R E P TIESS S 28245 2026 4F 6 H 45 33 %45 3 ] Chin J TCM WM Crit Care, June 2026, Vol.33, No.3

1 - il E B i O E RIS IS
e 22 R FE HI R ST R

W F—R REE

I R 2 RS LI PR IS 24 B T R KR 450002 5 2 Y g rp R 25 K2 AR BE B / FS M R BE Bt B R 28
TR 450003 5 7 307 ORI A2 95 TREHARBIFFE e TRIIEM 450002

WAFVEH - 3 BFR, Email : zhangsisen@hactem.edu.cn

[(FEE] OEIRE SRR R R E LI RE RS Ty BT R H W, . B ™ 0 SR R O RS I i
A AR AL AT B VA 45 TS8R / P B, B E AT A BIERE (ROSC) J5 4 Fh il bt it 1 967 8500
WANERAR, ITATR, EA IR R I, I T R A R P o R Y - W - G (MGBA ) 7 O R 45 5 fii
TR Z AT o OIS S BERE AN fit 4 3244 1 (TREM1)., Toll #E324K 4/ BEAE MBI T 88/ B 5 K kB
(TLR4/MyD88/NF-kB) K G & [ #EHE 321K 41/43 (GPRA1/43) 1ENH 47 7 B9 S HEAE FH o O3 BB 4525 M 1 T R4
WP EEERR TR (SCFA) BV T SO TREM1 SN EIVE RS , B A0 PE B 424 MGBA iR 2 hK,
PR SERE ZR IR 5 2K AR P9 TREML PHE: B W 20 B A9 16 Ak 0E— 20 I 1) 3 i) 7= SCFA BB, B B4 0E F 3K
BRI EAEAGER . B LU IR 5 40 A 52 B4 4t 28 9 0 M W8 TR AR RIS =) SCFA TR A & RE IO, B
W ARG TE F AN & SCFA 78O SR 15 5 I B 405 Hr A B I] / 5 BUMLE], 5138 F MGBA B A O 5E
1555 I PR3P SR M B BB A BRI IKIE 5 75 A T T

[gim)] Wo-Mikh; OB, SEEAMA L 2K 1, WA RAE; WU T B w0

S HERR IR

BEETE A A REEI 4 E B35 H (232300420059 ) 5 1 BG40l & 95 T AR ARTF5E oo RHFE
71 (202201281) 5 VR A BHE T H (242102310260)

DOI : 10.3969/j.issn.1008-9691.2026.03.019

Research progress on gut-brain axis dual pathways regulating post-cardiac arrest brain neuroinflammation
Sun Qun', Huang Yifan', Zhang Sisen”*’
"Fifih Clinical Medical College, Henan University of Chinese Medicine, Zhengzhou 450002, Henan, China; *Department
of Emergency Medicine, Henan University of Chinese Medicine People's Hospital/Zhengzhou People's Hospital, Zhengzhou
450003, Henan, China; *The Heart-Lung-Brain Resuscitation Engineering Technology Research Center of Henan
Province, Zhengzhou 450002, Henan, China
Corresponding author: Zhang Sisen, Email: zhangsisen@hactcm.edu.cn

[Abstract] Brain injury following cardiac arrest is the most common and severe cause of neurological
dysfunction and mortality. The fundamental mechanism of post-cardiac arrest brain injury is unequivocally attributed
to ischemia / reperfusion injury, and the therapeutic efficacy of current neuroprotective strategies after the return of
spontaneous circulation remains unsatisfactory. Recent evidence has indicated that gut microbiota and their metabolites
can modulate neuroinflammation in post-cardiac arrest brain injury via the microbiota-gut-brain axis (MGBA). This
study provides the detailed mechanisms underlying the critical roles of triggering receptor expressed on myeloid cell 1
(TREM1), the Toll-like receptor 4/ myeloid differentiation factor 88 / nuclear factor-kB (TLR4/MyD88/NF-kB) pathway,
and G protein-coupled receptor 41/43 (GPR41/43) in brain injury following cardiac arrest. A reduction in short-chain
fatty acid (SCFA): metabolites produced by the gut microbiota after cardiac arrest: weakens the inhibition of TREMI,
leading to the migration of enteric macrophages into the brain via MGBA, which exacerbates neuroinflammation.
Subsequently, the activation of TREM1 macrophages in the brain further suppresses the colonization of SCFA-producing
bacteria, creating a self-amplifying vicious cycle of inflammation. This review focuses on gut-derived macrophage-
mediated neuroinflammation and the regulation of neuroinflammation by the microbial metabolite SCFA, systematically
elucidating for the first time the synergistic/antagonistic mechanisms of gut-derived macrophages and SCFA in post-
cardiac arrest brain injury, and provides a new theoretical basis and potential interventional targets for post-cardiac
arrest brain protection strategies based on the MGBA theory.

