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WE TERENFEMZAZAERERROEC, EEFNERARSFREFZXEZNREAE. BV
BREEREETBEHER LT REZNWERNAEN, AL RREEAE, EHERENAT. RELEFMY
fRERET REZCER. MTEMEVRREREMZRMAET REAENERE: —FTHS5EEERMAT,
A= HENTME T RIS KGR Z B R ER R, BRI, TEWER KRR E A
HHE SRR R G, e RO M AN KRB S (BHE BRI ME RS RN, 5 BB R EE 4 FR
WHTIRME TS, AR RELSRETE EREIRMWE, EERALFRAT, TEMEN KR4
MaREDEFNAGRER, BA AT LK E RAE KR (8 2 ALRE R £ R R BT R M . ASUE T RHat
KRR, RAEAT TEMEMRFERA RS BEFOAE RELBFNF, BRI T ZREAAERBR

AR AT RO Z AL AR P B S 1 R IR 1R R R LB AR B - T AL

Kbl TEmR, EFRRAM, #ET, REEA, B

KPP R G, FeBE T el 7e R BRI
AR E AN, IR T Bon, 4k
22 K05 A i A P A DG 9 38 R 3 5 TR Fe ik b %5 DDA
SR B RN AR AL . PR . AR AN
T AFAN RS E BRI E R . AR R,
Pk e QU5 B A IME L 2 Pir g, W e
VI 2 WA IR A A A T B ) B S A
DAGERFHLIAR G R A RS, TR FefiiFh 2% 1 40
B, HrAP LT S ER Y 5 R (arcuate  nucleus,
ARC){V & 5E3IT IfiLfiki 5 i (blood-brain barrier, BBB)# 4
M5 A 1E PRt (median eminence, ME)P!. MEZ&—Ff
FUAT R M AE S48 1 2 8] 8 B (Vi = i i 5 s 1) A
LI A, MERSA FL B LS VoM E 5 5 i 2 T
FEMRAAZ A, RIS IR MERY ARCREGS 45 LR AITE EA
HEFRR SR, ENESESIFES S
AT ARCHZELE AN B . A OCHE HI)

RERS BRI TTREAR R R T R S iEE: Rk
2 Y A fiI] FRAH 9 25 1 (neuropeptide  Y/agouti-related
protein, NPY/AgRP)# 470, H s vl 42 & mof-is
ARERETERED 0L LUK IR BT F AT - N
FH A% W) (pro-opiomelanocortin/cocaine and ampheta-
mine-regulated transcript, POMC/CART)H# 4 oe, Hil
I AT LA R S AOT R R AL L R e iPOMC/
CARTHZ:IC AT IN T2 o2 25 2 0 il 4 3K (0-melano-
cyte-stimulating hormone, a-MSH), a-MSHA]LI/EFF
Pk B fi E 452 /K (melanocortin 4 receptor, MC4R)
MIMZETT, FellEi T % 553 (paraventricular hypotha-
lamus nucleus, PVH)J#ZTT, SEMH0§ & HI e r=
T AgRPHIZ TR AGRP I 2 KT L 5iMC4RZ
A, FiPla-MSHSMCARMLE A, AgRPHIZ ST F] A
A LA y-2 56 T R (y-aminobutyric acid, GABA)LLH1
HIPOMCHIZTCHyTH LS. I POMC. o-MSH. AgRP

SRS TRE%, BUK. T RS S SRS, Blesim i
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DL B MCARM B JE R e TR RS AE pe it Pl h B
FEAVE Y. POMC 5 MCAR 28745 J2 B DR R0 JIE e 14
ORI, I 5 AR L EmARA O, X R BT
PRZR 7 o B A I ol 1 EE AR .

