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BE By @i s A ok BRI FHZE R RS A (fecal microbiota transplantation, FMT) #A, % HIER
HEC R S ik B A v 2Z R AR BRI BLEL . sk TSCsim i RABIHE ST Hi/E % (antibiotics, ABX) PhJCEI K U
A, KA shiki1%E (middle cerebral artery occlusion, MCAO) il & iNSk AR, 8 1S FMT HAR AL AS o B FlfE R A
FABGERE, ARG HEATAT 22k, SR 16S rRNA T AR X i A= e vE 247 0 M, il AR ARG -4 (hematoxylin and
eosin, HE) L@@ ZURBLIRA, E5 T B3R (transmission electron microscopy, TEM) MEE/Mig 5% % 324544
(] ) fof7 ) TR 90 558 W% ot 0 A (enzyme-linked immunosorbent assay, ELISA) T RGN S DR T K g 3 5 AR A 1 /K
Fo R /NEL16S IRNATIT Won, 525 (O BRAUAN TP AR AR LL,  DUBGTA: A SR 4 2 B AR S BH si b, R
ABX IRV, Ny A R E IR AL ABX KBS, BB R4 TR AE M, 172285 /R, MCAO BRI K-
1B Zh AT R R AR W N R s ELISA K o, bi RAL M+ A rh LALLM (ABX+mFMT) 41K -17
(interleukin-17, IL-17) ¥&EZHBUA: R AL BEHE X ISR (ABX+cFMT) 2T RE, 475 IL-17 AT RE A Pl A vh 3t
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FEARNINTIRE ; B AR )s , IL-17 X8 W R AR CEURE,  sosoh A b T3 S A

Kgia Sk PEIRAS R, FEEMA, KRIPShkAZE, ANR-17, B--hikh

hE45rKS  R741, R378

PR B P I A< 1 (acute ischemic stroke,
ALS) J&—Bil ™ ) 2RI A, AT
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s ARk, IETA S ALS ISE RSO ATE
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(short-chain fatty acids, SCFAs) FJZEfEFIAMFE T
iz, S CRIRYT AIS B S By AIS 51 &l
A REVE IS, S 2R S E TS A T o [R]
I, SRERe TR — D mRmE R AL, R
P IRUR- AR R R P AN RGN i i L /N T
LW AIS 5B MAYA O, [HUAY A S+
T ALS FAILH] AN BB

Wills & 42t “T-1-I7 B AEre, i
KB WIES) . b Th R S RSB, i
T T 13 i S AP AR DG . T - - gl sE B
HER T WA E YRR Z R L | g R
P53 2R GE T J B — P AR 0L ) oy 25 B o I g
ARl gt e e AR R R G, R 4 A
AR, SORIGVF 2P HEOCER &L IR IH 2
THeVr 22 A -7, 308 3 A - i il 2 o) A kg B o 22
RGPIRIER O 454 16S rRNA I F 23 i A
SERIFRRYE. SR, HETR 28R A T A e
SRTRY B, D& T B RE Al i i FMT T R4
S ALS Jp5 3 E FE A ML o AN BB, e LR A
FMT 55 AIS AH B8 45 J7 I 19 55 30 30 e 38 Ry i = o
ARSI 3E ok R A KRR, B FMTHOR
YR RAEATAT 2, [RIEE, i i 202U HE A |
AU TR G 5/ MAIRES . BTER N B R
HE ISR 55 5l P i 2 b 22 (B AR BRI ML, B A
H4~ % (interleukin, IL) -17 55 &%k K 178 H
YEH, il AT ALS S2 B i L% .

