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i E: [FF1eHaoAeERhsmame SRR AEW X, &3 8 S W -M -4
Wl mie T, Mg XiAs @, [869] K TMmia @A F4% B F-«xB (nuclear factor
kappa B, NF-xB)/#% % BR 4 & F IR &M BAFZ A& & 3 (nucleotide binding oligomerization domain
like receptor protein 3, NLRP3)%a it £ =18 34, K 712 38 1k 2 - - 4 2L 3 P AR R - HE Bt
K INF AR e A ALE] . [ ik ] 4% % 9 /7 A (specific pathogen free, SPF)Z&#4 C57BL/6 )N &
R AL 4 2t BB 20 (CON, n=11)A=fe B A A 40(n=29), T 12 Bl )& ih ik feftikfn [ rd s R, ML A
fig "R 7~ 48 (high-fat diet, HFD)#= 3 Jg "R /i~ +i& $) 4L (AE), M5 8 B AE 4Lt 47i& %) F (12 m/min,
6 K/, HAm#HEXER I, KAFHRIRS (novel object recognition, NOR)F= Y i g M| X 44 I
DRI K T B, R AWK S AR fn fE AT ) Ab A5 AR R AL, AA ELISA A2 M id A A4 B
7 R& % #& (lipopolysaccharide, LPS)7K-F; KA 7 AAg-# 41 % & (hematoxylin and eosin staining) 9L
FPRE. L. ZMagmie s, KA Western blotting Mg L40R + KJE. @ AR Ak
AKX E B TA, 16S IRNA A B A i WA & . [45R] 4840F CON 22, HFD 48/ &
RE . Lee 464, IR T 454 (body mass index, BMI) AT IS 7 & M & #2 B 38 hn(P<0.05), A fg 7+
. M a5 (P<0.05); #Z CAl. CA3 A DG RAYZ L4k & R E MY (P<0.01), 4k smfHEs]An
. MBE%,; F30ILEk ) RE TFHR(P<0.01); #84F HFD %1, AE %40/ R AW, ©fs. HFh
BEAR X 48 AT TR B T b B H B E(P<0.05), # LAY ZUEEIRA, F 3Lt ) B F K E(P<0.01).
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#8942 F CON £, HFD M8 A o A= p 3 A A 4 2 & T (P<0.05), FA# I1(Firmicutes)/ 3\ 4F
@ 1] (Bacteroidota) Fu{E AR B 2 38 An(P<0.01), R F & £ 4§ /& (Faecalibaculum), 7+ L X AFH
& K B (Escherichia-Shigella)Aa st 3 & 8 % 3% 42 (P<0.05); #842F HFD 20, AE 40 o #= p Z4F M
L2 F £ 7+(P>0.05), Firmicutes/Bacteroidota M2 2 % 41%(P<0.01), Escherichia-Shigella 482+ F
JE 2 Z T 1R(P<0.05), 48 % 941 & I Escherichia-Shigella 5 LPS. & % /2.4~%-1B (interleukin-1 beta,
IL-1p)#= Toll # %4k 4 (Toll-like receptor 4, TLR4) 2 2 3 iE 48 % (P<0.05), 5 & k% 1 (synapsin 1,
SYN1)E 2 % i 48 % (P<0.05). 484 F CON 41, HFD 1% i85 M3 hn, 2047 %32 3F 5 8 538 o
(P<0.01), %% 3% 4 1 (zonula occludens-1, ZO-1)& & 2 & {%(P<0.01), £A&fodF LPS %
W, Z LR FHE LR IEAR) TAL(P<0.05). 4845 F CON 48, HFD 404 L4048 F X JE 40 K &
€] TLR4. NF-xB, A R #mf A48 %% & NLRP3. cleaved-caspasel. AiE%& & D (gasdermin D,
GSDMD). IL-1B & A K-F B F LiA(P<0.05), RART # AKX & A B E K (irisin). IR MEAYZE
#~ B F (brain-derived neurotrophic factor, BDNF). % fik4 K& & (synaptophysin, SYP). SYN1 2%
MAK(P<0.05), & 3 A 95 3 4] KE | e BT AR X & @ Ak, 1Rt R k=T M40 X & & & A (P<0.05).
[ 456 )35 ghd 2 9 IR, 474 & B8 4k 25 F 49 Escherichia-Shigella it Z 4 &, &V LPS
89 = A A B GF I R IR T R, 4k il AR A - - J b 37 ) NF-xB/NLRP3 i@ 5588 32 20 i, £,
T, FTRAXKERT IL-1p Rk, Bigei4n Xikfe g,
KR FIERE; B3, NIRRT, MAEW-M-ih;, @micET

Exercise regulates the NF-kB/NLRP3 pathway via the microbiota-
gut-brain axis to inhibit pyroptosis and ameliorate obesity-related
cognitive impairment

LEI Senlin!, CHEN Xiao’an', SONG Weizheng!, LI Xianhui?, WANG Zhaofeng"?