BIE R A AR R Hh AR Bl 28 2R Gt (central nervous
system, CNS)H4{ie i e K 1B T A B AR, f%4c 1k
NN BB R AELEFME R b R e SR, I4F
A FE P AN Fo T iX— AN, R HIEma R
S HAWEZ ThRE 2 REbE. KaiER R, 2IE
RN S S kA | LIt R B M2ty
GILRb AR, AESAIE A . 2l mT SRR DL R b
L3 O B 25 V0725 T G M 2835 B v R 4B R 1),
XL RE A SIS T H R R B N 2RISR 2k
a8 N P R R N ) G NS M Y AW B E s
1, SEIE AN EAA AR TIRE: — 7 TAE A I B s
P EEELL N 5y, PR E SR O A s T o B
BBz, 53— T D AR S RS R CNS )
RER RS R IR, F EARCIX S8 1)
BIE I RN 5 JRi o 200 M LA R T8 ml e E ek
(I TIRESATT. IR A i 51 A fof L BB A S
ML R EPIRZS, IR i shZS 8 i B ke i
HIANEAR S S B B A A 1k, T B A 22
Ay IR B SRS 1220 BRgY R, R i R TR
YN A RE SRS B BN IE A R I R RS 5, JRilad
L 2 e R B R A PR AR R e 228 (AR R
W RIPRELIR T, iS4l B IIREE Y, ik
Z 5 EELAY P & A AR RO Ak i S AR
PRV ST o, T Fo i A2 T 1 S5 40 A 2 o B I8 A 2
NSRS IS, AR R A S T e R — R
PRI N O, AEA BIFRFEE N AT B & T B miAIC
PNE, T SHEORA AR P A P2, s 2 Bt
S ER AR (A A LR B AL T A B LA

S F T B R o AN A A I R A A v e L
A= FRPE R BRI AR, AU LA 4E 5 R &
GitEZER: B, IR AN T 0 T Bk R AE
F AL B AR L A SR K, i
A IR SRR RN E SRR T 0 o T AR B AR
VRS P25 PR, [ B LTI R I 4 3 e A 3 S R
PP oTTn P R A0 ) ML, Bem, A AT IE
P, TRAFINT I E A0 - pi 28 0 D) RERRIR R TR AEAR
R K A SR G B AR B . I A
AT, B RE B4 2 I AL B R Y

2

P HEZE AN J5 ).

