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Abstract Drug addiction is a chronic and recurrent brain disease which results in serious public health
and social issues. At present, the mechanism of drug addiction has not been fully clarified, and there is no effective
clinical intervention. Apoptosis refers to autonomous programmed cell death controlled by genes, which plays wide
roles in physiological and pathological processes. In recent years, it has been found that neuronal apoptosis is an
important phenomenon of the nervous system, which is closely concerned with the development of various brain
diseases, and the role of neuronal apoptosis in drug addiction is receiving more attention. Therefore, intensive study
on the interaction between neuronal apoptosis and drug addiction reveals the mechanism of occurrence and devel-
opment of drug addiction, which is of great significance to explore the prevention and treatment of drug addiction.
This review briefly describes the role of neuronal apoptosis in addictive psychoactive substances, such as cocaine,
opioids, amphetamines, alcohol and tobacco as well as the research progress in neurobiological mechanism and
potential treatment of neuronal apoptosis in drug addiction. This review may provide new ideas for the study and
treatment of drug addiction.
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MR 5 B A [ & AT C2021 45 tH 5 3 5 i) 2 ),
202 VAE IR A 2. 7510 N F, BRI A bt
Z104EHE N 1 22%, v AR 1050 8 A E0L 4 4k 42
BEN11%M, AL H, 7520194, 5075 A R #4E
T2, 3 60077 N\ PRI 25 1y oA pf et i e 245470 Fleia
AN EE G 2558 B O iR, B SRk Tk
KAAARL, 254 AR AR 25 MDA B 2 il ), A2 —
g il 1 2 52 R M R S 0, FLARRF I S AN I i
SRR YE T SRR W AR R R %
el =2 5 T AR E 2R AS DL R iR T R
PRAEEST, KGR A R A TR PR, A R SR
PIIECL, RSN JE T U 3T S B . 24
VRS B A2 A R AR 1) A S TAE I, R e
F B ) A R SR, 2990 BORE AL G R
FUIE R, IR s Z SRR G YT ik T ITFB.
AN T B B DOk — B AW S AU AT

AWFFUR], M T 5 2 R I A A A e
WOPHRUT, BT AR A T 5 LR &
SRS R T (R E T e T LSRR, DL 24
YRR I FE R TT HR AR 0 S8

1 CATH#ELR

{5 T (apoptosis) /& AR 75 FE T2 4H Bl 1) T2 25 = REAE
T 197204 o KA HA (081 20 o O A2 ML AR I 5 48
60 52 380 A= PR B WU H B 48 i N PR T AR
A AR, S AR R S A B A R B
FETTIERE, WARAE 7 PR g e FE T2 i M O T2
BREA =5 WIMIEE. FET: 2R IE 12 R0 28 Fr A4
#A, Hp L RR R o N Y, BAR = %0
35 KR 377 AR, (E R AR SRR T4
PR 4 S M 1 2 ok =0 R 5 1 B9 (Caspase) & 11 15 1L,
Caspase 5 JG & 2R B T O3 5 AT . Hor
Caspase-3 & A il T- I I A AT #, R BIER R 2
AN E 5 S A I EE SR H, Rk Caspase-3/2 4
MO8 T ) BB R AR A AR I IR TR 2 4l A
WIA R . KR E SHUEN GRS 4ERF
R EE BEER . (HAFE T2 et b # 25l
RIFTAR, G0E T D RE TUHE 2 3 B & 1R AT PR (1)
KA, T FCSZ BHDHPE FEBUMIRE R S, R
R, PP R T S AR A R G W
B[R IR UF BRI MG AR~ oGt L. -9 v o 1 0 =

SR A KR A R SRV DI 5%, AR AR M4 &
GUBIR K2 W AR ST ki B T, BAR
20 20 PR T A 25 R R ) A IR T 2D B,
E'E R E M EZ P 2 B E AL