[Key words] Gui-brain axis; Cardiac arrest; Triggering receptor expressed on myeloid cell 1; Brain
neuroinflammation; Enteric macrophag; Short-chain fatty acid

Fund program: Natural Science Foundation of Henan Project (232300420059); Key Laboratory of
Cardiopulmonary Cerebral Resuscitation in Henan Province (Engineering Technology Research Center) Research Special
Project (202201281); Science and Technology Project of Henan Province (242102310260)

DOT: 10.3969/.issn.1008-9691.2026.03.019

* 367 -

Ziik -



* 368 ° HE R P R4 4 b 2026 4F 6 F A5 33 4545 3 1 Chin ] TCM WM Crit Care, June 2026, Vol.33, No.3

& [ BE A O 7 R 15 (out-of-hospital cardiac
arrest, OHCA ) [4F & 9 R 202k 95.7/10 T3 N, H B
AR 1.2% " RAE Il 55 (cardiopulmonary
resuscitation, CPR) 3 AR AWHE T, 2 3# 8 EEHIK
%2 (return of spontaneous circulation, ROSC) J5 fixi &
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THAGIR . BU IR S5 2 B A M T A 5 i, B A2 200
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(adenosine triphosphate, ATP) i 20>, 5] % 21 fg 7K fibr |
IRBE ST 5 B 38 1 (tight=junction protein, TJ)
EEWLA RS 5 B U R S VA /N (N7 ST e e
I, ROSC G FRETEARM AT AL “ kAT 7, e
W SE A ZR GRS ] 7 A I 14 (reactive oxygen
species, ROS), #i5% L fz o Ao FIh e, IS 2
T A2 A LR TR IR SR AE R 1 - o (tumor necrosis
factor- o , TNF- o ). A4S 2 (interleukins, 11.-6.
IL-18 ) &84 58 PR, {1 Jmy i A A S I Jin it , 1A 286
SERENEE— R

¥ T TR AR SR AT R M B EOR ok R B )
=% BPE R S A dnfig 2 B (lipopolysaccharide,
LPS) 25 45 13 1) i %6 68 o B 1 A ILVE, R 4 B
RRE N, B R 4 5 R AE B 27 A 1E (systemic
inflammatory response syndrome, SIRS) M £ #% B
RE P28 5 HEF (multiple organ dysfunction syndrome,
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i Toll K 32 4% 4/ # K 40 L fih % 52 1A 1 (Toll-like
receptor/iriggering receptor expressed on myeloid cell 1,
TLRA/TREM1 ) 505 380 S A 4 B RAE KL, 228 1L
J5# % (brain blood barrier, BBB) S8t 173 , [F] i A5
gt AR ) (AN T ) /b, X TREMI1 58 5iE 411 1
W T U - i AR il 50
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2011 JiE NEGE BB - ORI A R4
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A& [ ¥ 88 (myeloid differentiation factor 88, MyD88)
13 BE 2 T, P00 4% B 5% I F —«B (nuclear factor-xB,
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molecule-1,ICAM-1). ML 4L ZLR 23T -1 (vascular
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4% 1 5 BBB 38 7 P38 i, TREM1 FH 1 F
Y 5 28 3 BBB, 55 /INB 5T 4H IR A 1F S5
B B0 0l S5 A 5 B AR AR PR 3T ) /0N e 5 400 i 4
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JE 4 )8 25 1 (matrix metalloproteinase, MMP) fi§
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T WEAZ b 2R AR, 2D B RE AT T, A K
SRS SRR A, I A
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ihERER L TR N H F 4, 4 5 i SCFA
BE 95% LU . =#H A mE Rk ARSI K
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DI EE AR A L RSB A TR, 28 S BESTG A
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N R 4 118 SCFA i Y 20% ~ 30% , 15 1
FRIRR LA 22 PR BRSO 0 ARSI A G il 3=
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B IE e A U BRPR , R S5 AL R BR3AMR , PR BR IR
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2.2.2.1 B TR B B s R T T o8 O B
[ R SCFA REMUE 7 8 N 2 Fh G 8 RS I 32 14
(G protein-coupled receptor, GPCR) B4 B 1Pt
RINERRSH AR . HETCA 780 iR R
B, G 8 H AR K 3Z 1K 43 (G protein-coupled receptor
43, GPR43) il GPR41 J& SCFA % iy A ) 25 54U
ﬁ@ﬁhﬂo

