Reviews and Monographs ERud=gars

0) )L S i R
Progress in Biochemistry and Biophysics
' '12024,51(6):132%1340

www.pibb.ac.cn

AERF R E R . RETERES =
RYRERE

REE

/fgl-l % 1,2)%*

Flzﬁ 4%% 1,2)

(VLIRS R AT 2B, AL 0500245 2 b A P s BINTP I 90860 E , A %)L 050024)

BT EAk, MU AN R i e ) B AL TR R, BORBZ BTSRRI, YR HAENL IR S & R
HORAR A . R RIRTTERI], T RE AR5 A A AR SR RT REIE 1 2 b A PR AR T W AR F S, A
e BERL AR A A R o T I — WA, 07 A NE R 4 S A T BE S A G R S W B A 5. DI, TRARSTIERE |
YR BCMBIERIE Z IR SE R, SESUMEIIE T S B YR B W A AT RENLT, TR PR AN Y7 N AR B R B A

A S

KEER IERE, SR, REHERAE
FE4SES R364.5, Q426

HEJrE R B 3 — A 3L T A U RN 2 R 5% 52
W RS R, A B A S (g R i 2 A
HZE 2, A ZHEIERM, AL & A fk
5aY¥ 5 (food reward) VI B, Y%
FORIRER A D EEY), JTHESHAEIEEY
Ja, MARIRIS AT BB AR, A
Froz e g . MR B B YAE N KRR
TR, RIS I AMARAER AR O TR £ ol
7 EIEAGE DR A RrRiE S B
R DR DX /A% P Xl s Ao 7 R R P s, 4
fe S fil AR A5 RE A AR PRI DN SR g 7 AR
PEEHCR ™ SR IR A X S Yt 3O 5
RIS R A A 2R3l O P A PR B, 15 2 B 1
fEEE S, AL H REE 3 hn o ok VR MRS
AP e R R, T E SR A RR E T
Pl 5 R AR E 2 AE (metaflammation) 7] 3@ i 4
GLZ % (dopamine, DA) #HZITIGS) . 520k
FEART . 5 R A B SR S I R R
PRI, I QI 9RE T R RS R B YR T R H
IR P2E LR . BORARVHIERE . B st
DL ARHIPESAE Z I OC R, S as AR 2IE 15 5
BV BT REDLS], TR B IA NE R HER 1)

DOI: 10.16476/j.pibb.2023.0383

RS S
1 RYMRERESIEH

NEJHEZHUAR I AL T RE A T RERLIHAENY
4R, BYR PR R EEAER T &
HLRAET, BRI AZ NIRSTEE AR IR IE AR
P, AT AR AR RE T, S A S
YIRFEA K, ZFHMEAEHIL R Y g
EHELEIA, HUAXT YR ny e B, JFST
B2 M A BB 0 A I TR X ILTE AN o BlE
BT AR DAk, ek, SRR E RN
FRADRIEN 5 . ZEYPR PR, A
Ve I SEMOE DY), IR RERS I 2 HLIA
XTRER TR, WSR2 ik, A
kR IE , IR 6% (body mass index, BMI)
SR R R B R IEARDC, SR AT ART
* ERARFIFIES (32071171) FI20204F BERHE WA - AT RS
WFRMUA LRI L I b4 A MZ sl A A5 S T 5 A 52 56 %5 4t
A" (20567644H) B H .

s TR

Tel: 18931871518, E-mail: heyuxiu@hebtu.edu.cn
Wk H 9 : 2023-09-29, $:3Z H: 2023-12-05




