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Abstract: Recent studies have shown that the gut microbiota and P2X purinoceptor 7 receptor (P2X7R)/NOD-like receptor family pyrin
domain-containing protein 3 (NLRP3) signaling pathway play critical roles in neuroinflammation and metabolic regulation in depression.
This research focuses on the interaction between the gut microbiota and P2X7R/NLRP3 signaling pathway, systematically elucidating its

potential role in depression-related neuroinflammation and metabolic regulation. Key findings include: the gut microbiota regulates
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immune and metabolic functions through their metabolites, thereby suppressing abnormal activation of P2X7R/NLRP3 signaling pathway

and alleviating depressive-like behaviors, conversely, aberrant activation of this pathway exacerbates gut microbiota dysbiosis, thereby

forming a vicious cycle of “microbiota-inflammation-metabolism”. Based on these findings, targeting “gut microbiota-P2X7R/NLRP3”

axis has emerged as a promising therapeutic strategy. Notably, herbal medicine interventions—including bioactive monomers (e.g.,

cannabidiol, berberine, salidroside) and classical formulations (e.g., Huanglian Jiedu Decoction, Wuzhuyu Decoction)—demonstrate

therapeutic efficacy through this signaling axis by mitigating neuroinflammatory cascades and restoring energy metabolism. This work

innovatively establishes a bidirectional regulatory framework for “gut microbiota-P2X7R/NLRP3” axis in depression and proposes

mechanism-guided therapeutic approaches, providing a critical theoretical foundation for advancing depression treatment strategies.
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Fig.1 Gut microbiota and depression

AR W) B3RS, S R D A [l i -l e RV 7 5
PR T ORI . DA BB MR R T i TE R
SR ISE () B2 A% 45, BB A 7645 - i Sl k76 AL
R 2 e R AL R RS e AT o RORWIPFU 0 —
ARG TS ERE I S WG ED, EIAIEYE
O T8 70 SCHF N - W Bt 78 AL 1l PR 2R 3 1) s PR VA
RALTE 71, RFFRBTANATT SRS SR A 1 45 A
AT AEAE 5
2 P2X7R/NLRP3 {55188 SHIAMEE

P2X7R & —Ff ATP [ ZHAREFEIERH & il
8, J&T P2X RAAF A A — b, FEZ M iRy
FAEFRE, SRz, A, EE. oAl
MR FANNL . P2XTR 5 HFE R A4 2 M2
¥y, T™M1 Al T™M2, Hd TM2 XTEEE B-hE, 5
FLBUE UG . P2XTR 1 N 5l C i o7 T4
W, C kel A 2R, f45 5 GDP/GTP
(285G Ar RS A AL R 00 P2XTR BT REM A
T ATP {5 53, A] BELEANEIRAT VRSB 1) AT bl
il P B A, IR M A S
AR AR T BT EEE. EEEM
R, BeAs R IR 2R B ATPEY,

NLRP3 #IE/MEZ TR 2 HAEEY, H
NLRP3 AR H . TP R E SR %
RS EES5 1048, (apoptosis-associated speck-like protein

containing a caspase recruitment domain, ASC) FIF(J

R R R A E IR S -1 (pro-cystein-asparate
protease-1, pro-Caspase-1) ZHA¥%. NLRP3 Z{&EKH
£ NACHT. LRR #1 PYD 4i#4id. ASC EAHH
PYD 1 CARD %5435, @it PYD-PYD B¢ CARD-
CARD %5 #4350 NLRP3 5 pro-Caspase-1 K
pro-Caspase-1 AR EH, HAXVIE G4
PEIY) Caspase-1, #E1MY)#] pro-IL-1B 1 pro-IL-18 Jf:
BRI, N FRAER N .. NLRP3 #RIE/MA
ROER J 2 ME T, 25 15 5185 B TLR BofAdn
NEZ BEE AR S5 S 3R, M2 2 155 W H ik
W45 LIS NLRP3 JOE/MAL,
P2X7R/NLRP3 {5 Tl EAE P4 SRE M i 48R
AT PR B R E A, 0S8 (22 NLRP3
JERE/IMARZHZE B Caspase-1 f IL-1B il ARt
TR 980 B, [ B gt 22 58 5 2 1 i A5
SIEMEHE TNF mRNA FR RO, FHAFE S N
L RIRThRefrR e, AR, 2B
i G R4 Can EWRAH D (4RI X i 28 R 40 (A
ANBRAL I RT AL (0667135 2 25 5%
RGO T) 7B iRl DD VR AW 7/ (a1 By e 2
15 S BOA-BIE I Z e Sb A Je X ROAEIRAS « AL
ok DU EOE SCRRX — RGN (1D HIABRIALZ)
Vi, i B LS A0 IR A R A N
JF 4 P2X7R/NLRP3 (4[] A2 0 (i 3 AH 03151,
(2) HHFBE IR R B, FIAR A T HE T (5] hnJe iz



* 4440 -

FEH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

E-Ah - A IL-1p K, HiZA N5 P2XTR/
NLRP3 FHFCES681; (3) AR AR Wil (s
ER AR+ P2XTR/NLRP3 JEH, 33 i 520 fixi p 4o
2038 T 100700 X MEIE YR R, B -P2XTR/
NLRP3 A 7] B8 & F0ARAE H o iz 35 428 fR) v A2 4K
Az —, NIITIRAEE TR A
3 BiEEES P2XTR/NLRP3 {5 S@EAEE
3.1 F#EEEEXT P2X7R/NLRP3 {5 SR AN
Ji B BEXT P2X7R/NLRP3 15 5 38 6 (1 520
FAIUAE LT J LA T T
3.1 AREYRE s w4 SCFAs. JH
R = H&-N-E4t¥) (trimethylamine N-oxide,
TMAO) %5 1@ £ & 15 %5 NLRP3 25E /M, {H
SYIRRRL 5 N W T/ E AL 22 57 B35 172 FERL
HEE, ST Clh: T RRIE VR B A
Yo, waEd A HE E X S B EE Chistone
deacetylase, HDAC) ik S A4 B4 14 Gl ) B
524K v (peroxisome proliferator-activated receptor vy,
PPARY) ik, #5471 NLRP3 R/ MAZHR:, #t—15
VAP g% A 2E SOREDT, - [R]INEE HDAC #ii|
FRROFUTBORS, FRIK P2X7R R 5K,
/b P2XTR HHHKIA, DL “XGEE” 6] P2XTR/
NLRP3 {5 5 B uE 7274730 1y e & v ai i ok
PP TIRE R, SECT R TR IFEIE NLRP3
TP, HALH) O 52 A R o S5 A B FEAS A A T
BIAR S UET 771, SR, NS FURdE Sos 1 op & 1t
SRR NFFE(E T R 5 NLRP3 i 1% 2 A AH LTS,
HERE L4 AR CTRRATA) FElE RIS PR RE—
FERIL-6. C RMEAEFRIEREY, nAE
A BEAT1E i T8 1 B 2 AR PR 3 AR B AL ) B A 2
A S ET 4. BRI, AR R A0 7R R Fh
JRIBRA:, o B B AT R S S TR A
VIRIWIRL, 45 S A A BT IRIKEE,
T A o7 SR AN HE S MR B B - AR RS A . B
Gb, IHTEREEAARETY TMAO tHaREE IR %4
WL 3 Csirtuin 3, SIRT3) /B4 YIELEE 2
(superoxide dismutase 2, SOD2) /Z&HiA& 7% M4
(mitochondrial reactive oxygen species, mtROS) {5
TIEEREE NLRP3 RAE/MAE, 75 FIMUE JOE [ B
FA R ReZRAL, #EMRZM P2X7R/NLRP3 {5 5l
# o XA 5 IpTE W R BAER], REN
JRI S PR B A 3 S B, AT 52 M0 4 £ 1) IR ZS AN
G I T

3.1.2 P2X7R FI¥IE 5 NLRP3 #JiE/MA  NLRP3
JERE/IMASE G Y RIR G 520k, 0 e RETE E B
IHEE AT R E e A5 2 e E B, A 4h ATP 8
ik ATP [ 131 P2X7R ¥ NLRP3 #FE/MA, 5
BRI K, %05 5% NLRP3 280E /MBS T
WAL, P2XTR [0S 51 LA A AL G TE B 41
JL PN B - TR R RN A B N P IR O, 4k 5
HMAE ST AR 53 B R 2 20 B ) 38 i AN
FETZ100, yH4L S5 1) Caspase-1 B A2 HE IL-1B AT IL-
18 B4 h, BETEOE T IEAH G JE0E f L2, 281
TE TR A AT gk T A A ATP ZK-F SRl 2 52
P2X7R M3, MM EZM NLRP3 4RE /MR S
I S B R A

3.1.3 GUEYIREEIREER  BiE R
B iR B S T RE R R2 . P2XTR/
NLRP3 {5 518 B 1305 « A5 HF 7038 0, 4 g A Cn
Iy BLLCIRFFBE SFB) AU I SR AhR 15
S, ESEBIE T 4000 17 (Thelper 17, Th17) 4
Mo Ao IL-17A, Ja#5 i P2XTR A1
Z a0/ N R A NLRP3 28 5iE /MATEAL (Caspase-
VG TET D, EEIRANIEE JOEB82, [EI, BT
Y (4 SCFAs) JEII g 3 B &4 ik LR 4 g
PR RL (B-defensin) 334, F0HIERES AL (it
5 HE 22 W B 22 P2XTR/NLRP3 i B I 1831,
WAk, B SCRE I H0H] EE4H M Snhg9 ik, M
MPLELE R R IR A, FEURSFEAREY
AR R, B A5G NLRP3 @ #%84-85],
1X 3% B i 1 b B R A T e A A AT
P2X7R/NLRP3 {5 5 i % (I HIE IR A o

