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Every-other-day fasting alleviates secondary neuroinflammation after spinal cord

injury by modulating gut microbiota to promote microglial M2 polarization
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[Abstract] Objective Gut microbiota dysbiosis after spinal cord injury (SCI) can affect microglial
activation and exacerbate secondary neuroinflammation wvia the gut-brain axis. Although every-other-day
fasting (EODF) reshapes gut microbiota, promotes microglial polarization toward the M2 phenotype, and
ameliorates neuroinflammation after SCI, whether it exerts these effects depending on gut microbiota remains
unclear. Using a pseudo-germ-free (gut microbiota depletion, GMD) model and fecal microbiota
transplantation (FMT), this study aims to investigate whether EODF promotes microglial M2 polarization after
SCI by modulating gut microbiota, thereby alleviating secondary inflammation. Methods A total of 89
healthy male SPF grade SD rats (age 5 to 6 weeks, weighing 160 to 180 g) were randomly divided into groups.
The GMD group (drinking antibiotic cocktail, n=6) and the ad libitum (AL) group (drinking sterilized water, n=6)
were treated for 14 d before rat feces were collected for 16S rDNA high-throughput sequencing to validate the
GMD model. Normal diet fecal microbiota transplantation (AL-FMT) and EODF-FMT were prepared after
4 weeks of intervention with normal diet (AL, n=12) and EODF (n=20), respectively. 45 rats were subjected to
CS5 right-sided hemiclamp SCI modeling on the basis of the GMD model, and then divided into a Sham group,
an AL-SCI group, an EODF-SCI group, an AL-FMT-SCI group, and an EODF-FMT-SCI group, with 9 rats in
each group. All of the above interventions lasted for 28 d. Gut microbiota was analyzed by 16S rDNA high-
throughput sequencing. Food intake and body weight of rats in each group were recorded weekly. Upper limb
motor function was evaluated using grooming test. Serum levels of brain-derived neurotrophic factor (BDNF),
IL-4, and lipopolysaccharide (LPS) were measured by ELISA. The protein levels of the M1 microglial marker
iNOS and the M2 microglial marker Arg-1, as well as the levels of the spinal cord tissue inflammation-related
proteins IL-1B and TNF-a, were detected by Western blotting. Results Compared with the AL group, both
a-diversity and B-diversity were significantly decreased in the GMD group (P<0. 05). At the family level, the
relative abundances of Bacteroidaceae and other microbiota were markedly reduced in the GMD group (P<
0. 05), indicating successful establishment of the GMD model. In the SCI model, compared with the EODF-
SCI and AL-SCI groups, the relative abundances of short-chain fatty acids (SCFAs)-producing microbiota were
increased in the EODF-FMT-SCI group, whereas compared with the AL-FMT-SCI group, the EODF-FMT-SCI
group exhibited significantly increased relative abundances of beneficial bacteria such as Bacteroidaceae and
Lactobacillus gasseri. A significant difference in body weight was observed in the EODF-FMT-SCI group
between 14 and 7 d postoperatively (P<0.05). In the grooming test, the scores at 7 d postoperatively were
significantly higher in the EODF-FMT-SCI group than those at 3 d after surgery (P<0. 05), and the scores at 7,
14 and 28 d after surgery in the EODF-FMT-SCI group were obviously higher than those in the AL-SCI group
at corresponding time points (P<0. 05). Compared with the EODF-SCI and AL-SCI groups, the EODF-FMT-
SCI group showed significantly increased serum levels of IL-4 and BDNF, decreased LPS content, and reduced
protein levels of TL-18 and TNF-a in the spinal cord tissues (P<0. 05), downregulated expression of iNOS and
upregulated expression of Arg-1 in the spinal cord tissues (P<0. 05). Furthermore, the expression level of Arg-1
protein in the spinal cord tissue was significantly higher of the EODF-FMT-SCI group than that of the AL-
FMT-SCI group (P<0.05). Conclusion EODF may alleviate secondary inflammation and promote motor
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functional recovery by reshaping gut microbiota and promoting microglial M2 polarization after SCI.
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Figure 1 Flowchart of experimental procedures in exploring the ameliorative mechanism of every-other-day fasting (EODF) on

spinal cord injury (SCI) by regulating microglial phenotype based on fecal microbiota transplantation (FMT)
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AL