+1328- EMUEEEYIEER

Prog. Biochem. Biophys. 2024; 51 (6)

e RE SR B B R oR B SE y  RTT X AR
(AR N S WL A S 7N S SR [ SR N= =5 o R !
AP, PEHEAERER LR 2

EYR T EIRMME (liking) 7. “HFEB
Ml (wanting) " DL K& “2%22] 5id{Z (learning and
memory) " 3ERSFLN, FEASIATT Y EAHN A2
WOgg S E oo o R B % R 4
(mesocorticolimbic system, MS) &2 5#H#EEY)
W F ) BN . MS i E I BE 55 X (ventral
tegmental area, VTA) & ) DA #2404 21k
FE 4% (nucleus accumbens, NAc) . Fj % M {7z it
(prefrontal cortex, PFC). A 4% . g H{kEZA~
i XA AR G 2, e, NAC 5 3R, i
BEHEIT AL >, PFCS S5 ERIRKIAT,
BESEEMXMIEEMEREFE (W, R,
MLGEAE) 2, O ANE SR TR EME R (M
bR, B JBAR . BRSPS R i o
KR, IFmfeALA A BB S B B2
[ B, B Rt R, SRR RS/ E
ZARE AL, NI AR 2 A A A% /i E AR B
S A E B YRR B 2 EMAX, JFA
XPIHE AR 5 BMIAT ¢ P [RlME, ZERER HoAh
ki DX /A% A o e B, TR JRE AR A RO 5 U AT
PFC., #5EfZ BT (visual cortex) . T Mg, Ht &
i 2 TR] Y #f 28 T AR IR S5 pal g 7 X
WEPERET, MRS B FAHOCI il 22 3R ] S8 1

@ krE O EEX
=9 2 ERSE O :zE®
o B EREEE @ TR HIEE A2

KRFY), EMERERE, R SR T gerE
REREIE B2 Bt 26 A TaE ek ds . BEOANTELE
WAREIAE I, FREE 8 JE A RSN IR A = MR/
T B R WS REAR T 1E MR EE ARG & 4 () D e,
[ s3I0 T X B 04 5y LA S St F e R
SRR HIAR 2R ) IR ] BB AN IR I
TR REAEREY AL, DL SERRE X
IR BRI =R T HESE M, X — 25T RS
NAcHIfEA & ",

VTA-NAc 2 MS A% 0ER 5, Mt e
PR A S w15 % ZE NAC /2 HE DA KR, M
(LR Nl SR S | NP o s e S =i o 4
B FERRRERTE A, b A S IR
Pyl il VTA-NAc-DA it 28 7T i H Al ish Jot ¢ i 4
R MR, KR IERE & (high food

diet, HFD) $#+530 NAc /N 2% A P A il 1 2 fi
Jo AR T . DA B /D . SEBCRCR B,

HE T 5 20 B RN AN JE 51 & 5 aE P kg e e
(F 1), NFshPcsRm, xfpsmia i 52
VI RRE A RTEA TN R AL, B &)
WKL HEEEE L T ERIMAE R SR A
K, BIRWETEALE] L3499 & VTA-NAC il f§ 5 9% ,
B H AT T B X RSN E N B RE”,
BN AF A PN AR E A At il sy FRERE 2 A2, F
DATEAr £ b B AEA il B TR B R a2,
XM EIT N SRR R YR A2

Fig. 1 HFD induces synaptic remodeling in the VTA-NAc-DA pathway
E1l HFD%SVTA-NAc-DAE KR ELE
mEPSC: fif /N 2% Ay P %€ fi J5 ¥ 9 (miniature excitatory postsynaptic current) ; mIPSC: 3 /)N 311 il 14 %€ fih J5 L %% (miniature inhibitory
postsynaptic current) . A< Figdraw#2 i, #ZAUSID: SOUOA49704,



2024; 51 (6) REEZ, %. PHEENFOSE: REEXEFSAYRERY -1329-
7 NCI I M AH L, % %2 16 8 HFD KB F Bk TNF-a.