GPR41 JEHEHK Gilo # F1HY GPCR, HBCR AL 4%
CMREL  IMRER . T IRERSE  XF SCFA BA RUFIE
F1J1. SCFA I 5 GPR41 KA Fe LSS & WG T
T, SRS B CD4” T 6 T2 248 A B 3614 9k L0 4
(innate lymphoid cell, ILC) Jf 43 4 1L-22, 1L-22 A]
SR T b e 20 B R KB ISR IR 4R R
B e K T R R S Th g

GPR43 W ELA DU I A4 , al [F] I RRER Gifo
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90 M g R Ik K F- e . 5 GPR41 28 BL, GPR43
WAl P LR ER  INIRER . T FRER BT , LIS PR ER
AR B o FERPAE RN AR SCRA Y351
B, o R S RO 1 GPR43 (55l %, K
il 4 A TR LR A 02 5 DR R, A i 1
RS S B R Th e
2.2.2.2  HEAIMBEE : SCFA HEA MR IR 5E
R %%z 2 H 1 (monocarboxylate transporter 1, MCT1)
FIENARIE MCT1 (sodium-coupled MCT1, SMCT1)
P2 81, 100 SCFA 74 B pH LA N RZ LA
B IR B MCTT A 5 TR 12, SMCT1

IREE AN B 185 BE IR S e i, W35 B AR 78 L B AR P
VRS B P R B LR R L R 4R A
(intestinal epithelial cell, IEC) EAZA|H , K9 FHAY
CTRERZNTT VK e iz 22 PN R S MEAS T A
M B PR ER AT 2 5 E . K M AR s 2H 4 iy
Bt AR e ZRh s S i 2 NIRRT
Sl SOV AR, 2 S A BURIIR G . TR
thRgh g b R AN e RE REEY) B TEC T8
WTIRERG 2 B - AL B RE , B Ur M 447 T 45
R D=
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AN o iR e NTTE UL B3N VAR IS TAPN P2
Ao MR AT /N 5T 240 A i) e S A, A T
HERF P ARRAAS Y IERER AT £ B RE A 20T
0, A BRI AR T Wk AR LT
TLR4/MyD88/NF-«B i [, {12 fiff /)N i Jo 20 g A2 4
g M1 B PR I | R AR A 1) BT AR Y M2 2, DA
SRAYHLA RN 25 TR , SCFA i3 22 R G,
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3 AERZOIFEINZEERSIRKTHEAD

