedu Huoxue Tongluo prescription significantly up-regulates the protein and mRNA
expressions of LC3A/B, Beclinl, Atg5, JNK, p-JNK and c-Jun, and down-regulates the protein and mRNA
expressions of p62 and Bcl-2, suggesting that the prescription can inhibit autophagy through JNK signaling
pathway to reduce ischemia/reperfusion injury in rats.

[Keywords] Huazhuo Jiedu Huoxue Tongluo prescription; cerebral ischemia-reperfusion injury;
autophagy; c-Jun N-terminal kinase (JNK) signaling pathway; middle cerebral artery occlusion/reperfusion
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BT AR BT 2 R TCM 20V S S5 5 AR B b K L K
S T el RAVAR N R VA D o ¢ L D N G Y
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TR A BRI O B 5 — DA K A 2508 Bl ik DA B
AN Bl ik L # Bh Bk, 7E SR B Bk A — Y 0 36 AR
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TR AR 5 G 30 min g 28 18 /K Wk 3 UK 5 95% £ R 43
b TooK SR, 2 HORE B R v A e
TEG2 WU T R T WA I
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2.2.8 E P R B (Western blot) £ 1l INK {5 &1 3514F75

DB (IR B R A g kg TRl T Primerseanence

Jo B AN AR, I RIPA 24 M i, B 0, FE B 135 sl P (53 K& /bp

Hﬁ,ﬁwﬁiﬁiéﬂﬁkﬁf,95°C§Eﬁ£ﬁ%4*::%%%§ﬁﬁﬁﬁ%ﬂ-%& B-actin I GCAGGAGTACGATGAGTCCG 74

T 475 4 Bk 25 I ¥, Tk ( SDS-PAGE ) 4 JI¢ H, ik | 6 i %= T ACGCAGCTCAGTAACAGTCC

PVDF J& I, 5% Mt fig 2R W5 b B A 2 b 43 500 A —Jit Beclinl i AACTCTGGAGGTCTCGCTCT 131

(LC3A/B H7 1: 800, p62 4 1: 5 000, Atg5. Bel-2. Tl CGCCTTAGACCCCTCCATTC

Beclin1 .INK .p-INK .c-Jun & B-actin £33 1: 1 000) LC3 1 Ii‘::(}ﬁTTGGTCAAGATCATCCGGCG 172

