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[ Abstract] Objective : To investigate the effects of fecal microbiota transplantation (FMT) on the cognitive ability , microbiota composi-

tion, metabolites, and inflammatory response of mice with delayed
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neurocognitive recovery (ANCR) , and to provide insights into the de-

were randomly divided into the control group, model group, and

FMT group. The dNCR model was established by middle tibial frac-

(2025-01-07) Cognitive ability was assessed using the Morris water maze test
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(MWMT) and open field test(OFT). IL-6,1L-1B and TNF-a levels in the hippocampus and serum were measured using ELISA. Co-
lonic Z0—1 and hippocampal NSE and S-100B protein expression was measured by Western blot. The microbiota composition and
changes in metabolites were examined using 16s rRNA sequencing and LC—MS, respectively. Results : OFT and MWMT showed that
model mice had cognitive impairment, which was attenuated in FMT mice. Serum and hippocampal levels of IL-6,IL-f and TNF-a
were higher in the model group than in the other two groups. In addition, the model group had significantly lower colonic ZO-1 protein
expression (P=0.000) but significantly higher hippocampal NSE and S—1008 protein expression than the other two groups (P=0.000).
The Chaol index and Shannon index were similar among the three groups. Principle coordinates analysis using Bray—Curtis dissimilar-
ity revealed that the microbiota composition of model group was markedly distinct from those of the control and FMT groups. Bacte-
roidetes and Firmicutes were the predominant phyla in the model and FMT groups. The model group also had higher abundance of Fir-
micutes, Desulfobacterota, and Proteobacteria and lower abundance of Bacteroides than the control group and FMT group. Partial least—
squares discriminant analysis demonstrated that the model group had a distinct metabolite composition than the other two groups , char-
acterized by decreased tryptophan, 5~hydroxytryptophan, and indole, as well as increased lysophosphatidylcholine. Conclusion : Dys-
regulated microbiota and metabolites as well as inflammatory responses may be the key mechanisms driving dNCR development and
progression. FMT can act on these pathways to improve the cognitive function of anesthetized or operated mice.
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111 52368y BFSE AN 20224E 10 F B 2023 4E 6 J , g g%k
8 JEl s i i PE CSTBLI6) /NER 40 H IR 5K 23~25 g0 /MR
P 357 DA (A6 50 A= 4 R A BR 28 R AR (77 AT E 5 : SCXK
(5)2019-0010]. K EATIHEFEFE (24 £2)°C, 40%~70% 1
B2 12 WG/BEIE A IR T, FIB i 3 BRI oK
SERGFFLRFT/N RAEILIREEE N 7 do SEG T A B 15 21
HIR A 2R B B S (LS 5. 2023-512) .
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Tl R AR BT (WU AR B R 97 A R /) i 5 4
(7 BB AL S BR2S 7)) |, Morris 7K 3K B 22 48 (AR 2%
MR RATR]D , B.OHL(EE E Eppendorf A 7)), BEFRY (35
[ Molecular 23 #]) , 8 K (3€ [E SCILOGEX 23 | ) , 55 E[I R (35
Bio—Rad /A F]) , novaseq 6000 A (26 [ illumine 24 7] ) ,
JE % AL ( 92 8 Thermo Fisher 23 ] ) , 1% S f 7 i i B8 (22 [
FEIA ).

113 FZRA LRl (g E B 254 PR A, KB
988 IR HE T — o (tumor necrosis factor, TNF-a) , 141 84 &
(interleukin, TL)—6 I IL~18 ELISA 17 & ( I 3 B e A= My Rk
AR E]) , BCA B 8 il & R N BT P64 W Bk 4
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AT, B %8 H -1 (zonula occludens protein 1,Z20-
1) ( 3% H protientech 23 ) , 1 I 1t 28 50 5 53 P 4 B 1k 1
(neuron—specific aldehyde Reductase ,NSE) (3£ [E Immunoway
A7), S-100B8 (3£ [E Immunoway 23 7] ) , GAPDH ERINES
Affinity 23 7)) , 250 3 [N 4] DNA 2 HGL ) & (b mt KR AL
B A R ) , NEBNext® Ultra™ 1T FS DNA PCR—free SCJE
il 817 £5 (3 8 New England Biolab 23] ) , HL 55 [ 58 MR (71
TRER RS A FRA T ) 812 AL (£ SPIATH]) .

1.2 %k

121 SEgsrd NRAES T 7 d RIS N i T
HLEEHLKG 40 H/NELAY 0 3 4« X R (n=10) , B AU 2 (n=
15) FIE BB AL (n=15) . %5 5376 8 B A B o # e
AINERBET B AT REE | DR LR A5 700 2 R B RS R 4 1 /N LB
EHISH.

