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Methods for measuring the dynamic changes of dopamine in the

brain and their application in addiction research

GU Jun, XIE Xiaohu, FU Dan, LI Longhui, CHEN Weisheng, LIU Huifen, ZHOU Wenhua™

(Department of Psychiatry, Affiliated Kangning Hospital of Ningbo University, Ningbo Kangning Hospital,
Zhejiang Province Key Laboratory of Addiction Research, Ningbo 315201, China)

Abstract: Dopamine is an important neurotransmitter in the brain, and the midbrain dopamine system plays
an important role in controlling reward, motivation, locomotion, and emotional regulation. The dysfunction of
dopamine system in the brain is associated with neuropsychiatric disorders such as drug dependence,
schizophrenia, depression, and Parkinson’s disease. Dynamic measurement of dopamine changes in the brain is
of great significance for understanding dopamine function and revealing the pathological mechanisms of
related diseases. This review mainly introduces the basic principles and methods of microdialysis, fast scan
cyclic voltammetry, and fiber photometry, and compares and analyzes the advantages and disadvantages of
these techniques in dopamine dynamic detection applications. Taking drug addiction research as an application
example, microdialysis has discovered that the shell of the nucleus accumbens is a key site for the reward
effect of addictive drugs. Fast scan cyclic voltammetry has detected three dopamine signal patterns related to
cocaine self-administration behavior, while fiber photometry has revealed the spatial and temporal diversity of
dopamine activity in the nucleus accumbens and the ventral tegmental area during alcohol addiction and

relapse. These findings make an important contribution to unraveling the mechanisms of drug addiction.

i BHA: 2023-09-08

LB : EZKEAHATRIIE(Q00YFC3300905); [F 5K H ARl 41 _EI0 H (82071499)
$F—1E#&: E-mail: jun_nimh@126.com

*BIE{E&: E-mail: whzhou@vip.163.com


https://doi.org/10.13488/j.smhx.20230713
https://doi.org/10.13488/j.smhx.20230713

292 - CEMMAEY 2024444521 Zrik

Key Words: dopamine; addiction; microdialysis; fast scan cyclic voltammetry; fiber photometry

PPN RS AR ZE L FRRIE R <5 AR FOAE
S GRURS b B 0 2 7 B A T N A R R 90
KR BRI EHUS T 38, BAERIT L
ThoR k= 52 259 . N 2 2 ik (dopamine,
DA)#f £ 46 T J AR X Ee 5 ke 5 &2 0
PERIU), DA R 48 E B P 4 LA AN A ZhBE 1
P22 G BE AL PR ST SOIR A I8 R Y T R B B
EDAM A TG, U B MSORAR, HAEH 3%
iz gyl oc. i inid S ps 3 2l IE 004k a5
[X (ventral tegmental area, VTA)RJDAHZE G A 2H
B, FER BB SORAA 12 DX PR A AR B %
(nucleus accumbens, NAc). X2 F%7F 35 il 22
B BRI 2 R I R R R DG AR . AR
DAMZ 0 A P Fl r S B B —— B sk PR A AL AR
PRI, X P R AR SR R A i 9 S AN R4
FAPY, SR MR B R DAME 6 LLK )5 Hz RS0
RV, IX 0 GERR ik A A8 E D A RE Al ik B2
T EEEN. 5 J7H, DARM & Tl
20 HzFia N 1 A 2 2 3 BUMD AR P 46 5 1)
KESGIN, AAHYECBRAE - AE T AR AT AT
aok A g ST IR B REORT 2 B 2 TR R R, IR I
TR AIEAZ . T R DA S R 40 IE R B
Tiifie LB 5 4 5 1 05 AH G IR D A 8 4% 166 5 3
BUH, 752U ED A 483 BN 7 A [F] B (8] 143 8] 1)
BB EMEIT AN KR L EILTHE, 5
P22 3688 JoRE TS D R 1R 7 1 L 28 AR A1 I £ 4H 4R
0P 22 38 JOT 5 i R B A A P 2 A 2 R I AR
WA i, HANRIFR T —METGHERAM
W6 52 A W) 3 D 2 DR G A DA AR AR IR A% o I P JaK
ax R R AE T Hom o T R R A ) M
TP, BAHE5ENREEARAOET DR X
6T AR S A S I, A A R OAR 2 R
WDATE J7 LUK, 9k A DATH R FU i
SNy

AL LA H FE N DA BN A AR
WT7E, EENBWOEN . REE R 2%
(fast scan cyclic voltammetry, FSCV)FIJGEF R
FORFEH . J7: DL A 25 o S K S 9