1 M5

1.1 ¥

JoHF B R AR (specific pathogen free, SPF)
9% i FE C57BL/6INifde MM /NEL 12 B, 56~62 H
%, W A dEE R RS S H ARG R A ], 58
WAl IS SCXK (1) 2021-0006; SPF 2% fg
Jif Sprague-Dawley (SD) HEPERE 20 H, 6 A,
IAHE 180~200 g, W4 [ VY 4 2838 KA P 23 5L 56 5
b, LR s YIF T IES SCXK (BE) 2018-
001, JITA sl Bl 37 T B VG 44 ik o B 6 i A 5%
=W . S SRR AR P 48P 2 R B 2 —
P e S5 95 20 ) 4 PR AT P 22 D o W A b ofE i
S X2Y2025011,
1.2 K5

e G AE A F], 5895 S17079-5¢) 5 T
WER (WM EYAE, 175 Y25829-1g); Z N

PObR (RN R, 525 S17019-5g) 5 IKREGR
(Solarbio A F], 175 145-41-0); K IL-10 Bk
PEWL [ 43 #7 (enzyme-linked immunosorbent assay,
ELISA) M & (Bfeanl, 575 MM-0195R2);
K BRIH & B 4 AL B§  (cholesterol oxidase, CHO)
ELISA i & (WA m), 579 MM-71354R1) ;
KR e ALEE (diamine oxidase, DAO) ELISA
Bl E (B n, 5355 MM-21169R1); KEH
[E WE (cholesterol, CH) ELISARX#I & (%2
A, %5 MM-0674R1); K IL-17 ELISA U] &
(/8 7, 5 MM-0088R2) ; K Bk £ bl
(lipopolysaccharide, LPS) ELISA il & (A
"o, 4% 5 MM-0647R1) ; K B b = H ik
(trimethylamine N-oxide, TMAO) ELISA i 7| &
(B /A7, 585 MM-71028R1) ; K i D-#L &
(D-lactate) ELISAILH & (B /Aw, 525 MM-

21239R1) ; 2% %A fb — & g A oM
(triphenyltetrazolium chloride, TTC) #¢ {4 ¥

(Solarbio, #7'5-G3005); HECHEEEHKT: AR
BRRIEEW (pH6.0); HECVERZE MW 4 Mg
M & [ (bovine serum albumin, BSA) (VWR
International, USA, %% 5 0332-100G) ; — #T
(Affinity 23 &), 525 S0001) 5 3,3'- 42 LI 2 i
(3,3'-diaminobenzidine, DAB) W (124
NE, B5 ZLI1-9017) ;5 Foxp3 (Affinity AR, 4%
5 AF6544) ; 1IL-17A (Affinity 2 | , % 5
DF6127) ; # KK - 4L (hematoxylin and eosin,
HE) 7] & (Leagene/AH], 475 DH0006); —iR
Ol (P AR AR W, 575 M2820) ;
1.2% BrlEHEBEIE -
1.3 PUBKHTAERECH

HIfmE 1 g/L, TR 0.5 /L. U RPIMAk g/L,
PRREER1 gL,
14 4§

Mies ({5 [E K Thermofisher371) ; fH R
B 954 (3% 2R K ) ; Thermofisher371 [ 4 {X
(BioTek Instruments, Inc); SW-CI-ID#EFTAES
(AEET 2240 ) 5 UPT-I-20T A #E 4l /KL ()i
L BAERH ) s MIX-28+fE iR & % (Jbaih 2%
) s DZKW-5 T K i i (Fb st 264l )
100 cmx100 cmx40 cm W37 ) W ;. 50 cm*50 cmX
40 cm IR Y04 ; UPT-I-20T HE3 B 46K AL (DU
T RARHY) s MIX-28+iEiiR & (Latrh 24l
)5 RM2016 DAL A% R pl (PSR
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Leica RU2016) ; DZKW-5fH /K58 (dtat %
k) ;s DXS-38E B (4ieot); JEMI1230
RUE S W (HARJEOL/AF]) ;s 12.5cm E
RFART OUEEIFSMARARD); 14 cm FAR
e OMBE BT 88l FRA R 5 2432-A4 448 (At
SPHRBHEABR AR .