1 School of Physical Education, Jishou University, Jishou 416000, Hunan, China
2 Jishou University School of Medicine, Jishou 416000, Hunan, China
3 School of Physical Education, Beibu Gulf University, Qinzhou 535011, Guangxi, China

Abstract: [Background] Obesity-related cognitive impairment is closely related to the disruption
of gut microbiota homeostasis. Exercise can prevent and treat obesity-related cognitive impairment
by inhibiting pyroptosis via the microbiota-gut-brain axis. [Objective] To explore the mechanism
by which exercise ameliorates obesity-related cognitive impairment induced by a high-fat diet via
the microbiota-gut-brain axis based on the gut microbiota and the nuclear factor (NF)-xB/nucleotide
binding oligomerization domain like protein receptor 3 (NLRP3) pathway-mediated pyroptosis.
[Methods] Male C57BL/6 mice of SPF grade were randomly allocated into a control group (CON,
n=11) and an obesity modeling group (nN=29). After 12 weeks, mice with obesity-related cognitive
impairment were selected and randomly assigned into a high-fat diet (HFD) group and a high-fat
diet plus exercise (AE) group. In the following 8 weeks, the AE group underwent exercise
intervention (12 m/min, 6 times per week), while the other groups were kept in static cages. The
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cognitive function of the mice was tested by NOR and Y-maze tests. Biochemical kits were used to
measure changes in blood lipid and liver function indicators. ELISA was employed to measure
lipopolysaccharide (LPS) levels in the intestinal contents and serum. Hematoxylin and eosin (H&E)
staining was performed to observe the cell morphology in the hepatic, hippocampal, and colonic
tissue. Western blotting was employed to determine the expression levels of proteins involved in
inflammation, pyroptosis, and synaptic plasticity in the hippocampus. The gut microbiota
composition was analyzed by 16S rRNA gene sequencing. [Results] Compared with the CON
group, the HFD group showed increases in body weight, Lee index, body mass index, and liver
steatosis area (P<0.05), abnormalities in blood lipids, liver function damage (P<0.05), decreased
number of neurons in the CAl, CA3, and DG regions of the hippocampus (P<0.01), loose
arrangement of pyramidal cells, nuclear condensation, and declined learning and memory abilities
(P<0.01). Compared with the HFD group, the AE group showed improvements regarding
physiological indicators, blood lipids, liver function indicators, and liver steatosis (P<0.05), with
restored density of hippocampal neurons and improved learning and memory abilities (P<0.01).
Compared with the CON group, the HFD group exhibited changes in the a and [ diversity of the
gut microbiota (P<0.05). The Firmicutes/Bacteroidota ratio increased in the HFD group (P<0.01),
with enrichment of Faecalibaculum and increased relative abundance of Escherichia-Shigella
(P<0.05). Compared with the HFD group, the AE group showed no significant difference in a or 8
diversity (P>0.05) but decreases in the Firmicutes/Bacteroidota ratio (P<0.01) and relative
abundance of Escherichia-Shigella (P<0.05). Correlation analysis showed that the relative
abundance of Escherichia-Shigella was positively correlated with LPS, interleukin (IL)-1B, and
Toll-like receptor 4 (TLR4) (P<0.05) but negatively correlated with synapsin 1 (SYN1) (P<0.05).
Compared with the CON group, the HFD group presented enhanced gut permeability, increased
histopathological scores (P<0.01), downregulated expression of zonula occludens-1 (ZO-1)
(P<0.01), and elevated LPS levels in the feces and serum. Exercise improved changes in the above
indicators (P<0.05). Compared with the CON group, the HFD group showed upregulated
expression of inflammation-related proteins (TLR4 and NF-«B) and pyroptosis-related proteins
(NLRP3, cleaved-caspasel, gasdermin D (GSDMD), and IL-1B) (P<0.05) and downregulated
expression of synaptic plasticity-related proteins [irisin, brain-derived neurotrophic factor (BDNF),
synaptophysin (SYP), and SYNI1] (P<0.05) in the hippocampus. Exercise inhibited the expression
of inflammation- and pyroptosis-related proteins and promoted the expression of synaptic
plasticity-related proteins (P<0.05). [Conclusion] Exercise regulates the gut microenvironment by
inhibiting the HFD-induced overgrowth of Escherichia-Shigella, reducing the production and
release of LPS, and enhancing the gut barrier function. It then inhibits the NF-kB/NLRP3 pathway
via the microbiota-gut-brain axis to alleviate pyroptosis and downregulate the expression of IL-1,
thus preventing and treating obesity-related cognitive impairment.

Keywords: high-fat diet; exercise; cognitive impairment; microbiota-gut-brain axis; pyroptosis

HEJHE 2t BE A SARR G S RS 113 2025 FERBRAEREA RS 153 12, R
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e Z BIAFTE PR SCHR DT A T 7 B s ik —
AR, KIA(10-14.9 48) A NE AT 9 BEHE
FB P 2R AT M 1 XU S 2 ™ I R 2
B R, N THE A i 2 2 K BT 22
a4 . LT 4 B S 0 A AL, U]
JIE JHE BB 98 B HE 52w b MK Bl 28 &R 4L (central
nervous system, CNS)IIfE, FEOAFI T HERERS 6],
ST R 22 18R By T N R BE AS A DG A 22 0R 17
PRI 1) 24