X IX e FE AR AED A B AW R 75 T AL 35 A p
AT T I LE AL
1 BuEHh

A a2 A 2 — A FH T WSO ER RTINS AR R i X )%
Bl b 23 R 5 B 206 iR BT R4
MEFERIE . WOEITRE . EMRRERFEH
Jio A% FH SZARE [ K TIOE BT PR BT AE N i 4 R 8
“H, WEEN RS R — i O, R
WLAI~5 pL/minff) i FE g 1gd it FE 5, SR 55—
i I EREN 5 5 — IR B B, DA TGS b A
Mo BT ) iR AR T BRER 1035 AT L P AMEAE AL
S TR FE R B, U BRE vy R — 0 4 o e e
A BN FE AT T3 — M, 6N 8N4
L (EFE P B BEIENTE T . EATRE
R A 28 T B T DL Ik 2 AR I v (o v Ak
WA TS TN Sz o ik . Bk AE) AT I
e ST R A 2B AR R, X SRR
—EBEFENE, W LA VRRR A K/ AT AR
AR AT 2> i o, RE At R BT
il W WRENT MR E RS R R
i SETEIR S 0% B, X 8 b T AR ) e A 1 R
I, CAERIRER]TZRA . EEEERENT
PRAEF X T 1 A S 06 F 4 ff PR R0 AT Sk B OC L BE,
AT ERET RS K B AR H b A2 ] (1 g 50 485 4 3
1Tk #E, RoPRKW eSS ie 4 A MR, R
SPRFE R R BUB TR AE . TR R S,
FRAK 2 mm R EN 0] T Nac, 11 5 0 SOR AR 7T
4 mm P PREr o AT IR AR A TR E R E T
BATEREN R 73 T Wk B, BN IRE A — AR
{HE AR AT 407 &, 4010 000 30 0005%. ik
FRENT IR, N H AR U DL T TR
I FRANENT R . W B AR T8N, &
BEHER/NE: Mk, WHREBR, Wk EH
R A FEA BT RS H AR5 1 R
MR AR R, B @ WAE R — MRk S5
W S R R R e . BRAh, A EE
AT VRE AL VBN S () R D 5 A R E AR .



B, S5, A 2 A S B2 A I T 12 S AE BRREAIT 7 Hh B 2 ©293 -

VRE R VR ER 5 4T B AN T R A p HABL AR I 1
N LHERECHI . T B2, R
Ca VR P /IS 2 57 2 S At Ao 426 388 SR /K T 72 A
RO, TR VE AR v A VR R KA B U T B
S TR I R . OB T AR S AE T AT L
N H B s P, 5 A& BT AT pE kK 4y
TERARYFGENENTE, 1 DB G ik
BEI 2 240 A8 P AL E DATE Y 1 22 ML 22 5
&, e B AR & 0o B RS AL S e 4
Yo dhAh, AT DU R 1A R0E BT VA 25 P 1k
FREE WAL A, RO T 29 AE R 8 2 R B 1)
TER o BOE T BBk S 78 T B T 308 B R i W g
)3 K GEH AS~15 min), RGBT A 1A] 43 3 2R AR
XA s 5 — R R BOE AT BRE AN AR A ]
A 2L ZRK L A AN JRE S B, 33 T R e R
B WAL, Wk =+ 2E, foEfEA
— L 5 0 I DAL [ i SE 360 F B, RUEMT
FEA S H T AE AR A G A R TR D ATK Y- B RO
KA 5 IIDAK 1L .
1.1 RRE 2L SEHE N A cFE 4 RS MND A K
NAc/EHINDAXH RGN EBEMANLGER, ©
BERAEEMIGRZRGNER, 5T B
SAMAT A, FEME ENAcH L AP TEX : #%
EEAISEHS . WFACR I, NACKE #7255 76 250 e
A FAER, B2k S 5 N 52 3B 1
YA ANDAIK T, CREGE T R R 40 BN K BRI
NAcTEFIZ, WL ik S = A A = T R
DR 2R TR i R MRS ] EH 36 3l K BRIN A CHE A% 41 i
ANDAMREEHI52MH . 0.2 mg/kgF10.4 mg/kg 10 iE A
0.5 mg/kg 1]+ FEALIE IN T NAc e H i) 4 i 4
DA. =55 A (1.0 mg/kg) A5 & 12K A
J(0.125 mg/kg) [F] B 34 007 52 R0 A% 5 A (4 48 i 4
DA. HEZMMLL, THIDARMERE., A
e 7 B ) 2R TR I A R AE (R S5 B b 388 n 5 AR 5T
g AR DA . 57— SR A RGBT VR R T
WV TR 5 45 245 10K BRORD Bl 3h 48 24 F K R 3 48
BYJENACTE MZDAM AR, RILT RALH &
RO | B2 K B Nacse DAL SN, W
— KRGS R JENACTEDAR IN112%, fE3EAN4)H
H B 25 245 AN ACTEDAIE I1130%~140%. #5h
SR R BRAE 56— IR SR I TR I W 2% 1) 2 DA AR

Jethn, (BB UN60%, (EAJE i sh 4
Zii FE N A cHZ D A ZK P 32 37 25 % 18 i 31
118%, NAc5E 5NAcHZ FDAMKE L 58] & 12,
XL R, NACWAEIEIIRESN X, NAcHii&
AT 2GR S Ve SR A5, EEhA g shea 2
TENACTE AL B 7 AEAN [F) #2008 B PR AR 4k o
1.2 23T AW, TR S ADARERKR
ANTE BRRE T 25 S B % B Ja 7 AR AT A,
XA HE 50 DA R 48T PRk S 3 7 25 4T
NENHLIE SR O, B AT, IEAEAE ST A DAL
I K T B S s R ER AN, ff
FH R 25 M) 2 D DA IR 245 5%, S EUI A DA
IHAEEAR T, AT Sl IR B8 22 10 25 9 K /R #hD A B
Zs HoMESIACh, i 25941 ik DA
Sk, SEOS YRR RN PEN,
KB R RiE 2 FHDARG IR T, M
T IS N7 SRR 1 24 1 25 0 7 A ) A A RS Ao
R, RIONEIE. BT, EE. ST F. B
Az, BEHREAE . 5EIRESANIE RN, Tk
I AR, R I S SR AL R T BORR A M
EWRAT N W 5 il DA REM BRI A
Ko WOBNTILI R, SLIGShPITE BB TE 259 (o
AR B MHERI 2R N IE S T S, NAcH
[ X5k PED AR FRARIY . BAIEHEE M, VTA
DA 2 TT 1T 25 46 /N R FRL AT 2R 7 7 Ui 301 1) B
MRS, A B gk, ) B A e B S S0k
R DA Z AL B AR REAT T W90, B 57 s 1
VRN RS MEAT AR Y, JRAE 4 2 — B
o) 5, FR 7 2 e R K R IAT AR B . [
B, I RGE T DA RI K. SEEG AL, S5XF
MK RAE, RES TS 2 AR Z AT A
Bk, [FIRNACH A M SCRIEDA & &30,
{ENAcTEHDAR Bk 5 — T 70 E 44
WOEAT R R LA 7 KB R AT R R B B 25 24 A ] &)
PERT R B 54525 K RAENAC DARE ORI = A2 B e
TR ZS . PRI, KR RN
& TNACHIDAM AL 35, 17 () &P 42 fih ] = B0
1 15 YDA 2 AL 3 55 o a) P 12 Ak v & PR AR 56
TE 7= A LR S AT 9 7 D Eb K iR 2 fir v < (R
AR TE) BB Al T R K R R RS 5 NAC
FDAR A K, X R FFNAc DARER S