Shannon index

A: Venn diagram showing shared and unique operational taxonomic units (OTUs) between the 2 groups; B: Rarefaction curve reflecting
sequencing depth and species richness between the 2 groups; C: Box plot of the Chaol index evaluating gut microbiota richness between the 2
groups; D: Box plot of the Shannon index evaluating gut microbiota evenness between the 2 groups; E: Scatter plot of principal coordinates
analysis (PCoA) based on Bray-Curtis distance displaying B-diversity of gut microbiota between the 2 groups; F: Scatter plot of PCoA based on

Jaccard distance displaying (-diversity of gut microbiota among groups; G: Stacked bar chart of mean family-level abundance among groups
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A: Rarefaction curve reflecting sequencing depth and species richness among groups; B: Scatter plot of PCoA based on Jaccard distance

displaying B -diversity of gut microbiota among groups; C: Stacked bar chart of mean family-level abundance among groups using 16S rDNA

sequencing; D: Comparison of relative abundances of Lachnospiraceae, Prevotellaceae, Rikenellaceae and Bacteroidaceae in each group at the

family level; E: Stacked bar chart of mean species-level abundances among groups using 16S rDNA sequencing; F: Comparison of relative

abundances of Lactobacillus gasseri and Helicobacter apodemus in each group at the species level

3 RHRASERBEELEHRRGREXRGERBELSEM (1=0,12s)

Figure 3 Fecal microbiota transplantation (FMT) from every-other-day fasting (EODF) rats reshapes gut microbiota

structure after spinal cord injury (SCI) (n=6,x+s)
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Figure 5 EODF-FMT improves the motor function of SCI rats(n=9,x+s)
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Figure 6 EODF-FMT ameliorates systemic and local inflammatory responses



1872 i A5 22 R R 2241, 2026, 48(13)

http ://aammt. tmmu. edu. cn

P=0.028 2
P=0.004 4 P=0.010 2
P=0.000 6 P<0.000 1
1.0+ 90 P=0.000 2
P<0.000 1 _
N 0.8
,"00 S 1.54
$ "OQ o c -
P AIRNEPR NN S 064 5
&L 5 0. g
FLES LS S 5
GG S @ & 1.0
iINOS(130x10%)— B Sl em . B 0.4 5
Arg-1(37x10°)— [ Z < o5l
B-action(43x10%)— | ———— 0.2 .
0 oL L& -
> © > O L
'\’o') 2 ,\90 {(90 ,%0 %‘Q(bé\ &% &,%0 ((90 \/% %(\'b
ST O NP
& & O & <& o
S v S °

7 FRHRESZEFRBERI/NERAMM2EFNL (n=3,5+s)

Figure 7 EODF-FMT promotes microglial M2 activation (n=3,x+s)

ALV A - HINOS 25 1 s W B TR, 1 Arg-1
35K BB (P<0. 05) 3 U H 9 J& , EODF-
FMT-SCI B BEH L Arg-1 EH R B K ERFE T
AL-FMT-SCI 41 (P<0. 05) . DL 255200 FMT, 431
J& EODF-FMT, GEA3 & 02 2 SCI A /)N i J5 440 i el 412 %
A ML 150 i) 10 2 ) M2 R 15 1k

3 itig

SCLJm 2k K MR 28 S AE S 7 BUph 22 D e fr Ak
F1%) B 05 BHA T, AT A O A R H RTR YT Y
S BORBZ F ST I, ZEELAY i R e T
SCLJR R DIREMK A, Jg 18 T 40 A 1 4 - P8+ 990
SCLAYHTHE " ™", ACHIFFE @V 76 GMD K U
TR 2 B, EODF A 28 L 3741 1 15 58 B 1) i i 1 A
AE ARG s B AEZE EODF 1 HU 14 )17 38 1 A 7] 82 98 52
L) 1o T AR 2 A /D 3 240 i 1) 4100 48 £ M2 e Y
AL, MRS ST S W I s S D VKA
3.1 EODF & SCI UG i i — 4 & 04 Wy 18 1 2%