1 3B TR WA R iE I E RS R R GE
Y EE SR IR Y g ALE A UE - - 2
JE AR DG IA I B A R DR RS A S B0 UF 5K,
A5 I PR 2 /I B R R ) £ B /0 B2 00 i i e
B RERREAS | A LU R I S N A TR AR
NEREEE RIS — P45 ), MR E 235 il
TR SR I, BOfd BE 28 4 AR 1 3R T T RS n 5
PR A, SEAR i 20 (lipopolysaccharide,
LPS)55 AT A Q7 W) & A Dy, Bl ik R
RARAY LPS 48 17 38 8 B0 /N e o A M Ak . 3
Jin Toll ££3Z 1K 4 (Toll-like receptors 4, TLR4)/#%
[Al-F-xB (nuclear factor kappa B, NF-xB){5 51 %
FIREVHNIB LM AERIE, FEO M RK-1B
(interleukin-1 beta, IL-1B). IL-18 Z¥ 4 HE K F K
WO, R PR, A, KRS
NF-kB #AEM5 5l f i B il S e A% IR A &
HREEMBAEZIAE N 3 (nucleotide binding
oligomerization domain like receptor protein 3,
NLRP3)- A fifET- kA&, #F—4 S8
TR NG il n] SAMESZ 40T, AT 5200 2% ] FIEAZ
hae!M, L, A B AR S, i
£ LPS 4 S NF-xB/NLRP3 i s e 40 i e 1=
KA, BB NE A SN RIBE A A R AR

RSB A B AETE 7 e BUE R &
SEENZ —, sfE R YRy T, TR
BT N JHE B [ Bt A R e A 2 A R A k3
Mo FETRAAPLDEIRINS 7 392 A 24N Gk
TGl SRR E T R B0, MBS AR EE 45 %X (body
mass index, BMI)>28 kg/m*]-5\HIGE 1 B&AKAH

XK, HREEISES 5.94%8H AR,
REAEA 945 | 18 S RE 0838 20 P irisin/ i Y514
il 2578 37 [ F-(brain-derived neurotrophic factor,
BDNF){i5 538 f% elc s i 4 i iz i 410, e
T el ou R K . IR Ak . W S AL
R A2 R AR g A v RN AR
T R S AP, DR T SR S ML
FELZRE AR SN AR o RV BL Aol o4
iz Sl RE NS B 98 S N IR B 175 T I R /DN B4 A 2 o
AL, JfE a5 g BRI IE M, Hiz
Sl B 18 T AR PR R A TR VR R B R g
-l s A RN RE ,  H R o ) HRE .
I, ETH®, AMREBHERRZIZGHEY
T A - -G 4 4% NF-xB/NLRP3 38 %, M
PR T R AR ORI ERT . R R
12 SR YT B AR SC A HT B A AL T 2 iR 3

1 MR5r%

1.1 #H&m

JoHFE I AR (specific pathogen free, SPF)
PAFEMENE C5TBL/6 /MR, 11 R 013K v e ik 5
WEh A BRA ], KL R (17.9240.57) g. FF
AN T PR ERR B R SR R EE (23+1) °C, BB
(5545)%, 12 h JEHETEIR], AmMBEELKK,
R 2 IR S SE T RS o
“3R (AL b L) I, IR AR
PBE R P2 5 b e AL 0 2024-0126),
1.2 EZRAFIFNE

o3 R RN R B EDRE b W A W e
ARA R E S e 5 DU VE 4 b 22 vp
(radioimmunoprecipitation assay buffer, RIPA)j#
4 % We A 28 g Bt 98U (phenylmethanesulfonyl
fluoride, PMSF)& BI04, &rnkili-20 19—
F5 B RL G B e 5% v 3R VS T (tris buffered saline
with tween-20, TBLS) ., 455 Hl{k 2~ % H:(enhanced
chemiluminescence, ECL)MT M, 3~ KA
I ARG BR A A N A R 2 35 5 75 il (alanine
aminotransferase, ALT), KA MRE: 2 i (aspartate
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aminotransferase, AST) ., ‘Hil —i5(triglyceride, TG).
S [ % (total cholesterol, TC)., /=% A& HH
[ (high-density lipoprotein cholesterol, HDL-C)
Ik %5 B B 8 1 8 [ B (low-density  lipoprotein
cholesterol, LDL-C)fut kAl &, m i
AW TARITSE T R A W] 3 B2 1 (zonula
occludens-1, ZO-1), KA1 D (gasdermin D,
GSDMD), IL-1pB. cleaved-caspasel Fll NF-xB %
B—ht, RINZEAYHE ARG A5 Irisin,
% fih A= 1K 7K [ (synaptophysin, SYP), &filiz 1
(synapsin 1, SYN1), NLRP3, B-actin. tubulin
IR—PUAFEPU R P, BRI BEAE M) HOARAT IR 9T
EA W TLR4 Hik, IR ROERHEAE Y E AR
PR\ ] ; BDNF HifA, Abcam A48 R A FR A H] 5
10% PAGE & i il 4 1) & 0 = G gL A
marker, FIEAERGA YRR A BRA Al ; H&E
G0 &, IROELE /KA YR PR A | 5 LPS
(% ELISA 17 &, iR A IR B A
FRAw] s 2l DNA 280G &, Omega A F].
Illumina MiSeq PE300 -5, FiF3EEEY
EZRH A PR A E] ;. Quantus™ #8568 1Y,
Promega v F]; PCR X, ABI 2Aw]; HIKIX,
e —AWRHCARA R Y 8. ik
PUNRGE, JCH KM 75 R & A BR A A 5
INEIBRAE L, RO I A R PR A
G TAE G IR, FERCIH RBP4
OB, Eppendorf 23] 5 4 il 4LV I
ML, BRGS0 kRRARA R Rk
BEAL, Bio-Rad 24 w5 Ab2# K GHARAL, AL 5t 3
ANV R A RA R BB, BAREEEIR
ol DA PG EEDI AL, Leica 2 H].
1.3 FERARIREISAREIME 5 S0IR it
AT I AR WL 1o B4, /NS
PERR TR 1 RS F A AN R A T JrE /N BB
INERBENLY X BRZH(CON, n=11, ¥ ik,
NEWiIIERE 10%)FIE PR 2H (n=29, SRR},
NRIIERE 60%). FRELMEFE 12 JAf5, LAKERY
N=30% H.IMiE TG KV =T CON 1R