$ 294 - CEMMAEY 2024444521 Zrik

FEBECAE A PR MR I P 24 B 5l 1k BE 25 1T R e fe
AR E EAEH

2 FSCV

FSCV/& —Fl AL 2= A M B AR, BT DR SRl
o P — 2 BLA LA 2T PR R (DA B iR
o KR IR RS- €0 i S e 4 33 )P0,
FSCV RIS & i 8] 43 3 25 Hh I 52 1o P DA B A5 48
o FSCVAL#S3% Bl H AL = bl . A7 3%
fil . R BRI A RS
HI A 5 1 R R 0] P A R IR e B, B AL AE —
AR (0 BRF [) P DA v S FE N — AME BB 5 —
AME . FI IR R G0 A IR TR s B R AR
() R AR Ak o 7E K B 4T 4 R AR A N i P A% [
J&, FSCVilit 7 i tl bt infg 3R 2 i e, (e f
Ryl 43 7 15 Ha AR R TH R A B AR SR B, [ I 7
AL . XA FLIA I KN R 43 R B RROE
bbo i ic sk A S R AR AL, T BASRES H
B F IR AR A G S 5 . X TDAE,
— R PR A 3 2R (400 V/s),  HLAR L itin = £
BOBEH N-0.4~1 V), REIFLEDTEAF 1 E
TR AR R B, RERRBEE REN
10 HZ™, e RS, ZEEEARNZE
ficlie, AAEE HBLEZ0.6 V, fEFAR IS 2
o\ 2 BRI o %2 L, D ARIE R R AR R4
—0.2'V, MR IRt I R O 2R AT 2 AR R AR %2
R, T AU A WS B SRS R AR %
B, e R B v S 2 A WITes. FSCV
S A5 B 1 VR A B AR B T 5 I A A G
PIHERE S, @R 2% X DAY AT
P, AR5 BT DUE A I F RS 5 R IR DA IR AR
A5 B o FSCVTETAN i N DAZh A 77 TH HAT — 2241
#: FSCVEAZR RN 843 HE%, RN 4L T
VRN (¥ 0 N D AR RLE BR 3 71 % M3 &5
FSCVREM AL 5 S FAFFIDATE 5 AH G PLid A
b, HIT T EDAESNAT AT HIFER; FSCVE
T AR FE i P ELAEAE AR R I E DA, 7] SER K
MDABEHANE R . (HAFSCVAE R B REFEE
TIA AR, & HRNgE R &Ll FFDA
W . B TDAMZEFE EARROIEAR 2 B LT
FHIE, FSCVHSL HARMEX 70X B Rk 2= i, A

HFSCVAIE I FAEMINAc, SORM . Py i 250
FeZ R EDA S B m X . FSCVITLE &
T A ZDAN ARG S, )= T 3T
NSEIORE T, HEE 2 M TR R A DA RS
AT KRB B W RE I BGE BT RFSCV T
552K RAE T ST ik B D A R ) A
GBR12909 /5 SCIRIADABI S I, FEHFSCVEL
P S OE T RAR B AT T . X PR RAR
AW B DA BN, MWHXEABNLS
GBR12909%5 3 AT AN 3 J1 %46, HEY
WOENTZE R L, FSCVALI 2D AZKFAZ L iy
PR ST RS Y A k7]
2.1 AFEBESBAREMEDAGEEZ K

FFSCVIT A FU RN, wI-REE B 5 45 25 K i
R RAH KL R G, FEVTARINACHS X id
SKEIDABRAE, RIUA LRI (8] B DAY,
PRI, T ARE A &S 4K RAEATF 1% E
ITRARPAT J5, v DS FA R 1S 5 -
R T 2 6 2 87 1T s 7 J5 DABFAE 42T, NAcH i)
PAHMEDAE STERT R IH A G4 24 4R . THiR
SN S IR A [F B B A [F AE R, ALA 3% R
1T AR AETTDABFEENRIE ER T ARH, (HEFEAF
ETHSAHIT NS MR, FAFEEAT
NRA G DABR AR AE R B AR [, 7 IR
B AR B T R, JEHAEH BRI E NS
KR 32 6 e B F B S R B PRIk, S B i A
N JEDABEFEENAcH B EGAR M IR, #%EMHZ
BT8R AR (2 3 T 29901 H bR T AT N B 24T
N, RNLIE FID AR T B8 g L 24 40 AH 5% ) SOR mT
R IR RE. 74, BRI T =FDA
Hata, B A KDABFEHREBN. B KDABEAL
SRAEH S5 250 B WA R R, 76K 5 A 18] 3 57
HIL . X8 H R DARE 55 i 4 0T R BRI B A AR U
A OGE,  SATH 3% AT N OB HT AR B 5 DA
BEAR B AT IR, g L], En RN E S
B F B IDARR S A s T8, E%3)
BL AT AE OG22 LA Je ] = BR A By 24 2 iR
¥, FULDABEAZ IS F 50 44T R BRI 254 2%
Bomib R E o EERE .
22 HRERSHYRES RS