1 RIEIRIRANE S B iR
NEREASUZ AR T H LU0 5 HERR, 2 —Fig bk
TREE AR, 5 2RI 1) e A2 A Jre 4% DA
K W REL, HEREAMAR IR R L HIE N ERR )
HHAETE D W R AR, eI KRR R AT,
TR IRBEIR Fa (tumor necrosis factor-o, TNF-o)).
M- 256 (interleukin-6, 1L-6), AAZ4N#AILIEH-1
(monocyte chemotactic protein 1, MCP-1), SE R &M
RAER L. (EAFE RN, RS DR AR 2 R 584
o R Rl 1R [ A A ) N S VA B2 V1
JREAEERA: FEAIL ] 2 — 2 = IR TR £ (high-fat diet, HFD)
PR T RN IRAAE, = AR IR B MR T 0 2 il 145
W F ERPIL6 . HAAK1B (interleukin-1p,
IL1B)FEE AL K A F-B (transforming growth factor-,
TGF-B)35 4 E 1 115 i A% A A% 2 (messenger  RNA,
mRNA)FKIE. XEERAE K75 T Bk 09 44k ik
Al A E S . NRAE LS S R AR
UL 2 g K S AR AL 7] 25 T TNF-o 23 e i S /OT
PP RERHAES . AR S T TNF-od LR s
RO . IRIIRIS T WIL-1PFR B UL IR B F RO
ZHCHT. BT T e IL- 1 By IA 1 i a] ke i g ik
MDA R EPRA IR O iR Rk AR e 2 R
Gias TIL-6R] /WA . IREAARE, IR nEe
EIHFE. AU A TGF-BEIA v] AR T AT i
SAERR YT, HAp R B 20 R FxB  (nu-
clear factor-kB, NF-kB)ZIk 5 2 CidtZE & 1F aY e
R AE S, AR TNF-a. 4021 (interleu-
kin-1, IL-1). FI4HMfi/r 24 (interleukin-4, IL-4)%FZF
MNP R A 28 o0 HNF - B 5 4 Bk T i
AR R A5 5% 36l -3 (suppressor of cytokine
signaling 3, SOCS3)id i, HFifiH finysi & 55 R i
B, B R IR S S IR REROS0T 5 AR LAY A,
TNF-o. IL-1B%54E 4 21 i X W] 380G A 47T e-Jun 24 ik
A8 (c-Jun N-terminal kinase, INK)i# #% 4!, 78 X
PR RS, FRAE T Bl X, INKAF 538 B 10 55
G52 ERLEVIMOC, GfEERotdE. B E
HEHURI R B 52 AN R AR B AR AR R, S5fFE
R R R S M TN 1 A R A A A58 Tt B v BB IR 175
S B AT A S 0 S0 JE L 2 1 AT TR
AgRPHIZTCINKAR S 930S nIA & S HOTHE ). 90
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SR Fr 0+ 25 75 P9 J5 D9 17 57 A e 2 e vt % 4
THEAVEM. TNF-oFIIL-1p%5 Al 31 P % /¥ (endo-
plasmic reticulum, ER)YFEAEE AL, 180X 8 1 BT
FERIT B BB IE, DE T B R MR, R e ez
TG P 5 O 7 387 A e 8 251K 1 A & R i A
YEFH. 768 5T R A2 5 S R (A B R AT 2 |
FOWERS, F R 22 52 55538 i 1) o 8
FERHEN, VTS| Z AL R MRS S E
T FEPOMCHIIN T, FERE A A AR IE 15 B Fa-
MSHE P2 AR, 35 By ] S50 AR5 A )
A= FEHFDIENL T, XL 7R £ 5T i Toll
FEZ1K4 (toll-like receptor 4, TLRA){5 53 25 UIAH .
HFDZS0E TLRAE 538 B L HENIE . TLRAVE A
WU AZ A4, AT R A 2 E B PR R 14 g 2 B (lipopo-
lysaccharide, LPS). [z i TLRAYUARE B EREIKT
FEARIL-6. IL-1BFITNF-oRE X Fak s iA &1, (H
PATCHIEIR N TLRAN A RIE M) EE RN E, HH
P28 JC (K 2 AgRPFIPOMC # 22 0 ) I A £ ik
TLRA™, X — 3G 5 n] B iy AF ol 2 5 e o 400 e
SERL(ET).

AR — BRI R, WZTCRAE 1] B2
JEAR B SR AL R e, 10T e b 28 i i
2 D 114 5 4 RIS S X HF D 52 5% 110 5 R 40 i vy 132,
Thaler e AL kw14 S Ak 0 v 8 5] Jsz oy 1 e e b A=
FEIA T B B B o 4 e A5t ARG i, i T 4
JubR Rk i R ek . SO A e I B A bR
LE R R I T AT YR PR 2 H (glial fibrillary acidic pro-
tein, GFAP)7E - I HF DI 1] [A] ] B 3% £, HFDif5 R/
P T B R A Y AR JE GFAPRY L3R . e 42 7k
FEHL R BEIN G= A5 ARSI B F AR ) LB S e
KU AR, A — K HFDME: 73 VAT (i B 0 e o 200
PR YIGFAP/AK . MBI E A T Felid i b
IR, fERE R R R R A e S &R
THIRARE, AR, K HE R 2, 5
PRTTI YA BEAE R & A T 24k, S8OT Fefihh 2
TG 2 fih 285 ¥ S A AR D121 s PR S S AN i G T
AT b R 1= A i, & AT
i = B SR AE ol fA FEHE I 0 5 22 /1), SRT i — R
0 I PP SR T R Y B SN AR T e i = R A
i) R A7 B 2 [) 4~ A ] e S vy ARG AR 1Y)
AN A0, AR AT A HER T X ARCE RN R 4
HEHATRNAMP &80, AHAS T, 258007, T~ ek