FEL ke B B S B D 3 2B A 5] (noveel
object recognition, NOR)FI Y & B M7 A
IS RE BRSO AR L /N RN AT ST, SRR R I
BN TR 24 RSB/, BEHLAL
581 FUERE/ N RO NG i IF 27 A s R4
T R 2 /N B (n=23) B BIL 2 Dy i i R IR 4
(high-fat diet, HFD) (n=11), HFD+iz 341 (AE,
n=12), 1 AE 4/MiH rizsh T, AE 4/NRA7E
R A 0011 6 ZETE AP (52 emx9 emx18 cm)
AR s THI(K 2A), BT RETSE L
Ek18IM A A 1 RS FIE W I ZR(S m/min,
30 min/d), 25 2-8 FIER VLTS 5 min $ 5
(9 m/min), 50 min Fiz3}(12 m/min) & 5 min &
B (9 m/min), £JE 6 K. HFD 4 H1 CON 4/
AR H OB B S A R DLHEBR PR 5E R4k
2 CON 4. AE 41 f1 HFD &% 10 2/
e A G 22 BT GNBRbRUE . 8 shif . ek
TRE S N, 16 20 B THEdE5E 21 it
TN T A2t Bl s R T4 LU .
1.4 NOR #Y % EiMiK

Oy TR R (55 12 ) Miash T s
(55 21 JE)iEAT NOR 1 Y R B 525, LATEAL 4541
/NI BER9 A5 4E . NOR S236 AT F TIEM /MR
ICAZRE S BRI . SE88 2R 3 B
ERNBYEE : BN T804 H HERER 10 min;
ISR B AEMNAAT A TPt AicE 2 A R
7, B NEURA 2 APk E] B % 10 min;
MR B YIRILE RS 24 h, B 1AMk
B RN BRI AR 5 F X 43 B A
B, #/NEURA 2 MR H HERER 5 min.
K H Xeye Aba V3.2 31117 8 04 R G010 5/
(YRR R Ta . B IARBRRE ] T, 15
PR BRI P8 50, IR A3 BU=TA/(Ta+Ts);
TLSES %&:(TA—TB)/ (TA+TB)[1 A,

SR Y 2R E SR AR I 45 21 /N B2 e Az
RE 1 Y EATAMH 3 AT AR50 emx
20 cmx25 cm) A, WAL N 1200, SLIRHT
B 3 A BIBEHLRE SR SR L R LR R
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B, RIGIET 2 BB 2B 1 BB ¢
w% B, ONEIGE AN, A HEER
10 min, 55 2 BBt BEUra I, FAE/NR
B R 5 min, Fids/hREz sl | &
PRI [R] R0 AR EL 20,

1.5 Eismath
F5 M2 5258 o RN SRR A T IR Bk B, Ky
M IR %S 2 h,4 °C .1 000 r/min 2.[> 20 min

JE B R R, SR PO 2 R IS v P RE 4
FR(ALT . AST). IfiLf§(TG. TC., HDL-C . LDL-C)
PEATREI, SR ELISA 3257 Ska i 45 20 /)8 B
W LPS &, /N RWrsisbstfs, i HICH
B IAEE TR W AFR AT R, W E N
B RS R BRI IC I R RS T
% ELISA 325 & il 25 241 /N BUE I N9 vh
LPS i,

Cognitive-behavioral testing

-----------------------------------

- " |
J;IL L
H«\ ]
S

: = H]ppocampus __BDNF |

Irisin r
~ 7 NF-xB ’
Westem blotting ™ ~etal. | E

Molecular and cellular analysis

1 XWRIEE
Figure 1 The flowchart of experiment.
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S =2t B E ot &&
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== Ir 5 1t
o
0 A, a
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I L mCON
607 4 250 wmrp N -
) & 2 mAE
= * 2 5200} .
&40 ES g <20
- 2= 150 && 55
= 52 00t o g g
£ 20 £ 2 510
5 28 sof LR ~
H - 75}
= — 0 - 0 -
CON HFD AE AST ALT CON HFD AE