29 A By R AR e 2 R 0 R



B, S5, A 2 A S B2 A I T 12 S AE BRREAIT 7 Hh B 2 S 295 -

A DLSE M 52 56 B W0t 290 R O L o T 2 B B S
MR, BT R G X A R R A AT N
X SR B MEBCER KT T 253 E R G R e B
PERBT, ek, etk K BRAE T 259 5 25 5
USRI R FE AT S, THIIX B 47 8 AT g 5 245 ) Bk
RAME WA K, RUNMIEIELERRERG R
MR, 3 SR T i P 24 400 SR G ARt e R AN B 820
WFFE R B, HEME K B 2% 5 52 BV TR ) Sz
A FEVTAG T OME P AR K RAE IS N B B 2
ITRAPAR . AT FIER- RN 2552 5%
77 R PE 2 P, S R R AH B, MEPE R R
FI X IR ) S R RN B, AR R K
I FE H & 45 25 R i s R G S N =3, i
&R R B i 28 BB . FHFSCVIll ENACc
FEDAB SIS W 5 R I, ME P DR BRAE AT AR 1 i
BN, NAcTEDARS G I, 1 M K B %
A 22 0, (EAE Sak E  RE ABE 2T O e A K
BUNACHE FDAR A B A 2 7, Xugh L E
B, MM K BRDAMHZE R A58 B O, T RE 2
PR BRIV R B & 45 29T N JE R, 259k
08 5 T 55D AL AR P TS A 1 A1) 2 S K
2.3 T RIEMERTT IS E B RER S H

BT 28 25 A ad e VB F T - GABA S
25 TG B 52 AR I B2 B0 TP DA M 4 el g
1 DR 22 ORISR AGAE A A B B N AcsE
DARETEA T T 74 5 M2 B 52 4 1R 358 40 B
B, RS R e AW . PR BT P i e
F i R B 967, LU AT 58 5 00 4 e 7= 4=
o 8 AKCE BT R 28 S AR O A % . B RE AL H
FSCV L B FH gy PR Bl T PRl DA B — 8 &
FXT B G SR BRINAcTEH D AR 1) 50 o 52
R, SEREAEL, T REHERDARE RS
Y. T AEMEALEE S DAR U i KN T 4
25%, TTHEES LB S H80 T £160%°" . M T
W, TSR B S IDARBGRER : 15
WA BT TR ESE, T 7R S8 % A
{2 55 MRS U AR o B AR TRV DR DA 2 1 77
RARH 7 SN T DAR U, BT N v HEE
F I B ST DARE O£ T 8RN P, T T i e
75 R I D AR TSI 2R LEAR 7 5= 3 BBl 9 38, {E = 71
N B, YR T PR i R DL R AR R ) 5 2R

FRE T ARFADARIREC . X B2 LS RE T R
S A7) B 3 B AR D — Rk D A 56 T8
SRV N GLY) R

3 RFIEF

JCEF I EEFRE R R C 2R 5 e 55 A i 2 e I
FGE, AT ST B S N M 00 0 A Ao 2 3 3 AR A Y 5
AR, JE PR G i A 0 A SR8 A T A 98 6 155 11
Oy TS SR AR, R I U A B A A
PRI Bl 0 B A RN AL G B 7R 5% D R A B A ) 4 T
e, XN R E R A AT ARS, SE LT
FRAR B L BT B RO B B AR R SO £F
JEBEME ORI TR UOEAE 5, TS B AR
MAETTIHNES . SRR E Bt
. BOOLE. BHRAG. 2O Bk
MR RGEH M. LR ARG LIy
NRBIECLCRK R G, ZEIECL LR RGN
ZEH LR ARG PIBIECLTIET RENE—
LRSS, S E T AT R 2 A X
15 5. FEZ BT RGH, FRICL AT Lghar
WAL RA R B ZOeE S, N sEBix —
ISR Z AL EE SRR R A A
Jeet e, B EOROL, EAER AT
B R G S B PO ML B BOthRIE
H AW 2 K 5O6E S . XAME5IH
1 [A] — ARG L AL M B I R S8 SO
TR B OGS T R, [BIRMSOLE S
SPFHONHRES . ZOLE S RRE S AN
g s o, I s S5 Ak, Wby
AEIOG PN SIS A S IR Y o S AT R BEVEAE VA
i FDABSS TR LU JLME RSB e EEE
RES ALY B s s R S MDA S, A
A AR T PR I ) A A ] o3 R ARl R T D A% I
Ao JCEF G BEVE AT A3 43 P 1t 0 5 R I X e
LT DABI SR HHABORMLL, JtEf
TR RANNER N JeEF 6 VR 34T 18 1D
SKANGNFIRIE T, L AE LA I 8] 905 il A DA B 25
AR, AR R R B8 PR 45 25 1 RE T DA
o BRI BEERIA AL T ] R IL IR A
KA B4 7K B IDAZN S, X — Bk
A RO B U R S B R