AWFFEH, GMD R B FEAS I 255 s . 5 AL
FHEL, GMD ZAY OTU AL T 1174 fERbKF £
Lactobacillaceae . Ruminococcaceae . Erysipelotrichaceae .
Peptostreptococcaceae | Clostridiaceae 1. Lachnospiraceae
S5 TR R T 2 2 B S el Wi A S , LA b AR S
TIRBER], 2 1o T8 TR B0 A% 00 TR A , 2 TR I 017 PR
(short-chain fatty acids, SCFAs) , % 5l & T TR ) 5 2 A4
P, HTPE ST AR EODF nf LRk SCI R 92 3
DNREMKIE IR 2 R L AE , AT FE R, 72 GMD 54

Bt b, EODF-SCI L 7E 4T % | IfiL % TL-4 . BDNF Al
LPS &t /N A AL B 5 AL-SCTAJCHA i
Gty e, IXERB AR RS2 1 T REO R B
UL EODF XF SCT AR I+ o0 A PR, i — 40 328
EODF (148 28 47 55007 3 AR T 5¢ B 1) i 3 T A Ok
SCBL. ACBRIE ST A DS 45— 5, L4 € EODF
TRV AL N B BT 58 & B, EODF & 25 0%
T IR RS AR B AR M AR ZE S W TE R I /N B O
K EAEVEF i EODF-FMT i , 76 33 A= 9 314 #E f4 /1N
LR H EODF TEARH T A 25 4F HH 5 FRCR
EODF &A% FH 1) S B SR AROR — L6 J 2 1Y 7 3 T
3.2 EODF-FMT & % 38  #5F ZILT AP 2R 4F A
AL 7R EODF-FMT i 28 dJ& ,GMD K iR
SCIR W18 A2 AL B H 28, 72 SCFAs I B AE AN
Lachnospiraceae., Prevotellaceae ., 5 = B U Lactobacillus
gasseri 25 A0 5 A X 3 BEBE N, Helicobacter apodemus
B F W (P<0.05) o Lachnospiraceae J& T JERER ],
HA B g P TS 26 e W A T, T AR
RAE AR IR SR E ) Lactobacillus
gasseri VE b — Ry UL ZLFF 25 A2 1, H A HS BT80N 1
% fir A8 A 5 18 S5 AE 2450 Helicobacter apodemus
SR R TR, LA = A LPS, #E G yss i 5 B A2 45 i
5 E WIE RAE 5 MR ARG, B 1 - 200 e A A
AR BE S EARBSE T RS M EODF-FMT H S
8 AL-FMT 5 2 3% il T Bacteroidaceae . Lactobacillus
gassert A SR IAEXT F B o Bacteroidaceae 7] UL 4EFF
i 8 it B R | AR B 58 S S RS IR



http://aammt. tmmu. edu. cn Bl 7222 155 R 4R, 2026, 48(13) 1873

DU b 45 e EODF-FMT 0] L) #5998 7 S8 T R

AWFFEEE R BN, EODF-FMT-SCI 40 K f 76 F 5
iz S REYK & TR R 3%, H EODF-FMT-SCI 41 ¥ &
H 4 Arg-1 35 A # 35K B % 5 T AL-FMT-SCI 41 |
EODF-SCIZH 2 AL-SCIZH (P<0. 05) . 7EM 5 4 )5
EODF-FMT-SCI 4 5 AF-FMT-SCI £H & 26 i 1 1 i 2%
o XHE HREARB A K, Hik L 5 REAE R —
B, M AL-FMT 0T L3 SCIHUS ™. EODF-FMT
MY T SCIRRAIIE RRE, 5T Bacteroidaceae.,
Lactobacillus gasseri 547 £ 1 WA X 3 B, 33X AT Bl /2
EODF-FMT-SCI 21 7E SCLJ5 B9PK &2 At T AL-FMT-SCI 21
B E A . DL F 45 SRR BT, EODF-FMT 7] L& ¥ EODF
FESCLUR B i 2 R VEH
3.3 B A MR A AR AT ARG - N R R