3.14 5B MAEZ ERE EEiE
AR - B2 A EL A A 5 P00 15 3 4% s 0 2050 7 ) 3 1 4%
P2X7R/NLRP3 &5 : BHFEZRRAE =9 (i
B2 Wus AhR, BE(EEMEH R 1L-22 73k, J5
HIERE 55 5 I 3SR T 3(signal transducer
and activator of transcription 3, STAT3) {5 Lifi$t
K (Reg3y) ik, 3858 i bt b Dhae 3D 24
PEARAER T TNF-0 KI&, MM P2X7R/NLRP3
i FETEALO70L; [RIRNF, BERERTAE MR 2 BT TLR4
WE A T-xB (nuclear factor-kB, NF-xB) 1B,
Jo ARG B 2 FEBA A, (HKHIE T A20 2 RALEEA 3
[*) TLR4 15 5 7 45, AT TE] 422 B4 P2X7R/NLRP3
PR U, b, BRI T R ] AR
% P2X7R/NLRP3 {551 I 1305 . 1X 3K W i



¢EH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

= 4441 -

Fim 2 55 @ A BAEF, [T P2XTR/
NLRP3 {555 38 I IR0, 33 17 500 15 32 1 G0 928 S L
FRFERES

3.5 MHEMRKMPER 7 B R R 5 S
22 Tt FE AR B o] e gt - i e 2 T A i S X 48 B 1
LRRThRERIPI R, 1Zid 25 P2X7R/NLRP3
5T IR R K. BBt LR, TEPLH A
M TE R AN RUBER T, IE A iNZH ZA
SRR E & RANRIGR T, WS ME T
T e T A e v 5 R 2o R AR S LA T B A ATP
AR, FEERE P2X7R K15 i K NLRP3 4%
N ALY 3B SN P = 9 B A 2R I e A AT A 75
myriocin, ] RS X 2 RAR D) Re RS | s
PR, RSN AR IL-1B B
WEFR KRB, 2440 NLRP3 B, #2886 i o 2 kr
A AT BN LA 881, RS T i g A
A — PP B 2 A —P2X7R/NLRP3 38 B % —
W EY LR RLAR ) BERRE AT S A 2 R A2 7 IR B
EARE R, R Th e R G 2 52 40 M 1) Be &=
AU AR B, T EiE P2X7R/NLRP3 15
SIS . BhAh, PSR AR T EUR T
JEREAT NI TR S B, dE— PRl T P2XTR/
NLRP3 {558 (S, AT 51 & S 0 AR &5 e
RGP o

3.1.6  Jix-IaRh VR R id i iR iE e
T 368 T -l b R S A 2 8 UK, A% B S-HT
MBRARR, SomifE ERN BN . fEE. JIARFIA

HIThRE, Bt fEs P2X7R/NLRP3 15 5l B i0H %5
YA . IiE R =P T gk N X di s R 4,
S /N J2 IO 200 B R RS U0 /) i Jof 40 B A A A
P RGN F 2 di i, HARMM) P2XTR A
28 i SN HR T A 04 Tl B R AR T AT
N A0 M e, @ik P2X7R/NLRP3 {55
TS RIMOE Caspase-1, BEISUE 4 K IL-1B F1 1L-
18, AT ANEIFRES 280E, T F 4o DyRelsl. [E,
P2X7R WiiF i 2= A g A, P gl & A
FIDNA, HIRIEA R, BRSO 22 3 1 4 o an %
YA, B 0E NMDA 24k, SEM& T e
BEMERURAISE T, pAh, %08 BEIE L V] BE T 2L
LR RIRTNRERERT, RN T RS R AR A AR A7 1000,
gx b, MpiE A S 2 LT R P2XTR/
NLRP3 {558 B 1305 , 45 B @ R
F) 3 I e e A RS 5 I A L R A Ah ATP
KPR, XEEHLEIEFEI S5 T i i BT P2XTR/
NLRP3 {55 38 B0 52, AT 520 15 2 0 28
R POIRES, #E— DR T HARE - & 20
FAAEEEZENLE] (B 2).
3.2 P2X7R/NLRP3 {5518 XI A8 R & RS20
P2X7R/NLRP3 15 53 4% 1 3375 Yo i e 2 4
M ReA g Renn, T R0 g s A P . X
T S 2 R i B AN R TR E R I RE . B
Wk 241 P2 Jl e P B L S e A, 6 TR R R B
ARG EHER AT 24 P2XTR/NLRP3 15518
PEBEBOERS, TT DA E RN TR, TR

[t R P2XTR/NLRP3 {5 5 i B4 11 540

R iR PIXTRIIE S GEAIR)
. TMAO%) NLRP3 5 /A LR
7]
veo GD S - 4
ki LA
e g [
| fF | -
e ™) g R
| HDAG / B \$“\\-a,
g LW | N2 z
s ¢ By
VT v | 7\ B Jy
¢ ;1331‘;3 NLRP3#i§
[P2X7R ke

T

Caspase-1| Th17/% 4 o MRFB{RIS ZE]
ik
i A
b () ﬁ /
. @JQ‘W
JIAP2X7R/NLRP3 i
{55 me%

{f1iP2X7R/NLRP3
(ERepitd

(8T - 1
I 1 HERE A L U
it e

> a1t ez
SEBR

WY S-HT 2
2K F

O

/N AR
/ S R
EMaP2X TR/
NLRP3{5 %5 il #

FULRL# 2%
BLAR TN RERRS
e TTA

RAE
il P2X7R/NLRP3
{5 il g%

Z AL AL [ B RAP2XTR/NLRP3 (5 5 il 8, BENATE £ RIER MR G IORA, 487 4PHBAE T2 S AE AR B2 Lk

B2 MiEREEEX P2X7R/NLRP3 5 S i@ EAIS2M
Fig.2 Effect of gut microbiota on P2X7R/NLRP3 signaling pathway



e 4442 -

FEH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

2L R R T, I Se A i PR 7 RE 6% o AR g i oA
BE, A e AR, Rk R G EE, AT
B BRI URe6ST) [, g TE R SR ZH M
T G HP I S AR €, B ST I S A S e 2
HOEE « P2X7R/NLRP3 {55 I8 B 1S vl LA Y
JE A SORAE PR TR, AT T BUE e 2% T
YA, 41 Th17 488, MIMBEBCRERZH T, d#F—
SR 98 RE RS, REIR T8 B R P 01921
P2X7R/NLRP3 {5518 B 100G 2 OB iy iE -
J A 5 I Dy e, AT 50 i T B R A 2E . T 2
P2X7R/NLRP3 15 5 18 B 30 2 T 8018 b R g
Jf 45145 A0 B B T AE B R . NLRP3 485 /IMA 0T 51 &
(20 R T BRI R, BTN B, P i
AR E R e O, XS GERHEER S 5
MRGIEE A Z, 5URFBRBEIR S, A i W
FE RS FLIR, SONE IR SIE N T8 b 5 4 M Je 37 1k
HE— BB AR S A0, Wil RO, —uk
B AT e o I 2 A 1 i B RN I, SRS
P ) 20T [ R0, Ak, P2XTR/NLRP3 15 538 14 1)
WG IR 2 T3 b R 20 i 1 1 R SR AUE R ik
T o SORE R R T i b R 240 P Py J9 3
PR B AR ) A s, AT ST iz T b 7 240 B B e )
B2, SEUGE RO,
P2X7R/NLRP3 55 18 i I S0 o) g i o 4 1)
R A B R . (1) %8B A 0E 2 500 i
R A AR 207K, TG & SCFAs [R7K o 480E
N4 S5 [7iE N SCFAs /KP4, 1M1 SCFAs &
JWr T8 b 7 240 ) B B R SRR, N R T A
Py HAT B EAEPS), SCFAs 7K I FRAK 244
2 b AR, (RPN TE, 5 S IE R R
o (2D ZB S FWE I N i ol i 1 B R AR
AR . SONE BRI T IR T2 5 1 Ji 1 B B (AR U
PEAIACUI IR 2% (1) 306 45, A1 1l 18 s ) T 12047 —
LG ANF) T i i e AR S 2000, = AR T 2
Y AT /i e 2 27N 7B G iR TS
P2X7R/NLRP3 15 5 i i A a8 0 98 i P+
HEAERH TIHERERE, S8 H A KRB RIS M e 5l
871, MG 5B IS SRR R RE T, X
L JORE R T-Re s U g IE ) pH (B ASIRENE
FEVIR G A, 31T R0 i TR A ) AR BRI 79650,
YN 50 IR - 2 B i Y IS SR, 7S —
B PRAR R ARG, 1T — e R A 2 B, B
F 18 P R A O AR RS, eAh, RIEH b2

eI TE bR A M SR T IR B o, (A — L A
Tl e DA PR A B, T — S5 SR B D AT e R P A8 0
Rt mile, HRGHMAERE L&k
THT, AT 5% i T T A R 2E 1)

ZE I, P2X7R/NLRP3 {55 %18 55 igiE
G AT RE S MiE b AR BRI RS P B R
ARG B SRE R, RIS M il T A 2R, AN 7E
YR E AR S P R E A . BRI
JV T8 B R ) 22 FE RN = B R AR AR AL, R 2 AR
%, A 2 T AU T A0 LI T 1) B L, T e
(10975 i B Gn B AT T R AN 1 1 R i, B R L
WA, BE TR R A TE A 7S B P00 (] 3D
3.3 BAEEE-P2X7R/NLRP3 (5S40 ES
BIE R