2 MEMATELIRESER
2.1 #MEMAT S RERRE

AR PR S A4 A, o — R R AR AR A 7,
W M 2 ok, et v i ag e — P KO
T e TR A AT R R 2 S B s, ==
i 7 e R i R RS () U, XA IR
WERR g« R, AT R BRI 3 1) 5URR (I OAT AN
Fe BIF A A DR RSORAS #ips B 27 (R B0, A ORI T
PRZETC P T S ] R R R DI DG B BF TR
B, R R AT R R (0~100 umol/L)AbFE A i 22 BE4 ity
IR 2 L (SH-SY S Y4 e ) /5, /M98 2 11 53(tumor protein
53, P53)IRIK /KT AR AR LG fn, I HAZBLPS3
FEANH I ZE MR RS, 32 SR PS3TE4T I
FZ 238 KV 3G N 6 5T o e B AR 4K, | Cas-
pase-37Kfif 51 1) PS3FHIE A2 4 i I T2 1 B AR A
X R AT N i 2 T BO 2 G i R T B ]
&, TR E PS3RIE FIHLE TR R ok b R 3 B
MVEREF a8t 7t . B K, TR
PRI 8RR 5, PS3IRIA B3 L&A IEA
FEHE D AR AL EE SCIR AR AN J2 2 B 5., CSTBL/GN/IN K
AT 5 SEIG R I H B2 1R sSURRAT O, 4 Bt i A i
Bk P53 Fe % S 25 410 1) 9 i X e 228 400 B 9 1 1 17 X
RS S I ST AR T R TR 4H i,
AL LR Y e I H I S A8 1 (glutathione
peroxidase 1, GPx-1)id FIE AN AT = F 75 7 1) i
b [X Caspase-3F1 Bax 318 7K~ 38 in HA W % 234
NE, iy EL AT DA 25 il AT R PR 3 AT O, Rl
GPx-1 0] 38 o 100 1) ot 42 200 G 0 1 DA = i ] = A
(VIR AR, HHLHE GPx- 1305 JAK2-STAT3 {5 &
i

A b BF 502 B, 3 ik DX ) e 22 240 i S R T
FE ] - PR O JS R ST i R T EEAEH], I
BT 2 FP530 A A0 T] DL E 4252 M0 1) 0] R [ i
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W2 BE, ORI 2 A At S e A A e 1)
FEBST G0 iy S 2 T 1 B 25 B 32 B R0, 2
T BB SR 2 YRS RO I 5| S BB B 24T N
B A, S E W %Z (conditioned place preference,
CPP)SEES 2 FH T-HF F B v S 250 35 R i P40 Jog 2
BRI FECY . TARBE % (nucleus accumbens,
NAc)FI A 55 4 7 )2 (medial prefrontal cortex,
mPFC) 55 i X 7E R Jr S8 2490155 5 1) 22 55 R0 ke A
HEAEH P, R iIm R B H R AR, A
BT 90 32 B A8 28 25 m) DA G s ME 2 57 5 5 ) 22 E R
R AT AR B AR 55 T X A R4 R FH Y
B 1E 5 FE BT 2 b AR 4O 4 i T3 A Ok 1T
WE TR I, e 1t 25 24 0] DL 3 R AF P Wistar
KR CPPRIZRAT . FKIAF IR, 7E CPPHIZRTS
MIZRIEH B, NACHK X #1228 70 57 I 1280 & B 2 1
% o 1ENACKUN e VE S ANA-12(BDNFZ A 15
7)) BEL KT TreB-BDNFA5 5@ % J5 , - A T &
B W E D, CPPRIERS IR IE L Z B4 . £
CPPIV BB B, I8 Id TAT /5 (1 dUTP S AR v b
167%(TdT mediated-dUTP nick end labeling, TUNEL)
ety W52 B mPFCHK X #1228 o I8 T2 B 38 i, $ii)
mPFCI# £ 0 579 T2 )5, CPPIYH IR 2 2l
PA_EZEIRFRW], my il n] LU TreB-BDNF/(E 5 i #
GlEMETTI R AT, T NAc-mPFCH & 3 % Hh
FHZZ 0 IR 7 5 R T A M MR 5 ) 2 B N R T
HEMEH.

bR 72 ERSIAL T Sk 1R AT 2 4 AR Ak A N
R A B BB B A SO OE , M R
P RO S5 T 2 (R p7 SHR A E IR I T 24K (p75
neurotrophin receptor, p75SNTR)-5 it 4< fivg J5 P4 i
2575 7% [ 7 i & (pro-brain-derived neurotrophic fac-
tor, proBDNF)7E#g 5 5 fil 1 (R 28, AT B0 5
i X i mT B A 42, B — 2D TR, RS
P RO 5 7 T 22 5 B0 145 1K 1] 2 2 FU0RE 2
p75SNTR FHPERHZ 70 1) Ho % 2 ' iR o 25 38, [ i)
R I Caspase-3BH 140 i £ i W] .0 %2, B0 H B2
Caspase-3 1 p75NTRIL E 7 7E [/] — i L rpr 10, 356
i proBDNF-p75NTR-Caspase-315 5 i % ¥ 350 ]
RE AT T 1 28 T ) T 3 B0 M w28 e PR I )
Kl U6k, St oe &8, ikt 2 5 5 8 NO
Az B TN AN TR PM23E 38 0 e 3k 2 b A4 i 25
T JiG Bl Caspase-3 48 HiL I 123842 51 i 5 i [X 4