20 7 SR 45 )N BT 4 AL

ARG H , EODF-FMT {3 & 45 7= SCFAs [ TR #F «
Lachnospiraceae & B TR L (N IRER | T FR L) 242 ™
#H Z — , Prevotellaceae W A 1% £ T8 5 35 31 R
Bacteroidaceae W] ;= BEFR AN IR , — 4 i A8 i 1A B
] “ 22 SR FR” 0 26 B ) A T Rk 2. SCFAs 1T
L 2 AR IR /N R 0T A A 1) M2 TR AL —
L5 G BRI 2R AY FFAR2 Z2 4R , 23 5 ph 208 /8
B 240 L 38T 5 R g I R R S R MO, MCT4
B3 A /)N e S5 AT 48 B, 8 E B R L R it L
M2 IR LIPS A Sy 2% [ 4 R R
53, AL TLR4 5 538 B% , 845 NF-xB . MyD88 55 4H
S TR T, /N T 400 i i) MRS AR T SCRAs
A3 R R I b R R i Ny U
T B, I LPS AL, 5 ASHFSE EODF FMT-SCI 41
I3 LPS 5 2 B i 45 5 — 34 Ak, LPS AT i 5 BBB
S PVB it i 56 86 Pk, ELAAE T o i — 20 A2 /)N
JE S A A M1 TG4k . SCFAs ] 55 98 11 fii i [ 5 2% 3
e N Lsh 2 A0 E 28 (claudin-5  ZO-1 5§ )13 , [A] 422
/N B AN AE M1 ALE L. 25 1 EODF-FMT & 211
R PR PT TH R SCRAs (FEAIK LPS, SCFAs ELHEAE i/
JIE J5 44t AL M2 78 3% Ak ) B 3 o 98 20 LPS [a) 422 40 i) H:
M1 RUE A, SEELNT /I J5T 20 i 2 0 Y R 4

TEABFGE T, EODF-FMT 4 /i1 T 72 4 SCFAs (19
IO =Y Ui Awtii b7/ VAN it O BB
/N JBE T A LT A L 3 AT BE L J& EODF-FMT 243 SCI i
JE WML Z — .
3.4 ARG EREE K RER

A FETRAFAE LA R BR < 8 2, A 5% B AR L%
BT TARELE 0 AR 55 /0N J5T 20 T Ak 3 R K v 28

A st A AR S (LRGS0 255 A /D I i 2
JELIE A A K /I e T3 448 L G £ 3 ek LA 1) 23 1 BIL )
H LI R N Ui A o AL B RIS AN T ) 5
U, A BLAEAS DN i B AR M 22 22 G Hh SCFAs 25 5K B
BRI, R BEWT B A S 3800 8 BAR S
PRSI s e, BEAS A A R, il RERZ
R AL ] LR A SET 2T

AR MWEFERL Y REEA G, IR B G RN AQ
LA 2 2 2 410K, R GEHT % EODF + Hiis
7R R OGS A T R SRR PR A e o i —
A 2o R AR A A T R e S A T A
B, CEAR NSNS UE LA T S BAR Ty T AL . 2, #fE
FHET BEODF YA AP A T AR 5 2 15 s PR AL AF
FT, N SCLEH R K MR JAE VR YT R BUHT 167 SR

Zi LA AW STUESE T 11 18 B A AE S 5 EODF
MO P I A Gl FMT HOK, EODF
VA5 I B4 3 TR A T A S — AN T RE T, e 2 A
KRB R 2 HA SR . ORI T I L
o 5y i R IO 04 A R 4 L T sl D A SRR
¥, HA FZ AL T
FlEERR ASOIA A AR 2 b 2%

S -

[1] SAFDARIAN M, TRINKA E, RAHIMI-MOVAGHAR'V, et al.
Global, regional, and national burden of spinal cord injury,
1990—2019: a systematic analysis for the Global Burden of
Disease Study 2019 [J]. Lancet Neurol, 2023, 22 (11) :
1026-1047. DO1:10.1016/S1474-4422(23)00287-9.