5 RAK Y BRI I 5 40 B A =3 i = B (high-fat/high-su-
crose, HFHS)YK &5, AT o 40 i 8 4 i PN 5 77 S5 9
FENRE TIE BB e 2. [R5 SRR
PHZETTH NI ST A LAR L, TR S BT 4 i % SR HFHS
IRE LR bR il 3%, HFHSTRE 1w #h
IS AR MR S 23 B iC GFA P/ B £ T i U Bk 1
FIERRLL (aldehyde dehydrogenase 1 family member
L1, Aldh1L 1)k, X$FARCHI#IAGFAPS5 Aldh1 L1
BB A L3R AT T 2 Moy AR R AT, A
HFHSTRE A dib 25 15 fin ik SE 40 M A 45, R elAs 17
2 [ AT FHRAE. AR EEAEEARCNE
AP BRI RIS B, % X GFAPAIALdh L1
B B2 T i o 240 B P 485 P 8 5 0 4 J o 240 A %o A
[F) Pt 28 TR 5 i 7 28 IO g3 oy PR B . TE IR |, Y
N5 P T e ki A% s 41 T2 5 TR o ) S 2 e A /I
BN S S i P S A R A bR, HL S
7 S N AR 2 A R EAOC. 51— iR R T2
it T4 st ] 55 B 5 #0(body mass index, BMI), %%
5 I £ 2 7K SR 5 R AR TAR S AL EA (homeostatic
model assessment for insulin resistance, HOMA-IR)#'F-73
FASEPR?,

HERE 1A T-88 (myeloid differentiation primary
response protein 88, MyDS88)/NF-kBRIEH#Z 5T
i TR S 24t A XA R S IRV E D, SRR
MyD88/NF-kB# W W . LI B 40l My d88 1Y
SAF PR TT LU 20 B A 1 SERE S 3, ATNF-« B
B%, PR MEHFDE 09 SO P B I 5T 4 i 3 A 0
WA IE, SHTHFDYE SN Hi/EHFDIS BRI
JST 240 BENF -k B-A% P~k Bt W7 35 B4 il X £~ (inhibitor
of nuclear factor kappa B kinase subunit B, IKK )i %]
BT LI S YA TR N GE S THAE, S IRPTR
PSS AL, ] A e e 4 2 W T TR 15 2R B
SR R0 H HFDME 37 ) 2 8 15 o 400 I T K B %
/N il S8 S AR I I B 4 A 4 B I 9
RO ). TR 5 AR A H IK K B/NF-kBA -5 (¥ 0
AU BIE B RIE RS, T e T i/ bGABAK
-, TR SRR T A v A s o 227 TR A
(brain-derived neurotrophic factor, BDNF)RJZ2ik, i
SEURIEEALEY.

J5 IR R G o AR B A= 1 T R R -5 R
NRIDTRR A VIR G, 8 54 F0 25 T Bl 5 A I ) e
BRI RRACERE INE, geah, 1 AR R Y & S 4 T3
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B 1 BIRRBAE S N EMARAER RR. SRR E AR AR . JE S BRI, 83 R VI BN i TLRASZ 4K e H T i
Myd88/NF-kBf& ‘Sil i, 51RRAER TRAOTEM T T it £o0. X Se S0 70— 2L ROR 2T A YNF-«B . INKSHE il SR Bl A
JoT PO 7 3845 7, S BRI T ARG, I 2N F A R Y IE DR, ST R NERE SRS 18] fiE T BioRenderZ: i

Figure 1 Crosstalk between astrocytes and hypothalamic inflammation. A high-fat diet leads to the release of palmitate, LPS and other pro-
inflammatory mediators into the bloodstream. These molecules activate the TLR4 receptor on astrocytes, triggering the MyD88/NF-kB signaling
pathway, which promotes the release of inflammatory cytokines. These cytokines act on hypothalamic neurons, stimulating the NF-«kB signaling, JNK
signaling or ER stress pathways and disrupting neuronal function. Consequently, this dysregulation impairs metabolic homeostasis in peripheral tissues,
contributing to obesity and other metabolic disorders. Created with BioRender

T R g FRAREREOS ARSI B, A B IR
PAER CAnEA AR R A RERR A S R ) vl S80S 5 3% 1) B
BT b ) R 5 S A% T, RIS R R B4
MIBERLIL-6. IL-1BFITNF-o8. WKL Ik, AR ARG
138 1:F TLR 43815 MyD88/NF - B3 1:f 7 1M Bé ikt 42 ikt A
T, FEACHEAL(E .