4°CH R 7 . PBSYEME 3 %, A — 4 (1:10 000) FUFCGANGATITCTIGGGAGGCA

U N et LC3 |3 TGTTAAGCCCCTACCAAGGC 129

=HEs ‘1 2 h’jq PR B H:J‘ECL B Rt T ATGGCACTCAGTTTCTGGCT

J©L ST R Image TERFIIE Western blot p62 ii# ATGCCTTTGGCTTTTTCGCA 115

LRSI T GGGAAAGTCCGGCAAGTGTA

2.2.9  Real-time PCR 5 I INK {5 % Ji i Af] X Bcl-2 _kiif CATGTGTGTGGAGAGCGTCA 71

mRNA K35 B H 21 5~20 mg 28 AN , 2L T ACTCAGTCATCCACAGAGCG

fik I A e 1250 42 UL RNA, £2% Oligo (dT) Primer Atg5 it CAGAAGCTGTTCCGTCCTGT 128

Random Primers {9 i & W H' 70 °C 5 min fiffi RNA 28 T CCGTGAATCATCACCTGGCT

PE V8 AR I B s) SN R R AT 15 S N o N INK I3 TCCAGTTCTCGTACCCGCTA 135

A PCR Jz Jif #& (cDNA #i 4 2 pL, 2xPCR PreMix Tl AGCATGGCGTGACACAGTAA

10 pL, B¥ESI Y . TSI ¥4 0.4 uL, 28 F K c-Jun ¥ GCACATCACCACTACACCGA 110

7.2 wL) #E 1T Real-time PCR K I , i F 19 2 3 =
TR, W8 1 95°C 10 min, 95 °CZEPE 15 s, 60 °CiH
KAEA 60 s, 06 IR 44 K o 71 I 15 B0 & HEAR H Yk
K B g 2 K B-actin Y CqfE, H A CqgH-NZ
FEH ) CqlEH=ACq, ¥ A X 0=2-ACq, 15 3] & 4
H S 0 o fE X 0 ¥ 1 , Bl vl k15 RO fH , Bl &% 4
BE PR 23k 09 AR X B E L RO ME #4748 3 40
S A T RS A . ST IR 1.
2.3 GiilsE5ikE R AH SPSS 21.0 48 i 5544 X 52 56
BOE AT 0T, S B 25 R D xes T . A
it o3 AT W R HEAT AR 22 SR A I . A R
TE ARy 22 550 2 A B0 L ACR FH R 3 22
43 HF (One-way ANOVA) , 41 [a] # 5 kb %% 5% F SNK
B 56 5 W 5 07 22 R 55, W 4E FH Games-Howell £ %5 ;
P<0.05 K25 BA G E XL
3 &R
30 WRR—BEENE S dE/FAL
KBRS R kB HERW KRERE, B
RICEE ATEh A a0 R AT N ARAE R LB SR AR
RUZH | Ani 2085 R 2 B B A0 TR 2%, HF B ROK
PR R R AR, B ARIR, 0 RN S
Bl D, X A SO M AR Hh 25 41 L SP 4 Rl
25+ SP 4 A5 IR 20 F1 Ani 41— A 0 F
3.2 XMRBRMED eI m  5RFR
20 L, M A B 4 B B T i (P<0.05) . AR A
- 120 -

T TATGCAGTTCAGCTAGGGCG

Fe#, th 25 20 SP 20 5 Hh 25 +SP 4K Bl fil 42 D) g
FAPE 4> 2 B 5B A (P<0.05) ; 5 2520 2 SP2H [bAs,
Ani 41 #H D) REPESr B 2 THE (P<0.05) . WL 1,

R LR E M 4 75 Xk R T B BRIR T 4 KO B IR (s,
n=10)

Table 1 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

neurological deficit score in rats (x+s,n=10)

4151 /g kg T DI REVE 43 /53
T ARA 0
H 70 20 3.13+0.64"
GRELEE| 25.0 1.00+0.71%
SP 4 0.005 1.63+0.74>%
T 25+SP 4 25.0+0.005 0.89+0.60>"
Ani 0.015 3.00£0.76>"

T 58P AR M AV P<0.05; SRR 4 H AV P<0.05; 5 4 25
2 H AT Y P<0.05 ;45 SP AL L Y P<0.05(F 2-% 5 1))

3.3 XRBRUFE LR S5 F AR LK,
ALY 2 R B M 2 SRS BE AR BRI 8 4 i (P<0.05) 5 5
R 20 e A, P 25 4 SP 4L A 25 +SP 4 K BN 20
ZURE BE R LI 2 45 /N (P<0.05) , Ani 21 K KR 2 21
T AR B A 5 384 hn (P<0.05) . WLIEI 1.2,

3.4 XFRRBAZURB M BT AR 9K R
MOV EE R E TR KSRk AR, 5
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H AT AR ;B AL C. 2541 ;D.SP4L;E. " 25+SP 41 5
F.Ani 41 (/& 2-1#1 5 7))
E1 {m@sEnEgsdkRmERERNYZIN
Fig. 1 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

cerebral infarction volume in rats

F2 WRMEEE LSS ARBEELERAOFN (xts,n=3)
Table 2 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

cerebral infarction volume in rats (x+s,n=3)

2151 #H/mg- kg i 458 ST AR FR /%
BFARH 0
H 70 2 19.73+0.13"
LREZE:] 25.0 15.06+0.04
SP#H 0.005 16.77+0.13%
P 2+SP 41 25.0+0.005 10.12£0.20**
Anifl 0.015 27.88+0.01>39