2 o BEMMEXERMNEI(N=8-10) A: HPHlizgh; B: {k&E; C: TG; D: JFiE H&E ¢
AR ERR A 50 pm); E: 55 12-20 R/NRIARE AL F: SA/DEIARBILES; G: Lee $541; H: BMI;
I. AFESE%; J. HDL-C, LDL-C; K: TC. TG; L: fFIIfiEf8Fr AST. ALT; M: M & izshxfFE
H&E B 55 L (R K 50 um); N: Image J B A RN A PR THI AL E 43 Lo *: HFD vs. CON A i 1%
Z5(*: P<0.05; **: P<0.01); #: HFD vs. AE A B & 225 #: P<0.05; ##: P<0.01); &: AE vs. CON
B EMEER(&: P<0.05; &&: P<0.01), F[d,

Figure 2 Effects of exercise on obesity-related indicators (n=8—10). A: Treadmill exercise; B: Body weight;
C: TG; D: Liver H&E staining results (scale bar=50 um). E: Body weight changes in mice from weeks 12 to
20; F: Comparison of body types among different groups of mice; G: Lee index; H: BMI; I: Liver index; J:
HDL-C, LDL-C; K: TC, TG; L: Liver function AST, ALT; M: Effects of treadmill exercise on liver H&E
staining results (scale bar=50 pm); N: Analysis of the percentage of fatty degeneration area using Image J
software. *: Significant differences between HFD and CON (*: P<0.05; **: P<0.01); #: Significant differences
between HFD and AE (#: P<0.05; ##: P<0.01); &: Significant differences between AE and CON (&: P<0.05;
&&: P<0.01). The same below.
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1.6 ZHZAFAKREE-F L (hematoxylin and
eosin, H&E): &

W /I BB 5 W 34 AE. , BT FEHLE 3 /)N
L, AR AR . A dlgl, It
AET 4%Z RPERW P REE, ASaEY)
A, R, B0 CEEKAE, R H&E
AT Y, TS R TR R 2 B R T K
A FRIF PR e R, R A T RS
WL | FAMFURSE . X454 40 H&E Yeta s iR
WATAH BT (1) B B giE . BAIE
B, 090 MRAMED, 145 MRIRAI MR
MER, 24 BEER, 345 B KEMA
&, 44y, (2) RAERIE: JTRIERME, 047;
BRIEFEZ, 14 BHEFEIZ, 24 Tz
RIEFREAUZ, FFPEREREALZ MK, 3 43
RIAF T2, 445,
1.7 BBEMEDENFEYFE 200

XPWEERH N AP E T4 K 16S IRNA Bk
DL vy 3 Sy oA, e T I T L . SR
ZE{H DNA FHUAN S 32 BUE I N 459 DNA,
LA 338F (5'-ACTCCTACGGGA GGCAGCAG-3")
1 806R (5-GGACTACHVGGGTWTCTAAT-3")*!
J5 181G 16S TRNA HEK V3-v4 X, PCR J2 i
A A : 5xTransStart FastPfu ZZ i 4 plL, 2.5 mmol/L
dNTPs 2 uL, F¥iE5[#1(5 pmol/L) 0.8 uL, T ijif
5|%7(5 umol/L) 0.8 uL, TransStart FastPfu DNA
KA 0.4 uL, A DNA 10 ng, ddH,O b
20 pL. 2 45442 95 °C 3 min; 95 °C 30's, 55 °C
30s, 72°C30s, 27 ME¥; 72 °C 10 min; 4 °C
A7 BFEAR I 3 MEE M [F—FEA K PCR
PR, ) 2%3E RENEEE I [ O Alifk .
FH 2% Bh B B 68 e B VK R R B R/, IF
Quantus™ ¢ AL AT E =4 . R
Illumina MiSeq PE300 “¥-&57E Bl A YEE
BHECA BRA /TR . 1 QIIME 1.9.1 1]
OTU, FPoAHRIMEARIE Sy 97%, FiJ5 >R RDP
Classifier AT/ 04T, B EFEBI(E R
0.7, >R Majorbio zF-15 (https://cloud.majorbio.

com)HEA TN P J s Ak B A AR W0 A5 B AT .
JE LG FF K AE A NCBI #4152 44 % (sequence
read archive, SRA)EHE 2 (i[RI 4i % : SRP555980).
X Hl Mothur % 4 (http://www.mothur.org/wiki/
Calculators, v1.30.2)iT5 o ZHEPEFEE, RAE
T bray-curtis 2 5.3 B INAL UniFrac 32 A 45 73
Mr(principal coordinates analysis, PCoA)FI3f & &
24 R EE /1 #HT(non-metric multidimensional scaling,
NMDS) A iz 18 B R L5 AR AL o o FH R 1 )
AT B 43 A T [linear discriminant analysis
(LDA) effect size, LEfSe] (LDA #¥43>3, P<0.05)
U AN [ ZH 1A) AT A 21 g K 2 B 25 e i 2
BB AR, R Wilcoxon 5k FIAS: 56 X 7 &
s W R T A R 25 R
1.8 Western blotting 18|

