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[ Abstract] Cognitive dysfunction is the impairment of cognitive function caused by various reasons,
which seriously affects the quality of life of patients. Old age, past cardiovascular and cerebrovascular disea-
ses, anesthesia and surgery are the most common factors. Autophagy is an intracellular degradation pathway
essential for maintaining cellular energy homeostasis, which is closely related to stress, infection, cancer
and neurodegenerative diseases.In recent years, numerous studies have shown that autophagy plays an im-
portant role in the mechanism of cognitive dysfunction. . Abnormal autophagy levels in neurons can disrupt
cell homeostasis and, in severe cases, affect patients’  cognitive function. Studies have shown that regulating
various autophagy signaling pathways can significantly improve cellular hypoxia, promote energy and sub-
stance metabolism, and improve cognitive function, which provides a new idea for the prevention and treat-
ment of clinical cognitive dysfunction.

[ Key words] Cognitive dysfunction; Autophagy; Regulation pathways

INHITIRERE A ) i 4 B2 T e, E BRI JiC 1L
Difie SR DI RE PR T DI RESE 2 A I REAITIE A 1 2
RERR AR A LA 22 11 2y E 52 45 5 3 MJ 2 DA 00 e i
BB —ALZR G AR o BT, TA 0 Ty 58 KA 1 2 AL i
i R T, S 12 = ARSI 8 Y 24 s 2D F I (autophagy )
e T 200 A A0 Y g PR AL, 7 R 0
PRI NP B AT B S 2 Blop A P 4 A B
FH AR A 1 WA A RN T R R 1Y R A R R B
VST FP R P P2 5 | O T, A SO AR Wt 7 DA S B e i
HL B PESRAE — 255

4 Al B Ik

200D Wk 2 0 L ) T A e 4 P 2 45 ) 24
AR YRR AR, PR T BRI T 2 g mT

DOI; 10.12089/jca.2021.08.020

FEWH  EH K AR SLS (81673741)

PR BT :210017 B ¢ P S 25 K58 I m B2 B b BBl ( 4
TR ) 5 P A S 24 2 B I e PR R ( TG T)

WAEVES . FAR T, Email : twq1972@ 163.com

3 EL AW RE WA S AR W 8 TR B9 40 A
B At A R — A S A AR B W (au-
tophagy flux) , 4 [ 5 (4 ELAA AR Ay . I 8 bk 7 e /N3 O
JRTTSE A 3 K A Wk 200 L A 2 O IR A, W i ok
2R SR RGNS N A i i VA B R OT 5 v i A R A
TE G VA A, 5 VA G R P /K S R L WA e

I W B2 A B ) AR AP LR, o A AT T A R A
F o o K B 1 20 A T A BT ROMEED
APRREST , IEH AT 40 A B W2 55 40 B N s 2 40 A 2 A
S EE FBTAE U3 1T AL IR A, AR T A 35 20 AR A 5 0
LRSS, BIGE 25 0E 0 40 A 5 5 T T 5i 240 A XeF P 0 1 4
HFEY TR, R R T A0 A . (S AIA A
RS A MRS SRR A M2 At 2 S5 e, $E 2 ]
AE- B IET,

INENTNREPRRS

N BRI AR R 2 S NI RE IR BSHZ 48 4% Fh LY 5
SR RIREE B IA R S BE A5 M R DA T RE A 2 A
AL AR S TS 5 R Y — 4L T A RE B



- 876 - I R BR B 2235 2021 4F 8 1 %F 37 56 8 ] J Clin Anesthesiol , August 2021, Vol.37,No.8

s IR I R ER G AE , IR PR BN BEAT PR 4k G212 AT
AR BEAGAE IR AT AE BERS #h Az sh D RE 3, JF © 2 mm 2
BAEY AT RESL H AR TR AE ST o DA B AR R AR A
TEH ABEPARE WL, 70 % DL E 3 4F N AR e 5% B A R ) g
(&5 ( mild cognitive impairment, MCI) M 14% ~ 48% , R J&E
HHRHE G 5% . MCI 2481812 7 sk I Ath A 01 Dy g k£ 7
PEIGR |, PR B A D RE AR DT AN 52 0 £8 5 19 H AR T g
T3, RIS E SR IS W AR ET L A0 ) R R A R A
B~ DAL B A RN B ST 28 4 B T A5 AR PR LRI
BN AR B R SR AN 2, AR BE R AN 45
B ERE R R w7, Aok TARZ AL APk A
TR,