5T AR A L A, A5 78 2 BRI 7 X % L S R
H LU B M R A B0 R B . P2 DT AN I AR M IR AE
RMEIRE A AR RS, SRR A R,
ZH . SP 41 1 245 +SP 4 fiki 41 2095 BRI 2
LU LA 25 2 M W, Anid 41K BRI 4 4R B IX G
I, R 25 6 40 MK BB BN B, R MR B
LA 2,
3.5 X KRR ZH 20 Rl 28O0 TE 25 LR ok 285 4 11 5
b Nl ST NN [ = NI EIE 11 O o O 2
20 A% AE R OBL R B I T o8 R L oK L R /M
MCAO/R 4, £ 44 7™ 5 b i , 9 53 I BH B 9k, =
IR A i e 5 200 M A A RS R S €8 NS 2 T T
SNIER VAN NNIE R 7 37 N RS R Py RN s
Fw BRI TR EE 5K R R A R B i
i, A0 A R IR B LA o SPAL R IR I T E L N
JOT P9 20 4347 5K e 2R A B AR T, A A% A T
REERLA . ANTYL, W& TR A SRR, 7
gt 3G 2 il R AL 2R AR K, N I
i ARG 22 MR NG 2, [ W /MART B
WEEF AT L, WLIE 3,
3.6 XTREMAHZABEE T RYEm S5/FR

E F
B2 {LimfREEMmEL T KRKMARFENZIE (HE, x200)

Fig. 2 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

brain histopathology of rats (HE, x200)

E F
B3 m@ESFnELANARRNAAHBETHRSMBHMENN
B0 (GBS LB, <25 000)

Fig. 3 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

morphology and ultrastructure of neurons in rat brain tissue

(transmission electron microscope, x25 000)

ZH M B, A58 ZH TUNEL BH M 40 i % B 55 14 i (P<

0.05), MM TN i, HAR A g, 2G4

SP 41 Al p 25 +SP 4] BH 14 40 Bt B 5 08 /D (P<0.05) , I
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T A T, LR g b B, 5 2hdl
T SP A Eb 5, Ani 2 BH 4 20 At BH {2 34 i (P<0.05) , 18
TR E, k3.

£3 WMMETMESTSAREMESERBATROBM Gts,
n=3)

Table 3 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

apoptosis rate of rat brain nerve cells (x+s,7=3)

4150 Fl /g ke T3 /%
RFARL 2.00+1.00
I 2] 33.00+6.08"
heidl 25.0 7.33+2.08%
SP 41 0.005 17.00+3.00%
h2+SP 4 25.0+0.005 15.00+5.29*
Ani4l 0.015 27.67+2.08°"

3.7 R B AL T X JE R/MER R ST
ARG L, A5 B 2 28 T A% TR A A BT, SRR
S e IR R B> SRR
B, 254 SP 2 R 2 +SP 4 N 2 4R & T i
% B RT HE , HLH Je QAR A — o 72 A 2k, (E 3 A
U204 9845 5 Ani 418 TG/ IMVAC B B I sk 2D i 2R
B E O AR . WA 4,

3.8 XF KB 4H 41 LC3A/B . Beclinl . Atg5., JINK .
p-INK . .c-JunFH A £E WM HEFARH LK,
LR 2 K B 2H 41 LC3A/B . Beclinl | Atg5 ., INK .
p-JNK. c-Jun 4 1 3K 5 W] W 7+ & (P<0.05) , p62.,
Bel-2 8 4 #35 B B BE K (P<0.05) . S84 LA,

A B
?
4
C D
TR
s ‘ .
{4 PREE L
\.I " ’
/i 2
i/
E F

B4 E@SEFnEEANARBEETRERNMAOEM (2
e e, x400)
Fig. 4 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on

brain neurons and Nicosia corpuscles in rats (Nissl staining, x400)

W2 4] L SP 41 R T 25 +SP 41 i 41 41 h LC3A/B.,
Beclinl , Atg5 . JNK .p-JINK Fl c-Jun & [ 7 35 9] L %
i (P<0.05) , 125 40 F1 SP 41 p62 4K 11 % ik W] & FH i
(P<0.05) , HF 2540 Fl f 25 +SP 20 Bel-2 3 & kW i
Tt 75 (P<0.05) . 5 SP 41 Fl v 25 41 [k %, Ani 4l
LC3A/B .Beclinl \Atg5 . JNK .p-INK .c-Jun & [ % ik
B & Tt & (P<0.05) , p62 . Bel-2 2 [ 3 5 B W F& fIK
(P<0.05). WL%4 .5,