TR AT H— A E A B 75 TRPM2id@
T OEL i 75100 ) o 428 7 S U 0] LB R S0 T i
(X 5 fi T 98 1 SO R /)N BRI R ) R R

iR R, NAc-mPFCAHH 4 IR 4 4 6
(140 S5 080 T P e (1 I e B AR AR 2 B N R R
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M RS I8 BT 5P % ik ] 98 1 AR A R R A T AR
T 5 AN [7 Jii X 228 T 1) S 5 980 T A o Pl ) AN
AR P KRG AN FRIEA . B, 77—
FRIRIF 0 A 8] B e 22 0 3 R T A 3 AT A A
EEENLH .
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FH LR A % (methamphetamine, METH) X /K FH &
AR, IR R AT, FERRERFR VKT,
4R SR W], METH S 2 EU% (dopamine, DA)4S
FIRAAL, FTLMER 2 BB ARRIRY), 2 ks
P Fu v R A it N\ 22 TR R 2%, a3 g
22366 5T DA T3 R fik [ it ] BN 01 DA P8 H i =
AR AR AT

AU, 181 R EMETH)E KRS CALIX
Caspase-3PH 41 B £ 3 0, $2n &4l 5
P12 5 METHS 14 ol 2 UIAH OC U6, AR N 58 A B,
SDA B 81 METH U 5 , #oy% Bk S0 25 B W os
SUIRIR N CCAATHE 5 T-45 & 8 [ B(CCAAT-enhancer
binding protein, C/EBPB). Caspase-3# ik /K101, 4
P 45 T 7R C/EBPBAN Caspase-3 B AEH T2
fERE 2 e, IXULIMETHS | 2 2 LI REMZ CIH T ;
WeAhsEEG BoR, AR (0. 0.5. 1.05 1.5 mmol/L)
METHAL 3 SH-SYSY 4l 24 hJi , Caspase-3 /55 (1%
K B AR 77 28G5 2 mmol/LEY METHLEA
ANFEI A0 24 44 8. 16 h)AFESH-SYSY 4l )5,
Caspase-3 1) 85 [ 1A 2 I [ 4t i) 7 =038 hn, 725
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it — B TE . JRBEE SR I, CBIREEDA @R /)N
AL BB AMHIMETHIE S 10/ R B E3E 3 I F%, 1
HXHTBURAA A R 98 72484k (BaxFl Caspase-37K-°F
B0, Bel-27KF R F% ) LA & DAJKF- /R % B A 54
RURE, R CB IR W] R 18 i i) 4o 22 400 i S o ) 123k
T HMETH M BERERE S, thah, BRI, KR
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18 1% METH RURE J5 48 A58 Ji7 1 SR AT 2 A o 2 )
#% 55 [X (ventral tegmental area, VTA) % ELZREMIZE T
45, BARFK I N Caspase-3 mRNA LA 85 H R 1K 7K
SPHGIN, TUNELFH P20 f 250 22 190, i Jiig vk Ak
S HE— B BoR, VTAN £ EERERN & JT IR T
2 FEAFAT MR E . AR K, METH
18 11 e 5 R B R Vi K ST A e S e v R B
S AR REAT N, 12.5 mg/kgHIRUT NI —
1% (tertiary butylhydroquinone, TBHQ)if ixf 7 Nrf2-
PI3K-AKT(E il i, AT VTANK X 2 L e
ZTUHI R T, A SCEIAREEAT A,

IR A FT R W SR AR (1) i 22 20 i S O T A
VTAIN X 2 5 % fe 4 248 70 1 7 H 8 12 4E METH Y
B oRAE T EEAER . METHE T VTARG X £ B
i e i 48 T 1) R i R T S BUMAR AR AT 8, TBHQR]
DL ad sk 10 1) 22 B2 iz e A 48 o R T AT 50 SR A
1789, BT AR 2 51 R SR I RS a6 o7 1) O B
K25, DAt TBHQA B2 BN 1R T 254 LR 1) i 2 245
.