NIRRT R A AR BERE AT 5 AR 19 R T
2T R B A 2 R FAHOC RIRVE EE HATRIESE
B MR LT P2 RGUNE PERGE , A0 BT 7R o 8 R
(Alzheimer disease, AD) . i fi Il % 5 45, W0 4 £% 9%
( Parkinson disease, PD) &5 ;.0 L& IR, WO F5 8 s .0 )
TR BIKRE AL O I 5 A2 R R T R (-3 BRI
R IR L BE ) B A A SR LY 5 A A8 v gk
Wi, A ZR A AR T BEAR & AR IR I BB IR T 45, Jia
SO TG P Z2 OB X TR L S A MCT () R 2% S
PRI Y AT T A9 AT TN 5 AT I8
| AR R T MCT AEH E 4R AT B R
20. 8% ,ASKT s THRTT, He b 5T BT 2% 16 B 9 MCI R
N 6. 1% LB 5 T 300 MCI 2 3. 8% , £ 1. & 2R By MCI
A 4. 9% HABBIR TR MCLERHA 5. 9%

FARBRERA 45 /2 51 R A0 T e e 5 1 LR R 22—
FRI A U ot 22 DA 1 B 5 ( perioperative neurocognitive disorders,
PND) J&48 & A FEARFTFR S 148 P39 BRI 80 2 fe
FFRTRERE, FERN BRI a8 ik & B4
AE I SEIR0R , i DRI TR 2 H0H R BEAIC R 2 PND A
M EEERIN R BT, PND (9 & L G A 52 4 B
PND 2528 5 0E A M B JE KA 2 11 (amyloid B,
AB) S FAR S Ao fuh D RE Sz 4 A A 5 ey S5 R
HEG PND , DASE i £ BT S AT ot o, 4735 Btk — 2B 5

TAENThRE P& s 1Y 20 B B I 3 #1461

B N BE i s 3 B 245 ) 266 R 3R P43 il b 440 M 1 s 42
R GRS AN AW R AT IR AR AT e A
R, MAITR R RAE AN, 1 H K T4
FA IR IE W IR . U HZRTCIN F K 5 A 52k 240
JUES S BB H I AT e A BN RE . LR L
ol B2 54 00 6 1 I S 7 DA A 0 A AR A P 2R AT
Wi

& mTOR 9 Zm e A w38 9% WLl N R L E
1 ( mammalian target of rapamycin, mTOR) J2& 4l Jifd 2f K Fl 4
SRR K 7, 2 5 A0 kK F R, 5 B

SRR AME S8 RSB, 7RG IRE WY
PR R GBI 2R AT MR |8t A% PR | I ik gg |
TR A, 28 T MEEE] mTOR AL 240
L 1 ) 4 5 B AT AR mTOR R HEEH