R4 WRAEEE MBS KR AL LC3A/B. Beclinl p62. Atg5 JNK . p-JNK. c-Jun EARIZMHM (+s,n=3)
Table 4 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on LC3A/B, Beclinl, p62, Atg5, Bel-2, JNK, p-JNK, c-Jun protein

expression in brain tissue of rats (X+s,n=3)

215 4 /mg - kg LC3A/B Beclinl/B-actin p62/B-actin Atg5/B-actin
i F AR 0.33+0.19 0.38+0.08 0.77+0.11 0.30+0.06
IR £ 0.88+0.16" 0.85+0.05" 0.29+0.08" 0.77+0.07"
S| 25.0 0.56+0.15 0.55+0.13% 0.50+0.11% 0.41+0.06
SP 41 0.005 0.52+0.34% 0.52+0.20 0.50+0.10% 0.54+0.11%
th2l+SP 4 25.0+0.005 0.50+0.10% 0.54+0.22% 0.42+0.16 0.49+0.08%
Ani4l 0.015 0.96+0.16>* 0.92+0.05>% 0.18+0.02>% 0.93+0.13%%

24 5 4 /mg- kg™ Bcl-2/B-actin INK/B-actin -JNK/B-actin c-Jun/B-actin

g kg p
BTFARA 0.95+0.14 0.26+0.12 0.78+0.12 0.22+0.07
A2 0.46+0.13" 1.25+0.10" 0.83+0.20" 1.12+0.07"
izl 25.0 0.74+0.04% 0.83+0.17 0.54+0.04% 0.61+0.29%
SP 4 0.005 0.62+0.08 0.80+0.19% 0.57+0.04% 0.62+0.21%
i 25+SP 41 25.0+0.005 0.82+0.21% 0.70+0.20% 0.41+0.08% 0.53+0.31%
Ani i 0.015 0.36+0.16>% 1.11£0.24>% 0.84+0.11°% 1.03+0.22%%

- 122 -



5529 55 7 ] HEXBAFZRS Vol. 29, No. 7
20234F 4 A Chinese Journal of Experimental Traditional Medical Formulae Apr. ,2023

LC3A/B

p62

Beclinl

p-actin

A B C D E F
5 KRAAZL LC3A/B.Beclinl,p62.Atg5 . JNK.p-JNK. c-Jun
EQRIEBIK

Fig. 5 Electrophoresis of LC3A/B, Beclinl, p62, Atg5, Bel-2.

JNK, p-JNK, c-Jun protein expression in brain tissue of rats

3.9 X} K BUMK 41 1 LC3A . LC3B. p62. Beclinl .
Atg5 JNK .c-Jun mRNA Rk HEFARH
bl A, A5 7Y 2] K Bk 20 41 LC3A . LC3B. Beclinl .
Atg5  JNK . c-Jun mRNA 3% ik B & 3% Jin (P<0.05) ,
p62.Bcl-2 mRNA % ik B i B# Ik (P<0.05) . 55
A, 25 4L SP 4L Al b 25 +SP 4l K R 41 21
LC3A.LC3B.Beclinl ,Atg5 .JNK .c-Jun mRNA 3 ik
B W % Ik (P<0.05) , p62 mRNA % ik B] & 14 fin
(P<0.05) ; 2540 F1 v 25+SP 41 Bel-2 mRNA 23k 1
S HE I (P<0.05) 5 SP 41 K BRI 2H 21 Bel-2 mRNA 3
KA B AR 22 KIS A B Ani 4 AtgS .
c-Jun JNK mRNA £ ik /i1 (P<0.05) , Beclinl \p62
Bel-2 mRNA £ ik U] i FE AR (P<0.05) . S 2i4i Lt
B, SP 4L A 25 +SP 41 K Ui 41 21 INK mRNA % ik
[ ik (P<0.05) ; Ani 40 LC3A . LC3B. Atg5. c-Jun,
JNK mRNA 2355411 (P<0.05) , Bel-2 6 3% B i A%
(P<0.05) . 5 SP 4l L%, Ani 4l Atg5.c-Jun,INK
mRNA % 35 B i 7} 55 (P<0.05) , Beclinl . p62 . Bcl-2
mRNA ik B i BEAIK (P<0.05) . W35,