(2] o0, WEH%, R%E, 55 . BAUIZN AR/ BUE IR O G

WEMS A S A2 ()], Bl 4225 B2 R 24l L 2023, 45
(2): 111-120. DOI: 10.16016/7.2097-0927.202207007.
SU H, PAN L, ZHU Y, et al. Effects of treadmill training on
myelin structure repair after spinal cord injury in adult mice
[J]. J Army Med Univ, 2023, 45(2): 111-120. DOI: 10.
16016/}.2097-0927.202207007.

[3] MIGLIORINI F, PILONE M, ESCHWEILER J, et al
Therapeutic strategies that modulate the acute phase of
secondary spinal cord injury scarring and inflammation and
improve injury outcomes| J ]. Expert Rev Neurother, 2025, 25
(4): 477-490. DOI: 10.1080/14737175.2025.2470326.

(4] WUGLL, Min, 8, F KB FEXE 225K RE
B P M1/M2 2R /N S A e P B 5 o [ ). Bl 42 7 B R
2# 4l , 2024, 46 (15) : 1740-1750. DOI: 10.16016/).2097-
0927.202402020.

CHENG Z H, FENG S, WANG X, et al. Effect of

minocycline on polarization of types M1/M2 microglia in



1874

Bl 242 K22 41, 2026, 48(13)

http ://aammt. tmmu. edu. cn

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

spinal cord in rats after spinal nerve ligation[J]. ] Army Med
Univ, 2024, 46 (15) : 1740-1750. DOI: 10.16016/j.2097-
0927.202402020.
MURRAY P J, ALLEN ] E, BISWAS S K, et al
Macrophage activation and polarization: nomenclature and
experimental guidelines[J]. Immunity, 2014, 41(1): 14-20.
DOI:10.1016/j.immuni.2014.06.008.
KOPPER T J, GENSEL J C. Myelin as an inflammatory
mediator: Myelin interactions with complement, macrophages,
and microglia in spinal cord injury [J]. J Neurosci Res,
2018, 96(6): 969-977. DOI: 10.1002/jnr.24114.
LI F T, CHENG B, CHENG J, et al. CCR5 blockade
promotes M2 macrophage activation and improves locomotor
recovery after spinal cord injury in mice [J]. Inflammation,
2015, 38(1): 126-133. DOI:10.1007/s10753-014-0014-z.
TR, Ve HW, T3CFF, 45 . A Bl 0 188 Il 1 1 s
AP B RFAE B R LT b B R AT B S S, 2020, 26
(4): 393-399. DOI: 10.3969/j.issn.1006-9771.2020.00.003.
WANG J Y, PANG RZ, WANG W C, et al. Characteristics
of genus-level gut microbiome in patients with spinal cord
injury[J]. Chin J Rehabil Theory Pract, 2020, 26(4) : 393-
399. DOI:10.3969/j.issn.1006-9771.2020.00.003.
JING Y L, YUY, BAI F, et al. Effect of fecal microbiota
transplantation on neurological restoration in a spinal cord
injury mouse model: involvement of brain-gut axis [J].
Microbiome, 2021, 9 (1) : 59. DOI: 10.1186/540168-021-
01007-y.

DI NAPOLI A, PASQUINI L, VISCONTI E, et al. Gut-

brain axis and neuroplasticity in health and disease: a

systematic review [J]. Radiol Med, 2025, 130(3) : 327-

358. DOI:10.1007/s11547-024-01938-0.

ABURTO M R, CRYAN ] F. Gastrointestinal and brain
unlocking gates of communication across the
axis [J]. Nat Rev
Hepatol, 2024, 21 (4) : 222-247. DOI: 10.1038/541575-
023-00890-0.