24 HEMBAT SERBRE

TP K 2 tH 530 oy A i 3 A B4 o, VRS 1)
FER S e CBE, KA KB ] S EOSOoRE ., fE
R E ARSI IR R IIG K, FH D EIOn K
A I RC RS S S MR 451, 4 R
ToREMER IR T A K E RS, kR
BH, P9 RS Ah 3 b 22 AH 4 LRI R B BH 22 7T, REE
FHRER T, {H B ZE 700 RS 2 08 T
T —E R PME . e A A 2 R, R
BLIH 1 24 L [ Caspase-3 1 T 38 42 51 & #2841 i 119
FEETE BRI, CEEREGMERE T
R, SE AR R T B RIA &, I H OEERX
T 2007 i 4 PR B4 1T A BT Ok 55, b A AN [ G X
RIMHEA—FEW G AR, FOFEHEMERE
10 S BRI 0, Tk R KPS 2 R i ot 48 Sl R O i T 98
PR R, B2 AN DR, JFRECA R 5 2
AR A B FE R I, Wistargl] FRIESZ9 R 1) 4
BEVE B J5, MorrisZK 28 B S0 i I 40 B R 30 H BH 2
()2 (e AZ A, s AL gt g5 IR BoR, Al
1 B CA1X Caspase-3FH P4 41 o £ & B 2 3% . 4
22 JIK Apelin-13 388 1 41 1] 440 B2 ORI 28 0E 942 1
22 A0 M 00 S R T, AN 23 4 B A TR A2 B
T5. BLAh, 7RG MRS Y b O BRI 1k TR G % R

JEamTOR-pBECN 115 518 I 175 5 11 H Wi LA JLNLRP3
RENMERNER 2N FIESCAIX B T/AH T E
H 2RIk KA, BARRIL i S CALIX JH 1 % HBax
MiCaspase-3FIE7K-F- 340, THtE -8 A Bcl-28K &
I3 2 . MorrisZK 2K B 556 3 — 20 R I T2/
8T A T X AR IA R AT 22 3 BUR BRI 57 2
W2 BERFE,

DL A FE SR B, I 5 i X 22 40 i S R T2 AE
T /D AE R BORE BT B0 SIS (B2 R RS R T
HEEH, A2 BMAEN S FHLH B AE 2. H
T 5 I RREAC AT ) FE N X, T A 4 A0
PR T AE RS R R R SR, RLIR AT TR
A2 20 R ) T AE R 2 A, DA R G e R 4
T 0 i X 20 2 L 0 1 DA D i 1 12 5 B A
MR AT RE PR RS PR YR 7 AT A R
2.5 MEMATSRET Mk

WAt S A S DA 2 —, e & T 1E
9 R B 3 B E A A, AN R IR A ok B A
AL T £ T, (7] B - 55 PR AR 5 o DA PR L At f R
PR/ CTN: 2 A S N = )5 '% S EE S 1S S RN
ki H A B KRR PR RS2 A RS, R i) AR A
T AT P o 5 X410, A SR N, PR JE
TR 5 AR A ST AR AR AR /) Hok A R L AL
TH 9%, Bax/Bel-2{H 341, Caspase-33R1A7/KF- 2 _F
WS, ST MR, IX R IARE IO 1)
TAEJE T e ol SR fi w98 14 A Ak v B A
B2 BARE 5 FHLRITIANE R . RS 5 R,
1 mmol/LIf1JE it THE TPC1241/f24 h)5, LRk
FLALFRAIG, Caspase-3#%) 12 i, PC1240 Ml i A2 7 i
i e ) O o 3 YN N o I N T s 2 R e et
T T A EETIRR. PRI, Jehi T8
PR G, KRAED 375256 v R0 H B B ) £E R AEAT
R, B LR A 7 XA e Dt 2 40 B ) S
TG, REBEEAT NS 2 B2, thit, 15
% 3% PCR(RT-PCR) A 4725 BV 328 S8 73 3] M35k (R A 2
HJZ 1 &< ILCREB-BDNFAE 518 B 7E JE i T i T
PR AN B S PR O R R T OB E

IR A 5T AR B D i DX R 2 ) S R
FEJE T Bk P EUsh 25 P B AG W £ FEAEAT 4
TEE B A, T IXOM R ARG B R A IE 2 250 R
MDY EC YR TT I B B[R [R] L o 28 24 i ) 1 7
25 RRE R AR A S B A B R



816

5k

<= | TrkB-BDNF

<—

Behavioral

impairments

Kinding behavioral Synaptic plasticity

Ll
11

Learning and memory disorders

2 T LLIE AN F OB S QHHHTE{HE D NOURTA R ARREAZ S IR I SOIRAR SR X e 2R N I T A2 245

BRI PR T BB I, A 2 20 0 5

TR DA AT N

Drug addiction can induce neuronal apoptosis through different mechanisms, neuronal apoptosis in hippocampus, medial prefrontal cortex, nucleus ac-

cumbens, ventral tegmental area and striatum plays an important role in drug addiction, and inhibiting abnormal apoptosis of neuronal cells can improve

addictive behaviors.

Bl R AYEDSSAEREXAEMEETEN N SARRRITA

Fig.1 Addictive drugs mediate different addictive behaviours by inducing apoptosis in different brain regions
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