K /0N BT 2040 B8 S5 10 43 2 ANV 1, B
T80 cCCHIEIG £ 554w . Fifg B H 2Pk o e 4%
10 mg ZHZUIA 100 pL 55 S, F 22 41 Ut
BEHLFE /513 (60 Hz, 1 min), 4 °C. 10 000 r/min
B0 10 min BEVE o 7E 58 OB 4 IR L 6 7
(bicinchoninic acid assay, BCA)&E [1E &5, ¥
H 5 b 2w R R AN - SR T T M B A R
¥k (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, SDS-PAGE)ZE [1 [ H: 2% mpik IR
A, FEEA T IS PEAL B . KR ERE L 10%5
BRIk R 4R 80 V, 20 min; ZMEE 100V,
70 min), MHEHERL(200 V, 70 min); %6 T B
Lh 5 5B —3t 4 °Cil 5 TBST ZIRVENR 3 1K,
BX 10 min, FR FMAZSUHE 1 h, TBST
ZFIRVEME 3 K, AR 10 min. I ECL #E R
SR, R RGBS AU I AR 55
K H] Image J 855500 IR BEAR - BUARBEAAE
B 1,
1.9 Sit ot

SEH A5 R B Y LA B AR HE 22 R0
{8 A Image J LA S GraphPad Prism 8.0 fE, I
K SPSS 22.0 Xf LI e 1T 41t . K
Py 255 R R, AR AR A R LA
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Table 1 Basic antibody information

Antibody name Antibody company Dilution ratio
IL-1B V= AR W4 R A5 BR 23 7] Proteintech Group, Inc. 1:1 000
NLRP3 TR BT R 1 A W AR A BR A ] OMICSAB Group, Inc. 1:1 000
Cleaved-caspasel BT = A 3 KA RS F] Proteintech Group, Inc. 1:2 500
NF-xB BT = JE AR W45 R A5 PR3 7] Proteintech Group, Inc. 1:2 500
Z0-1 B = 3 ARG RS F] Proteintech Group, Inc. 1:5 000
TLR4 T P R B A ) ARG R 5] OMICSAB Group, Inc. 1:1 000
GSDMD BT = AR W4 R A BR 23 7] Proteintech Group, Inc. 1:1 000
Irisin AR IE BB AE W BOR A FR9TAE 2 W] ZEN-BIOSCIENCE 1:1 000
BDNF Abcam /A F] Abcam Plc 1:1 000
SYNI JHRIE RE AR I H AR A BRTTAE A W] ZEN-BIOSCIENCE 1:1 000
SYP JCHRIE RE AR W HOAR A FRTTAE A W] ZEN-BIOSCIENCE 1:1 000
B-actin BB I RB A= B¢ AR A BR3¢ /A 7] ZEN-BIOSCIENCE 1:5 000
Tubulin AR IE REAE M) BARAT BRITAE 2 W] ZEN-BIOSCIENCE 1:5 000
Secondary antibody (goat anti-rabbit 1gG)  #I = & 4= ¥+ R 45 BR /A ] Proteintech Group, Inc. 1:5 000

AT PP AL (B FE oA s SR AR IR R 7 2247
¥r(one-way ANOVA)FH F L4 0] FL3k .

2 EXRE54M

2.1 EEhxTAEREHE R FRAVEZ M

FElE IR E ISR 12 JHJE, MEREELTIA] 24 H
N BB OF 24 1K B Ol (28.5542.05) g TG N
(2.04£0.32) mmol/L, & & & T CON 4K
(23.13+0.79) g F1(1.01+0.33) mmol/L (P<0.01)
(K1 2B, 2C). RHLALFE 1 HERE/N R & B
R e FIE (K 2D), i — A e S AR A
A, %R 82.8%., £yt 8 Fizzh T
K, 5517 FnE, AE 4K E B EKT HFD
ZH(P=0.028 1), 25 19 J&(P=0.003 3)F1%5 20 J&
(P=0.000 4)RF AR 15 BB 2 2 K F (K 2E)
(P<0.01), 20 &5, HFD ZH/NELAY AR B
It CON 4 A1 AE 41 AEJE (] 2F), HFD 4 /Y
Lee 6%k, BMI FIFHE% 2 = F CON 4. #
BT HFD 4, AE 4R EFIC Lee 18%0. BMI
AR E (K 2G-21),
2.2 EEXMAEFBTIhEEE LIEFRAY
A

3% M AE[HDL-C, LDL-C (& 2J). TC,
TG (E 2K) KT IREFEFR(ALT . AST) (/& 2L)JK:

M5 @78 . HFD 44 LDL-C., TC. TG. AST
K ALT /K-8 T CON £H(P<0.01), ifif HDL-C
i FAL(P<0.01), ] HFD 41/ R G 2L
T 455, Mi%F HFD 41, AE 41 FiR$gF51Y
2 2 (P<0.05), {BAY TC K% % CON 4
LI7KF(P>0.05). H&E ¥tz gon. MiT
CON 4, HFD 2 H 8™ E -4 As 1, R4
MIKNESA—, o Fas Ak, i AE
ZHIRINE T AT LLZ AR (] 2M); & R0, HFD
MR WA % = T CON 45 AE 4
(P<0.01), AE 21 {3 = F CON 41(P<0.01) (& 2N).
23 BEEXHAFITAMES RSN
AWrsEiEd Y #E & NOR P44 /N s
5512 R GERT) S 20 (T US> iC 12 g
T84k . Y R E ML E (B 3A)ZE R B
WA 12 JRG , BT /N FRE A KT ) () S 25
%5 (P<0.05) (&1 3B);20 JE B HFD 2 AT B
) — A i 5 45 45 (P<0.01), T AE @K
(P=0.028 2) (&l 3C), NOR =&/ = & WL & 3D,
AR 12 G MR /N BURSIHE £ (P=0.012)
FAwHEEL(P=0.000 9)34 2 % T CON 41 (/& 3E.
& 3F); 2 20 JEIN, HFD 2R 5I+5 500 it 45 51
B¢ CON 40 i3 Z &A%, 1 AE 2RI 850 8% ft-4i
¥ HFD 4B 75 (8 3G, Bl 3H).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TR S5 | IZBhIE S A -1 G T 5 NF-«B/NLRP3 I8 % 40 i) 200 A A5 T et BE AR OGN .. 3231