2 RIBBANE B E S E R FNEN S

(i

 Fo R SRR TR A M 1A 2 5 AR 4 o 4 2 ik
ZRZIRZ AR, T o PR R TR AR
T2 T BRIBCRIAR I, DA b it . A KT
PRI . 40 PR TR PR T 0 R Sl i 2 £
SUSIED). X e SR A SR 2 ] LA IR T A i
A R SR TT i EREE 2, LAVES AR A

21 HHE

98 ZAE MR L - I B Z IR A 7, i
A2 RGE TR BE ARG R, 76 BRI A AR T
FEVETT T R AECHEVEH. I RIS 2RI, I8 R = 52y
RESIEE N SEO™ AL R B e R An e, 2%
Z A (leptin receptor, LepR)FEJE Z 58 il g 5 5 1412 i

4

DL RO U J5 9 049 I JERE %) 30 71 v 473 3 2 £
2100, (w2 TR o T IS S 40 L P LepR A4 26
ik, R T AN R A T AR O i
AT kI8 R TR e - GFAPIRGH T [41%),
W42 52 98 R b BRI R Wl 22 a4 AR D48 B
RGFAPRYFIA R, Bhah, 8RR P fl A 2 R K
SR IR 12 1R (glutamate-aspartate transporter, GLAST)
Y ZRIB A A AR BRI, 5 25 T ) e WG S 1T
SIRPOMCHIZEC R TRE. ib— A5 WoR, Rbk 2
I T A A 98 22 A2 A 5, B e B 40 L X POMC
ZeoC A B 5 1O R BT SR A R R
TR /N BRI RS Dy T A W B 84k, Hizo)
R R SRR RO AEUR, JFHAER RS
BRI 5 P PR R o,

22 R#E

I 5 2 AR S T R B A L S A P A Co A 5 R,
TEUM S B AT A4 B g AR P A rh b o A M
FEVER]. RAIFFE M, BEEy Zl M A T R i 22
TCM S 5 ERERI2 RS JR I (type 2 diabetes mellitus,
T2DM) 5 A L A0 SRR ST & PR, T e 2
T I T3 240 A 14 JR 5% 2R 175 5308 5 7 o o 2 WA il 4 v
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B 2 BEIERFAMXMER 5ERRIENL. BRI SSMNA B FRMEERE 5 IR M ZITiE S fne. 2R TR T Ed 4R
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Figure 2 Sensing of hormonal and butritional signals in astrocyte. Astrocytes integrate peripheral nutritional and hormonal signals to modulate
neuronal activity and function. In addition to regulating neuronal activity by recycling of metabolic substrates and neurotransmitter, astrocytes
participate in feeding behavior and glucose homeostasis by sensing peripheral hormones such as leptin, insulin, ghrelin, and GLP-1. Furthermore,
astrocytes contribute to systemic metabolic homeostasis by detecting nutrients, including glucose and fatty acids. Created with BioRender

BRI, AN R A 3 5 T XA
PR Y AT R AN M 5 25 A 5
1) 56 R MO AR 0 A A R ER RO B 0GB, izl
BEDIBEAZ AT, 2 F8OT bt A b B AL s, F
TR ARG 42 B i A B S S A B R SC SRR S
FeW], 7EGFAP P 20 i i S M s 5 e & 22 524K (insu-
lin receptor, IR)MYMLAE/NEBEAIrh, BRI e o 4t ffd A
POMCH 28 70 #4330 1Y 10k 25 140 7 2 WA A .
FE = MRS, S5 A48 /N T B i 2R e Jo 4
Ji S I 2R Bl ) 2 e, R Ok ARSI
/DB, (B B A&, POMCHIZ T
AU AR T BERE R, TG Z i Zbi A ) R

DAL - R A2 i o7 s () 25 F 25 TL. IhBE 2 TR,
BT ST A TR 2R T 35T P M o 252 Mg Jot I 45 37 2y S5
H, JLHIEPOMCHIZITHL TG 3 W . X Fh oK
TR S A e AR R A AR s/ NRBE 2R

TAEZ R TR B HOTHERE S, MR W
8 AW TS H2 A2 FURIIBR ) SR AT, I8 R B ST 7],
EE I SO A B I 5 R A5 5 R GEMA B 1 HP R o 2
SANEACHHAE Z W] B SCHET T, X4y R G AR
TR HA A A A BT RE.

