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BJE, Kumae N7V F-20044E 8 Vi it g 5 i T S i
(transmission electron microscope, TEM)£E ¥b 5 fixi S 1L
TR WL B WRAR S5, UESEH S T Nk i
VEVE. AN, WRRN R — i A R T AR B
Wk A DK A ATl o 14D /0 BSUBPT 9 1 e £ i s . o 7 Dy e R
AW L BRI B, B A £ R RT 5 50 4 40 g
KA WA R SR 5 A BN e B P A 1) B 0%
17 ELR SR B ™ Y s o TT ik B O W, A
T 15— 45 I e 4 i B AR A PR T X R S 4 SR 1
P, R R TG MG T R R A A — A
TEALERERIT B AR,

NG TR R A EIR R A RIFIRMME, BE AT
BB FIRIE A AR A SRS i, — BT 2R, AR
K, BRI T T B, V2 /N T E Y Re i i
125 WG R LA 00 A HEIR IR L. 4T B WA i g
MAG 7 AR, AR 2450k B 4R i 4% 77
3, FRRER R E VR TT 254 2 REeE . R
WA I 2 P el 4 . BELMT B WA FH 254, AL
MAE T E VEE R SR IR BT, R R R
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NEFHBEATERR, e T Red i AT B WA A LR sk i
45 T A WA R ME AR ML & .

1 HEER S FHLE

H W —NMEREL B BEOR ST B AR, I il
1A 2 455 A AN 2R PR A I N B 2. IR 1R AR 3
RET, HEYERERRKY, AR T 7% i,
o R PR S AR A =R R, S
It (macroautophagy)~ i H I (microautophagy) 145
PEAR A S [ W (chaperon-mediated autophagy)'”. E
H Wl B XUZ R 2R A B M sy, TSV
PRl TV B W T B AR PRI, e 2 B R
W7 PE RO PR B, AREE VA AR B A
MUB RSy, o3 TR S BRI LB AR A S
RV E AR R AR A, 8RR B B AR B S
BRI MR B AR, Ak, ATTRTE BB LE
JIAEGIR T E A R BONEN], A ESNE
H (B EAR UL A, R SO 3 TR 9 W) A8 i 5 i
AR F A 3/ J3 1 8 R0 B0 E 5 R U T AT
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W FHE R AT ) NS A ASFE I B R A
B, EWEMRRAZ, ERMA R IEAR, E A R A
&, WA AR O R, BT CUB LR U
M. mTOR(mammalian target of ramamycin)fifl| %
2 Tl 24 L [R) R 4 B A )ROSR RS B T
ULKE &¥(EFULK1, ULK2, FIP200/RBICCI,
ATGI13FIATG101)FIE. B W /IMARZ J5, TR
T UL 3 -3 (PIBK-IID B & 7 (155 AMBRA1, VPS34/
PIK3C3, UVRAG/p63, VPS15, Beclinl F1ATG 14)4 4
. B MAE R T AL 2 T ATG 1245 1A 2 F1
T A 9 B A 152 4% 3 (microtubule associated protein 1
light chain 3, LC3)fHBAR RIX P FlIZ 32 BATGHR B A
AN GH. BHAEMSE, ATGI2IEATGTHIERA TS
ATG1045 4, Bl 45 & ATGS I ATG12-ATGS 5 447,
ZEEMR— L H5ATGILIERTEE AR &N S
5 B WE/MEIIRE; ATGABIEERATGT, fHfUE MRk
H1%:%8%3- I (microtubule-associated protein 1 light
chain 3, MAPI1-LC3- 1 /LC3- [ )45 & Wik £ 05 %
(phosphatidylethanolamine, PE)f£LC3-11, LC3-11 4
BT E AR bR A AR S VA A R S R
& E R WA B ARG, B R R S Rl E O
TEZMEANSYS, fila, #ERAMEH17(STX17)/E
BE E MR 5 VA e R R 5 T BORA R RIS BEAR. AR,
VAT AR ) I AN 5 580 1 W A PA) 25 0D i g R P
Z Ak, LA E AT . BRI — ARG
PERII R, 5 R AT E AT LAe 156 P e A M o A 254, RN
IS AR LA B2 HALC3 82 GABAA SZ 1441
KEFI(GABAA receptor associated protein, GABAR-
AP)RIEFEVE VR P2 28 1 DT B A, MR G Bt SR g AN
[ 1] 43 R 2R A4 [ Wik (mitophagy) 3 S AL WIBEAA F 5
(pexophagy)~ M J5i W H W (reticulophagy)~ % ¥k H
% (ribophagy) 1 57 [ 4 (xenophagy)'' .