Zik, WRIEBAIEERM, KUIEE TRt
W T YR B R RILIE S A R
HE RN Z —, (EEH A B L A A R A
E}F%o

2 ERESAENERAE

PP RIEHIA N E B PR . N BRI Y
EHTREMERIE, BARTSEMRIEE I L
AL, HHIFAEAL (rubor) , i (tumor) | #4
(calor) FUE (dolor) SEfEAR, 2 DX T 2 ML A E
By “PhSr RAE” ', Hotamisligil & ' B K42 W,
RetE RS A AR AE 1Y B, P A
KPR PRAN 7 T -

21 SPEARGRIE

K = N b AR Ak D sl i A 1 Dy U A
N 4R IR B A0 A il =Rt B R T g A 4
MINTS, FEA AR R >, T
PEXFRE I, B 7 4 M 2 53 A A% A M A Ak 2R 1 1
(monocyte chemotactic protein 1, MCP-1) . /3R
HEHF o (tumor necrosis factor-o,, TNF-a) . 14}
%-6 (interleukin-6, IL-6) LI M 4 & -1B
(interleukin-18, IL-1B) ZF {2 & [+ 4k > g FT &
R B AR DT SURIKIYT K, B D7 40 B N B
B Wk ST A AR T, MRS KEE
I 200 i R T b EL A B YR, DAY BR YR AR i I 4
Wi, AeReRR Ui ine o BRI, RRIFF
F SL BRI I R 4R35 T 0 AR N B (oxidative
stress, OS) N3t 2455 T 2 1% B 20 M i7F A s
WHLAEY, I HARHEE W4 i M2 B4 5 40 i % A
M1 MR R AR ™ A e SO, AT AILAA
KIAAL T8 1 R AR 7' F ok, BlAE BE AR
FERSm, AR e AR IRR (free fatty acid, FFA)
KPR LT, X2 FFA 48 LRGS0 TR T
JERE . BEEAL . ORI AR SRS B NI A R D
FPE (WMERR I EEL . 0S), H—P it e B R
SiE S Sk REIES, X ZE R4 (central nervous
system, CNS) [RFES HBERIEFN 11
22 HIRRGERIE

FIPEIAR . IR RER AR e, e 550
JE e S A, Bl JE ARG R IR THTA
WA, TE ST A B 98 55 A ] B 928 T A S A A B
F U, T he g T CNS SAE 1Y 55— i
LT 2005 4F 2 PR ERIA, S5 E g X

IL-1B. IL-6 S {2 48 [ F- 3Rk W& 0, JF HAE AR
JoR S R AG T2, AR NR G A S s R
JERARW AT LIAECNS B L. e, MOk Zng bt
SRR, HAMM X /A% A 232 B RAE (R 28, 4
MG B JZ g 5 B TR Y VIA T
NAc " &, [ ZWRIEIE R, >k A IMNE %
TS BT AT fiE i CNS S80E 1 A A= 5 R g, e RN+
IL-6., fREAiMIan Bl . AN ER s E
B¥  (lipopolysaccharide, LPS) %548 4% i YA Il fiki
F#f% (blood brain barrier, BBB) #: A N /. 75
o SURAARSE R X A% AT, DTS2 e B 28 50 2 e Al
AT Sk e