2 /5 &

2.1 EIEhH5 A RIER

A SHG 1 5 R I CSTBL/6T /N BRIP4 T TR SL 5
B UE PR ST A R L HT42 R (antibiotics, ABX)
PAICEBR . Tz R AR AR EUR . BIH
B AR OE R, T TR . AERR A
ABX 8 kA RS, e Rk 3l ik P 2
(middle cerebral artery occlusion, MCAO) EREHRE
FMT & H SD K. KEAEAIESAE T mg®
ML G H K . MCAO FAR B Zh R0/ AT,
(] T A5 B 70 2 P IR RN GO AS 3 17 P PR
205, 12 HUNRBEHL - A A ER K (CK) . HAH
Mg (zz) MPUBPiA== (SL) 34, 4 H/dH. 55k
12 RREBBENL M AL B, C. D44, 3 H/4,
ABX JC I K BT MCAO BRI R B3 il 422 32 fil N
Mz BB I ERE A . AdL: BrAE R AL +{E
X BB 2% 7 B2 A1 4 (antibiotic-treated+control fecal

microbiota transplantation group, ABX+cFMT); B
e HUAR AP RIAIZETEFEAEZ (antibiotic-
treated+model fecalmicrobiota transplantation group,
ABX+mFMT) ; C 41 N 3l ik A1 26+ e Xt IR
FE W M 4 (middle cerebral artery occlusion+
control fecal microbiota transplantation group,
MCAO+cFMT); D4H: Kfikirh sl b 28+ 4 s Al
F Wt 4 (middle cerebral artery occlusion+
model fecal microbiota transplantation group,
MCAO+mFMT) . N T #i ABX fh TR B, 1%
214 dEETHUS, H 16S rRNA T EIE ABX O
TCREBCR . R MCAO 87 il e i P A A
SEYR BT 1.25% =R CEELL 10 g/200 pl i i i3
ShRRESE, &R 35 mg/kg, AMEMS [ fe B IE
YT, Bl 5 A S B K (common carotid
artery, CCA) . #i4hshfik (external carotid artery,
ECA) FI#iNshfik (internal carotid artery, ICA),
T CCA I, Lo 2 ECA KR TRE ZEHLER, L
) Jik Je B i A ICA. L0 9 45 4L CCA . ECA,
TERE CCA 43 AL 4 mm B 17T, LA A ICA
FHTUE T CCAIE Lo AR R AN, IR B}
A B A E R FLE o BRIMAESE 2 h /5 I
M, 45 CCAE L. ARJFHL Zea Longa #i 5
FromeEvboy 20 (R 1),

Table 1 Zea Longa neurobehavioral score

Grading Criteria Score
There is no neurological deficit in rats, and the limb changes are not significant 0
Injury to the wrist of the contralateral forelimb with bending and stretching disorders 1
Shoulder adduction with spinning phenomenon 2
Walking obstacles, tilting to one side, swaying unpredictably 3
Blurred consciousness, unable to walk 4

22 EEMENMBIE

FEEREAR NI T — 012 T PU L BB
MR EERE 77 Z B SRS R G RE
i 56 1 [ 57 AR BF 5% Be A b 4 3% (National
Institutes of Health Stroke Scale, NIHSS) T4 ®
H115y) F—Ai 62 % At R (CHIEH AL
EEERIER ), WA RIH RS . LR
THEHEEME CmuA) 54 Bk X
(1 mg/100 g), /N HEATHE B AL BE 3 0/
23 HRITAEES

3 NFEFMT ik #eAe L AR 2 i s, 7015
SEER VA P TN AR A PEAR R bR G4 i

E OKFEsh) Mg Bl sr ks (EEED)),
FFIC S HFE AL
24 HEFEZXGNRARNNNIREFZTH
HZ R R e 120, IR TR B . A
WAL S um ABEYI R . HE Jefa . T4 L
Ko ZHHGEY], FdE T PERIIRE A IR WA
BE T LI i 2 2RI N B AR AL
25 SH=FEMEM (TTC) FkiNEKE
FEEFR
HAIIA] 2 mm H, TTC Y2 {f 15~30 min J5
TEVEREE, WEHAREIH Image TR AL,
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2.6 EGTHEENZ/NFGARNEZTEZLEN
FrALFE[R HE 44 5, BUF 1 mm /Mg A £4