2 WA G e O Y R
2.1 et b R B

R AR A TS, BFETE % (reactive  oxygen
species, ROS). fHixdT&E KL HMNE .
AW RE A R NS BE TR S5 ) T SR SR AE PN IR 22 b B3
THTHES S T B R i EeE Y. ROSHH
5| L I AR ST i P I ) D6 R . i R i
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Figure 1 Schematic overview of autophagy. The process of autophagy can be divided into five stages: initiation, nucleation, elongation, fusion and
degradation. The initiation of autophagy begins with activation of the ULK complex, which consists of ULK1, ULK2, FIP200/RB1CC1, ATG13 and
ATG101. The ULK complex induces vesicle nucleation, which is then mediated by the PI3K-III complex. The PI3K-III complex is composed of
AMBRAI1, VPS34/PIK3C3, UVRAG/p63, VPS15, Beclinl and ATG14. Vesicle expansion and elongation are mediated by two ubiquitin-like
conjugation systems: ATG12-conjugation system and LC3-conjugation system. The fusion of autophagosome with lysosome is facilitated by STX17,
and the acidic environment in lysosomes leads to the degradation of the cargoes

VR, 47 b S ONVR ) B AT R B T, S
LA TE ML BEOE, T 4R A 2 ROS I B 2RI, itk
FHEROSIKV-HIE, fe 2 Af xR L1573 175846, ROSHIH
AnATUA_EIRTPS3, TPS3A 3 (MR REAR AR T2 T A 1
(TP53-induced glycolysis and apoptosis regulator, TI-
GAR)FR 7777 E Wi 4% 3 Kl (damage-regulated  au-
tophagy modulator, DRAM)/ S TPS3 {4 5%, FHEH
W T R E R R BT, Bk
75 F K- 1a(hypoxia inducible factor-1o, HIF-1o)2>
fil % B FEFUNDC1, BNIP3FINIXTE Y (1) JUFH £ K44 5
Wi 2 (A EEE S B Ah, ROSIIHE NG £ BUHNRE2,
FOXO3FIPERK@E %, XLLigfRHS 5 EILE T
FALRIEOR S A PR B FORiE, e R
BRI B T, R R AT LI R 3G 2o f4 5 WA 4

THINLRP3 JAE /N B KD ROS 7= 41,

AT B BT R B S N M R, T A
VA G S b O NN S ERep ik o SRty S S NI X Fi Y e o
1 la(inositol-requiring protein-la, IREla), & FI¥AFR
1 PN 5 9 8B (protein kinase R (PKR)-like endoplasmic
reticulum kinase, PERK), % 3%i% [ T6(activating
transcription factor 6, ATF6)"\([&2). PyJi I K47 B &
FI AR SIIIRE Lo/ e A Joi 19X B ) 53 5 A A1 i g 485
MR FBERR AL, B S IRE 1o R IR SE IR T 32 74 AH
KA F-2(tumor necrosis factor receptor-associated fac-
tor-2, TRAF2), #1155 151 (apoptosis signal-
regulating kinase-1, ASK1)JE S &4, BUE T lifFc-Jun
RHE AR U B (c-Jun N-terminal kinase, INK){¢ 341 i
B A RO, PERKRR T8 KD %4 i 44
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R AL I PERKGE I ATFARE SR IR ATG 1215 F AR, JFiEid ATFAS 3 [ICHOPH, SR 15 ATGS 15 F I, ATF64S1PAI
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Figure 2 Molecular mechanisms of ER stress-mediated autophagy. ER stress can induce autophagy mainly through IREla, PERK and ATF6 signal
pathways. Activated IRElo forms a complex with TRAF2 and ASK1, which then activates the downstream JNK pathway and promotes the release of
Beclinl. Free Beclinl is involved in the formation of the PI3K-III complex, which activates autophagy. Phosphorylated PERK induces autophagy
through ATF4-driven transcriptional regulation of Atgl2, and ATF4 mediated activation of CHOP also transcriptionally regulates ATGS and then
induces autophagy. The N-terminal domain of ATF6 cleaved by S1P and S2P binds to Sano and ERSE, which induces autophagy by activating CHOP
and XBP-1