J¥7 R A S0 e A - i - el 5 A RE o 2
RAEA G DI, H5 P2XTR/NLRP3 {5
S VR LS R

Ji77 38 TR #E-P2X 7TR/NLRP3 15 5 fliid i 4 28 4 i
HLEIA FHARE I R AR . B, MiE wie R
2 S8 IE b D) Re 2B, A S AR
(HIAE 2 B8 B S HE N MLTRAEPR, SETTHOE %% &
40, 5lRA PR JE [ RO, I e 58 RE PR 7 AT LA
o o o B BN R A R G, 5 JOREN 0,
1 i 1 TR K T T B I EE R I, (TSR 2
W S SO A 5 20 I B B s Bk K, S8 &
R, A S O R T 4 5 T e 2
AL IOU, AL, T BRI 51 R ) SE I N2
7% P2X7R/NLRP3 {5 5@ . P2X7R [H#E ] LA
Mo ATP (3G, e NLRP3 4&5E/MA
(I RS « NLRP3 48 5E /M (1) 3G 23t — %
i Caspase-1, {2@E{E 48 K711 IL-1B A1 IL-18 1))k
FAHITRE U021, 3 6 58 SR PR~ 7E AR SE (1) i A i L
AREIER, Reigfemih il R B
KRG NI ThREN], M7, RE R T-H R R
S REAPE IO AT REREAT S AR PN 73 b Fl
[, BT RINEFEAT N . G0rEM A v il AL
P4 35 FU S % Cchronic unpredictable mild stress ,
CUMS) K AR A1, g 41 g 4+ ATP 7KF- 5 CUMS
A R IE A, P2XTR FEHHAE A K &R A0
AR FEAT Jgl102-103]

[l 38 1 #E-P2X 7TR/NLRP3 15 5 b i AR 51 4%
HLER B IARE FRERRAS . Bk, B m iR
T2 i B 2T 425 72 £ SCFAs. SCFAs 1] LU it £ fig



F8 B 20255068 $£56% B12H  Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12 . 4443 -
aip car X
s W TR L P
RS
L1
FUNVIVENYY, AWAAMANAAAAAAAA s-e L)
px7r 4 _~" .
it NIRPBEL TS Aals |
H il (ﬂiﬂ‘ﬂﬂ FLERE )
[ Triggering > ® R AREL £ S ﬂiﬁll WIEE (airaaa
)
l i IRl A R e |
Caspase-1 <— \ Y . e -
o< L~
pro-IL-18 ) 24 RiFR 4 Th1740 iy . i) (e " e
pro-1L-18 ) ' ° ° L °
l @D NLRe3 TARIIRG W B LR
s (R R o
IL-18 ) e
L-18) A FARIEH T il i RE, SURIVEKHE (CpHfE. SUUREERE =MD MR ERIGE D

P2X7R/NLRP3 (i 5 il #4 &

it S e AR 2 l } mmwe;mem

[E3 P2X7R/NLRP3 {55 i@ H A8 E R HIF2T
Fig.3 Effect of P2X7R/NLRP3 signaling pathway on gut microbiota

BRI ME RS, BFEETTHEERNA NS
ﬁW:ﬁﬁﬁ 2 KA T RN P2X7R/NLRP3
{5 SIS, MR FER IL-1 SR R T 1
R X PP A A AT AP SORE RS,
ML S X A2 A0 LR R T 98, B 2%
SR HIARREAT U4, FLR, SCFAs ik R ok 1 5 45
iz S Th e F g b b se B, RG> TNF-a.
IL-6 25 4 R T I07=2E, TR s 2 ik 2 2
TFELE0, [RIET, T g R e 08 s e R
AR EHRE. BRI 5-HT MRTAYR, 1M 5-HT
*ﬁi%%ﬁ 230, 52 R TR DA Ocion,
T R R R B A U AT B A FLER ) A Bh
ﬂiﬂ%ﬁﬁﬁtﬁﬂﬁu%ZVﬂ S-HT iR ZRR KT, M
M B AR AR S AP P A T E DO B s
W7 Y A O O O Y R R 1 AR R 2 S A i 1)
AR HLE . IR BRI I 5 AR e 1 52 k322 JE
X ZARFEH R G B A2 IR 5 456 R LRI
A RARUH SN o FEFDAICAE 1 DL IR ST T R R AR
ZREL: IR ER KT SHIAREE IR 07 ™ R B 5 f A
Ky JUHSE B A TE A YRR IR AR R, R
B i B E T B /K P o FT i EL A R4 1 P 03T,
g b, T T A I A - B - i el e X
PR RGP0 22 JOREFI AR R 4%, i P2X7R/NLRP3
5 3 A A A 4 JORE AT U R 4 P R A
M, ZHFMEAEH, FES5MAE0E R AR E

I 78 B AE-P2XTR/NLRP3 5 SHIT 5T, 5
TN T AVEIE A R SOE S AR R AR AL .

4 53IPAEEEE-P2XTR/NLRP3 R4 7 E 8

4.1 BEEEHAT

411 AW REE A WSS AT R . LR R S
Al i@k 2 FhoO7 SO g E B g B P2XTR/
NLRP3 5 S BEITIRE. —m, EAT6em
P2X7R FiL B H: 5 ATP 454, MifiiJk/> NLRP3
BOENeT, 7T, 2 AR T I AT A0 N
WEPE, WA C, B P2XTR ThAg,
V4% NLRP3 (301000 B3 4 i i Jod 25 7%

%m%%%ﬁmﬁﬁmxmm%uﬁ%a AL
—SBRIF T R I, S A TR A 8 T 4 e e I
&, T P2XTR fEJE A, FRARIHXT ATP HiliE
(M 2, AT/ NLRP3 48 MM FRIIEIE 107, A
WHFAERE, A IEE W R0 Cangn s
F) MHEEREEK, B RERTEERE,
T R s AR i FLER AT PR
1 pH {H. KK pH AR T LR W55 A o6
AR, AR T — RN B 1A B AEAE, I
O i TE R R R AL, i3 — 2P E2 e P2X7R/NLRP3
{5508, Tian ZF0ME 40 44 HEEHIAHULE £
BEML - A AR, AR AE DR 4
ﬂﬁ%ﬁA%ilF,hﬁﬁmmﬁ“E%Mﬁ

NI PR A FEEIE B 7 2 A= B AT 3 3k 9 14 i o AN



« 4444 -

FEH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

S0 P2XTR/NLRP3 55 3l R o IE AR
412 H4 GRERSEAETIAE) B4t
AT DA I SR AT 2 TR A Ak AR KB TR 0L
B 280 R TS i 1 R RSP, ETT R P2XTR/
NLRP3 {5 5@, —J5ii, &4 uhRE T iE
PR AT, (0 i G 5E 7 A2 B 2 SCFAs, ATl
i P2X7R/NLRP3 {5 i@ WS . FN, G470
B NIE RE AT e AR Th e, i TE A R4
AR SR AR B RAER T, RAERFAEIEH
L N 2% P2X7R/NLRP3 {55 @8, it g/
RIEH T4, S A TCIAFERE I | %05 5 W B 1)
WoEARESIN, i —J5 i, SEcE TR R
R, (et bR 4 i R, BRI
Vi Bl bR A, G RERG iR R R IR R T
Rk, WEEIERE -1 (zonaoccludens-1, ZO-1)
& i BFRRDIRE RS, WA F A (an
BN EE R MELLIE N MG AL ZR TR PR, AT
WD T e RGN . % T P2XTR/NLRP3 (55
T B BOE 5 % R G R R AR A oG 4 AR A
(pathogen-associated molecular pattern, PAMP) Fl4i
155 #8 2% 43 T # 50 ( damage-associated molecular
pattern, DAMP) HJRAIE K, G EMRIINRER
WA FRAIC T 1% 15 5 18 B A 0 1) A] At l12,
42 PHBEKET
421 KBRZMy  RBR W2 A K FRAE ) 52 X
PIRRERIE (WEEYEE) aY, BADIR. il
ARANR S BB TR A 2 FRAEH

TR, R M) A e i v A ) ZEL A
(B o WA, A E AR, WSeE s iE
WAL, HI9R R RG IR, [FIN, ZBPFHAR T
PN 7R Doy 7p G Rz sk iEd b R (S S E g 7
PR AE 22 R P R A B S BUR R D) T
AN, KR Wy idid ] P2X7R/NLRP3 5 5 i
WO, I SORE R R I,  ANTT RIS SR e M 14
BN, KRR By ik fe e 2 i V5 1t 208 7R R 1
(brain-derived neurotrophic factor, BDNF) [fJ3&iX,
FEORPPL IR, BET AR IR ). A KRR —
Py (£ 815 i T B A1 P2X7R/NLRP3 {5 5 1@ # J7 1Hi
BRI 7, AR R EERANAR G KRR — M o e i
A1 18 B RS P2X7R/NLRP3 {5 5
4.2.2 PNEEE /NBERIGE BT FARSEREY IR
B e AR AE B, A% e b B T TS IR
BEVH R o ITFERBIE SO I, FEPT A 5 JlaE v R

| P2X7R/NLRP3 {5 518 1% 55 22 L s L] et 4
AISHE , HoAZ O P4 2 08 17 108 R A O D 24 S
] F A A 25 SR o

/NBER AT T3 B 227" SCFAs W & Akkermansia
muciniphila, $&TGIET BRKN, )53 5% MK G
B J5 WGV H5 X BDNF {55 DU a2 ny 1, 5F
I HE HDAC B RIS AR AEAT 28,
(] B 3 A A T B 1) S5 A% BT A, PR i 5 g
ZHEK,  BHWTHE 2 BE/ TLRA/NF-xB 18 % 5% 50 (1) #f
ZRNE, PG T B2 MR T 2 I EE RTE
PR, IR B e oA A1 10, A A ) SE T % T
[, /NEERRE IS TE 4 PELE & P2XTR (1) ATP 7 53,
A ATP 51 &1 Cax* i S K4, 32k BE
W NLRP3 78 i /MRS 91615 5017 [F] i 78 g
ZWEE S0 E R H A A T, NBER AT 2 2 R O
NLRP3. ASC Fl Caspase-1 [{IE [ARIE, FHTHE“ XN
557 WS —RE s #H] NF«B i B>
NLRP3 il pro-IL-1B [%%3%, XomiifkRia . 2
SE KAl BRI e bi AR ThRE, s BHIET NLRP3 %
JiE/IMATE IS0, b, /NBERF ] 4TI Caspase-1
H BT Y] Al gasdermin D (GSDMD) Z4f#, Jaki/b TL-1p/
TL-18 43 K AW AE T, AT PRI 2240 B (g 2
J6) MIThRe et thah, Fom i ek FAT B
IRy 5-HT. 12THINN GABA /K, o8 H iz
RE RGeS ANH B AR A ek, AN 22 yiE
Pt LD G 22 08 Sy, 40k HPA Sl B0, B4
I R J5 Tt 7K P I 8 iR 2 JoT T 3 2 A SR A 11200,
£ CUMS 53 IFIAR R B, ANBEBRAE AR AEAT
o3, I Akkermansia 3 FE Y8 N ) i BDNF 5,
LB BE 2535 B R S TR E F s 528