- 296 - CEMMAEY 2024444521 Zrik

B DR G R 8 7 77 F 58 6 R A TR IS S5
BAMAR, FEHTNEHZCEEE S
‘i FH 3 DR g A 45 48 s 71 Sk 00 8 TR R RS R
(green calmodulin fusion protein, GCaMP), ‘&%
WML EHGE AR NE A, %8 WAECK R SR
HIES 45 & PR E, (ENAK I SRS20/KfA & . 7ER
ful A RIS E AL A BT R P, Ca® HE NI T,
WA IR R GG R AR E ARG
Ine GCaMPHLE 72 F T BREE #1270 H (145 3))
71%:, B DARE TUIE UG I il HEBTDA S 7k 1%
AL AR, B T e R DAM A TS
FNHIFEARDY . GCaMPELAT I 43 29 3 S RN 41 filg 2
RURE SV RO 35, T 76 S 40 i 2 THI GCaMP AT HE 3%
B SRR 545 R RS . GCaMP642 GCaMP 5 ik [ 5
B 01, MR R R H 2 DN g A A 4 R A
GCaMP6 ) JLFP AL 46 B A AFE 7 FFe 1k,
GCaMP6s. GCaMP6mAIGCaMP6f, HIZLFE. {5
EL AR 18] 93 B R AR A BT, GCaMP8 2 H R b
RN R AR A S 4 R AP,

FHEE T GCaMP [H] 32 FR BRI N DA &35 3,
DAL EER 7] L E B 2 0 ADAB &R 1L . DAL
JRES R B T GEE AR I SZ AR 82 (1Y) W g A% G R 1 4
S0 e R EN . B AT C AT R H K D AL K
B, R E MM K2 Tian®F 78 4] PA i1 dLightf& 8 2% Al
ok B A6 K222 R 7T H A GRABp 15 12425
dLightf% 82§ fH AN [A) 3 U D A 2 A ik N A 40 HE 4
R EAHNR, YRR EDAL AR RS
MAF, 2 SEMEEHS MR G E AR ERE K
AARE, dLight 1 44 4% BB T S5 RS W 25 2 AN
1T NAH R IIDABEAS, il 52 547 A AH S 5 2 4
FEDAZ ARG DAL . dLightl. 1/ DA
D1%4&, TMdLightl.4f§ FHD4324, dLight1.5{§H]
D254k, LdLight1 ALk, dLightl.4R1dLightl. 5%
DARA HRRMSERA S JmEE L iR sh 253 FE A
REE, XEffidLight] 4F1dLight1.5REHE R 1 Hb
WIDAKIAZ A . GRABpatH % FH 2L 1,
GRABp, ¥ Zf# D244, 25— fRGRABp 32 1A
4% B35 R NGRABpA m FIGRABpa 1,  HLECsfH 7
FAN10 nmol/LAI130 nmol/L,  AF/F3J890%, B
B HE R . WAPDAZ 12 A 5100 145
T B ARAL IR IR GRABp A HGRABp o, I 25

M 7 08 ] L 55— 1R A5 k8 it 2~3 511 GRABp,
O T2 46 FEVR I & R B /N SR A B 5
I N DARE . DALEYIE BEERAL T AE T 5k
gE ORI AL 5 10 9 RBUE A, R I
XoF P YRR TG A LA R P IR R RS ), DA%
S AR AT S AR BT = A R R AR DU I R R
b, DR LA AR e B s TR R ) R, HL R B
TE R R DAL A A BERT DA B #E47 5 B 5E .
BT E LT 10 3 45 A dLight 1. 3bA% 8 85 52 56 45
ANYGE AT S 56 B0dE HEAT b, 8 I B A 2R A
Jige 5 A B R KR JE /I BRI SO A4 HR (4 g 4 DA
ENABA, R IND AL B3R S50 H RIS BT 5256
KO T 4 B R /I B B D) OB S BBl P9 BB, P )
T2 45 AT AR L AR M
3.1 BREMEZAYIRTVTA DAL TTiE BRI =20

BB M 25 ) B AR T RE G TN A c 4 i D A UK
S, AHEAITXTVTA DARHE LTGS2 A .
A W TC LT 6 B v 45 B B TR 4 A F Ca® 45 7R 711
GCaMPOF A ME T#EEE . B T Al R E
MDMA &1 S FE X VTA DAMZ oAb 25715 4% 5-
HTH 2 e A 2 e s IS E . GCaMP6m7E
VTA DAMZCHhikFEMERIEE, SUERIBKSA S
USRI AR 5 S0 N T VTA DA LCa™ (5
5, WA KA b, Bh 1M R B I A 2
60s/EVTA DAMZICEGE Y. el T EiEDAMZ
JLIXTDARMIE TG A AR T B, Je i T R EE
BT VTA DAMIZ TECa> B A8 e s 1A, (E%
Ca” BB IR A . iR SHVTA DA
L ILIC™ (55 B8 FIE M T %, Hmifl=E
TRE2140%, ZEREIS (AL 70 min. A REEGE R
BRI T VTA DA TECa™ M5 5 HINH A I8 3 55 A
iR, HHUEE TR SDARIG AL &, HiEDA
R, SHAMAIDARIE N, @A FDA
D23ZAk, PRI R A A,
3.2 [ EEDALH

Xof B R FE NI AE R AR . 55t
RN B B SR 20 2 8 A /2 B VTARID A RE A
Z L RINHEI AT, RLESEH FGABARE A ] 4f
2 A S VTAFID A RE # 48 J0 7= A2 22 5 308
T AR VLN, B2 25 ) G 2 B AR
JEDARRSHA TCA T, BN AT Re 2B 2R 259