31 PWFAZOHLEIR A EAE - BRHLIFAE IR
FAAE, MRTEZ A>T IR TR A B M 45, 1
TE DR 2L AT R A ok 2 P ORATL R < 5 P
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RS2, B /N R AT M8 A 72 A i S 7 5 [l
FESCFA G A, X 5t B A L4 SRS A /)
IR SR A L) 8 R S8R S L S SRS E A
P 25 A% O L 38 2 43 HE G ] 22 3L, SR 4 AL
MGBA [ RAEM 45 .
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] Y42 - il TR 2R L T 3 A SCFA T RERZHEE A
it 2, 1 T (histone deacetylase, HDAC) A RS, %
TREM1 B ZAEMAIAE IS . DP9, T REh 2
HDAC FRIRANHIH], BEHR 5 TREM1 J )1 X e
HH H3 B S RALKF-, B TREM1 5% 5L
k'™ 24 SCFA e Z i, HDAC i PEHS 3, 5
B IR E w20 3 T A9 TREMI 3 B2 234, UK
TLR4/NF-«B {558 i, {2 7F 1L-1 B . TNF-a EfER
TR, SCFA o n] s LR ISR AT 9 GPR43,
i 2 B R IR A/ & P A (eyclic adenosine
monophosphate/protein kinase A, cAMP/PKA ) i# % HY
[i) S 384 1% 4 At A0 A5 5 U8 99 B 172 (extracellular
signal-regulated kinase 1/2, ERK1/2), fifi 5. % 41 it 1
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I 4 4 M1 780 [ B0 %% (1 M2 #5646 SCFA k=
51 GPRA3 {5 50855 , PLR BN I8 5 , 73 TREM1
BH: 52 5 40 STV B 7 i 2R PR L 455 B /M ot v S
P 18 L A S RS R
3.1.2  SCFA X iz U8 1 B w20 e i %) B W4 FH
SCFA AN Hh A 3ty I8 15 /0N e S5 40 B, 7 20 Ja 4 %
7 1 BELUBT 375 A 1 290 AT A 7 T . SCFA (4 3]
= TREY) 45 b B A i) 3 2 ok U, el
of b A 8N 3 H 1 (zonula oceludens 1, ZO-1)
114 2 H (oceludin) B9 35 , 1852 O IR 15 )5 2
51 100 1 785 M 5 B, ik 2 20 1 RS A8 K2 LPS i AL,
WA T 4R B £ S % 0. 8 L Y SCFA 1]
it GPR43 {55 T CC AUtk IR ¥ 21k 2 (C-C
chemokine receptor type 2, CCR2) %1k, J-4E+F BBB
T B 58 3 v, A A0 R R 5E i i = . 2,
SCFA $lt = B85 | AL 1 & i g 41 it 2 1 ¥4 k R 7
R CCR2 B H& 4 2 ik B 241 i 2 il A DG 0 5 -1
(lymphocyte function-associated antigen-1, LFA-1) f¥
Feik bR, R R N COL2 BOBURE (2 k2
iﬁ BBB [41 WO
3.1.3  TREMI P 0 40 i 3% £6 X6 7= SCFA B B
f9 2 T A4k - TREM BH 4 5 g 200 e 3 B8 35 Ak 5 1 ke
GERE SR 4[] i T 3 33 7= SCRA BRI T
K%, TREM1 15 530 [ 00 7 250 E 0 20 i R 2 R i
ROS KA RANMEH F (N 1L-18 . TNF-« ), 3R )5
A B R E IR B AR AT = SCFA
PR R AR A Bt . R 5 | 3R PR AR (n
Fa FT TR ) o e b I A, W 2 PN A B K AL A itk
IR, ERPERFIZE T 77 SCFA THREA 1A B FR I
Yy, BEA% T SCFA W2EY) & A, TREMI1 30 nJ 255
Sy IR AR VAT QAN D Rk , SRS R AL R IR
Iy R AR SRR S , Xt S SO B T BRI i
— B4 T 7 SCRA BBEAEfAgR

Wi 25 A% 0 WL #5 B i TREMI, TLR4/MyD8S8/
NF-kB. GPR41/43 55 22~ A 3 4105, 4 0 17 3%
VLI PR T UG YT SR B, FERE TIRIT M2 RIE
S B A3 BB 7 1]
3.2 VAERE AL A T
3.2.1  ZE4 i B REOT-A - #b T 25 AR T (488 L K
S ) A F T 7 SCRA 25418 (7 TR L LR
PR A5 ) BB, T L B 0 70 5 A A o 50 R T R A
RS . i~ F BRI SCFA A2 T 22 i i 4
JEL, W E B, SCFA %635 BBB JSRELIEE A