R, FEPTHIAR SCRAE I PRAR T A 3 T
WPGIRAE . — RS B L B ES BoR,  SHOE &
HRH O R/NEERATTY 8 G, DU /RIHIAL EE
(Hamilton Depression Scale, HAMD) PF43 528
% 40%, W@ TXIRALE 22%, ZRRIE 36%.
MEAH AT I, 20 P A TR B R v )
B, HEZMERTIE 45%, FRmEEpREsT
REAE AT 2 B A= Wb B 021 o /N B Bk it 1
TIHEREE, WINERENEE, BRAERERFE
B, AT S I TE R B, D SORE IR S e
i 4 P2X7R/NF-xB/NLRP3 {5 =5 i %, I /b
NLRP3 /- F A MEET:, SCEMAAT . RE/NEE
BRAEFIARAE VAT PRI H R 1 < B - S g -pih 22



¢EH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

= 4445 -

200 ORI, AR IR R N 52 SR T A= 404 F
IR S o RSS20
423 s KHE AR —MASREHEY)
KR 5 R T R AR B AR 25 BT 18 4 S R B
MR G HEAREAIETIRE. BUlAR KL
[ 7 R e 2 25 2 PR

TS R B R R A AN 2REAS 5l
P XUE B TR SPHIRIER : — 7T, 4L50R
AT DU S g v oA o W AT I R, [RIE
BEACE FH R I FE R, IRE a4, J8D SRE
S22 S35, ZLsOR ] P2X7R/NF-
«KB/NLRP3 15 5188, 23 0508 5 A el 2 pE5 3
AT N, SGsRISfb T 80, JHF#(% NLRP3. %
fift[¥) Caspase-1. IL-1p. IL-18 FIZLf# () GSDMD [¥]
Fik, A RBORAR A AE TR RAE S RN, AL
IR, HBT AL E RIS X 2 PR e,
BV T o v R O - T T e, K
P2X7R/NLRP3 {5 58 IR AL 98 hE AR FE T

TESY) RIS, 405K o] B35 I CUMS %
SR AIAISRE /) BB TR R 7 R I 5 5 F SIS AE /DN R
R PIHARREAT o A0SR AT B B (s A O R
A1 RBE 3 FIRE AR A 1/p62 B (A B B
LGRS LTINS oA S AN ST N LTI BN )
JEL, AT RARINAERE . BbAh, 205 RFEn] LA i
B A R KT, BRI I S R A ) B
WEAET:, ORGSR T S A AT, AT 2 A
FIAEN4],

21 5 R AT B PUNARAE F C7E 2 Tl AR BT 72
R BYIZ I - Gao S PITFRE T —TiFEHLAUE 22 &
FGT BRI RIS, 22 4 R IR BB BANATT
SRR, A RRPEATE HAMD. DU HiAR &R
(Beck Depression Inventory, BDI) Flilm AR A& EI G
AN P4y b 45) 0 3 PR . Darbinyan 251260 55 & 21
BEAL A S RIEGYT /5, HAMD # BDI
SR TR, PSRRI A EER I HIMSGE . Mao
STV SRR N B LU 22 R 7R B e, 40
AIGE B3 R R SR A BRI, 4
BER, FRAN HAMD 1F5 K FEIEE BN T
E AR, EARRPBRAEZRRE K. A, B
AIGRIEIEAD A R R FEA RSN, BRI
B, HAFR LS AT .

EFHZH S RFHRRRINS, aRKH
Je I T RE G R LA 70 4L RE e AL Dy Retd:

I R 5 H B2 R AN —E TR N
8 D e R T AR AR T AL, AT Sk
Ak D ) JORE I8 B IR TT AR . H TR,
BRI SE S AR =N it i /(T A %2 AN
SR AT I PRUEE AT AR 32D

g b, KRBy, /NBERRANZL SR a5 2
A ) B B A R T I B AN 1) P2X7R/NLRP3 15
SIEBERIYER, vl 7 1E B A -P2X 7R/NLRP3 15
5 R T i 1 B B R DR AN 28 ORE, T A
ASFEAT N . T B AR 87 HAISRE 77 T 78
77, A CAAR SR B UK 3t — AR 2 L B AR ML A
IRIEFH,  RAIARIE B S AT IR 7 ik 4%
43 HHEFHAETT
43.1 HIEMREY WEMRBHERNERTAE
J7 s HBUMAEE F AT i@ 2 B S P [F R 4R P2XTR/
NLRP3 RIE(E @S Zh7 P EE, E5 .
R KNG T B/ NBERR . SRS AR sy, —
J7 T8 FE T P2X 7R #04] ATP 53 1 R IE(E 5 1%
0281, S — Ty i i 40| NF-«B i@~ 1 NLRP3
IR, TR R /MAZHEE J Caspase-1
WRAGNE IL-1B/1L-18 TR, SRARINIEE 2 REN2); [F]
B PR FRIPTAAL R Sy CWHE T AR AR, 1
/N o A gk R A I R AR 4% /4 9% R A
B 2% U VAR ASE 2 B ) BROAT SR 2 i A 42 T A
P30, & B A SZ AR A ) - SRE /IMA T P R 2 AR
(1) 2 2R RAL, ARG 97 FAAE B
PV HE TR, RO ) R 22 S TR % T R
e 2T TR ZE RS 1Y) BB AR

PRLS RN BUIBAE A7 oy il 7B b i
o ThRE R AEDUAMAR/E A o oS e i 43 vl 55 98 i
PRRELE M, IDHIE0R IR s R e T, A
[ IIEEZ 2 =9 O &= e i a AR il K E =1, 7]
B DIRe s PR R BLRAIE M, i) NF-«B @A
S “PalR” ME RIERIRI, Ak, %55
AT R~ 4E SCFAs, 150718 bt R e 5
PE, FEil I MG Bk A R i P S-HT
BDNF S5 #2208 i G i, o R A nT 28 [RI25 R
T Y% - JOE T AT, P /0N 5 4 o B v A I AR
RRE TR, WrFEGTEMAEHZ L7032,
IR BRI AR TS B P Al ) 2 4R,
SEE BB, MR TR YT HIARE S AR T
W25, SR 238 i A AR T RS R SR T
PR ARYE o



* 4446 -

FEH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

We TR N IEMFEZ A —, HPHan
Il R A FC E P ENE F P A (Gardeniae
Fructus Antidepressant Formula, GFAF) X ## JR 97 &
FHARREIR VAT ROR b Bt R, GFAF 6897
A PEIC HAMD 145, Sk S-RkHis
HY 4 57 (selective serotonin reuptake inhibitor,
SSRD) HAhyAITAHLL, GFAF HMUEYT REAEIRIT
) HAMD PP AR, HIHIERERDE 221
Bl ERNERTT, kit GFAF A5
THAIBIAST 4. SSRI HAHR YT 4 AH L TG ¥ 25 1
. GFAF $yA 785 SSRI Bk AR T M A R F
PR AEZAGT SSRI HAMGYTH, HERTLSIT R
XU, JAE AT GFAF X B bR 38 140
HRER — IR 70, (B AT B8 22 KA, it R4
BTN IR — DI IE F TR 22 4k
432 RARHEY  RREGR ML T,
BAR PG PR )T, R R,
NZ, 3. RAEY R, BAbE. fiR. H
T RBEDRE N TE RS 2 P I . BETER], R
2 B 7 e 1 4 Y T R -P2X 7TR/NLRP3 15 5 4l
RAFGUHMBIE, (HHAE R BLH) 5 Im R A 1)
TR ANIR DS o

TSI T, RACH Iz E R 2 ML
W IE TR, oA U8 BE BRSO i R 2
J ARHERUBAT B« FURRAT PS5 st AR A, kA7
= BT, B A A, B IE 2O &
R34, 72 CUMS I/ RBRL b, %3750 Redied
VA i R LS, Rl RE RS S
2. TNERAN T RS SCFAs MU, AL vl e K
TR T TR JE 5 B T ERYEN HDAC #iii|
7, PI¥E GPR43/GPR109A SZ{kiHM, 15 ZO-1
Fak, NI SGE i e D RELISS-130); - Py Iad i 4]
NF-«B {55 @B AR, st B imiETh
REIEH AT, Ak, RACHZIE n] 1G5kl 18 BT F& )
RE, YD B, B A A R S5 A I
AR, B TR B MR R, BEENLAR R
RAS, T4 T7 o M A4 iz i e 381,

Il PR AT BT 7T 38 R WY, SRR B X P2XTR/
NLRP3 {5 S A W& W EH, X Re Ky
BEMLH Y B B R o S AEAE ML AR B A P4
fiifg 5 [X P2X7R FIl NLRP3 & 1k, #fili%iE %
WO, D RAE R TR, TR A RE, 2L
HAPEAEAT UM (EAE R, ERE IR