4°C, 2.5% % —EVIEE S, 2% 825 %€ 1.5 h,

FREE CEEK, IR AR, A e IR Al e Ay

BER . CER Y 5 D i, AEB ST RS TSR/

W 2 BB R A

2.7 ELISA#IMN 3 HDAO, D-ZL#. LPSIKE
W 2T, {3 FH ELISA % 1 3% 7 DAO .,

D-FLM2 . LPSIKEE, Wity /™ i% 2 il e e fitiy
P iEAT

2.8 ELISA iR il fg 26 22 R IL-10, IL-178)
RE

B bR, 81 ELISA A6 ifi 3% b IL-10.
IL-17 fMREE, R ™4 2 B0 & de A i i
FkAT,
2.9 16S rRNAE RN F 9%

KR A JC B AR SR -80°C AR AF, T 16S

rRNA FEHI 7734, 246 DNA$EHL, PCRY 4 |
afifbmllic . ZOGE R . SO M sl
2.10 HIBAE S St HE S

fifi FH SPSS17.0 S it 4k b i AT g it 2 b 3, IF
B g DA Eebr 22 B R, 24 5ILFE
Xof BB ZH 114 L4557 1] Dunnett K6 56, 22 41 1] L4 T 2R
BRI Ty 220 b, WIALTE] Hu ik LSD-¢ K 55, P<
0.05 %R 2R EA G L

3 5 X

3.1 RIMEATEREE

Sk B DU BT AL 2 ABX D TG AR Y 1
BOME, TSR SR ] CSTBL/6 /)N L2 fH AE AR 4T
16S rRNA Y . HAFEER/KAL (CK) FIH figms 2
(ZZ) #M, PUERPLARAEFRA (SL) MR
R FRP S B RN, X B ABX /)N FRUBE TR Ay 7
e ().
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Fig.1 Effects of quadruple antibiotic treatment on gut microbiota in mice

(a) Statistical chart of taxonomic annotation results. The horizontal axis represents sample grouping; the vertical axis represents relative abundance;

colors are divided into different classification units. (b) Abundance rank curve. The horizontal axis represents the species level from low to high; the

vertical axis represents the relative abundance of species. Species are typically represented by operational taxonomic units (OTUs) or amplicon

sequence variants (ASVs). SL: quadruple antibiotic-treated group; CK: normal saline control group; ZZ: metronidazole single-drug control group.

32 FEhBEEFMTIREKRRIEZNIRREE

£ SD KR MAT il s, 2 e s
FMERERFFBM (mFMT) MR, HOKFizsh 35
KA HARR OO B R TR RAUARAE (cFMT)
Ho A, TEMCAOBRIK T, 4252 mFMT 5§
cFMT - Fil 5 B PF 53t i AR AR AR B Y ABX £
TR, RG0S TRt R 2 52
REBLRT (12).

33 FHRBEFMTHEHEMENERS SN

XF SD K R TE B REUEAT 16S IRNA I, WK
THAEARFESSIFKREL (7, N, B, BB
FAE) MHTERERER GOl SR, SRR
) 8 B RERE R4 174 B T] L 230N 337
ANEH L 2706 N ERF. 8 1104 JE & 811 4 & A
(%2, E3),
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ICAGIE T 174 4F811, /720 24 ERERR | TR
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Fig.2 Results of open field experiments at 7 and 14 days after transplantation

(a) Total score of 7-day open field experiment; (b) total score of 14-day open field experiment. **P<0.01, ***P<0.001.