K F(the glucose-regulated protein 78 kD, Grp78/BiP),
i eIF2afd WAL J- B8 Ve SMUG X T ATF4, T ATF4%%
KMPEATG12, ATFA 3 [IC/EBP A2 H (C/EBP-
homologous protein, CHOP)M% ¥ % 3 ATG5™".
ATG12FIATGS#S /& ATG 1281k A & (AL R 77, N3
W/ NA P 47 PR RAE (Y 78 A 3R SR, ATF6
e Bt 7% B vy /R F AR IS WAL A5 1R I B (site-1  protease,
S1P)FI i 2 8 [ iff (site-2 protease, S2P)IE|, V1%l )5
RN i 5T 45 4 428 ) (67 ) 4 g % 55 ATF/c AMP J
JefSano. BT SIS N TG (ER - stress-response
elements, ERSE)4i & G s BLHEXBP-1FICHOPTEN
R R PO ATF 6 3 XBP-141CHOPEE 40 it 1
200

e AL A 22 70 4H I PR £ 2N AT P 32 35 2 3 B4/
518 8 AR 5 B 1 RS (recombinant  calcium/
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calmodulin dependent protein kinase kinase, CAMKK)
HLKBI(liver kinase B1)[J¥iE FIAMPIE 8
(adenosine 5’-monophosphate (AMP)-activated protein
kinase, AMPK) (R 162", 546 1 AMPK I 1 B a4k,
Raptor FITSC2 41 #| mTORIE 72 M i 175 5 11 W4 i )
PR, R OB I A6 T AH OC B 3 (death-asso-
ciated protein kinase, DAPK)Z 5Beclinl [1fFR1L,
B G {2 i Beclinl MBel-2 F B, T AWK
A 23241

2.2 AWEAEERI P b X A XCEAE

—fiAdy, E RS E X  RELH XCEAE,
BV 52 ¥ W 0 ) DA 22 T A A0, AR B R A
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TR L b VA T R 4 TR T A BRI 3 5. )
SRS M AR b R Kbl Ak T DOV ) E R0,
SR AL 3 /)N A5 FH A ) 76 3 - P R B R 2 (3-miethy la-
denine, 3-MA)TT LA B 55 5ok I R AT A4 A2 78 i ok i
AR FE gV, B R IE AT DL G /N SR
BT, RIS FIR B, R AR R
(IFE: —J7 T, A FH3-MARIE & 75 % % (wortmannin,
WM ] ] T % ) I8 2 i A 448 e 4 1 08 T
FIIRFE, 38 s A K B i k4 5| A P i S A4 AR
LI RGBT, R e i A T i P
1% 3K (rapamycin, RAPA)IE H W@ H, AT LMt
B H B (protein kinase B, PKB/Akt)fIcAMP % M. JG
454 H(cAMP response element binding protein,
CREB) MR, AT BH 2842 #H 22 T0 A0 T 5 2501 fixi
B LR ETLAR Y, R i R o AR R R
BAN [ FH IS (8] o] BE R 8 T W2 75 2 1 i R I
473

(1) BEWREGR I R RS 1EH. Beclinl 2
H WAL I ) S N, 3 BRI R, IF
IR EFE Vs34, Vps1SFIE FH B 7E N 1) S8 H Wi
A AT R Bk Es AR Fan
NCURHL, RS IS, Beclinl 28 M2 41 ¥ %3k
BHWE R, 5S40 E R EERE 2, M3-MA
AT DAR B PR L RA, 4B i) A8 1 07 SN T8 4%
NYHIABE. RAPATT UL EifBeclinl 3R, S H
Wi, AT 93k 20 4t B B T I 93 4 i 2EL 2 Fr) 450 0 72 2
RAPA [J# 2 CRAPE FH C 4 A8 22 P BROK i 3 ik P 28
(middle cerebral artery occlusion, MCAO)# 1 115 3|
iESE. fitn, Buckley® N*VRHL, £/ RMCAORA
1, RAPALLF AT DL 2 gD ik 45 A7 AR, S v/ BRUAE
FF3. LB 5 TAH 5C 1) 7K ANME GG FBE T TP B H R
RS, A 2590155 B W BE A M) T el i A A6 T AR
Ak b K. Wus NP3 KRR FIMCAO 7 5455
JRy KR oG o, P HEVE,  JREMCAOTT 5 45 TRAPATR
7, R DO 0SB AR o TR
Rk BEFEAR RN S P2 TR, ISR LS () A 22 7T
H WA E R AEAAE S IB B B — 43, ¥ K& FIPI3K/AKY
TSC2/mTOR/P70S6K {5 5 il % M Akt/CREB{ 5 il .
Wang 5 NSRS T 0tk B2 1 0 55 7% B8 (nicotina-
mide phosphoribosyltransferase, Nampt)7E i & ifi 41 &
PR R AP R I RIBIL, Al ATT R B, 196 G5k L i Nampt PA