R TWMEARBPEEES . M RTUEYE R I R i it
NS HIEHEEE-P2XTR/NLRP3 (554, GREEM T
CUMS BB/ R HIAREEIR, WP R T HyTHAm
YRR AR 22 A, AR AR VA 7 S 1) 7E
LR AL TSIk, (5 SR AT R T R BEATLNT BRI
PRAREG A 36 UE F N2 B35 197 380 S e 4k

gE b, WMIEMRIAHMN R TR SRR ] E
i % B RE-P2XTR/NLRP3 {5 551, REME
RNAE SRS, AT ZARIARFEAT N, AFARIE
TBIT PR BLIR PR AT AT, (BN S A 78 S 75 IR
ARV, HFRTF R RIS 30IE T 250 22 4 1k
4.4 HATHE
441 MEPTEEFRTI BIE SR T4
MEYHN, AR R, R ]
HEWB T, SEmxt P2X7R/NLRP3 {558
P AR AR AR 04 AN T R AT 4R e
Iz E B 2 AR, R RN [R B 21 4 1 7y
A UGS FIRAE IR o W duLRT B 1140 B 1K i
e 20, FEEARN 28 SR AH S A 4R N1
hn, AT iE W R R AL 18] B R,
A4 WA KIS, B m R4
SCFAs, W1 R, REFNH] NF-xB G, /b 78 5E [
T TERIE TR T g o1k, Haumim
Pras 7 IL-10 AT 0] NLRP3 %8 P/ MABg , i3t
20 P2XT7R/NLRP3 15 518 B 1441 7 i 41 4
W, A AR R A IR R, YR
136 i e e B, A B AN B AR 2EE, AT
R/ J7IE N PAMP 1 DAMP 5% 4o, R
Ut B P 5 e e AR S s A 8, kb P2XTRY
NLRP3 15 5@ G R 2, BRI P2XTR #uE J L%,
NI X 122368 2% (R S0 IR S 7= AR AR AR
4.42 EEF A TT DU IR i R S AR
BRI R, HI A SORENS), BEAREREE, AT
PLUsk /D 98 RE PR 30, 4051 P2X7R A1 NLRP3
ik, MIMIERHEE JAEN01, X — ML A AT
P RGBT AL TR B

% WUl PR FE AR TR 52 T HLAEH YR T7 FARAE 1)
Btk . — TR RIS BoR, &0t 6~8 JH B AR
1897, EEN HAMD VP W35 R IE, SXTHRALAH
b, PR AH RS AR IR AR B 2 2 (1 s 04T, itk
Ab, —IUGARRIG R, BEHRIT AL ) 52
R FIKTF-RZ K, PLRE K&, R
10T g d I 1 T SORE S N SR R AR B AR AR AU,



¢EH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

= 4447 -

X LIl PR 75 45 S 8 BRI SEICRE (1 92 FH 32 43t
TH IS HE.

zi b, &5t il ERE-P2X 7TR/NLRP3 15 541
BIT RIS IR 2R AE R . A BRARRR . PR T
R SE IR T IU RAEE J X e
Z FhHL) A T B 18 BRI P2X7R/NLRP3 {5538
%, HAEZHS. Z@ENETER, sea 2ol
AR FIRRERE 2RE SN, AT SRR REREAR . A
SRFIRIF 70 N HE— 2D VR N X 885 3 A F B
RAGIRIT 7%, REATT AR .
5 #HEERE

AR EE T B B S P2XTR/NLRP3 15 518
PEAH ELAE TR T ik P 8 908 WL R i B
TELE AT SRS A BB . i i @ A i
PR G g AAREE,  # P2XT7R/NLRP3 {5 51
P PSP TR Rl SR TR 43l BT 2 AT o
RZ, 55 08 R WS W AT 5] RN E 90, it
FHEICIIRE, FEAMACRR; 0 B K
St IRX — R, RCEMENEIR, NS
1T ERERMZ, ARIOEFRHITE H 2 5k
5377 A i T T BE-P2X TR/NLRP3 ” 13 S (1074
TG . R, AT A IE AL P2XTR/NLRP3 15
SIRPEIAHEAER, AN IACRE R T SR AR 1
SFEME RITEE p5

FERFRIWT TR, B E SRR E
#5 P2X7R/NLRP3 {5 58 % £ HATAE H (1) 7 AL
fil, JEEOITFRIGH I AEYIbREY) . Wil % H A
RWLEENH, FHR5WHIERFA P2X7R/NLRP3
& BB S S AR AR EY), DS PR E
(1) 512 W AR T RCR VAL . FIBY, SR A
P2X7R/NLRP3 15 5 il i 75 FAIIE A (1) B ARAE AL
il A BT R EARE IR TR . B RE R
i W RE R 25, W A& R 5. AR
2L 2 AR, T REE T AN TE B2 )
APEIR YT 7 5, @ IR T i R, B )
P2X7R/NLRP3 15 51, SIS A MHNACES
J7o DLk, InsRCEESE. RS AL
FHakG, g T A TR HIAREE AOmisi Ay, HEshligiE
P #F-P2X7R/NLRP3 {5 Sl EAER SRR AN K & -
TX LB 58 AN SR R AT 0 K AR RE 993 B 1
R, R NTT RO ISR R AR, A s
BT .

BT UL R, ASCHRH 2 H B A AMEN

001 5 K HE 12 9T HE 2L, DLIR AL B 38 R -

P2X7R/NLRP3 {5 5 fili FLAE KL AT 7 H- 20 i R

o RAKBFFETHEEMLLT 4 ANT7REEIF: (1) 18

LR BRI L AR S B e s LR o BT R

RS-t ZYETIAER LS, fiikS P2XTR/

NLRP3 i 4 50 < Bk [ 40 2 Bk fi% L IL-1B/IL-18 BH7SE

YR ED, RBAMERCHER; (2) ETHLaE

S OI0 BE AT B AR R B (e 2 R/

WA, JFRWEE R ERRBUR . R RS

NLRP3 il 75155 48 [ TG s (3) # N TR BE

TSR 5 22 20 = 1) M I AH 45 5 B 3h & AV

HARS, W R QSRR P2XTR B K %

BB R LA “ 0 BY-FT-VRAG 7 I89T B 1R

(4) E37 3 BB e (2O BFIEIE—~ K8

B /Z IR RN AT — BEALG HE 8 I ARS8 IED

SiE A AL AR 2 A2 BRI R AR

WITTT 5 ZEREE SRS (e

LR EYME R BRAMAIB TS, A

SR T 18 B EF-P2XTR/NLRP3 {5 5 4l ELAE AL

WEFL, SR T AN “ TR R -G e I 45 T4 4

RIS TR R, AAECEN “BH2”

) RS TE” FAR R S SRR R 1% .

FlBAR FAEHEHERARAELEAZFR

SE R

[1] I Hawe, HmEX, A, & WEETh RS Ai2IT R
FAER [7]. PETPEES A, 2020, 40(2): 141-148.

[2] Bi Y, Li M M, Wang Y, et al. Saikosaponins from
Bupleurum scorzonerifolium Willd. alleviates microglial
pyroptosis in depression by binding and inhibiting P2X7
expression [J]. Phytomedicine, 2025, 136: 156240.

[3] £, BRI, MR, 5. 2T Citespace I 2575
J7 2 SEANHLE AT TEBUIR Ao 3 i nT AL 20 A (0],
£024, 2024, 55(21): 7409-7418.

[4] Fischer A S, Catalina Camacho M, Ho T C, et al. Neural
markers of resilience in adolescent females at familial risk
for major depressive disorder [J]. JAMA Psychiatry, 2018,
75(5): 493-502.

[6] EEE, RIM, XLy, M-I sC LA RE S
B P 99 359 1 o o 243 Y S SEAL B FTEE R (D]
rh®24, 2024, 55(1): 332-343.

[6] HEH, G, 7, & 5ROk S ERERERA
AR IS SRIRE A0 9% 3 B h 25 T Tt ek g (7).
HREZY, 2024, 55(21): 7539-7546.

[71 O’Donnell M P, Fox B W, Chao P H, et al. A

neurotransmitter produced by gut bacteria modulates host
sensory behaviour [J]. Nature, 2020, 583(7816): 415-420.



- 4448 » F8 B 20255068 $£56% B12H  Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

[8] Yangl, Zheng P, Li Y F, et al. Landscapes of bacterial and treatment target [J]. Nat Rev Immunol, 2016, 16(1): 22-34.
metabolic signatures and their interaction in major [23] W, PG, RENE, 5. i b A Ok R S ATRE AR
depressive disorders [J]. Sci Adv, 2020, 6(49): eaba8555. KR FEAP R RERE 1. FEHFEER, 2024,

[9] Mishra A, Behura A, Kumar A, et al. P2X7 receptor in 41(12): 60-66.
multifaceted cellular signalling and its relevance as a [24] Emy D, Hrabé de Angelis A L, Jaitin D, et al. Host
potential therapeutic target in different diseases [J]. Eur J microbiota constantly control maturation and function of
Pharmacol, 2021, 906: 174235. microglia in the CNS [J]. Nat Neurosci, 2015, 18(7): 965-

[10] Liu X M, Li Y W, Huang L T, et al. Unlocking the 977.
therapeutic potential of P2X7 receptor: A comprehensive [25] Mazmanian S K, Liu C H, Tzianabos A O, et al. An
review ofits role in neurodegenerative disorders [J]. Front immunomodulatory molecule of symbiotic bacteria directs
Pharmacol, 2024, 15: 1450704. maturation of the host immune system [J]. Cel/, 2005,

[11] Hoque R, Sohail M A, Salhanick S, et al. P2X7 receptor- 122(1): 107-118.
mediated purinergic signaling promotes liver injury in [26] Round J L, Mazmanian S K. The gut microbiota shapes
acetaminophen hepatotoxicity in mice [J]. Am J Physiol intestinal immune responses during health and disease [J].
Gastrointest Liver Physiol, 2012, 302(10): G1171-G1179. Nat Rev Immunol, 2009, 9(5): 313-323.