B TN e R A AL, B FR I P9 B /N T
24 T/ S AR B T A0 L T R LS L O o e
RAFHMMEHER (WFHEMHEE) FF CNS K
iE O BYSEE ZEL, 25 JE HFD ik TR
SR SOCRAAR ™= A2 R AE AT OS, FR B Ry /NI o 240 e
WO . RIE RIS A= . TNF-a 7K FF 5
Mizoguchi %5 ' 438 , HFD 5 3% 3 d B9 M1 /N B
VTA IL-IB R K3k T, W3R 7 dJ5, TNF-o.
IL-1B. TL-6 Fl/N I 50 240 M0 Ar s W 8 15 45 5
5 # 4r ¥ 1 (ionized calcium-binding adapter
molecule 1, Iba-1), DL K #% Ak 45 1k BT J& 116
(cluster of differentiation 11b, CD11b) A3k ik
58 X AR LA E R TR 2 5 . X The S
T FAIBENITR (saturated fatty acids, SFA) i#id 54
i Toll B 321K (toll-like receptors, TLRs) #Z5&
FEPOE /MBS T AN 5 | % 1 CNS Hfie i i A7 56 178
B SE I ST, BV-2 4 A E AR/ B BT 40 i e
SFA L) Toll BEAZ 144 (TLR4) ARAHY J7 i #%
T B (nuclear factor-kB, NF-«B) i# &, S3H1E
2 TG P EUKEFH R, TP NF-xB {5 5 BB
JE W% T SFA T 1 /NI BT 40 L L A,
/INEE AR AT RE R AT, LIPS M o 4 it ] AR
RIEFWEAE S & v ', 7€ HFD FIAE A
DU, BRI A BERG AE JF 7 4 TNF-a, IL-1B
FIIL-6 Z M2 48 -, 3k SE 4 g PR 5 7] LA SE e 48
S 0PN ikl ] A 2w s D= i N G
Y L PR AT e -5 BLTE I A0 e B i i A
+ 88 (myeloid differentiation primary response
88, Myd88) FKikMihnA &, K F:5H 1 Mydss
ARG T E AR TS AT AR DA R A
[ D TR R il 7Y XS ZE ],
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Fig.2 Central and peripheral metabolic inflammation affect food reward
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WE A AE A AR L 25 Wl T LRI R
Y SEWTFE R, RAE SR BUEUIRSC ., — I
W R 52 NREAR AW R 7, RS T/ dh iy
TSI S B F B ARG, P AL AR I
T RO A RRS ), S ARACE AR L, AUE 2R
M5et R TRMZCIRIR) RS RN TE A
B EAFAE S B A SCE,  TTT A E EARA
SRR Z M E R A . Sioh, R
ALY AR P A B, R R B 2
250 el TP RS 1 22 5 T 2 R AR 2 A A PR 1
A 2T I RE . JF HOBUOR DAL y B LT R

(gamma-aminobutyric acid, GABA) S5l £258 i 1)
G fih 2 36 (1 OREA TRy 77 BRI A 2R S BT A
JHL3 P AT AR5 NAe Fh RS MES %) DA R, JF HL
OB /N BRI R FR TR 5 1) S A7 S R
(conditioned place preference, CPP) 7, 52X #{
L, XFRBERmINEEY (Fiey) JFAM, Pk
PRI N B B AN Sy A rh VA T, AR S
fif2 (cyclooxygenase-2, COX-2) FlifsFAI—% 1k
& A (inducible nitric oxide synthase, iNOS)
psE A, JF BRSO T A
RS 0 LRGN, SRE AT RETEE F R
R RIEEZAEH], Rl g s Ay g e
RAEFE F RV T w7
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PRA KEMFEIAA, HRE R TS AR
PEARIE AT BE 2338 8 5 245 W FH SRS s 25 28 {olidk
BiESFEWE R RS, NmiESErEm Lt 5k
JE o NARBHFFERB] Y, BfE T 2 JH E i FAg i
BB fa R AR I P IL-6 AT IL-18 /K 8 3 T
JEH 5 M ES S5REERE AT (RREM
Fet%) VTGRS INA &, Décarie-Spain 4 P 4
H, 12FEMAIENREE (54 50%keal £5AETH )
ANERUIMAE H C SBEAR T TNF RS IL-16 7K P B i
Ham, NAc H Iba-1, JEFL4EfRPEE H (glial
fibrillary acidic protein, GFAP) [JEH A, UK
TR y PR S R R &R, I B/ R
FEPH S X FEARE 1 iR A8 M SR AT M . 5 JE R NF-«B
BTN SR IE R R h AR EZAE T, AFFEE X
B NAc 7 5 IKK B 41 il 771 BEL W7 IKK B-NF-«B i # 5
R, /N ET EERE 2B FORAT R B . 1t
4, Cheng %5 'S 78 2022 4F ( H R ) Z i+ HI
Nature Neuroscience I & W) — Il 1) SL 50 45 1
N, TEREA R IER T, MR AL S HFD
/NS EERER B TR, YR O X R T O
Je M AILT S A B, 5 g /N L, HFD
AN BROTE SR GE M TR BERE S L R BN = 57
(anterior paraventricular thalamus, aPVT) ) #if
ZIUHOE TR R, SRMIX ISR 5 aPVT /i
Jo 4 LIS A OC o Bl AL PLX3397 41 il FE)S
IS SRS &30, HFD /NELaPVT 280 2% 4y
PEREAS, JFEAH T /NS M SRR T . b
IR CEEAIFTE AR A BEGERH T 40 S8 sl Hr A G 2
SEXIREE RV S AR, JEISE
KW, RIAEARZEAIEIN X ] I [RIAE 0 b 18
PEFRAT R, AR A SR T NP AR .
Je, M TEVEEAKITAN R, WA
il DX /A% AR, o — DI 2 8 TR
A Al RE SRR T B AR G R N Hk, B
A LA gl fk A “liking” . “wanting” DA M
“learning and memory” B3, SR K25
TS B3 ) G DX A D RE AR ], AAE AT g A
ANFEJr T, Flhn: Sl OBE) siFMFLE (5
) FTREFAFTET, FFmsh i E—
R, HIHAETHEHLRI A TFAHEERF. 1AL,
i IR O 25 I X A% A Ah AT A Ko i
H, SAEWAT LURZEEMPFC, VTA, A%
g RSN B R BT R U