B, S5, A 2 A S B2 A I T 12 S AE BRREAIT 7 Hh B 2 ©297 -

MIRIAE RS, MR R B ARG R E R
JG, ABEFEAEDARIRMENLEIY . Bk, e s
DA A% B 70 SRR B B2 MW aR 2 s Ve 45
SIENAcH DA R . fENACH 5 4 Y
dLight1 [ IR ARG 5, AL 505 B s 3)
/NENAC DAFIREI . /INBRAE RIS 28— RIS
K5 A EI 1 min, DAL IEES 56 RE 5 1E Hod 42 21
DABRAS, 1%ZB#A57E3 min/5 ik B . 55— R4
WS RS TE Lo B I IINACH IDAIR S, 7%
DA B S 380 N I VTA R (DA & T A, 38y
MINAcHH IDAR K™, 54k, fEDAT-Cre/M iR
F R 1A T Crefk i GCaMP6m, M 2F4Ey6E
S5 H IS B/ BRE KR SRS RS IVTA DAME
WGBS, RIS R AR LA SN T VTA DA
MZITHEE S, VIA DAWESIE) J15% 578
NAcH MR B DAREBISIE AL, RIWVTA DA
PRE TS 3 S D AR [MAZAE % D) A I
3.3 BEHEREDALE

OB TSI R I, KT AT e K BN AC
DAREHCE I . 18V A e K RINACEERIDA K
ARANE R, TR, BRI ENAcEATDA
WRE BRI, IX AT BE R T SO RS RO 1 R DR 2
— O TN BAE FIdLight 1. 1MIG 2T 8 0 7T
TREBEREBESGSY. HEMEWARME, +
Wi 4 DA RGINACA A 23 8] X HDASI A 1L .
SIS R EOR, RS B A AR B, DAYE
EAEAN A X 3802 1) S8 1) i e, 1 %%
DA R G IINACH S A 7235 i H — U D AR Jichs
K, FEWRS B B A 2R B, DATRZh 2B
NRERES, e R GE A S ) B
B, DAWSEhE KR ETF. XRWAEE WL, H5E
(I BLEERE 5] D AR SR N, (EAE RN
&, SRHIA D AYE ) 5 3 HH B v AT R K
g LT, X gt BRI, % RGN T Eh LIRS
MR FEROE AR EEER . B4, ERE
HE4525. SWFER RSB, HGCaMPH4;
FeREVEXT VTARS 2 L F2 AL ¥ (tyrosine  hydroxylase,
TH)MZ TG EAT WSS, i€ T VTA THHZ T
7 P AR AMI 35 SRR AE o BIF S0 45 SR B, TR RS
H A B, VTA THZ ICHI RIS 5.
HAFRESIER, AMVTA THHF S GR I H

S EhKCF, TAMIIVTA THM# S JCHE 2 /KT
AR, R B, MR A RO, Py
VTA THHFZ IS 2 B 3G 00, 17 4MI VTA THAH
ZIuMIE St 2 I F AR FE =R IR
B, 4B R INREEEE A 41TH
B, PMIVTA THARZ TGRS S g, 14l
VTA THH#Z TS S0t 28 BN a3, i
Segk BAROR T VTA THHPE SCERE H BA 2. 5
W 0 BT IR AT I R R AR AR B B . I IIVTA
THH 2 TG 3 5T A G G, oMl
VTA THHE 6 13 T BE -5 HoAth J7 T i #4218 1
AR, XKLL, FRVTA DAMZ LK HA
[F] )47 RS, ERPOR AR EAFER.

4 B

I[iXY==]

LR, BEE R, B IDAK I
FEARAG B W oo R AN, WF 90N 57 B AR 4
A R BFE T I R S 56 T SR B 9 B A IE I H R AN
JiiE e WOE M i AN P I R A, SR
X 2 A A 22 8 KT SR AE R b, B T 4H
/D AR AR AP B TR AR i 2, (ELEN ) 2 26
BUK. FSCVAIH AL B semh Ml EDAKREE, B
A M S [R] 2 MR . JEEF G VR — P BUHT N
AR, I BT R 1D AL B AT S )
i€ N X IDATE S, BA w4 B ) 43 3 5 AR
P, HEE DA LI BIE S AT €. B2,
WOENT . FSCVAIELR G BEV N IRATTEE R KD ALE
HE Iy e LA B TR ARG T 6 250 K 4 B 10 A DG 05 2
BT R AR

SE R

[1] Grace AA. Dysregulation of the dopamine system in the
pathophysiology of schizophrenia and depression. Nat
Rev Neurosci, 2016, 17(8): 524-532

[2] Cramb KML, Beccano-Kelly D, Cragg SJ, et al. Impaired
dopamine release in Parkinson’s disease. Brain, 2023, 146
(8): 3117-3132

[3] Wise RA, Jordan CJ. Dopamine, behavior, and addiction. J
Biomed Sci, 2021, 28(1): 83

[4] Klein MO, Battagello DS, Cardoso AR, et al. Dopamine:
functions, signaling, and association with neurological
diseases. Cell Mol Neurobiol, 2019, 39(1): 31-59

[5] Roeper J. Dissecting the diversity of midbrain dopamine


https://doi.org/10.1038/nrn.2016.57
https://doi.org/10.1038/nrn.2016.57
https://doi.org/10.1093/brain/awad064
https://doi.org/10.1186/s12929-021-00779-7
https://doi.org/10.1186/s12929-021-00779-7
https://doi.org/10.1007/s10571-018-0632-3

- 298 -

CEMLEY 2024524485218

Zrik

(6]

(8]

[12]

[14]

[15]

[16]

[19]

neurons. Trends Neuroscis, 2013, 36(6): 336-342

Wise RA, Robble MA. Dopamine and addiction. Annu
Rev Psychol, 2020, 71(1): 79-106

Labouesse MA, Cola RB, Patriarchi T. GPCR-based
dopamine sensors—a detailed guide to inform sensor
choice for in vivo imaging. Int J Mol Sci, 2020, 21(21): 8048
Chefer VI, Thompson AC, Zapata A, et al. Overview of
brain microdialysis. Curr Protoc Neurosci, 2009. doi:
10.1002/0471142301.ns0701s47