(1) PI3K/Akt/mTOR 15 5 i [, PI3K/AKT/mTOR 1§
53 POV A A R R A 1 A g R
T TEVE AN AW R A Ry T R T R BB
TR

it S B S K W], PIBK/AKT/mTOR %5 3t % 5+
B 5 PR R G SRR B VIAEDE Ll 2R AT MR
9% , 21 AD PD i) PI3K/AKT/mTOR {55538 % 3¢ B Mo 5 3
T A A WA T [, 5 350200 B T 7 T e B 8 DR, SR
FRILHAHR P P2 R A AR AN T RE RERS . A P E A )
FRyE A, — B2 IR YT O 1] 38 & I8 #2 PIBK/AKT/
mTOR {75 538 [ AR SE 40 I [ k| 3% B 08 D A D g AR 1)
H i, S A I IR A RIS Re B 5 M B 1 TS S5 7R 7 3 1t
TR B . Yang 5 WRSE 3 WIS EAR /N B IA ) B R
1515 20 ) W 4 DG, 38 BR ) 2 4 /) B A B,
e WEEFE B 3% PI3K/AKY/ mTOR %l 4 . 4 i 3 v b
THRIBGE , WA/ N R AR N A REAS 2B . 1578
25 1OT b ) R AT TR AR LA R o 22 7 2 B 4
Wi 4 G PR G I 45 SR R U oo A i B S T
LA G 0AS M XFET, BTG 30 (B0 AR R
HhZ 25y ) AT 5 0% PI3K/ Akt/mTOR 3 B, 75 40 it &
7K A A F R R B 23 [ 2 2 Fig A2 g . ki,
SRRIRE ST BT AD KRR T I RIATT AR R, LR
AL SEBH B PI3K/ Akt/mTOR {5538 #% , 0% 40 19 1, Uik
> AD /NI N 58 DU 1 AR R4 % AR FEdExT
P IT R E  BCE /N RO RS, B R, M SRR LS
SEIR R T, 2 I R 35 B , PIBK/ Akt mTOR {5538 %
AHOCTRE 25 53897 5 1 0 vk R & S A T il — A 3
E5EIE,

(2) AMPK 3 [# . BT R R 19 28 116 ( AMP-actived
proteinkinase , AMPK ) J2& Wi L 21 9 20 Jid v i B8 R ~F (9 2 1
JoT, ALY < AU A RE R ER3Z 2% 7 . AMPK (9376 vl 97
S WA G I p53 . mTOR ULK1 F1HAl 2 5 40 i, [ W
0 RS S TR

AMPK #I A [ 1538 1% % 22 A 60 D) 1 I A5 A DG 5805 1Y
RAENUR TR B EZ A M, 5 G AR DG 25 SR T
B B A TR . Cordero 251 BIFFE B, M il 7
JG AT 38 5 WAL S AMPK/mTOR 78 P 89 22 4538 B 2 41
i E RN R AR, M AD BE NI DI RE AT
Shpirge 2 W1 58 i N A SE 2 S AMPK 3 i
SYNA v SR R R S OB | i R RUA AT BE .

PND — F LS &R 2 ok B B AIF 9 1 #8 , H & A Bl &2
Fe WKW AR, HETZ W5 ER Y, PND 19 & A PLH 5
AMPK 38 B VIHIOG , Cao 4572 W58 W, TR UAE I8 40 5t
19773075 598 T AMPK 19 300 , 3 808 K BUAF T fig b



Il R BRI 7 2 5 2021 4F 8 J1 45 37 555 8 ] J Clin Anesthesiol, August 2021, Vol.37,No.8 - 877 -

M5, TEME AR D05 3 R R B T A BRI & 4R PND KR
15 AMPK {5538 #% , B W i3t 2 4 K ROAZ T fg, (H)Z,
VLA 4 IR e e AMPK 3 [ 41 i 3 s R 1
SO, AMPK 38 0 DA 21 B 5 14 5 e 2 5 2 od 9 4
AN F W AR R AT R TR A R 2B

(3) MAPK 1% 53 . 2 70 2 R I 15 16 & A e
( mitogen-activatedprotein kinases, MAPK) & EAZ 4 ¥ A%
PRAY B89 22/ IR MR B VR , 7 A A I B 40 A A i iz
B B AET A A S Sl AR, D OE r A
P4 ( stress-activated proteinkinase, SAPK) ol FR Jun % 3 Ui
1% ( Jun amino-terminal kinase, JNK) LA M p38MAPK 4 &
MAPK FYZ R