B

41 REHERERIMDAR S &k

MR, DATEAGBEFEELE . HELH )
L AR . SEE2n 1 DA R, (44
JEE PR A2 o X RN IE ) s A A A A T
ANARXT WV BRI S, SR, Rl R
s, AREWREZ Kk, AR A SRE F]
A DA G, B, IR, DL DA Z Ak
UeMF R EZ NS BRIAES BRI RE .
4.1.1 DAKIK

DA & B T HLFT A Y T L-3,4- R H AR
% M (L-3, 4-dihydroxyphenylalanine, L-DOPA) .
AN R R # 1L i  (phenylalanine hydroxylase,
PAH) F1 [ Z 2 ¥ 1k W (tyrosine hydroxylase,
TH) &5 % L-DOPA JIr 5 G, 3 79 7ol il #10
A =) S s IV G o 7/ S
(tetrahydrobiopterin, BH4) 254 fe & % 1E%
ke, I, BH4 B3GR AT HIPEXT DA & ik
L S MRS R, i s A E P
S BTN IL-6, T FEAR BH4 (14 £E 4735 1 fif PAH
5 THINReZ M, SEDA G s> ¥ ANE
HAEFK, RAERENS S INOS Jif M4 hinfd BH4 ] H
PETF R, I8 — A A G (nitric oxide
synthase, NOS) “fffHHE" A= Wi A AL W15 &
OS 5 SR OS #4155 5 BH4 8 S ALk Ji o3 1
B A Yy , FEDA ik — 2 Y
Kitagami 55 ' fig i, KRN A NEH THE o
(interferon-alpha, IFN-o) Wi 5 — & LA F i
BBB, Il % X 5 BH4 FI DA G5, i
NOS J& &, IFN-a X} BH4 Fl DA ¥ B A4 i 75 i
TRB500 R SLZE RN, ARIHE S AT g i
I BH4 B9 A= 9 1 2% Ke n] VR D DA A2, #E T
HEYET
4.1.2  DABEHCFIFHAEH