CIGNARELLA F, CANTONI C,

barriers :

microbiota-gut-brain Gastroenterol

et al.

GHEZZ1 L,
Intermittent fasting confers protection in CNS autoimmunity
by altering the gut microbiota [J]. Cell Metab, 2018, 27
(6): 1222-1235.e6. DOI:10.1016/j.cmet.2018.05.006.
MATTSON M P, LONGO V D, HARVIE M. Impact of
intermittent fasting on health and disease processes (1]
Ageing Res Rev, 2017, 39: 46-58. DOI: 10.1016/]. arr.
2016.10.005.

/N, FERRIE, S, A5 . BRI R R A 5 R P A
BT E 3y S8 RS A 2 (0], Bl 22
BE K225, 2025, 47(18): 2174-2185. DOI: 10.16016/).
2097-0927.202506053.

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

FENG X J, LE1 Y Y, FENG Y X, et al. Time-restricted
DSS-induced

feeding attenuates colitis in mice by
modulating regenerating islet-derived protein 3 gamma and
gut microbiotal J ]. ] Army Med Univ, 2025, 47(18): 2174-
2185. DOI:10.16016/}.2097-0927.202506053.

SONG H H, PANG R Z, CHEN Z X, et al. Every-other-day
fasting inhibits pyroptosis while regulating bile acid
metabolism and activating TGRS signaling in spinal cord
injury[]]. Front Mol Neurosci, 2024, 17: 1466125. DOI;
10.3389/fnmol.2024.1466125.

AEESE . B PR T e 52 e i TR R A B4 R B
ANBE AN R BRI AR SE R DFFE LD . R - AR R 24
Keg, 2021

YE J M. Experimental study on every-other-day fasting
regulating phenotypic polarization of microglia in rats with
spinal cord injury by affecting gut microbiota[ D]. Chengdu:
Chengdu University of Traditional Chinese Medicine, 2021.
ZIEW], Hom, Mg, S AR BRI e T
RO R BRI o A R R AR [T ] B AR
i, 2023, 25(1): 69-77, DOI: 10.3969/j.issn. 1009-4237.
2023.01.012.

LI'Y M, LU Q, XIANG X M, et al. Statistical analysis and
result presentation of repeated measurement data in original
articles in biomedical journals[ﬂ. J Trauma Surg, 2023, 25
(1): 69-77, DOI:10.3969/j.issn.1009-4237.2023.01.012.
KIGERL K A, HALL J C E, WANG L L, et al. Gut
dysbiosis impairs recovery after spinal cord injury[J]. J Exp
Med, 2016, 213 (12) : 2603-2620. DOI: 10.1084/jem.
20151345.

KIGERL K A, MOSTACADA K, POPOVICH P G. Gut
microbiota are disease-modifying factors after traumatic
spinal cord injury[]]. Neurotherapeutics, 2018, 15(1): 60-
67.DOI:10.1007/s13311-017-0583-2.

FACCHIN S, BERTIN L, BONAZZI E, et al. Short-chain
fatty acids and human health: from metabolic pathways to
current therapeutic implications [J]. Life, 2024, 14 (5) .
559. DOI:10.3390/1ife 14050559.

LIGL, XIE C, LUS Y, et al. Intermittent fasting promotes
white adipose browning and decreases obesity by shaping the
gut microbiota[J]. Cell Metab, 2017, 26(4) : 672-685.¢4.
DOI:10.1016/j.cmet.2017.08.019.

VACCA M, CELANO G, CALABRESE F M, et al. The
controversial role of human gut Lachnospiraceae (7.
Microorganisms, 2020, 8 (4) 573. DOI: 10.3390/
microorganisms8040573.

ZAPLANA T, MIELE S, TOLONEN A C. Lachnospiraceae
are emerging industrial biocatalysts and biotherapeutics [J].