Liu 5512 BF 58 2 W, i % M 2R 00 & e L 5
p38MAPK 1553 % N 40 Jifd 19 Wit ok AR DG, KPR 3 ] 5 iod #08
6] a AHSCHR Y TE ORI ) 1 S il 2258 B WA T R0
SEFLUUM S B D7 T 1 LA P R e, S b AT UL ER B p38
MAPK {5 5l 625 T LA B RERE M i 25T A BER 7 i
PHERIAR IR, Kheiri 55 BFSER I, ZFh p38 MAPK 1
TR REAT R p38 HYWIE L ZE AL A0 M A WS AR, S AD
KA RNCIC, 1E G2 N HIBE 700 B, DF R 465 1% AD 45 €
MR AR AT B =R E L,

(4) HAABE mTOR 5538 B 1R 5 1, AR
FAM 5 T YRS RN mTOR 55l e, 4
S S B I 1, Xu > S R R T i
bR 1Y B W, 3 OB AR R BURGR i, B 2 S B LR DA AN
I R

Sivanesan 45773 13 BB ARSI ST R, AD B
HEETR0 200 J0 P U o Ao T 1 2 1 (pri-APP ) R R s - B
(CTFs) B2 FR, A R4 SCRFAN L A msbIL i) 3 i 1 20 g
BN TEBART CTFs, 45 B 71 o 40 A i 37 15 5, 2k 0
JE S AR AN [, Wang %5 2% 5 B W F RT3 4 =
TR LI (1P3) SZ AR5 ST Xestospongin C LA TP3 32 AR M #E & |
AROHEE AD /) BUEACHEE S fh 28 o b U 22 T i TR
2 L PN 8 R W ) BRI T E R

AARH mTOR 894558 % 41 N8 A7 8 HoAh © $iE
YA ZmTOR i T B9 20 MY F W38 %, 40 Beclin-1 38 i |
[ 714 PI3K 38 % | G & 15 5 Tl g 5

(1) Beclin-1 i , Beclin-1 i J# & T 2 (1) 20 i 11 i ]
238 %, Beclin-1 J& 35 P9 R I 2 5 4H M0 5 o] 15 A O gk
PR, BT RAS 2R 8 1 45 5 U SR, 755 40D A AR O
B A B R T R IR RS A £
Wi 5T 2200 , Beclin-1 38 B Al 38 15 DA F oA 80 72 52 ma ik 0
YIfE. Rocchi %53 1 f A 22878 FI21A % Beclin-1/
Becn 1, A WA ) WETE BRI /IS BUBCRL, 25 SRR T 40 i 19wk
T 5 i UE B A AR AR R D, /D BUDA A B B 18 B ek
Guan % i 53 2 W, Beclin-1 4 5 A9 75 I 4t 2850 [ 0 7 i
TN /N BRI RO R A v R 4 BRI

(2)PI3K j@ . AKHLSH AR IR AT 430 T

I MR, PISK B il — s Ak, 364609 Akt i
TR AR FH S S ) i — RSP AN Bad | caspase
9 NF-kB GSK23 Fl GSK3B & & A= B s , 11 41 i (9 1S 4 o3
e T ASGE RS, SBUE S IR SER , E R AE Sl
% PI3K/AKT/GSK3B AL AT LA 45 LA il 4 |, 2 15 1 A
AR, [ isd i R A A e, 25 1 AR BRI, S RIA
HITIRE .,

(3)G AT S M, G EAREH o Ay 3 NI
FA AL IR = B K G 2 A ( guanine-nucleotide=binding pro-
tein) SHRES S ER, 2 T ERAEY T, Z 5 A
S SEAM IR K A A 1 A% AP, TR
MR, G EAE S K2 5 AD il A Bl 22 T0 R FH
AR AR WS, I DRE Y 1A RO