x5 MBS TMELS T AKRMALS LC3A.LC3B. Beclinl p62.Atg5.c-Jun.Bel-2 . JNK mRNA R iZHIEIH (3+s,n=3)
Table 5 Effect of Huazhuo Jiedu Huoxue Tongluo prescription on expression of LC3A,LC3B,Beclinl, p62, Atg5,c-Jun,Bcl-2,JNK mRNA

in braintissue of rats (¥+s,n=3)

21 5 Fl i /mg- kg LC3A LC3B Beclinl p62
B F AR 4L 0.85+0.08 0.87+0.10 0.89+0.16 1.15+0.21
70 2 1.23+0.10" 1.21£0.29" 1.23+0.21" 0.86+0.21"
GRFLEE| 25.0 1.02+0.14% 1.11+0.14” 1.03+0.20% 1.07+0.13%
SP4l 0.005 0.99+0.15% 0.98+0.19” 0.93+0.15> 1.07+0.17%
i 2+SP 4 25.0+0.005 0.93+0.12% 0.86+0.11% 0.79+0.22% 1.11£0.11%
Anil 0.015 1.32+0.17% 1.30+0.14>% 1.12+0.14% 0.8120.15>%

21 5 HlE/mg kg Atg5 c-Jun Bcl-2 INK
BFARA 0.87+0.14 0.79+0.16 1.1940.23 0.95+0.20
AL 1.18+0.24" 1.31+0.27" 0.84+0.16" 1.21£0.21"
iz 2 25.0 0.84+0.11% 1.03+0.12% 1.12+0.13% 0.99+0.16%
SP 4 0.005 0.93+0.14% 0.91+0.09” 0.97+0.22 0.77+0.08%%
1 25+SP 41 25.0+0.005 0.92+0.12% 0.88+0.16’ 1.07+0.14% 0.7240.12>%
Ani i 0.015 1.36+0.10>>% 1.49+0.13%3% 0.64+0.16>*% 1.41+0.06>>%

4 itig o AR B TR R R AR A S oo e T, B

20 0 A K CIRT A & A A Ji ik A vh 4 38 T
OB & R A AR — A IR AR = AL
i A 52 48 2 R A0 A R A O Y A R I D
BEABE R, W S AT B 2, A B T A
A3 5 SR, 0o BTG B A W T R A T A

A, A WETE CIRIH L& 4 /R e g i . i WANG

1) CARLONI %" SHENG 25" 23 5| #F 5% ¥ 1A

R BT T B R A 1 I B % 46 /N I CIRT S

FERCARRL > i 2 C BT . A —SE 5 R

FI I 0 T ek ot/ P A (/R R 455 ot o
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Wit T A5 250 4 /N G AR BE A B LR AR B 28 T iR 2 0T
Gy ARSI 5T T2 B A S B R 1 A
Py 1% G 000 X0 5% 4 B Y ) R A O R RSS2
iR H MR/ RS AR T UL, B OBE AR 1 LC3A/B,
Beclinl \Atg5 ik [, p62 Fik T B, B2 H Wi 9k
WE M EdE . LC3 2 HAT AWM A AR &Y,
Beclinl ] DA SE4E SCHEMY (A W 2R 1, OF 5 HAh &R A B
[vi] ] 4 ) WA 9 0 BRI B o AtgS = — B F I B
H.EETREZHAKZED T IR RESY
Atgl2-Atg5-Atgl6 5 [ W/ AN IS5 & L A 2F [ W
JIN Y B SE AR 5K AR HE LC3 ) W D T S
£ p62 S — P S ALY {2 A AT 5 LC3
A EAE Bz RALE A5 45 LC3, R R & T H
Wi AR, VR IS W 9 b i, LA P 3R K O 5 A K
TR