2024, 11: 1324396. DOL:

Front Bioeng Biotechnol,



http : //aammt. tmmu. edu. cn Bl 7222 155 R 4R, 2026, 48(13)

1875

[24]

[25]

[26]

[27]

(28]

[29]

10.3389/fbioe.2023.1324396.

KOGA Y, OHTSU T, KIMURA K, et al. Probiotic L.
gasseri strain (LG21) for the upper gastrointestinal tract
acting through improvement of indigenous microbiota [J].
BMJ Open Gastroenterol, 2019, 6 (1) : e000314. DOI:
10.1136/bmjgast-2019-0003 14.

ROOS S, DAHLGREN A L, MAO Y K, et al. Therapeutic
value of Lactobacillus gasseri 345A in chronic constipation
[1]. Neurogastroenterol Motil, 2025, 37(5) : €70012. DOI:
10.1111/nmo.70012.

KIM J, KIM W, AN J U, et al. Complete genome
sequencing and  comparative genomic analysis  of
Helicobacter apodemus lsolated from the wild Korean striped
field mouse (Apodemus agrarius) for potential pathogenicity
[J]. Front Pharmacol, 2018, 9: 838. DOI: 10.3389/
fphar.2018.00838.

JING Y L, BAI F, WANG L M, et al. Fecal microbiota
transplantation exerts neuroprotective effects in a mouse
spinal  cord  injury model by modulating the
microenvironment at the lesion site [J]. Microbiol Spectr,
2022, 10(3): e0017722. DOI: 10.1128/spectrum.00177-22.
ZHAO T, WANG C Y, LIU Y H, et al. The role of
polysaccharides in through  gut

immune regulation

implications [J]. Front

1555414. DOI: 10.3389/fimmu.

mechanisms and
Immunol, 2025, 16:
2025.1555414.

CHULENBAYEVATL, ISSILBAYEVA A, SATLYBAYEVA A,
et al. Short-chain fatty acids and their metabolic interactions
in heart failure[ J ]. Biomedicines, 2025, 13(2): 343. DOI:

10.3390/biomedicines13020343.

microbiota :

[30]

[31]

[32]

[33]

[35]

[36]

ZHAO Y R, CHEN J, QIN Y L, et al. Linking short-chain

fatty acids to systemic homeostasis: mechanisms,
therapeutic potential, and future directions [J]. J Nutr
Metab, 2025, 2025: 8870958. DOI: 10.1155/jnme/
8870958.
KEANE L, CLARKE G, CRYAN ] F. A role for microglia
in mediating the microbiota-gut-brain axis [J]. Nat Rev
Immunol, 2025, 25(11) : 847-861. DOI: 10.1038/s41577-
025-01188-9.
KEANE L, ANTIGNANO I, RIECHERS S P, et al. mTOR-
dependent translation amplifies microglia priming in aging
mice[J]. J Clin Investig, 2021, 131 (20) : e155208. DOI:
10.1172/j¢i155208.
MONSORNO K, GINGGEN K, IVANOV A, et al. Loss of
microglial MCT4 leads to defective synaptic pruning and
anxiety-like behavior in mice [J]. Nat Commun, 2023, 14
(1):5749. DOI: 10.1038/541467-023-41502-4.
CARLONI S, RESCIGNO M. The gut-brain vascular axis in
neuroinflammation[ J ]. Semin Immunol, 2023, 69: 101802.
DOI:10.1016/j.smim.2023.101802.
MA J Y, PIAO X S, MAHFUZ S, et al. The interaction
among gut microbes, the intestinal barrier and short chain
fatty acids [J]. Anim Nutr, 2021, 9: 159-174. DOI:
10.1016/j.aninu.2021.09.012.
KNOX E G, ABURTO M R, TESSIER C, et al. Microbial-
derived metabolites induce actin cytoskeletal rearrangement
and protect blood-brain barrier function [J]. iScience,
2022, 25(12): 105648. DOI: 10.1016/j.isci.2022.105648.
(M4 : 2026-02-05; f& = : 2026-03-06)

(%% A%