[12] FengL,ChenY Z, DingR, et al. P2X7R blockade prevents [27] Castells-Nobau A, Puig I, Motger-Alberti A, et al.
NLRP3 inflammasome activation and brain injury in a rat Microviridae  bacteriophages influence behavioural
model of intracerebral hemorrhage: Involvement of hallmarks of food addiction via tryptophan and tyrosine
peroxynitrite [J]. J Neuroinflammation, 2015, 12: 190. signalling pathways [J]. Nat Metab, 2024, 6(11): 2157-

[13] FEhelg, sk, #IBESR. i iR 55 oK T Be AR HI 2186.

R AHt R )] PHEMAEERESE, 2018, 17(12): [28] Huang M N, He Y'Y, Tian L, ef al. Gut microbiota-SCFAs-
1281-1286. brain axis associated with the antidepressant activity of

[14] TR, X3, B, & NRF4IE NLRP3 % berberine in CUMS rats [J]. J Affect Disord, 2023, 325:
AE/NMAAE N R D BEREAG AR T BB FERE e ()], B A 141-150.
ek, 2023, 14(6): 1282-1288. [29] Brown E M, Clardy J, Xavier R J. Gut microbiome lipid

[15] Shi X Y, Sun Q C, Hou Y J, et al. Recognition and metabolism and its impact on host physiology [J]. Cell
maturation of IL-18 by Caspase-4 noncanonical Host Microbe, 2023, 31(2): 173-186.
inflammasome [J]. Nature, 2023, 624(7991): 442-450. [30] Zhang L, WeiJ G, Liu X L, et al. Gut microbiota-astrocyte

[16] Tan J X, Dong L Q, Jiang Z, et al. Probiotics ameliorate axis: New insights into age-related cognitive decline [J].
IgA nephropathy by improving gut dysbiosis and blunting Neural Regen Res, 2025, 20(4): 990-1008.

NLRP3 signaling [J]. J Trans! Med, 2022, 20(1): 382. [31] FE5, B0, MRS, & IHEEHAHE S SR

[17] EEX, £HiRS, 2%, 5 At SRERE. % HITIETCRE R [0]. 25555 55, 2022(5): 422-426.
IR HIMEAER SRR SR (1] &8 Tk A [32] Cryan]F, Dinan T G. Mind-altering microorganisms: The
H, 2022, 43(16): 486-493. impact of the gut microbiota on brain and behaviour [J].

[18] Kaufmann F N, Costa A P, Ghisleni G, et al. NLRP3 Nat Rev Neurosci, 2012, 13(10): 701-712.
inflammasome-driven pathways in depression: Clinical [33] Mayer E A, Tillisch K, Gupta A. Gut/brain axis and the
and preclinical findings [J]. Brain Behav Immun, 2017, 64: microbiota [J]. J Clin Invest, 2015, 125(3): 926-938.
367-383. [34] Ghosh S, Whitley C S, Haribabu B, et al. Regulation of

[19] FK%HE. P2X7R/NLRP3/IL-1B {5 Sl 54 K H /X intestinal barrier function by microbial metabolites [J].
FRIBON ZDF R B AR TR LE] [D]. dbnt: Cell Mol Gastroenterol Hepatol, 2021, 11(5): 1463-1482.
rh R R B, 2022. [35] LiuP H, Liu Z F, Wang J Z, ef al. Inmunoregulatory role

[20] Li T, Li Y W, Chen J H, et al. Hyperibone J exerts of the gut microbiota in inflammatory depression [J]. Nat
antidepressant effects by targeting ADK to inhibit Commun, 2024, 15: 3003.
microglial P2X7R/TLR4-mediated neuroinflammation [J]. [36] Li D, Liu R, Wang M, et al. 3B-Hydroxysteroid
J Adv Res, 2024: S2090-1232(24)00298-4. dehydrogenase expressed by gut microbes degrades

[21] Ribeiro D E, Roncalho A L, Glaser T, et al. P2X7 receptor testosterone and is linked to depression in males [J]. Cell
signaling in stress and depression [J]. Int J Mol Sci, 2019, Host Microbe, 2022, 30(3): 329-339.

20(11): 2778. [37] Regan M D, Chiang E, Liu Y X, et al. Nitrogen recycling

[22] Miller A H, Raison C L. The role of inflammation in via gut symbionts increases in ground squirrels over the

depression: From evolutionary imperative to modern

hibernation season [J]. Science, 2022, 375(6579): 460-463.



¢EH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

* 4449 »

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

Hooper L V, MacPherson A J. Immune adaptations that
maintain homeostasis with the intestinal microbiota [J].
Nat Rev Immunol, 2010, 10(3): 159-169.

XA, BHGTE, JPLEF, SF. REE R TR N A Y
PRI 1E ML I 5 i A oh JE RS 5% & AT Fe ik
& 0] FHEAEEE, 2022, 25(3): 380-386.
Garcia-Gutierrez E, Narbad A, Rodriguez J] M. Autism
spectrum disorder associated with gut microbiota at
immune, metabolomic, and neuroactive level [J]. Front
Neurosci, 2020, 14: 578666.

Abildinova G Z, Benberin V V, Vochshenkova T A, ef al.
The gut-brain-metabolic axis: Exploring the role of
microbiota in insulin resistance and cognitive function [J].
Front Microbiol, 2024, 15: 1463958.

Muller P A, Schneeberger M, Matheis F, et al. Microbiota
modulate sympathetic neurons via a gut-brain circuit [J].
Nature, 2020, 583(7816): 441-446.

Agirman G, Yu K B, Hsiao E Y. Signaling inflammation
across the gut-brain axis [J]. Science, 2021, 374(6571):
1087-1092.

Xie X D, Wang L, Dong S S, et al. Immune regulation of
the gut-brain axis and lung-brain axis involved in ischemic
stroke [J]. Neural Regen Res, 2024, 19(3): 519-528.
Antonini M, Conte M L, Sorini C, et al. How the interplay
between the commensal microbiota, gut barrier integrity,
and mucosal immunity regulates brain autoimmunity [J].
Front Immunol, 2019, 10: 1937.

TanY X, Xu MY, Lin D. Review of research progress on

intestinal microbiota based on metabolism and
inflammation for depression [J]. Arch Microbiol, 2024,
206(4): 146.

Reyes-Martinez S, Segura-Real L, Gomez-Garcia A P, et
al. Neuroinflammation, microbiota-gut-brain axis, and
depression: The vicious circle [J]. J Integr Neurosci, 2023,
22(3): 65.

Li BR, Xu M J, Wang Y, et al. Gut microbiota: A new
target for traditional Chinese medicine in the treatment of
depression [J]. J Ethnopharmacol, 2023, 303: 116038.
Heie 9. N RE UL YR W 2 R 5 A
SERIAHICIERT ST [D]. BUM: WL K2, 2015.
Yamanbaeva G, Schaub A C, Schneider E, et al. Effects of
a probiotic add-on treatment on fronto-limbic brain
structure, function, and perfusion in depression: Secondary
neuroimaging findings of a randomized controlled trial [J].
J Affect Disord, 2023, 324: 529-538.

Martin F P, Cominetti O, Berger B, et al. Metabolome-
associated psychological comorbidities improvement in
irritable bowel syndrome patients receiving a probiotic [J].
Gut Microbes, 2024, 16(1): 2347715.

Jiang S T, Wang M Q, Gao L, er al. Adjusting the

[53]

[54]

[58]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

composition of gut microbiota prevents the development
of post-stroke depression by regulating the gut-brain axis
in mice [J]. J Affect Disord, 2025, 381: 242-259.

Liu X J, Liu HM, Wu X L, et al. Xiaoyaosan against
depression through suppressing LPS mediated TLR4/
NLRP3 signaling pathway in “microbiota-gut-brain” axis
[1]. J Ethnopharmacol, 2024, 335: 118683.

Zhang J B, Gao T, Chen G, et al. Vinegar-processed
Schisandra Chinensis enhanced therapeutic effects on
colitis-induced depression through tryptophan metabolism
[J]. Phytomedicine, 2024, 135: 156057.

Nikolova V L, Cleare A J, Young A H, et al. Acceptability,
tolerability, and estimates of putative treatment effects of
probiotics as adjunctive treatment in patients with
depression: A randomized clinical trial [J]. JAMA
Psychiatry, 2023, 80(8): 842-847.

Komorniak N, Kaczmarczyk M, Loniewski I, et al.
Analysis of the efficacy of diet and short-term probiotic
intervention on depressive symptoms in patients after
bariatric surgery: A randomized double-blind placebo
controlled pilot study [J]. Nutrients, 2023, 15(23): 4905.
Lin S K, Kuo P H, Hsu C Y, et al. The effects of
Lactobacillus plantarum PS128 in patients with major
depressive disorder: An eight-week double-blind, placebo-
controlled study [J]. Asian J Psychiatr, 2024, 101: 104210.
Schaub A C, Schneider E, Vazquez-Castellanos J F, et al.
Clinical, gut microbial and neural effects of a probiotic
add-on therapy in depressed patients: A randomized
controlled trial [J]. Transl Psychiatry, 2022, 12(1): 227.
Rode J, Edebol Carlman H M T, Konig J, ef al. Multi-strain
probiotic mixture affects brain morphology and resting
state brain function in healthy subjects: An RCT [J]. Cells,
2022, 11(18): 2922.

McCarthy A E, Yoshioka C, Mansoor S E. Full-length
P2X7 structures reveal how palmitoylation prevents
channel desensitization [J]. Cell, 2019, 179(3): 659-670.
Zheng HY, Liu Q, Zhou S W, et al. Role and therapeutic
targets of P2X7 receptors in neurodegenerative diseases
[J]. Front Immunol, 2024, 15: 1345625.