FEASSC U0 TR A0 A S IR S, SR T
A WS S8 BN B, 25 00 3 S LS
M I L 30 4 B A 25 3R L AR 1 (mTOR) 14 8% s 5k JUL
Fi 3-38 B (PI3K ) /4R 1 I B (Akt) 38 % R B2 1
A F1 O (AMPK) 3 # %5, INK & AMPK (1 5 J
BB Z — o INK & — )32 A7 T 0l 5L 30 ) 40 i
oY 22 B R /O R AR 1T E A0 B A SN L A
i = A 0B BT R A R = SR P (OS]
YER o WFFEIESE , CIRI H A2 7E INK {5 538 B% 1 3
WO 45 T INK S 5 i B W7 551 SP600125 Ji5 AE % ik
MG TTIAE T R R AR . BRI
L INK FZ AL T M, B ORI Os T
114 T 0 T A 95 2 1 4% 5 1) 35 R 0 ik % A WL 9 T
A, DT B ST 2 T R e 7 A% P, DAAZ B
J7 2B % N mRNA HF-, 246 BECN1 , c-Jun( B!
ZI R FLH ) L c-Fos 4, 19 Beclinl . c-Jun A F ik 7K
R HE AR KA. P T A Bel-2 1l 5 [
AHIC R 1 Beclinl JE B — 544, fil HLAS B8 & #4540 N 1)
Ty RE A0 A0 B IR £k A9 INKC B p-INK AT i Bel-2
el 1k IF it 5 B S Beclinl R, WA UE A
W >, INK C B F 5% n] 38 3 % 1% 1k Bel-2/Bel-xL ok
filk % [ W2 MILLER 482 % #1248 b7 /R INK (1 3%
6, AT E W RTE T, i 0 WL CIRT, {3 ] INK A1)
571 SP600125 41l il INK 38 3% 1T {65 451 5 1 B 46 /) .

bR 2545 G 45 27 10 B AT A A XU R
Ji ik CIRT f4) 5 BHAR A%l B 7 248 ) S A9 iy
B, 2 MK R R RIS A BE R
B, SORBOR R K R AT — 0 e
18 o R 9 L 7E i iR TR R, SR
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— P A s S, AR RSB g . KU O |
AU T, BRI 2% 32 40, 45 ks AT A i s BRI N AT, B
Bk 1 O, L s AT sz B R AN 1, RO
1 AR D B, I RE 2, G s A Bk — 25 i E B
M, A ZRE N A R SO I, R AR A A T
I AL 38 465 5 2 AR Al 3% LT 805 R0, O R i A
AR H IO R 2 AT ANOT L AT R T
A7 22 515 I8 N R AT S I Oy e
2 A7 U P ISR L R XUE 2% 2 T R TS
25, TR A I, BRI I 9, 70 A, T 2 A
A, B Mo {9 e T AR, SR K 25 8 DA i ot
Sh B R B4k B 255125 AT
ABIEFE I S B, FE I CIRI & A= 1 I e, 455 5
AR B B AR, B ORIk, A sk b B
S 18 B B, ik 22U 25 e O T N 2 UM
2L [ WK T LC3A/B  Beclinl \ Atg5 ¥ 71, p62
FOBFEAR, BRI 9 Tl T b AT DL e 1]
o A0 2 B Ml P 22 A0 T W TR L e T
CIRL, %5 25T Winy i 25 40 H W 2R 1 R a8 B
BYZH A P B AR, 25 5 Bl 35 A7 B el 3, 3R B Ak
fift B I 10038 2% 75 0] LA AR CIRT S A 22 40 i 1 1k /K
DT PR B i 22 e B INKC ] R 41 ONK
0 R0 A e 24 2R TN T AR 2R S, A D e R
138 46 J7 T 1R 19 MCAO/R K B, 6] 45 INK 417 il
7 SP600125 H A AF H A Bl Y 2, SR AL M L
] A AR INK B B AR AL, p-INK 5 c-Jun 3K
DL U TR T Bel-2 85 £, H WE R T LC3A/B,
Beclinl \Atg5 [, p62 T M, & 7 Ak Pl i 25 105 1L 8
25 77 Al 3 A1 ) INKC A 5 3 e A o AN e e A
i PR 4P A T Sl DR 4 A3 — e By B MK o T A Ml
SR A TS AR R A
e .
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