Table 2 Distribution of samples at the level of phylum,

class, order, family, and species

Sample Phylum Class Order Family Genus Species
ABX cFMTI1 10 7 14 116 335 57
ABX cFMT2 14 3 19 90 298 71
ABX cFMT3 7 0 35 327 1063 40
ABX mFMT]I 7 1 35 208 1048 26
ABX mFMT2 9 1 22 325 664 43
ABX mFMT3 3 2 37 325 759 31

MCAO_cFMT1 12 2 55 306 692 58
MCAO_cFMT2 15 1 17 236 530 71
MCAO_cFMT3 14 3 21 166 518 61
MCAO_mFMT1 36 0 41 282 921 137
MCAO_mFMT2 24 1 14 173 668 105
MCAO_mFMT3 23 2 27 152 614 111

W A, FRRRERER ], HA R A
93%, JEMIEERER AL . HALR A ]
an A% JE @ ] (Proteobacteria) . ## & 40 M ]
(Patescibacteria) . FZBERE[] (Tenericutes) 5=
X EN (1#13b) .

fE)E (Genus) 7KF L, 4S50 RIS AL
K 2] 71279 A W s, HE 20 4 T ELAT R
(Lactobacillus) . % Wi X &)E (Romboutsia) . 1)
& (Muribaculaceae) FXTFJER R, E&44
FEMEREAP R FEMEEE (K 3c). N
BREAR TR YR 22 Sk, SR T 3&1 53
Bl AL T R 12 BT 50 (% TR & 1Y 40 AT REAE
W R R K IE A E (E3d), iR

25, ATLAHE i T AR TR ) A ST LA X 45,
FF A A8 B S WA A 2 (B A O 2 AR RURE . 5
F R JE (Lactobacillus . Romboutsia) TEZE 15
2 (MCAO+mFMT) JER T LU 2R I, nTE
MR RrEEE; ABX THHEHN ZHEOARE,
R T AR RN EREERRGCR ; HEARRIERA T
A TR R 2R AL S B SR IR B UIAR G . 25
7R, MCAORIZ] 5 ABX L4 L, B
I W AR, ABX+mFMT 2 # ABX+cFMT 41
YR A R e, R R R S
F G St 10 453 Y20 T K S AT R A T LA —
AR ER

Alpha ZFEVE S M F0FA 4541 52 56 B 38 1
HE A0 B S 2k . Il R F gt 2
B8 (K 3e), ABX-cFMT 4L EA fit i a2
FHEVE Z PR . X KFE2L (Chaol index) . #F
4% 8 %¢ (Shannon index) I ML i #7 Fh %k
(Observed species index) 741 & : MCAO 4 K&
AR HR S A T A A ABX ZH B B BAR G T ik
(K3, K4), X—55RERY, AP EERER
HH AE 2 28 ABX K BRI 28 TR 1) 2L i 45 4 R =
[, Hiz A SRR AEREAAE R E LR
Horh ABX-cFMT 4 £ 5 S et i, 5
Kl 3e F R ME L R —B, UESgHRAZEEHS
AT ABX KR E w2 M. ok, #52
FHFIZEER AL A ABX 415 MCAO 41 Z [ IR 3
WA, HPMCAOHWHBEEE R E ST
ABX 4,
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Fig. 3 Composition and diversity analysis of gut microbiota in SD rats
(a) Statistical chart of taxonomic annotation results. (b) Horizontal phylum composition bar chart. (¢c) Horizontal species composition bar chart.
(d) Genus level species composition heatmap for species clustering. Left clustering tree:species clustering tree;upper clustering tree:sample clustering
tree; the heatmap color ranges from blue to red: the relative proportion of a species in different samples increases from low to high. (e) Gut

microbiota abundance grade curve.
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Table 3 Alpha diversity index statistical results

Sample Chaol Shannon Observed species Goods coverage
ABX_cFMT1 583.184 0.844 503 43598 0.480 383
ABX_cFMT2 517.37 0.847 608 4.615 88 0.515 15
ABX cFMT3 1567.36 0.963 495 7.581 46 0.719 567
ABX mFMTI1 1351.69 0.987 674 8.070 91 0.777 583
ABX mFMT2 1095.52 0.967 34 7.127 28 0.708 609
ABX mFMT3 1216.28 097113 7.438 59 0.729 825