2.3 YLk#E

YU R (ghrelin) & —Ff )\ 15 Ji 18 15 ORI RS i O 2
PEEHIER, S A RERE D WBRZAR TR 12
(growth hormone secretagogue receptor la, GHS-Rla)
R A HIFFHFIERER. B YUK R AgRPHIZ T,
fle it HoAfs GABARE L 2 KT (UPOMCHI 27T L=, MATTTRE
fRPOMCTS MEI L E 107, YU AT i85 F Frfiv &
TE B B AR 5 SRR RV A e 1 25 1 AP L
R IE W5 T AgRPIIZ T GABAYE ] T4RIE 2L IE
B, SN BURTE R B4 R SRS 1, LokiiA
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AR, BEIMAgRPRIZE T & Bl 0 A 2 e o
i FAGRPHIZETUYDeArtE, H AT B MAvs Ak A T
YRR ZEE2 (prostaglandin E2, PGE2)ifiid Hi4 i 2K E23Z
& (prostaglandin E receptor 2, EP2) H {53 AgRPHIZ:
T, SRR R R T U E AL o0 - T
2 - P 220 R PRI 3 B R AR A B A T R BT,
BN e Sl SN e E N Y e i 1 e P G S 7
A

2.4 e B RHk-1

J s MBEZRRERR-1 (glucagon-like peptide-1, GLP-
DJ&—Fh EZ i AL AR AR, AT &
BRI A E I R O TR A% (Nucleus trac-
tus solitarius, NTS)AYZEIER T4 A e/ I GLP-1
MR A, GLP-1ahs0) a] LA B R I o 4 Ff A
R F (cyclic adenosine monophosphate, cAMP)if i
TS I R B4R, [RIRs), a2 B R AR il A
TE IS 5 20 i v LA 55 N TS P GLP-15Z 1 (glucagon-like
peptide-1 receptor, GLP-1R)J\ 3 AR AR #IHiI/E
YR BRI R A GLP- L 5 /e 7 I I
o 240 o A A I LA R 4 A A WA R rh R VR .
GLP- V455 55 10 B2 TV e S0 240 B %o A 2 B A B B, i
PERRWIRRB-AALT. A, 1ERIKGFAPH I Fi4l
fgrb,  HiA IR GLP-1REYSG S08 3 B IR A A 25
R SEEENE, ST 44 AR N 121 (fibroblast
growth factor 21, FGF21)A47 Az R MR x4 2 W (1 15
W AHR M, TR RIE IR B A H k= GLP-1REZIA Y/
B, BIE R AR S PEFGF2 1R G 2 H R 2P IR
JoT 240 it v ik = GLP- 1R T 53| A 14 ) 28 W T 52 M o >
RE B,

2.5 R

T ik B o A4 BRI B A A R T S S 4
BEERE, AT 4RI A 2t ) R e T R . v g
TR s, A R R RE ORI, S ZoT
A, BT AN A % LUBE E TR O TE XS 174
P, DA HGE o FLIR oF M is ok SRy A B, BB
JIGE I 240 0 BB 7 28 B e R R AR, AR O TR
FLIR. W5, FLRRIE i SR IR 414 4 (monocarboxylate
transporters, MCTs)#%1iz £ MZT0, FAELHTNER,
SRIGTEMZ TSR A TR e b ik Re 7. it
Hb, BRI BT A R FLIR Z AR IR IR 2K 1 (hy-