1 &

AT RE R A Sl PR _E 2 Mo 1R 5% , A0 B 4 L
M= 2%, A A RELAR] ) BIF T sl RIS BE R A ) T8 s F i
JriRgt R B (R H ATRASI ORI 3 IR AT SR
Dt , PR AR AR I e 45 AL e DA R D BE R AR 42
SRR TR R R T — 2P0 B bR, B SR IR R DFE Y T
2 A RE IR R 50 1 T FIG T 4 it B 22 ) T RETE

2 £ X #t

[1] Tangalos EG, Petersen RC. Mild cognitive impairment in geriat-
rics. Clin Geriatr Med, 2018, 34(4) : 563-569.

(2] XU, xrpig, 222000, 45, A W5 S50 ol U 77 i e,
iR 5 SR B AR 2, 2014, 30(7) : 771-774.

(3] dze=s ) Apest, MUbE, 5. B WELE 2 B AR B
FEHERE. WG PRIRRIR 4278, 2019, 35(1) : 87-90.

[4] Klionsky DJ, Abdelmohsen K, Abe A, et al. Guidelines for the
use and interpretation of assays for monitoring autophagy ( 3rd
edition) . Autophagy, 2016, 12(1) ; 1-222.

[5] Mizushima N, Levine B, Cuervo AM, et al. Autophagy fights dis-
ease through cellular self-digestion. Nature, 2008, 451 (7182):
1069-1075.

[6] T EBHANAIIRERG L RKILRLRKA. HEPIRIARIZIAE
RiftR IR, el Ri Ak, 2006, 45(2) : 171-173.

(7] EARS ARSI TEEE R, hEEI 2N
BRI > 2 A RIBEAT P Ll 22 51 2%, 2018 P [ 2R 5 A0
FETHZIAHE R (T R BE NIRRT (2 W 5 3RY7 . e
Z4ik, 2018, 98(17) : 1294-1301.

[8] AR, BTOL. BIARMIMZ AR : MRS BIARAT, M
DRAE b7 2 £ W) 2= F8 5. I PR RR B 2% 24 3, 2019, 35 (4):
317-318.

(9] JE¥%, BT, XUAF. il vl A 25 L A S0 i 22 A R e i
IRITSEHE . I PRI % 2%, 2020, 36(6) : 605-607.

[10] JiaJ, Zhou A, Wei C, et al. The prevalence of mild cognitive
impairment and its etiological subtypes in elderly Chinese. Alzhe-
imers Dement, 2014, 10(4) . 439-447.

[11] Lin X, Chen Y, Zhang P, et al. The potential mechanism of



- 878 - I R BR B 223 2021 4F 8 J%F 37 56 8 ] J Clin Anesthesiol , August 2021, Vol.37,No.8

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

postoperative cognitive dysfunction in older people. Exp Gerontol ,
2020, 130. 110791.

Switon K, Kotulska K, Janusz-Kaminska A, et al. Molecular
neurobiology of mTOR. Neuroscience, 2017, 341; 112-153.
Akhmetzyanova E, Kletenkov K, Mukhamedshina Y, et al. Dif-
ferent approaches to modulation of microglia phenotypes after spi-
nal cord injury. Front Syst Neurosci, 2019, 13 37.

sk, R, s, A P2 RS PIBK/AKT/
mTOR {5538 % B 50 3k /8. S92 B 2 Ak ik, 2020, 36(5) -
689-694.

Yang F, Chu X, Yin M, et al. mTOR and autophagy in normal
brain aging and caloric
cognition deficits. Behav Brain Res, 2014, 264 . 82-90.

VE. SR PG HEF I A5 R R LA R B R 1 S ) B X
PI3K/ Akt {55 Sd Bk p9 1R . AL EERLR S, 2016.
KR, B, RAE, S CRE MK PI3K/Akt/mTOR
RSB SR APP/PS1 RUREREIR AD /N A KT BB .
4, 2019, 39(12) ; 1313-1319.