MCAO_cFMTI 1149.16 0.972 438 7.37523 0.727 336
MCAO_cFMT2 936.971 0.965 377 6.648 21 0.680 093
MCAO_cFMT3 814.843 0.909 217 5.817 37 0.605 386
MCAO_mFMTI 1 645.68 0.943 63 6.949 06 0.663 724
MCAO_mFMT2 899.16 7.384 2 723.20 0.638 84
MCAO_mFMT3 909.29 7.461 1 730.68 0.651 41

Species diversity index (Shannon index) reflects both species richness and evenness; Observed species: the actual number of observed operational

taxonomic units (OTUs); goods coverage: a measure of sequencing depth evaluation, the closer the value is to 1, the higher the sequencing

saturation.
(@) Chaol ) Simpson © Shannon @ Pielou_e
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Fig. 4 Boxplot of alpha diversity index
(a) Chaol index boxplot;(b) Simpson index boxplot; (c) Shannon index boxplot; (d) Pielou e index boxplot; (¢) Observed species index boxplot;
(f) Faith_pd index boxplot; (g) Good coverage index boxplot. The y-axis represents the values of alpha-diversity indices, quantifying species richness
and diversity within the gut microbial community. Higher values indicate greater richness or diversity.
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Fig. 5 Histopathological alterations in brain and small intestine tissues

(a) HE stained slices of experimental rat brain tissue; (b) HE stained sections of small intestine tissue from experimental rats.
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Abstract Objective This Study was conducted to investigate the interaction mechemisms between gut
microbiota dysregulation and ischemic stroke by establishing a rat model of ischemic stroke and employing fecal
microbiota transplantation (FMT). Methods A preliminary experiment was conducted to establish an antibiotic-
induced pseudo-sterile (ABX) rat model through antibiotic treatment, and a cerebral ischemia model was prepared
using the middle cerebral artery occlusion (MCAOQO) method. Fecal microbiota from stroke patients and healthy
individuals were transplanted via FMT, followed by behavioral testing. 16S rRNA sequencing was used to
analyze the microbial community, hematoxylin and eosin (HE) staining to observe histopathological status,
transmission electron microscopy (TEM) to examine the tight junction structure of the small intestine, and
enzyme-linked immunosorbent assay (ELISA) to detect levels of inflammatory factors and intestinal barrier-
related markers. Results 16S rRNA sequencing of fecal samples showed that compared with the normal control
group and the metronidazole group, the abundance and diversity of fecal microorganisms in the quadruple
antibiotic group were significantly reduced, indicating successful establishment of the ABX model. After
transplanting fecal microbiota from stroke patients into ABX rats, significant changes in gut microbiota
composition were observed. Behavioral tests revealed that the MCAO model group showed significant decreases
in both horizontal movement and vertical exploration abilities. ELISA results indicated that IL-17 concentration in
the ABX+mFMT (antibiotic-treated+model fecal microbiota transplantation) group was lower than in the ABX+
cFMT (antibiotic-treated+control fecal microbiota transplantation) group, suggesting that IL-17 may serve as a
key inflammatory indicator for evaluating the impact of stroke intervention on gut microbiota.
Triphenyltetrazolium chloricle staining (TTC) staining suggested that gut microbiota intervention may increase
the risk of stroke. HE staining showed that, except for the control group, all groups exhibited ischemic changes
and inflammatory infiltration in brain tissues. TEM revealed that microvilli of small intestinal epithelial cells in
the ABX+mFMT group were sparser than those in the ABX+cFMT group, indicating that microbial intervention
affects intestinal barrier function. Conclusion The ABX model established using broad-spectrum antibiotics
showed no significant differences in physiological characteristics compared to normal rats, and the findings were
consistent with those from germ-free rat models. Stroke prognosis appears to be influenced by intestinal
dysbiosis, accompanied by significantly elevated levels of the pro-inflammatory cytokine IL-17, which may
exacerbate neural injury via the gut-brain axis. Behavioral experiments indicated that transplantation of gut
microbiota from stroke rats impaired cognitive function. Furthermore, IL-17 demonstrated sensitivity to

alterations in the gut microbiota, suggesting its potential as a key therapeutic target for stroke intervention.
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