FI AN AR AT . BT O T REL = N R
254 B AIESE R SCFA ¥ B W40 i s fh $2 8t T34
L VERHIEE « 7E A BB ER N (dextran sulfate
sodium, DSS) 75 5 B 45 1 R A b | EcNP3 8 i
GPR43/HDACI1 {55 Hi i ot B W4 il 4 25 11 2 Ak
AT _E 3 TL-10 223K, 34 ind 4 B W4 i %) e i), )
IR IL-1B . IL-6. CXCL1 54 & T /KF, Fitk
TREFHOIK S T R R I BE

PR Tt B {44 i 38 TR B #% A (fecal microbiota
transplant, FMT) B8 24 1F 7 18 B B 25X 6L, 12 #F SCFA
A B, W =2 I fE A ) /N T 200 B 2 AR 75 1
Tei] s A 1) 06 52 o I, ik 20 g Ve 5 s 4 i
HX I , PR AT 9% MGBA i S0l ),
3.2.2 B E A I R . 45 SR BRI T SR RES
o b R A AR LR o IR LA R T8 E 2
B, R B Reis S 20 AR (43 W, 02 2 i 286 A At
A, TN b Rz s DR I i G
A4 IE 5 16 AT DAAS S5 BEL L 4 00 7 g R g YR v I e
A0 A AR . 2024 4F & i — T R G VE
#i Kz Meta 53 Afr % 10 T BE AL BRGS0 (3 352 f41] £
) AN T B R 71 3 a7 M s e A B s A T
P BRI AT RS B (B H =
30 g) fig R TE 8 7 1 (I8 22 (weighted
mean difference, WMD)} —-0.01,95% 1] {=[X.[6] (95%
confidence interval, 95%CI) SN —-0.10 ~ =0.08 ], T T
OIS [ << 2 J&] A S A 3 o8 P 1% 1 FE e 28 H (WMD)
H -0.03, 95%CI J3 -0.04 ~ -0.02)" ",
3.2.3 MGBA #Em BHWT : 1T TREM1 #1415 LP17
FIE 1 T 0 10 41 B /DN S S5 40 B TREMIL 840945
ULHRE R AE ¢, T TLR4 05 SvbFE4E 43 7T
i H7 5 b LT TLR4/MyDSS/NF-«B 3 %, i —
Y B B TR R A T R AR R 2 R
i, #0JE T MGBA #1815 FELWT SR m (14— 3843
3.2.4  SNEMERNTE . TAMNETERNSERY T RRER fEA
1E M iB B AL RO R T SCFA A 2,
A T ok B i e B Dh e, o R A B
i3 BBB i F /1N B S5 41 it DA 6 80 M1 2 i) 47 ¢ AR
M2, [H A T i P 4 E . BUKE H AT R
TS T i AL T LR G BAs (R 1)
3.3 IIREEAL APk S 5 1 - MGBA 3 B A 58 E
A KA 4 WAL, (E 24 52 56 1 I
PRI Ak 1) 2 i v b SR 2 o By 1 DRI U « o0 4 3R 45
HE T T TR IR 2 A 1 T B e R A A Rk 22
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R 1 OERE R B T IR RS

T % RFEMELH) AR (EL I FEHH gyt BHEREL
AP fikon e IRROREESE) PP TTRE URRE LA G ENAL, ST SCRA BRI ST /e
FAEE OF T FLRESN) Wl wRt B A i, R IR A AT SIS 1 IR
FMT HRIAER (D i SCRA 4508, AJREAMHIINE B POk E RS kPR
HEBRG QAL s @ BB, b

[N E A R

BEGERE AREH o L B 4 @ bR E S, BRI LY QBT BUERE=IAm, WD IGRE A /DR E
HEA FHVRCE (100 , ISR A A B LA PR ) TR ESH) T
M PHKEE P17 TREMI i) A5 /N B A A BELTRN 2 RAE GRS AL,  sh s
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