6

droxycarboxylic Acid Receptor 1, HCAR1), POMCHi%:
T I B i T A O HC AR 1% 3L R 28 80 M 2% A Mk I
P RET A EIE B 12 (glucose  transporter 2,
GLUT2) WG UESE T F i BB I B4 ig = 5 ik
HAPEIERN, GLUT2 FEEAE AR i i midE 270
2kl 2B iR GLUT2 A0 /)N LS I HY if 7 e v if.
WEZR K- T, I EG 4 B 4 W i 20 1 JBk s 1 =
SrIE, X FP R AL GLUT 2% K MU ) 52 75
)8 IS S - i N VA ol N o, RO eeS A r
38 1 # A ML 12 1 (glucose transporter 1,
GLUT1) 55K 1k i 2 (streptozotocin, STZ)AbFRAY K,
H ) AR AR AR IR AL AR DG, ZESTZBE IR K BT Bl
BT I 240 0 3 i i R GLUT 1 R] U 34 4
ZJBE AKCOF IE 8 A0 IR 2 K B 19T e ik 4 2 R Jak
AR P 1= O VY Ol € W N o s 4 P s
IR B ) E B AL R 43

2.6 Nl

BV I o 240 A e ik 0 45 A A 1 B Wi (lipoprteinli-
pase, LPL)TE WG4 iz & 3 UG 0 3 LA 9
JERARAFEAT], IO T i v A 4 LA it A7 2
KEZ. MR sBRLPLS, /M2 ™
EEHOTH S IEL, RASEULHEAE A
M52, #— LRI R, X80/ BT B 2 B AR
S, AR AR TR Foin EE B 40 Mg Fh LPLk G
] LS BRI A A B BRI D, BE A5 S i
BH R ZE R 4 (angiopoietin Like 4, ANGPTL4) 213
AP RS 5 ) 5005 2 Ay (peroxisome  proliferator
activated receptor y, PPARY) W FE[K, ANGPTL4iH
T A A LPL RIS VSt 42 T i 7 R 6 AN [ ZH 2% ] .
AR /N B T e I 4 B AR S PR 9 Al ANGPTLA F] LA By
1R E RS 00T B i B8 I T 20 i 4 AR A Ak
POMCHZTTIH AL, T EAPPARYImRNA
K, W5 IR EH SRR, M, IR s
PEPPARYHZS IR T X HFD Y 5 e, S3CF i
POMCHH 28 T Mol < 5 43 ).

3 BRI B e

SR I R A40 MFT LA RE o 2 0 R P
PRI R 26 E, 35k 55 RE L T-IFA 8 125 DIARG. XL
I 240 R P P o A (R L P L 3
SE I PR AL B, LA BT 43T A 22 9 7
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B(&3), SRR GRS, BRSO J& ) A AT RE 5 S T T 25 A K
3.1 R 3.2 )\ERMMERK(octadecaneuropeptide, ODN)
Yang®F ANUSOHG8, RS2 250800 19 32 4 (de- TP JSE J5 A L ) — e o 28 5 I JOA P 5t

signer receptors exclusively activated by designer drugs, AZE-E 7 H(acyl-CoA-binding protein, ACBP)M =¥y