SIRT #7730 I 42 TSC2/mTOR/S6K 115 538 4 15
SEME R, TR 2 040 B A SR R AR
R4 Y. Wang 8 NPV B, 6 3 f /P 988 v K BB
Hrp, BENETT AT LU FE PI3K/Akt/mTORAS =il
PE5T AR, AT KRR 1% 211212 %S, Carloni
i NGB, 1 34 K BRI B R B B R ) RAPAYA
J7 1] LUBOE PISK/Akt/m TORE B4 17 S0 B W, 48 hn
CREBIBEFR IO, IR IERRE ORI EH. Ak,
o e 1L T Ak B 45 5 1) L M B MR LRI, T LA
T YR PE B AL, X P A P Jo R N e A
5. Sheng NSRS, 78 B b 2 1 KRB A
R R IS T DAY D P S5 DX RS A R )
MR T

(2) 3ok W o Rk o A P R A3 BTN RAE R
BRI A DR B ik P ZE RS A o, WS 3 [ WA R
Wk it A 5 1) B SR 3G 0, FH 3-MAR T 1T LU 3508
A IRREFEARAR, IR 7K i 3 43 K B A3 s g,
Fif K Rt 47 45078 45 B R 35 (oxygen-glucose  deprivation,
ODG)24/IN &, 3-MAFIWM A DAIE it 41161 1 1 oK ik
B TOROARAE . o B R RBEAT G e
B0, SR ILAT3-MATE ST AT 01 S 0 45305 0 1) E b,
B 1E#E D CA P& TR MR AE I R AR Bk B
FW, RS i R A5 5 I AFAE AR VE . Beclinlif
SR T s I R AR T RIS AR E F AL, AR
At A 7 - 2RI H o 2 s i B A% A SE R A
FARVE T Beclin 4K 14 H W 7E 45 BT MCAO J5 # 4 F
At R IR, g RN AT AR T R v Bk 1f ks R
(F1Beclinl &1k AT LAY /D Bis BEZEARAR, 401l 2L 23453473 A0
P2 TR REERY, peah, @it R i Beclinl A
e T 96 ) ek ke A B 1 e P 4k i P IR AT 1 4R
307 TR I, AMPK A5 (4 1 1 AT LA A i e I A
R, IS AR . Licge NS P 32 LR Bk 1 7 v A
AMPKOT A 0 aife fi 14 A KU s, & ILAMPKAE J& kt:
P XU b 1, AMPK AL F MK 0-25 5
T HA FHAE S, I AMPKAHI 730 AMPK ()
O AT DLk A AR A, B R RUR A R R T AT
DL RO AR P g, BhAh, EWEA SRR ATG 7]
J2 R S/ BRI G 453 47 5 5 R A 8 TG A R A T 1 O
FEDRL OB AR/ N B2 BN B A/ e, W SRR W
IRITE B ZE 3G N, S & T KR AT % £ cas-
pase-3K BB AR H R 1 P0 TATG 73 R i 2k 18
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ENER, WHBREE/BINLE T K caspase-3 IS AR & At
TR e IR ER],  JUF-5A & D RE 1 457
1500, /AN B0 28 TE3E PR PE B ATG 75 PR T LA 11
SUBRIIE T W, AN BRI RESEAR AR 8D 42%, I
> K 2 X 35 (1 4 v 71,

3 R A R YT R A 254

CLA B RIE FUARTE A5 245 W] 8 1 e 2 0 240 L )
I X A i L 453 £ 62 2R T A . ARGEIX Se 2555t B
WA P AN R 05 30, ADRER S 25 20 I RK,
130 3 75 5 B 1 WA P PRy R L o 22 TR 200 P A 24
P, LAS 3 3oL 400 ] mFEL BT 15 005 A'F P ERedy i i e 2 6 240
MBI (). A SCICAR 1 I 34 SR i i T 1 Wik
BRI VIR N7 459, REEGRZHE TR
PRAIEAC S, 3 —FB 50 W2 A e PR 2 P et 7 5K
st R, R EYIh, AR DA
BB SR T BAARIE AL, A RO R GaTT
ISR LA T RNy 1 259, 38 — > 29 F
AAE FIALH R A R FOMBAE, BA ) KRS
[T B £ 152 FH I 5¢.