A Schematic diagram CON Obese model B C
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3 BIPAMTAZMNRAEDRSNFM(N=6-10) A: Y KEWXMZIIFLE; B: 12 FH
SERREE ;. C: 20 BB RREIE]; D: Fry AU e R &8 E: 12 B U165 F.
12 T R G 46 45 G: 20 BT AR BI6 % H: 20 R IR RGF 4645 1: #5 DG, CAl, CA3
X H&E Y25 (LBl R 100 pm); J: 3 Sh{AsE B4

Figure 3 The impact of exercise on cognitive behavioral tests and hippocampal morphology (n=6—10). A:
Movement trajectory diagram in the Y-maze test; B: Novel arm exploration time at 12 weeks; C: Novel arm
exploration time at 20 weeks; D: Schematic diagram of the novel object recognition test; E: Novel object

recognition index at 12 weeks; F: Novel object preference index at 12 weeks; G: Novel object recognition
index at 20 weeks; H: Novel object preference index at 20 weeks; [: H&E staining results in the hippocampal

DG, CAl, and CA3 regions (scale bar=100 pm); J: Quantitative analysis of the hippocampus.

2 H&E G 25 R (18 31) 718 : CON 4 ifg 5 [ J
Jo X i 40 B 25 #) E H, ANAZE T . R R,
(6] J oK B, TR CHHEIR AN I HES X% ; HFD 41
Vi I S 5z JoT IX At R ke 2K 7™ 2 H HESIAA S AE 4
B Jot Ko g Sy b 22 ou o BE S E R AN, AR A
HEo & o3 . ER s REW, MHET
CON 4, HFD @i DG X, CAl X}z CA3
X A A gk &/ s T AE 41 DG X, CAL X
Ko CA3 XAHM% 5 HED 41 2 & 1 (& 3)),
24 EEXEERZHMERERD
A

K 4A Br7s, Venn E 7R 3 LA 377 >
OTU, 5T OTU 43#rmilili54k(Sobs) (&l 4B)
I 78 55 P8 K (coverage) (] 4C) & PL, BEHEYIFD
BB, W BUN TR & B S IR S T
V%, RHARENEEE. SR, 7T
F5T A E AR B o o ZHEPETE ST Sobs 15
H(P=0.025)F1 coverage 8% (P=0.025)7E 3 4 [H] H.
Gt ¥ 25 (K 4D, 4E), {H Shannon f§%%FI
Simpson FRE(FE 3 4 [HINIJC B 2% 25 57 (P>0.05)
(Kl 4F . 4G), H%F CON 4, HFD 4 Sobs F&
B BAIK , coverage F8 %R Simpson F8 %08 &
T+ %7 (P<0.05), PCoA %5 /R, CON 4H Y5
HFD/AE 4H7E OTU W& 75, Hrps 1 =4
(PCOHFRE T 29.75%M T 2285, 55 2 E
(PC2)FRFE T 441 18.50% (& 4H); 1EJ&@ /K F-
e FaE, s 1 ERSECPCHRRET
31.09%M) 7 27485, 55 2 FERAr(PC2)SERE 1 4
AN 25.93% (I8l 41), {H. HFD 415 AE 414

BAREL; 117KSF 3 LR S TG B 3 22 5 (18 4)),
#E—2 NMDS 3 #r 1 5 H— B (# 4K).

FEAN IR 2H /0N B B S R L A v
FIKE |, JEEEE T T (Firmicutes) . B fidTIR i
'] (Desulfobacterota) . #F [ '] (Bacteroidota)
LN BHITTE 5A). HET CON 41, HFD
¢l Firmicutes £ i I & 1 Jin, Bacteroidota F
BEFEAK, 3 Firmicutes/Bacteroidota L %
B ZE R (P<0.01); #HE T HFD 41, AE 4
Firmicutes/Bacteroidota {8 & 2 F& 1K (P<0.01)
(% 5B). 7EJEAKF I, ZLERFT 14 )& (Lactobacillus) |
8 1 [C 4 J@ (Dubosiella) . & /I KT i J&
(Faecalibaculum)Z& 78 3 40 31 b v i R
(Kl 5C). i At 2 S B o 3 40 A HETE
12 8 KV R G K8 A 22 57 (Bl 5D), If
BT 4R M B4 BT (LDA T4 >3) i 1k 2% H
B B (K SE). CON A& % T norank f
Muribacul aceae F1/Ji i 5 I J& (Desul fovibrio) ;
HFD #H & 4 T Faecalibaculum; AE 4 & 4
T norank f Desulfovibrionaceae. i#—# % H]
Wilcoxon FLAIAG %434 HFD 45 CON 4
(Kl 5F). HFD 415 AE 4(l 5G)Jg /K F2£ 57
45 B % K W #1335 B IS R (Escherichia-
Shigella)>y [BlH # #f, HAEXS FEEFE HFD 4
i T (P=0.012 4), Ti7E AE 49 2 3 %
ik (P=0.018 1) (K S5H). #H5&H:4#r & B
Escherichia-Shigella #1x§ 3 & 5 [fiL i LPS. %
1 LPS . IL-1B Al TLR4 & 2 & IE A%, 5 SYNI
1 I 2 7 AH DG (B 5D,
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Sobs index on OTU level