DA #l1Z8 TC 248 J5 7 A Bl A H o7 fF Pl s 1 955 55
BRIETT, BEE S 2 A BT AR e
PR FEH 2 (vesicular monoamine transporter 2,
VMAT2) {5 DA ¥ iz 2 58 il iy RO R i . 7E Utk
AT, IL-6 1 TNF-o BBHS I NAC-VMAT2 £ ik
W DA Y AIFREERM, N R B S R A
PR RIS Z K (BAPIRIER) JE AR,
SUIRAR h 28 95 F1 OS B U852, VMAT2 ik
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i, RIS T8 v H PR TN RE5 R 1Y) DA P23
PR AN, SOE L BEAEIE 1 52 I DAT #% iz 1k
(dopamine transporter, DAT) &3R4 N 2 fil 7] Bt
o DA PRI, SEMIFEAR DA A HME o, X T REE
RIEAF F o0 TR 4R TE AL U (mitogen-
activated protein kinase, MAPK) X471 T DAT i 1
A, BRET R BRBCIRAR S filk MAPK 1 71 f5
DA FFHEHRE ) T R 27
413 ZUMSZIRIIfE kKb

Z B Z K (dopamine receptor, DR) J& TG
PRI, 204 SFIERL, 5 D FEZIREK
% (DR; D,, D;) FID,F3ZAZ%E (D,R; D,,
D,, D,) " Hrh, DR 5EYRFIRERIGCR
wY) PN, ISR RN, SCIRIK DR AT
RS M P A o St 2 M DG, O ELAAT T8
i [ 7 A 5 38 M F & AT R . Narayanaswami
U IRIE, HIERERCHOR RAR L, TR S
(obesity prone) K Fl 8 Ji] HFD 2 ZCHR {4k D, 32 14
B EAR42%, [RIATRBLH S m e shbL; AR
SR N, MR ORI DR WA B TR,
PRI C W AR K- 2 BT 1o G ez SRR
TN, RIEFE SRV R LT AT §8 5 D,R Uifg
PESINCH TP
4.2 RGBT 5 2 Ihse

AT SCHTIA, VTA-NAc il #% 75 45 5 5 Ui 6E
HEEEZA/EN . ubT R 321k (p-opioid receptor,
MOR) 7E VTA Hil NAc K i £ ik, G VTA-
MOR REREHS IN NAc-DA B, $&m ko -, AH
K, KIHH NAc-MOR {5 5143 2 i 2 ek 4% K B
R, FFR RS O e R AR SR, Y
VTA-MOR i fig L T, NAc-DA B HUH: & 28 7 it
Wkl As , If HIGIMRBRXE Rl (5.0 mg/kg)
MU R B 1 TSR], NAc H TNF-o 9K i
T 5 3 ek 55 R MES T R BN, IF 5 MOR B
A Hosels IR, AR AR A TR R I, MOR
F K- 5 TL-6 AT IL-10 BE AN PIAR S 07, 1
SepFgE R, AN LI o 520 MOR D figifs 42 5
SEH o SR 5 153 HLEI AT 5 2 A d i
575 MOR WL AL B i A7 ¢ o WL AT 7E Cruz-
Carrillo % "' BFGE TP 15 B M) 2 45 o M1 AR B,
HFD 53 NAc 11 IL-6 B [ & A 38 5 K B9 i
FEAT R T NAc 7EH 2 HE K 2 DNA U EARARDG . it
Hb, T 15 J& A9 HED 340 1 AEJHE /)N B NAe FE 4k
CpG %5 & # H 2 (methyl CpG-binding protein 2,

MeCP2) 5 MOR H: )5 8 7 X255, S
MOR % 5532 FIMHI - TR/ BB Dy g ™ 2 1
(15320 IRt S U1 A~ S I O w1155 11U 104 3 72 5
(AR R AEAR AT 38 0 17 MOR-DNA H 364k
FMORJJReREfT, MM B EYLTE R
4.3 RiGHERER NS SR w RS