Zapata A, Chefer VI, Shippenberg TS. Microdialysis in
rodents. Curr Protoc Neurosci, 2009. doi: 10.1002/
0471142301.ns0702s47

Kennedy RT. Emerging trends in in vivo neurochemical
monitoring by microdialysis. Curr Opin Chem Biol, 2013,
17(5): 860-867

Pontieri FE, Tanda G, Di Chiara G. Intravenous cocaine,
morphine, and amphetamine preferentially increase extra-
cellular dopamine in the “shell” as compared with the
“core” of the rat nucleus accumbens. Proc Natl Acad Sci
USA, 1995, 92(26): 12304-12308

Lecca D, Valentini V, Cacciapaglia F, et al. Reciprocal
effects of response contingent and noncontingent intrave-
nous heroin on in vivo nucleus accumbens shell versus
core dopamine in the rat: a repeated sampling micro-
dialysis study. Psychopharmacology (Berl), 2007, 194(1):
103-116

Berridge KC, Robinson TE. Liking, wanting, and the
incentive-sensitization theory of addiction. Am Psychol,
2016, 71(8): 670-679

Leyton M, Vezina P. Dopamine ups and downs in
vulnerability to addictions: a neurodevelopmental model.
Trends Pharmacol Sci, 2014, 35(6): 268-276

Rossetti ZL, Hmaidan Y, Gessa GL. Marked inhibition of
mesolimbic dopamine release: a common feature of
ethanol, morphine, cocaine and amphetamine abstinence
in rats. Eur J Pharmacol, 1992, 221(2-3): 227-234
Sklair-Tavron L, Shi WX, Lane SB, et al. Chronic
morphine induces visible changes in the morphology of
mesolimbic dopamine neurons. Proc Natl Acad Sci USA,
1996, 93(20): 11202-11207

Diana M, Muntoni AL, Pistis M, et al. Lasting reduction
in mesolimbic dopamine neuronal activity after morphine
withdrawal. Eur J Neurosci, 1999, 11(3): 1037-1041
Cadoni C, Di Chiara G. Reciprocal changes in dopamine
responsiveness in the nucleus accumbens shell and core
and in the dorsal caudate-putamen in rats sensitized to
morphine. Neuroscience, 1999, 90(2): 447-455

Kawa AB, Valenta AC, Kennedy RT, et al. Incentive and
dopamine sensitization produced by intermittent but not

long access cocaine self-administration. Eur J Neurosci,

[20]

[21]

(22]

(23]

(24]

(23]

[26]

(27]

[28]

[29]

(30]

[31]

[33]

2019, 50(4): 2663-2682

Fortin SM, Cone JJ, Ng-Evans S, et al. Sampling phasic
dopamine signaling with fast-scan cyclic voltammetry in
awake, behaving rats. Curr Protoc Neurosci, 2015. doi:
10.1002/0471142301.ns0725s70

Venton BJ, Cao Q. Fundamentals of fast-scan cyclic
voltammetry for dopamine detection. Analyst, 2020, 145
(4): 1158-1168

Robinson DL, Venton BJ, Heien MLAV, et al. Detecting
subsecond dopamine release with fast-scan cyclic voltam-
metry in vivo. Clin Chem, 2003, 49(10): 1763-1773
Budygin EA, Kilpatrick MR, Gainetdinov RR, et al.
Correlation between behavior and extracellular dopamine
levels in rat striatum: comparison of microdialysis and
fast-scan cyclic voltammetry. Neurosci Lett, 2000, 281(1):
9-12

Phillips PEM, Stuber GD, Heien MLAV, et al. Subsecond
dopamine release promotes cocaine seeking. Nature, 2003,
422(6932): 614-618

Stuber GD, Wightman RM, Carelli RM. Extinction of
cocaine self-administration reveals functionally and tem-
porally distinct dopaminergic signals in the nucleus
accumbens. Neuron, 2005, 46(4): 661-669

Quigley JA, Logsdon MK, Turner CA, et al. Sex
differences in vulnerability to addiction. Neuropharma-
cology, 2021, 187: 108491

Becker JB, Rudick CN. Rapid effects of estrogen or
progesterone on the amphetamine-induced increase in
striatal dopamine are enhanced by estrogen priming.
Pharmacol Biochem Behav, 1999, 64(1): 53-57
Ruda-Kucerova J, Amchova P, Babinska Z, et al. Sex
differences in the reinstatement of methamphetamine
seeking after forced abstinence in sprague-dawley rats.
Front Psychiatry, 2015, 6: 91

George BE, Barth SH, Kuiper LB, et al. Enhanced heroin
self-administration and distinct dopamine adaptations in
female rats. Neuropsychopharmacology, 2021, 46(10):
1724-1733

Johnson SW, North RA. Opioids excite dopamine neurons
by hyperpolarization of local interneurons. J Neurosci,
1992, 12(2): 483-488

Isaacs DP, Leman RP, Everett TJ, et al. Buprenorphine is
a weak dopamine releaser relative to heroin, but its
pretreatment attenuates heroin-evoked dopamine release
in rats. Neuropsychopharm Rep, 2020, 40(4): 355-364
Martianova E, Aronson S, Proulx CD. Multi-fiber
photometry to record neural activity in freely-moving
animals. J Vis Exp, 2019. doi: 10.3791/60278