C

Coverage index on OTU level
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4 TEIXHEER S FILE AR D (n=6)

A: WHIBEERE OTU 9 Venn B; B: IiE R BEZAE

PEFE KL Sobs K5 C: WiBE E ¥ coverage W B IHZ K ; D: MiEW#E OTU /KF Sobs K3 E: MiBE B
OTU /K- coverage &l ; F: i EAE OTU /KF Shannon El; G: i EAE OTU /KF Simpson &; H:
7B HRE OTU JKSF PCoA ;5 1. Il REE /K PCoA 5 J. Wi 1/KF PCoA ;5 K. Il
BET 17K NMDS & .

Figure 4 Impact of exercise on the diversity and structure of gut microbiota (n=6). A: Venn diagram of gut
microbiota OTU; B: Sobs index plot of gut microbiota diversity; C: Coverage rarefaction curve of gut
microbiota; D: Sobs index plot of gut microbiota at the OTU level; E: Coverage plot of gut microbiota at the
OTU level; F: Shannon index plot of gut microbiota at the OTU level; G: Simpson index plot of gut
microbiota at the OTU level; H: PCoA plot of gut microbiota at the OTU level; I: PCoA plot of gut
microbiota at the genus level; J: PCoA plot of gut microbiota at the phylum level; K: NMDS plot of gut
microbiota at the phylum level. *: Significant differences between HFD and CON (*: P<0.05, **: P<0.01).
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Figure 5 Effects of exercise on gut microbiota composition and key microbiota in mice. A: Microbial
composition at the phylum level; B: Firmicutes/Bacteroidota ratio; C: Microbial composition at the genus
level; D: LEfSe analysis cladogram showing the taxonomic levels of CON, HFD, and AE groups from the
inner to outer rings as phylum, class, order, family, and genus; E: LEfSe analysis results showing biomarkers
with LDA scores>3!%]; F: Differences in gut microbiota genus levels between HFD group and CON group; G:
Differences in gut microbiota genus levels between HFD group and AE group; H: Comparison of

Escherichia-Shigella among the three groups; I:

Correlation analysis of Escherichia-Shigella with

inflammatory and pyroptosis indicators. *: P<0.05; **: P<0.01.

25 EBEEINMEFALRES. BIEMHR
LPS BI% 0

WE 6A i, H&E Ytz 3 i /s CON 4
INRINES I EE A e 38, TTRIEANMIRIE, Wil
BB b Ry RS SE#E , HFD 41/ R4S bRz 4
MOHESN B RS , R RRR b R Bk, JF A1
RN, FRESHN 2.83; L&Az
siTHG, AE 4N LS B usE, 1
g5l b MRHESAE J, SROAEANMIIZERREAR, 41
AURHA T F LR 1.50 (P=0.029) (&l 6B).
4T CON 4, HFD 4544 20-1 BF T
F(P<0.01); H%T HFD 41, AE %454
ZO-1 A Rk i 8 2% B (P<0.01) (& 6C.
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(P<0.05) (&l 6E).
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TLR4 . NF-xB A Xt ik & B # It 5 (P<0.01)
(K1 7A . 7B); AL AE TR 5 8 1 GSDMD . IL-1B.
NLRP3 . cleaved-caspasel &5 [ AHXT ik i I 2%
T (P<0.01) (& 7C. 7D); Zfih ] ¥ AH 56
H irisin, BDNF, SYP fl SYNI A%} ik & &
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Figure 6 Effect of exercise on colon tissue morphology, permeability, and LPS. A: H&E staining of colonic
tissue; B: Histopathological scoring; C: Original bands of ZO-1 protein (n=6); D: Relative expression of
Z0-1 protein; E: LPS content in cecal contents and serum.
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7 BEIEDRERN. @ARETHRMATEMMEXEBNSNE  A: TLR4, NF-«B & EIH 5
(n=6); B: TLR4, NF-xB S MMXIFKik&H; C: NLRP3, GSDMD, IL-1B. cleaved-caspasel & [ J5ilf
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Figure 7 Effects of proteins involved in inflammatory response, pyroptosis, and synaptic plasticity in the
motor hippocampus. A: Original bands of TLR4 and NF-«xB proteins (n=6); B: Relative expression of TLR4
and NF-kB proteins; C: Original bands of NLRP3, GSDMD, IL-1, and cleaved-caspasel proteins (n=6); D:

Relative expression of NLRP3, GSDMD, IL-1B, and cleaved-caspasel proteins; E: Original bands of SYNI,
SYP, BDNF, and irisin proteins (n=6); F: Relative expression of SYN1, SYP, BDNF, and irisin proteins.
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Figure 8 Molecular mechanism of exercise in improving obesity-related cognitive impairment through

microbial-gut-brain axis.
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