DR Tl S M ] AL S B w
UFERDIARG M BREIRSEIAT] I3 o- B k-3 -5 Ak 5-
FH 3L -4- 5 B T R 52 /K (o-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptor, AMPA) .
N-H3-D-RAEEHMRZ K (N-methyl-D-aspartic acid
receptor, NMDA) LA R A B 5 & R 22 14, X 3
FPRBYZ ARG 2 GRBAF 5T . RAETT I
¥ VTA FlINAc5¢ 111 AMPA FINMDA 2Z {4 F&AIK
MBI, P BIRYE R A ZAL AR AR
MR A5 oA S, DTS 2B 7 AR BT 52 ey
Lewitus 55 " PR W) AT A b 2 B, A AE
AR PR 275 T BOIR A/ NI 5T 240 BT 7 A2 TNF-a,
HEMT0 ] NACHZ O A A U BR 28 fik i 2, R 474
ALY &R Ah, Oliveira 55 1 F] ARSI 45
AR 2 A B R SR o A R 2 A 5 O R R
B, REREN BT AR, MR URAE FIZRTK
FZEAT NGB B GE, Pk, RIETIHEPAER
AT PG Al A% 1B S U B RN, X T RE S IR AR
PRl 38 2k A ] 9% Na' . Ca? il K3 38 19 85 -9 3)
RS Z R RE M 02 PR A G 1
44 RFHERERZIMTLRYE SHE

TLRA R Je R G 524K 5 JAE AR 5 5 3 )
A SRR b, RSO 24 Wit FH OIS rh
A HIE , TLRA 5T AN B AE 2 ik et 7 A ik
PR R PR E EAE T i RS T LU
TLRA4 filh )z PEC (9 RAEAR =, ZEMTREM /N R £
ol "5 VTA N TLR4 I IL-1B {55153 5 800
R A S BN SN NAc-DA ¥R B T, SR 7 4
LTR4 #5577 LPS-RS (5K H SRR R 19I5 2 b
lipopolysaccharide from Rhodobacter sphaeroides)
AT YE 5 AT A S0 NACc-DA BN, iX 1 TLR4
PG T R HA SR NAc-DA BB JE A, 1MiiX 5
AR B AR A A OG5 A, TLR4JE LPS
FI SFA S5 B BB A, X 5 Al 28 98 0E Fic 2
BAHK L, RS VTA-DA #1458 [/ TLR4
REAS I E IR M RAE . AR VTA-DA F 0
FITH#A, ST NAc-DA K 120 Bz
XSRS R, AT SAETR AT fEif i TLR4 5%
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B BN KA, BT S BOEYE RR
45 RHHERE %m¢mﬁ5%@§1¢%%
®e

I e 27 9 2 2R 2 I AR . R
LT, R 3R 2 B % iE i 3 3 i s oF
BBB it A CNS, 5 DA #Z 0 L X Z RS 4,
AT 3 2o 987 B BN A I 2 SR, B

HNCREREEERG I, I 388 22 AR i I e
b, FEEL R RZRGE S5, IR
BN B A o5 12
451 REEZIKGESHTHE

ARUSE L AT &, 12 5 HFD 5 3 A9 K

R B NAC-DA SRR BEREAR , ZHEAMNIRE R 155
i ik 55, IF B BRI s A R g 1>, 43
Ml R AT e AR S AE AT G MHLTRIR R, ﬂﬁ'%
R 2K E kAR, SRR EZ
RJEEW) (insulin receptor substrate, IRS) #1355 4E
KRS IR AL, BEIR LAY IRS & 2 Wik
Pok LIS 3 34/ (phosphoinositide 3-kinase, PI3K) -
5 M % B B (protein kinase B, PKB) i % fil
MAPK- 21 ffg /88755 & H B (extracellular signal-
regulated kinase, ERK) i [ JCEE Y 5 12, —
JrTE, P2 KU TNF-o BENS S T 5 232 R
1 (insulin receptor substrate-1, IRS-1) %223 & WMz
1k, HEMIFH AT IRS-1 B Z PR Wi ik, FEIRIRS-15
JiR 5 2R AR 45 A 8 T, DT il JR 5 2R R PR AE
F Ul S —Jr T, SRAE AR T RS T A
ﬁ%&@ U c-Jun A . p38 Ik Al B 1B i i
(IxB kinase beta, IKKB) M MAPK-ERK i % 1Y
BT, AR AT, SundF Y HRIA,
HFD i S M /N B VTA R AE 2 5 DA M &0 )