JEE B, BT, RE . P2XT 524k K NLRP3 # M/
RAE ZOREVEBR Th KW ST RE R (0], AR A
gk, 2023, 43(4): 316-321.

BN, S0, o4, P2XTR W RIS (11
PIER ], EESTFEMSERE, 2019, 16(3): 282-287.
Santana P T, de Lima I S, Silva E Souza K C D, et al.
Persistent activation of the P2X7 receptor underlies
chronic inflammation and carcinogenic changes in the
intestine [J]. Int J Mol Sci, 2024, 25(20): 10874.
Manshouri S, Seif F, Kamali M, ef al. The interaction of

inflammasomes and gut microbiota: Novel therapeutic



- 4450 «

FEH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

[66]

[67]

[68]

(69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

insights [J]. Cell Commun Signal, 2024, 22(1): 209.
Wang Y J, Shan Z M, Zhang L, et al. P2X7R/NLRP3
signaling pathway-mediated pyroptosis and
neuroinflammation contributed to cognitive impairment in
a mouse model of migraine [J]. J Headache Pain, 2022,
23(1): 75.

Zhan T, Tang S S, Du J P, ef al. Implication of IncRNA
MSTRG.81401 in hippocampal pyroptosis induced by
P2X7 receptor in type 2 diabetic rats with neuropathic pain
combined with depression [J]. Int J Mol Sci, 2024, 25(2):
1186.

Li SY, Zhang Y, Wang Y, et al. Transcutaneous vagus
nerve stimulation modulates depression-like phenotype
induced by high-fat diet via P2X7R/NLRP3/IL-1f in the
prefrontal cortex [J]. CNS Neurosci Ther, 2024, 30(5):
el4755.

Wang J W, Wang P, Tian H, et al. Aryl hydrocarbon
receptor/IL-22/STAT3 signaling pathway is involved in
the modulation of intestinal mucosa antimicrobial
molecules by commensal microbiota in mice [J]. Innate
Immun, 2018, 24(5): 297-306.

M. AhR/IL-22/STAT3 {5 53t % £ i JE B 1 14 15 B0 0
By W AR R S PLEIEST (D). )M B EERER
2%, 2019.

Ui, K. NLRP3 U/ MESIERMAES 1] HE
AR 5y TR, 2020, 36(10): 1174-1179.
wIH, Fdn, THH. BRARIIZS 5 NLRP3 RAE/MA
EWRIRE AR [J]. ARl 2022, 34(4): 385-391.
TR, ME, EXR, & TR NmEREES
i E G HARNLE BT kR (7], B ARE R AR,
2021, 52(10): 2710-2720.

FKIH. NLRP3 KA MATEACHLHIBT Rt [J]. Akt
2%, 2023, 35(7): 903-909.

Wang W, Dernst A, Martin B, ef al. Butyrate and
propionate are microbial danger signals that activate the
NLRP3 inflammasome in human macrophages upon TLR
stimulation [J]. Cell Rep, 2024, 43(9): 114736.

Shao X Y, Liu L J, Zhou Y Q, et al. High-fat diet promotes
colitis-associated tumorigenesis by altering gut microbial
butyrate metabolism [J]. Int J Biol Sci, 2023, 19(15): 5004-
5019.

Pan X H, Fang X, Wang F, er al. Butyrate ameliorates
caerulein-induced acute pancreatitis and associated
intestinal injury by tissue-specific mechanisms [J]. Br J
Pharmacol, 2019, 176(23): 4446-4461.

Cotillard A, Kennedy S P, Kong L C, et al. Dietary
intervention impact on gut microbial gene richness [J].
Nature, 2013, 500(7464): 585-588.

HOICHE, AR, EHLE, 5. NLRP3 SAE/AMEXS 2E
PE 93 G PR B e R S REFE (0], tHE S T A

[80]

[81]

[82]

(83]

[84]

[85]

(86]

[87]

(88]

[89]

[90]

[91]

[92]

[93]

[94]

=&, 2019, 27(6): 389-394.

/NG P2XT SARTE IR T I 2 K R S (3], EBR
W M Mk 2E 2k &, 2015, 38(5): 450-453.

W, MRF, BRAE. JiE B LA G2 S L )
TR [J]. AR ERR A E, 2019, 3(3): 198-202.
D’Addio F, Vergani A, Potena L, et al. P2X7R mutation
disrupts the NLRP3-mediated Th program and predicts
poor cardiac allograft outcomes [J]. J Clin Invest, 2018,
128(8): 3490-3503.

Lioi A B, Ferrari B M, Dubyak G R, et al. Human f
defensin-3 increases CD86 expression on monocytes by
activating the ATP-gated channel P2X7 [J]. J Immunol,
2015, 195(9): 4438-4445.

Wang Y H, Wang M, Chen J X, et al. The gut microbiota
reprograms intestinal lipid metabolism through long
noncoding RNA Snhg9 [J]. Science, 2023, 381(6660): 851-
857.

Kong H, Zhao H R, Chen T R, et al. Targeted P2X7/
NLRP3
apoptosis, and pyroptosis of retinal endothelial cells in
diabetic retinopathy [J]. Cell Death Dis, 2022, 13(4): 336.
Grahl M V C, Hohl K S, Smaniotto T, e al. Microbial Trojan
horses:  Virulence factors as key players in
neurodegenerative diseases [J]. Molecules, 2025, 30(3): 687.
Wang G H, Cao L N, Li S Q, ef al. Gut microbiota
dysbiosis-mediated ceramides elevation contributes to

signaling pathway against inflammation,

corticosterone-induced ~ depression by  impairing
mitochondrial function [J]. NPJ Biofilms Microbiomes,
2024, 10(1): 111.

Yuan H Q, Zhu B, Li C, et al. Ceramide in cerebrovascular
diseases [J]. Front Cell Neurosci, 2023, 17: 1191609.
Munoz F M, Gao R, Tian Y Z, et al. Neuronal P2X7
receptor-induced reactive oxygen species production
contributes to nociceptive behavior in mice [J]. Sci Rep,
2017, 7(1): 3539.

Iwata R, Casimir P, Erkol E, et al. Mitochondria
metabolism sets the species-specific tempo of neuronal
development [J]. Science, 2023, 379(6632): eabn4705.
Jiang Z F, Wu W, Hu H B, ef al. P2X7 receptor as the
regulator of T-cell function in intestinal barrier disruption
[J]. World J Gastroenterol, 2022, 28(36): 5265-5279.
Schnell A, Littman D R, Kuchroo V K. Thl7 cell
heterogeneity and its role in tissue inflammation [J]. Nat
Immunol, 2023, 24(1): 19-29.

Schneider K M, Mohs A, Gui W F, ef al. Imbalanced gut
microbiota fuels hepatocellular carcinoma development by
shaping the hepatic inflammatory microenvironment [J].
Nat Commun, 2022, 13(1): 3964.

XuJ Z, Tang Y, Sheng X L, et al. Secreted stromal protein
ISLR promotes intestinal regeneration by suppressing



¢EH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

- 4451 «

epithelial Hippo signaling [J]. EMBO J, 2020, 39(7):
¢103255.

[95] Cheng J, HuH, JuY, et al. Gut microbiota-derived short-
chain fatty acids and depression: Deep insight into
biological mechanisms and potential applications [J]. Gen
Psychiatr, 2024, 37(1): e101374.

[96] Visconti A, Le Roy C I, Rosa F, et al. Interplay between
the human gut microbiome and host metabolism [J]. Nat
Commun, 2019, 10(1): 4505.

[97] Zeng M Y, Inohara N, Nufiez G. Mechanisms of
inflammation-driven bacterial dysbiosis in the gut [J].
Mucosal Immunol, 2017, 10(1): 18-26.

[98] Konjar S, Pavii¢ M, Veldhoen M. Regulation of oxygen
homeostasis at the intestinal epithelial barrier site [J]. Int J
Mol Sci, 2021, 22(17): 9170.

[99] Mendes V, Galvio I, Vieira A T. Mechanisms by which the
gut microbiota influences cytokine production and
modulates host inflammatory responses [J]. J Interferon
Cytokine Res, 2019, 39(7): 393-409.

[100] Wang J, Chen W D, Wang Y D. The relationship between
gut microbiota and inflammatory diseases: The role of
macrophages [J]. Front Microbiol, 2020, 11: 1065.

[101]Liu L X, Wang H'Y, Chen X Y, et al. Gut microbiota and
its metabolites in depression: From pathogenesis to
treatment [J]. EBioMedicine, 2023, 90: 104527.

[102] 8 Jufh, ZOHESE, T, 2. NLRP3 #AE/IMARTEHIALAE
TR L 25 T ww Fe st g (0], R4, 2021,
52(11): 3418-3428.

[103] Yue N, Huang H J, Zhu X C, et al. Activation of P2X7
receptor and NLRP3 inflammasome assembly in
hippocampal glial cells mediates chronic stress-induced
depressive-like behaviors [J]. J Neuroinflammation, 2017,
14(1): 102.

[104] 20, sAEfE, B0IHTT, 5. FIBENR T MR AL ph 2R AT 1%
P A AL FERE S [J]. 2 RHE 7, 2023,
26(24): 3061-3066.

[105]Li XY, Zhang S Y, Hong Y Z, et al. TGR5-mediated lateral
hypothalamus-dCA3-dorsolateral septum circuit regulates
depressive-like behavior in male mice [J]. Neuron, 2024,
112(11): 1795-1814.¢10.

[106] Tsao H K, Chiu P H, Sun S H. PKC-dependent ERK
phosphorylation is essential for P2X7 receptor-mediated
neuronal differentiation of neural progenitor cells [J]. Cell
Death Dis, 2013, 4(8): €751.