3.1 iFied A Y

AR, V2RI — B RIRRIE B /N AL
GYEA S/ BRI . T &
i3 (eugenol)s& 1 ) f1 E i (Acorus tatarinowii Schott)i
VR 22—, X G I 9B 5 0 LA 4
RASMITTER ], T A&yl Lot i T AMPK/mTOR/
P7OSOK {5 = I i 175 3 240 M0 19 W, D S i e o sk o
VESRA R AERE R 2 ThRE B, 1 28 B (resvera-
trol) & —FhAEEER Z My A ML G4, ] Ll i #i
H AL B BE PR ATP /K, AT 5 BAMPK A 5 .
TEAR AN TR M oA N i, B 22 P R OE
AMPK,  JFIE R0 5 T P B 200 i 1 i 0 T 175
AR R L . 28 208 (stilbene
glycoside)s& M & % (Fallopia multiflora (Thunb.) Har-
ald) ™7 B 15 2 1 B A ARV I BAR R 53, AL
WHARRY], IR IE @ 22 SIRT3/AMPK (115,
(i Gt i 228 ST R 9 g, PR 2B T, Gar-
ciesculenxanthone B(GeB)& — ' M i ¥ (Garcinia ham-
burgy Hook. £.)H1$EHH MG IEER A0 &4, wFeE &
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HISEEPINK L, FFHEHFPINK 1-Parkin/ 5 HI ki ik B
I, S oL FERRE Y 75 3 )N BRI 5 0 Ak 4 1 P,
¥ 5% [K-¥-EB(transcription factor EB, TFEB){E A H Wi 4
RO AR AR 5 AR 0 2 BT R 7, d i s B -
Fifg {3 % (autophagy-lysosomal pathway, ALP)X ik
175 5 (4 2 TR A R 2 AR ). 2 il Cto-
matidine) /& — F RIRAFEAE T A BHE A 24T Sl (Ly-
copersicon esculentum Miller) ¥ & 44 2E WIHk, 7E 0 L
VDA A B LR d T DSOS B R AR BRI iR,
F AT e 0% 10 Ao i il A X R I A A B 2 T
S E B ORI VR, X ERY 0] BBV [ BITFEBAH CHL
#17 thy A2 2 1F11(pseudoginsenoside F11, PF11)J&
—Fh PG RS (Panax quiquefolium L) 4335 H R 1) B
vORRRER A, BECEREA, PRIAT i@ (e 3k 45 8 il iR
filg /T I TFEBAZ 2 7 K 9 7K AV i ik if AL P Ty
BERS, ESZ T PF11AIHUM B @ meplm Y
[V (astragaloside V)72 M\ 25351 (4stragalus mem-
branaceus (Fisch.) Bge. ) TRt 70 2515 2 (1) /N3
TR, BEpE. Pik. P, i, il
IR L R ENES. RSN R, T
FH B TV 36 sk 34 i o s e sfe 1T 15 3 () O 4 P 1 A okl 4
RO T, Ok R AR I 3 S PR i 451 405 B A b 2 DR A AR
PO 7835 2 (anthocyanin) & — R FF ML MG AT A= 4, |
PAFAE T 4R 2 Bk A F P e, AR TE WT DAY
BEMCAOK R 1M B 7 (450", #EODGAbFR g
SH-SYSY 4 rh, 1E75 2 g 52 489 I 20 B ) 5 i &,
LRI E RS SR APA T B SRIE T K
BURAER, T B WA H73-MA N #0752 e 24
RS aL (B