DA, 4, BRI, AE — PRI kiR i AMPK/mTOR
IRAZVE S R A0 M A . m R OR AR (B ARB R
2020, 43(1) . 115-121.

Cordero JG, Garcia-Escudero R, Avila J, et al. Benefit of oleuro-

restriction ameliorating age-related

pein aglycone for Alzheimer’s disease by promoting autophagy.
Oxid Med Cell Longev, 2018, 2018 5010741.

Zhuang J, Lu J, Wang X, et al. Purple sweet potato color
protects against high-fat diet-induced cognitive deficits through
AMPK-mediated autophagy in mouse hippocampus. J Nutr Bio-
chem, 2019, 65 35-45.

Yang Y, Fang H, Xu G, et al. Liraglutide improves cognitive im-
pairment via the AMPK and PI3K/ Akt signaling pathways in type
2 diabetic rats. Mol Med Rep, 2018, 18(2) . 2449-2457.

Cao M, Fang J, Wang X, et al. Activation of AMP-activated pro-
tein kinase (AMPK) aggravated postoperative cognitive dysfunc-
tion and pathogenesis in aged rats. Brain Res, 2018, 1684.
21-29.

M, XNEH, BRIFJE, 45, ¥ 5 AMPK {55 i B 75 B 95
b PR e R SR AR D) RE R P A1 . T AR BRI

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Zeiki, 2016, 36(5) ; 554-558.
Liu B, Gao JM, Li F, et al. Gastrodin attenuates bilateral com-
mon carotid artery occlusion-induced cognitive deficits via regula-
ting AB-related proteins and reducing autophagy and apoptosis in
rats. Front Pharmacol, 2018, 9. 405.
Kheiri G, Dolatshahi M, Rahmani F, et al. Role of p38/MAPKs
in Alzheimer’s disease: implications for amyloid beta toxicity tar-
geted therapy. Rev Neurosci, 2018, 30(1) : 9-30.
Xu Y, Tian Y, Tian Y, et al. Autophagy activation involved in
hypoxic-ischemic brain injury induces cognitive and memory im-
pairment in neonatal rats. J Neurochem, 2016, 139 (5).
795-805.
Sivanesan S, Mundugaru R, Rajadas J. Possible clues for brain en-
ergy translation via endolysosomal trafficking of APP-CTFs in
Alzheimer’s disease. Oxid Med Cell Longev, 2018, 2018, 2764831.
Wang Z], Zhao F, Wang CF, et al. Xestospongin C, a Rever-
sible IP3 receptor antagonist, alleviates the cognitive and patho-
logical impairments in APP/PS1 mice of Alzheimer’s disease. J
Alzheimers Dis, 2019, 72(4) ; 1217-1231.
sk, FAE, AR, SE AR A R Y 4 {5 SR
WEFEHE . A driiaE, 2018, 38(02) : 213-223.
R3%, P12 Beclinl FHIEANN F W I8 125 RAE SN Y 53§
HL]. ThER AR AR, 2014, 34(18) ; 5289-5291.
Rocchi A, Yamamoto S, Ting T, et al. A Becnl mutation medi-
ates hyperactive autophagic sequestration of amyloid oligomers
and improved cognition in Alzheimer’s disease. PLoS Genet,
2017, 13(8) : el006962.
Guan ZF, Zhou XL, Zhang XM, et al. Beclin-1-mediated autoph-
agy may be involved in the elderly cognitive and affective disorders
in streptozotocin-induced diabetic mice. Transl Neurodegener,
2016, 5. 22.
WA, Z2AK, BRI, PI3BK/AKT/GSK3R il B 5% i g 4L
B R R ST S T R 4G O I L AR
2018, 6(6) : 28-29.
ZNTT, R, 2 .G EAMEZ IR RN AR £
WS DRI, A B ERE , 2019, 50(5) : 361-365.
(U 1 381.2020 — 08 — 14)