Li Y, Liu Z, Guo Q, et al. Long-term fiber photometry for
neuroscience studies. Neurosci Bull, 2019, 35(3): 425-433


https://doi.org/10.1016/j.tins.2013.03.003
https://doi.org/10.1146/annurev-psych-010418-103337
https://doi.org/10.1146/annurev-psych-010418-103337
https://doi.org/10.3390/ijms21218048
https://doi.org/10.1002/0471142301.ns0701s47
https://doi.org/10.1002/0471142301.ns0702s47
https://doi.org/10.1016/j.cbpa.2013.06.012
https://doi.org/10.1073/pnas.92.26.12304
https://doi.org/10.1073/pnas.92.26.12304
https://doi.org/10.1007/s00213-007-0815-y
https://doi.org/10.1037/amp0000059
https://doi.org/10.1016/j.tips.2014.04.002
https://doi.org/10.1016/0014-2999(92)90706-A
https://doi.org/10.1073/pnas.93.20.11202
https://doi.org/10.1046/j.1460-9568.1999.00488.x
https://doi.org/10.1016/S0306-4522(98)00466-7
https://doi.org/10.1111/ejn.14418
https://doi.org/10.1002/0471142301.ns0725s70
https://doi.org/10.1039/C9AN01586H
https://doi.org/10.1373/49.10.1763
https://doi.org/10.1016/S0304-3940(00)00813-2
https://doi.org/10.1038/nature01476
https://doi.org/10.1016/j.neuron.2005.04.036
https://doi.org/10.1016/j.neuropharm.2021.108491
https://doi.org/10.1016/j.neuropharm.2021.108491
https://doi.org/10.1016/S0091-3057(99)00091-X
https://doi.org/10.3389/fpsyt.2015.00091
https://doi.org/10.1038/s41386-021-01035-0
https://doi.org/10.1523/JNEUROSCI.12-02-00483.1992
https://doi.org/10.1002/npr2.12139
https://doi.org/10.3791/60278
https://doi.org/10.1007/s12264-019-00379-4

B, S5, A 2 A S B2 A I T 12 S AE BRREAIT 7 Hh B 2

=299 -

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Wang Y, DeMarco EM, Witzel LS, et al. A selected
review of recent advances in the study of neuronal circuits
using fiber photometry. Pharmacol Biochem Behav, 2021,
201: 173113

Akerboom J, Chen TW, Wardill TJ, et al. Optimization of
a GCaMP calcium indicator for neural activity imaging. J
Neurosci, 2012, 32(40): 13819-13840

Siciliano CA, Tye KM. Leveraging calcium imaging to
illuminate circuit dysfunction in addiction. Alcohol, 2019,
74: 47-63

Chen TW, Wardill TJ, Sun Y, et al. Ultrasensitive
fluorescent proteins for imaging neuronal activity. Nature,
2013, 499(7458): 295-300

Zhang Y, Rozsa M, Liang Y, et al. Fast and sensitive
GCaMP calcium indicators for imaging neural popula-
tions. Nature, 2023, 615(7954): 884-891

Patriarchi T, Cho JR, Merten K, et al. Ultrafast neuronal
imaging of dopamine dynamics with designed genetically
encoded sensors. Science, 2018, 360(6396): caatd4422
Sun F, Zeng J, Jing M, et al. A genetically encoded
fluorescent sensor enables rapid and specific detection of
dopamine in flies, fish, and mice. Cell, 2018, 174(2): 481-
496.e19

Sun F, Zhou J, Dai B, et al. Next-generation GRAB

[42]

[43]

[44]

[47]

sensors for monitoring dopaminergic activity in vivo. Nat
Methods, 2020, 17(11): 1156-1166

Ejdrup AL, Wellbourne-Wood J, Dreyer JK, et al. Within-
mice comparison of microdialysis and fiber photometry-
recorded dopamine biosensor during amphetamine re-
sponse. ACS Chem Neurosci, 2023, 14(9): 1622-1630
Wei C, Han X, Weng D, et al. Response dynamics of
midbrain dopamine neurons and serotonin neurons to
heroin, nicotine, cocaine, and MDMA. Cell Discov, 2018,
4: 60

Laviolette SR, Nader K, van der Kooy D. Motivational
state determines the functional role of the mesolimbic
dopamine system in the mediation of opiate reward
processes. Behav Brain Res, 2002, 129(1-2): 17-29
Corre J, van Zessen R, Loureiro M, et al. Dopamine
neurons projecting to medial shell of the nucleus accumbens
drive heroin reinforcement. Elife, 2018, 7: €39945

Weiss F, Parsons LH, Schulteis G, et al. Ethanol self-
administration restores withdrawal-associated deficiencies
in accumbal dopamine and 5-hydroxytryptamine release
in dependent rats. J Neurosci, 1996, 16(10): 3474-3485
Liu Y, Jean-Richard-dit-Bressel P, Yau JOY, et al. The
mesolimbic dopamine activity signatures of relapse to
alcohol-seeking. J Neurosci, 2020, 40(33): 6409-6427


https://doi.org/10.1016/j.pbb.2021.173113
https://doi.org/10.1523/JNEUROSCI.2601-12.2012
https://doi.org/10.1523/JNEUROSCI.2601-12.2012
https://doi.org/10.1016/j.alcohol.2018.05.013
https://doi.org/10.1038/nature12354
https://doi.org/10.1038/s41586-023-05828-9
https://doi.org/10.1126/science.aat4422
https://doi.org/10.1016/j.cell.2018.06.042
https://doi.org/10.1038/s41592-020-00981-9
https://doi.org/10.1038/s41592-020-00981-9
https://doi.org/10.1021/acschemneuro.2c00817
https://doi.org/10.1038/s41421-018-0060-z
https://doi.org/10.1016/S0166-4328(01)00327-8
https://doi.org/10.7554/eLife.39945
https://doi.org/10.1523/JNEUROSCI.16-10-03474.1996
https://doi.org/10.1523/JNEUROSCI.0724-20.2020