[107] Biidg s, xR sc, BURWT, &%, a8 B IRk Mg sk
3 LR B R AE ) L BT St R (] &
5 A MIROR 2R, 2024, 43(10): 21-31.

[108] Besese, K52, i, 4%, LI JIE Hh 7K g A 3t i
07 B8 7 A Tt T 2 MR A RS R R AT Lk R (3], AR
YyE£im iRk, 2022, 49(9): 3890-3905.

[109] Tian P J, Zou R Y, Wang L Y, et al. Multi-probiotics
ameliorate major depressive disorder and accompanying
gastrointestinal syndromes via serotonergic system
regulation [J]. J Adv Res, 2023, 45: 117-125.

[110] Porcari S, Fusco W, Spivak I, et al. Fine-tuning the gut
ecosystem: The current landscape and outlook of artificial
microbiome therapeutics [J]. Lancet Gastroenterol
Hepatol, 2024, 9(5): 460-475.

[111] Yuan M Y, Chang L L, Gao P, et al. Synbiotics containing
sea buckthorn polysaccharides ameliorate DSS-induced
colitis in mice via regulating Th17/Treg homeostasis
through intestinal microbiota and their production of BA
metabolites and SCFAs [J]. Int J Biol Macromol, 2024,
276(Pt 1): 133794.

[112] XU, FETIRR, #alk, 5. NLRP3 AL/ M I 42
HURIR T HERR (7). AEWIEE 2354k, 2024, 5(2): 2-11.

[113] Brown K, Funk K, Figueroa Barrientos A, et al. The
modulatory therapeutic  potential of
cannabidiol in the gut [J]. Cells, 2024, 13(19): 1618.

[114] Akcay E, Karatas H. P2X7 receptors from the perspective
of NLRP3 inflammasome pathway in depression: Potential
role of cannabidiol [J]. Brain Behav Immun Health, 2024,
41: 100853.

[115] Sales A J, Fogaga M V, Sartim A G, et al. Cannabidiol

induces rapid and sustained antidepressant-like effects

effects and

through increased BDNF signaling and synaptogenesis in
the prefrontal cortex [J]. Mol Neurobiol, 2019, 56(2):
1070-1081.

[116] PhE RS, XU, EHL, . /DNBEGHUINAL IO 5P R
[1]. Z4%244R, 2018, 53(12): 2006-2011.

[117] Dai LF, Zhu L, Ma S Y, et al. Berberine alleviates NLRP3
inflammasome induced endothelial junction dysfunction
through Ca?" signalling in inflammatory vascular injury
[J]. Phytomedicine, 2022, 101: 154131.

[118] Yang L, Huang Y Z, Chen F X, et al. Berberine attenuates
depression-like behavior by modulating the hippocampal
NLRP3 ubiquitination signaling pathway through Trim65
[1]. Int Immunopharmacol, 2023, 123: 110808.

[119]1Qin Z S, Shi D D, Li W Q, et al. Berberine ameliorates
depression-like behaviors in mice via inhibiting NLRP3

neuroinflammation and
preventing neuroplasticity disruption [J]. J
Neuroinflammation, 2023, 20(1): 54.

[120] Tian E J, Sharma G, Dai C S. Neuroprotective properties

inflammasome-mediated

of berberine: Molecular mechanisms and clinical
implications [J]. Antioxidants, 2023, 12(10): 1883.

[121] Vahedi-Mazdabadi Y, Shahinfar H, Toushih M, et al.
Effects of berberine and barberry on selected inflammatory
biomarkers in adults: A systematic review and dose-

response Meta-analysis of randomized clinical trials [J].



- 4452

FEH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

Phytother Res, 2023, 37(12): 5541-5557.

[122] Liu J X, Cai J P, Fan P, ef al. Salidroside alleviates dextran
sulfate sodium-induced colitis in mice by modulating the
gut microbiota [J]. Food Funct, 2023, 14(16): 7506-7519.

[123]Chai Y H, Cai Y W, Fu Y, et al. Salidroside ameliorates
depression by suppressing NLRP3-mediated pyroptosis
via P2X7/NF-«kB/NLRP3 signaling pathway [J]. Front
Pharmacol, 2022, 13: 812362.

[124] Zhao M L, Ren Z X, Zhao A H, et al. Gut bacteria-driven
homovanillic acid alleviates depression by modulating
synaptic integrity [J]. Cell Metab, 2024, 36(5): 1000-
1012.e6.

[125] Gao L L, Wu C H, Liao Y S, ef al. Antidepressants effects
of Rhodiola capsule combined with sertraline for major
depressive disorder: A randomized double-blind placebo-
controlled clinical trial [J]. J Affect Disord, 2020, 265: 99-
103.

[126] Darbinyan V, Aslanyan G, Amroyan E, et al. Clinical trial
of Rhodiola rosea L. extract SHR-5 in the treatment of
mild to moderate depression [J]. Nord J Psychiatry, 2007,
61(5): 343-348.

[127]Mao J J, Xie S X, Zee J, et al. Rhodiola rosea versus
sertraline for major depressive disorder: A randomized
placebo-controlled trial [J]. Phytomedicine, 2015, 22(3):
394-399.

[128] k%, HIMWM, PRk, 55 T NLRP3 RIE/MEA
TLR4/NF-kB 15 5l B4R S0 M2 710 T7 SR A
PESCHT 2 BFE LS [ SR 50 2 A &, 2023,
29(23): 1-7.

[120] #2 i, Mo, faf 3 ik, 5. & T NLRP3/Caspase-1/
GSDMD JH B RT BOEM 2512 2055 APP/PST /)N iR A1 i
FETDL P SORERIAE SN T RE AR AL (7). hE
LGS A AR, 2025, 31(12): 11-19.

[130] EM& 1y, 5k&ETy, 1REER, & BHIEME 7@ 0H)
NLRP3 #ME/MATE taw/ APP/PST 435K AD /MR A
ZILR AL AT 7T [J]. B R A R e e K
2024, 30(6): 986-991.

[131] RA8 5%, JH3%&, RN, 5. POEM R mE E R
I3 10 SR AU T < AR A P AL AT 72 (0]
P 5T R 25 K241, 2024, 40(9): 885-895.

[132] Zim R, EESC. T I M7 X0 W FRws oG o R 7% 2
BURMTEA [J]. e ERZ2%4T, 2020, 38(7): 84-88.

[133]Li K D, Wang Q S, Zhang W W, et al. Gardenia fructus
antidepressant formula for depression in diabetes patients:
A systematic review and Meta-analysis [J]. Complement
Ther Med, 2020, 48: 102248.

[134] ®if, FEHR, £, 5. RGN YT ST
LR/ R TE B RERIRZIE (7], T AT B AR TR
JiZ &, 2021, 39(6): 401-406.

[135] Furusawa Y, Obata Y, Fukuda S, et al. Commensal
microbe-derived butyrate induces the differentiation of
colonic regulatory T cells [J]. Nature, 2013, 504(7480):
446-450.

[136] Smith P M, Howitt M R, Panikov N, et al. The microbial
metabolites, short-chain fatty acids, regulate colonic Treg
cell homeostasis [J]. Science, 2013, 341(6145): 569-573.

[137] VieiraR S, Castoldi A, Basso P J, et al. Butyrate attenuates
lung inflammation by negatively modulating Th9 cells [J].
Front Immunol, 2019, 10: 67.

[138] AXRY L. i T B AR I 50%E SR 2 B AT X A 1
NEWI R RVET TS [D]. AR AERPEEZ R, 2022,

[139] ABE:. RZEBEZNT CUMS FIARRER N BRAT N LR T
[X P2X7R FI NLRP3 & F HI50 [D]. HfEd: iR HEs
ZR5E, 2023.

[140] Yang C Q, Wu X J, Jiang Z Y, et al. Evodiamine rescues
lipopolysaccharide-induced cognitive impairment via
C/EBP-B-COX2 axis-regulated neuroinflammation [J]. Int
J Biol Macromol, 2025, 300: 139597.

[141]xI8, 21z, KRHEIR, 5. WEEFN SAPIETR
FXR/TGRS {5 5B F Jeidt fie (7] & A,
2020, 56(12): 13-19.

[142] B K2, FRak, PO, 5. il e R or 4
REENARMERE R AP TR ()] T EERE, 2021,
40(3): 6-10.

[143] Su W Q, Yang Y N, Zhao X H, et al. Potential efficacy and
mechanism of eight mild-natured and bitter-flavored
TCMs based on gut microbiota: A review [J]. Chin Herb
Med, 2023, 16(1): 42-55.

[144] 5055, T AR B0 NLRP3 JRE/IMATE (L2 /N L5
W BEIBEST [D]. )7 SRR, 2023.
[145]Ye H M, Li Z Y, Zhang P, et al. Exploring mechanism of
electroacupuncture in modulating neuroinflammation
based on intestinal flora and its metabolites [J]. Chin J

Integr Med, 2025, 31(2): 183-192.

[146] Lin B B, Wang M X, Chen X C, et al. Involvement of

P2X7R-mediated

neuroinflammation in the response to electroacupuncture

microglia polarization and
on post-stroke memory impairment [J]. Brain Res Bull,
2024,212: 110967.

[147] Andreescu C, Glick R M, Emeremni C A, et al.
Acupuncture for the treatment of major depressive
disorder: A randomized controlled trial [J]. J Clin
Psychiatry, 2011, 72(8): 1129-1135.

[148] Song C, Halbreich U, Han C, et al. Imbalance between pro-
and anti-inflammatory cytokines, and between Thl and
Th2 cytokines in depressed patients: The effect of
electroacupuncture  or  fluoxetine treatment  [J].

Pharmacopsychiatry, 2009, 42(5): 182-188.

[HEmiE AEE]