AR, FERIHIG R R B s 3s = s seh, Y238
T HABSR N5 TG R R IR S /AR A
Wik ek 1o sk I F A% AR . 57 A (propofol )/ o —
Pl kR 2, BA AR K I ik, gI4E R A1
D0, W32 P T W A S 2 )RR A .
I R 2 B, S P CE S I A v X sl
VEDG . RIS Bt I S B R A S A 4 9
Pl 3 R R AF B O3 VR . A i sl o, P VA O B
B rh 5 DA I AL 2 AT DLIOE PI3K/AKS 5 10 % A
T AR OR3P E R, R K3 403,  TTPI3K/Akt
A B AU 1) LY 294002 1] LA T % S5 T P ) 49 22 £ 4 1R
FAIP. 45778 25 FEBKRIE (dexmedetomidine, DEX) /& —Fhik
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Table 1 Autophagy modulators in cerebral ischemia disease and their mechanisms of action
wEw B Xt W 5 Bl AT R
HO
(1] - AMPK/mTOR/  HT22#iJffi; Sprague-
T \Ojij\/\ AT P70S6K Dawley K B
OH
HO Q ‘
SEoS e O %5 AMPK Wistar K B,
OH
SR LA it
Garciesculenxanthone N YEP-Parkin HeLa%
B fleidk PINKI1-Parkin  Jfl; SH-SYSY#H/ig;
CS57BL/6/NER
CSTBL/6/NER; /MR
F i fieidk TFEB i BN LR 2a
(N22a)41 iy
' . 73 LA Sprague-Dawle
) A\ ] 1Y WA - T prague-] y
At i D) T TFEB KR
49,50] . Bax/Bcl-2|; LC31/  HT224fffl; Sprague-
MKV fresit LC3I1; p62) Dawley X i
“/OH
HO
PiIATS Tk LC3BIf; SQSTM1|  SH-SY5Y4ili
OH
B X Ufibeid PI3K/Akt Wistar K il
=

1833



I A AR A WA i R (0 U SNy 56T 2RO T ik e

(F14:1)
& 2B 21 K I W D 5 Bl BFFEXT 5
. " HN—\ N PI3K/Akt, HIF-1a.
¢ b 1z [54-56] \ s 5 £
i RSEFERRIE <N %S TSC2/aTOR C57/BL6/IRR
o s gt 5 [59] " Sprague-Dawley
FARABTT ek mTOR/SIRT1 i
\:}/ o)
(o] 0 :
(0] N
VX-7651 b NoH BoE AMPK/mTOR Sprague-Dawley
il NH, PN
//O cl
(o)
. , . 2 i
1 9/ 7 971631 OH NI T ) N2a ;
BT ‘O O Wb i b LE3BLPO2T p3g1L-Tau TG/
[65] —— Sprague-Dawley
JLX-001 Vi~ AMPK-ULK1 KB
I
& RE #E mTOR U20S_Bim# il
Sprague-Dawley
KER
2EE O EIEH PI3K/Akt/mTOR Sprague-Dawley
KE
=fantg et 1 PI3K/AkymTOR ~ SPrague-Dawley

PN

1834



I ERE: AaRE 20224 E52% B 12M

(F152)
wEW &2 PORELAilA| WL T F N 5
ik TR . AMPK/mTOR  PC1241M; CSTBL/
61/,
R 1) AkYmTOR Sprague-Dawley
KER
i RiE AMPK/mTOR; INK Wistar X B
ExFErE k] GSK-3p Sprag;z—gawley
554
PN L | NIX BE/NE,
xR0 ] HIF-1a PC1241f1
A O ] NF-kB/pS3 Spra@;ggﬁwley
BBL
PRt — Kz,
e LI e NADPH-induced OS EY/NR
Bl ™ b LC3) Sprague-Dawley

PN

1835



I A AR A WA i R (0 U SNy 56T 2RO T ik e

(F14:3)
&) [l a=2ry | g ) 5 ) B BT 5
H-N
e —1[86] ’ o e Sprague-Dawley
JnEsE T E PI3K/Akt/mTOR =
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B 18] 78 5 41 ffd (human - umbilical mesenchymal
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piro[4.5]decane-2,4-dione) 1] L it ¥ mTORBE H
Wiz, FELLE 20 B T, ) K BRI s I P RE v E AR B R
AR ER, B AR AR EIRAT MR VR TT (%
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The dual effects of autophagy in cerebral ischemia and small-
molecular therapeutic drugs
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Autophagy is an intracellular degradation system through a lysosome-dependent pathway, which plays a critical role in maintaining
cell homeostasis and survival. An increasing number of studies have shown that autophagy is important in the development of
ischemia neuron injury with dual effects. Many compounds have been discovered to exhibit a neuroprotective effect through
regulating autophagy in ischemia/reperfusion injury, and are expected to become potential drugs for the treatment of ischemic stroke.
In this review, the modulation of autophagy in cerebral ischemia as well as its dual effects is discussed, which may provide ideas for
further studies on the relationship between cerebral ischemia and autophagy. In addition, the compounds that have been discovered in
recent three years to treat cerebral ischemia by regulating autophagy and their mechanisms of action are summarized, and their
potential applications in stroke treatment are discussed.

autophagy, cerebral ischemia injury, stroke, autophagy modulators
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