DREADDSs)HIS A EN-E 1Y (clozapine N-oxide,  ODN, 7EJHT T i B2 I e o 4 il - #2570 R B A vp
CNOYHMIE R P I BRI i ] S BOE R HAEZE L. ACBPRH W MGi )k & S 8N
BRI RASEE R, MRTFFALZ R (de-  JTHERIIERE, M7E4iNACBPHLA /N A BT T 40 i
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Figure 3 Neurotransmitters released by astrocytes. Astrocytes can release neurotransmitters and other substances that act on surrounding neurons,
which is closely related to the regulation of energy balance. In the DMH, astrocytes release ATP, which stimulates GABAergic neurons in this region via
P2XR receptors, ultimately acting on appetite-regulating neurons in the DMH to suppress appetite. In the ARC, astrocytes release ODN or lactic acid to
act on POMC neurons, thereby inhibiting appetite and promoting weight loss. Fasting and ghrelin induce astrocytes to release PGE2, which stimulates
AgRP neurons in the ARC, thereby increasing food intake. After astrocytes release ATP upon chemogenetic stimulation, adenosine is rapidly generated
in the extracellular space and acts on presynaptic and/or postsynaptic AIR to reduce AgRP neuronal activity and decrease food intake. In the VMH,
astrocytes regulate the release of BDNF through glutamate cycling, thereby modulating feeding and metabolism. In the LHA, astrocytes regulate GABA
release via the polyamine degradation pathway, which acts on the GABRAS5 neuronal population, inhibiting thermogenesis and leading to obesity.
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As a key structure in the central nervous system for regulating energy balance, the hypothalamus plays a core regulatory
role in maintaining metabolic homeostasis. Astrocytes are the most predominant type of glial cells. They not only constitute
an important structural and functional unit of the synaptic microenvironment, but also exhibit dual characteristics in
neurometabolic regulation. Astrocytes participate in basic physiological metabolic regulation and mediate the pathological
association between neuronal dysfunction and metabolic diseases such as obesity. Recent studies have shown that
hypothalamic astrocytes have a highly sensitive ability to perceive nutrition and dynamically respond to peripheral
metabolic signals such as fluctuations in hormone and nutrient levels, thereby releasing neuroactive substances to maintain
hypothalamic neuronal function and metabolic homeostasis. Particularly, under the pathological state of excessive
nutrition, hypothalamic astrocytes undergo significant functional remodeling, becoming the key effector cells that induce
low-level inflammation in the hypothalamus and further promote the occurrence and development of obesity. Based on the
latest research evidence, we systematically elaborate the physiological and pathophysiological mechanisms of
hypothalamic astrocytes in metabolic regulation, and focus on revealing the bidirectional regulatory role and molecular
basis of this type of cell in maintaining metabolic homeostasis and the process of metabolic disorders.

HFD exposure elevates circulating free fatty acids that activate TLR4 signaling on hypothalamic astrocytes, inducing
reactive astrogliosis marked by increased GFAP expression, cellular hypertrophy, and enhanced process arborization,
accompanied by synaptic structural remodeling. This TLR4 engagement triggers intracellular MyD88-dependent NF-«xB
pathway activation, leading to the subsequent release of proinflammatory cytokines including IL-1p and TNF-a. These
inflammatory mediators disrupt neuronal metabolic signaling through activation of NF-kB transcriptional activity, JNK
phosphorylation, and ER stress responses, ultimately impairing central leptin and insulin sensitivity.

Hypothalamic astrocytes express an array of hormone and neuropeptide receptors critical for metabolic regulation,
including receptors for leptin, insulin, ghrelin, and GLP-1. These astrocytes respond to metabolic signals by modulating
transport and uptake mechanisms for metabolic substrates, neurotransmitter recycling and cellular metabolic processing,
and regulating the release of neurotransmitters, neurotrophic factors, metabolites, cytokines and chemokines. Astrocytes
also detect nutrient availability through GLUTs and fatty acid receptors, integrating these signals to maintain systemic
metabolic homeostasis. Importantly, these metabolic cues induce structural plasticity in astrocytes, which physically
modulates neuron-astrocyte interactions and synaptic efficacy within metabolic circuits.

Astrocytes modulate energy balance by releasing neurotransmitters and neuromodulators that act on surrounding
neurons. Astrocytes exhibit functional heterogeneity across distinct hypothalamic nuclei. They modulate metabolic
processes through targeted release of neuroactive substances including ATP, adenosine, PGE2, ODN, lactate acid, GABA
and BDNF, which act on different neurons and thereby exert different neuroregulatory functions, ultimately regulating
metabolic functions such as feeding behavior and thermogenesis.

Given the structural and functional complexity of the hypothalamus, astrocytes residing in distinct hypothalamic nuclei
are postulated to exhibit specialized functional properties. The advent of single-cell RNA sequencing and multiplex in situ
hybridization technologies enables precise molecular characterization and spatial mapping of astrocyte subpopulations,
which is expected to significantly advance our understanding of astrocyte heterogeneity. Considering the well-documented
role of astrocytes in maintaining metabolic homeostasis, future research directions will likely focus on developing
astrocyte-targeted therapeutic strategies for the prevention and treatment of metabolic disorders, representing a promising
avenue for translational investigation in metabolic medicine.

hypothalamus, astrocyte, neuron, metabolic homeostasis, obesity
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