REREAG AR S R AT, WA BB BT R, W
B IKKB Je, 7B s 2 9 0 30 #E 12 B i 2D
VTA 1 PKB HYBERRALIE AN, DA M2 TTil PEFI S AE
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Abstract In recent years, obesity has emerged as a significant risk factor jeopardizing human health and stands
out as an urgent issue demanding attention from the global public health sector. The factors influencing obesity
are intricate, making it challenging to comprehensively elucidate its causes. Recent studies indicate that food
reward significantly contributes to the genesis and progression of obesity. Food reward comprises three integral

components: hedonic value (liking), eating motivation (wanting), and learning and memory. Each facet is
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governed by the corresponding neural pathway. The mesocorticolimbic system (MS) plays a pivotal role in
regulating food reward, wherein the MS encompasses dopamine (DA) neurons originating from the ventral
tegmental area (VTA) projecting into various brain regions or nuclei such as the nucleus accumbens (NAc),
prefrontal cortex (PFC), amygdala, and hippocampus. On one hand, prolonged consumption of palatable foods
induces adaptive alterations and synaptic remodeling in neural circuits regulating food reward. This includes the
attenuation of neuronal connections and signal transmission among the PFC, visual cortex, hypothalamus,
midbrain, and brain stem, resulting in aberrant food reward and compelling the body to compensate for
satisfaction deficiency by increasing food consumption. Studies involving humans and animals reveal that
compulsive eating bears resemblance to the behavior observed in individuals with substance addictions,
encompassing aspects such as food cravings, loss of eating control, and dieting failures. Propelled by food reward,
individuals often opt for their preferred palatable foods during meals, potentially leading to excessive energy
intake. Coupled with a sedentary lifestyle, this surplus energy is stored in the body, transforming into fat and
culminating in obesity. While evidence supports the notion that prolonged exposure to a high-energy-density diet
contributes to abnormal food reward, the internal mechanisms remain somewhat unclear. In previous research on
depression, substance abuse, and alcohol dependence, it has been confirmed that there is a close connection
between inflammation and reward. For example, obese people show a higher tendency toward depression, and
white blood cell count is an important mediating variable between intake and depressive symptoms. In addition, it
has been found in individuals with alcohol dependence and drug abuse that long-term opioid overdose or alcohol
abuse will activate glial cells to release pro-inflammatory cytokines that affect neuronal function, and disrupt
synaptic transmission of neurotransmitters to promote addictive behaviors. Comprehensive analysis suggests that
inflammation may play an important role in the reward regulation process. Recent studies indicate that
metaflammation within the central or peripheral system, triggered by excess nutrients and energy, can disrupt the
normal transmission of reward signals. This disruption affects various elements, such as DA signaling (synthesis,
release, reuptake, receptor function, and expression), mu opioid receptor function, glutamate excitatory synaptic
transmission, Toll-like receptor 4 (TLR4) signal activation, and central insulin/leptin receptor signal transduction.
Consequently, this disruption induces food reward dysfunction, thereby fostering the onset and progression of
obesity. Building upon these findings, we hypothesized that obesity may be linked to abnormal food reward
induced by metaflammation. This review aims to delve deeply into the intricate relationship between obesity, food
reward, and metaflammation. Additionally, it seeks to summarize the potential mechanisms through which
metaflammation induces food reward dysfunction, offering novel insights and a theoretical foundation for

preventing and treating obesity.
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