122 INCRAELHIE ST 45 Al Ab B ANCR B 21 e
FEM L ARYE Z A A A i R BB B i 5 U ST A A
3% £ IUE S SRR/ N B SR IR 7 2% L B4R T E T
AR ETRE AR WS N 100%., 16 RREED 2 i i 2/ R
WP AR R ALK g o R /NERZETRAS Bl , PP AR 18 17 fik e 3 12
JE T 2 S B AR I R T 3 . IR T
T UIFE R Ik, S BRI A P o e AR B e b b 4 LA
AL BT E T EWAE, H0.25% 10 lL-RIARIEY 0,
BIREEAYID, B E 5 o AT AR ARRSE 30 min 22
fio RIGREBHEE R L2 REAE, 8H 2, ©HEGN
Wh . f/NREEEERIET, RiFH R, X
20 ANE T A 100% A A E T 30 min, SLI0 R p A1
PRI R ET 10 2, g ARG/ 30 L, X 3K
B I 9.10. 11 H,

123 ZEETAREBAE SRR/ TR, L) RS
52 mLIARAENIA PBSTR . TR 15 min )&, Lk 1 000 r/min,
4 CEL S mine B EVEW S TR G )5 7680 CIKFEEAE -
SRIG AT HE B PO A B 45 T RF AR AL, 15 2/
FUEFIK 200 UB TR, B8 29K 1822 i o 5 4h  HE FMT R
3 35 Morris 7K B0 . Y45 FE 3R BT IS 19/ BRUA
SxUEAT FMT. o) HEZH RIS D 20 (o ) S 2k 0.9% A= R /K 3F
T2 JAE S o 2 J8) o e I v 2 0 0L 26 0 R P 1L-61L-1B
FITNF-o 923K, [ B R0 A 60 T 8 LA B /IS BRI PR i 18 T
TERACH =4
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40 cm x 40 em BYIE T IRX I A B 30 5 min, il HEAEHL
C /N B2 Bl A B | v e IX ek e B A D & 7 40 B L Rk
SRR A3 o MRS 2 36 A B B T B A A A R D s e T
R, BRMREHG B 75% ) SRR 5, DLk
G e % o
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WA KT R (24.0 £ 1.0) °Co KA ALK, K
FEA A EARRRNE S . KE 4R IR R RN
10 em (1 G - & 12 0 A6 5 04 5 BR oy e 7K 1 DL R 29 0.5~
1.0 em &b /NERE S T REBATIEAT S dB9AT RN, BN R
K RE A K T A0/ ERAE 60 s AR B 1N RTE
W LR 10 s; MR/ 60 s NI ARE& 00 525634
FHT IS8 F A5 10 s, BRI R R 60 s, K [E
SE AN 45 4 U (/N O 4 DRI BRI A K H) R
Sreg sk VR . PR A E EA T AT IR, R
o ENIUATES RS T G T AR R IR . DR
60 s PN A JIE UK M AR, 0 SRR B B LSRR S B e B
FRG B 45 BE (A BsF ]

1.2.5 FERB T AT 2R A B 2 h oy IS
FEAEREAR AR W A P Ve TR L SR )5 JBOAE-80 “CUkAE o
T AT 165 rRNA JE PRI SR ) &8 M 3 B A 0 8 Ak, LR
ZH DNA 42 UK JH CTAB 5. AT 16 S rRNA FE[K (V4
BRSPS 1 1 B 4 DNA L, 5191 : 515F (5'-GTGCCA
GCMGCCGCGGTAA-3") FI806R(5'-GG ACTACHVGGGTWT
CTAAT-3") . 1£98 CF AT | min A5 1 RS, SRS 18
98 °‘C(10s) .50 °C (30 s)F172 “C(30s) F 4T 30 RIEIR, i
JE7E 72 CF RS min. {# H NovaSeq 6000 #£17 PE 250 I
HUF o #5751 L) 97% B — B0k SR SR [R] B A 7 2 o
firfr, fdFH QIUME T B 3647 o M1 B ZEEMEA T . 383 Chao
1 VLI 32 5543 2 B IT F Shannon $8 5040 HT o 2286 , [ I 3F
17 B ZHEMESTHT

12.6 Wt /RIS, R RBM T 2R
I, 150 5 WA BRI o AT T 80% HY B 7K I W AR A

e N Kk
S TR Foiz
l AR - l
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PRI, R ERE 5, VKA ## & 5 min, 15 000 /min F14 °C
TR 20 ming MIZKAREZ B A BN 53% J5 KRR TR
AWLL 15 000 r/min 4 ‘CES.C> 20 min, Hf FHRAR (035 - 5 1%
1B A A b3 e D S e AR . B A B T Linux
e R S5 (CentOS RIS 6.6) LU K R Python 2R iE 4T . 7 E
TR I5 o 00 Ak A A metaX AR 385 90 6 A 7 i £ /)
3 1 5] 43 Mt (Partial least squares Discriminant Analysis,
PLS-DA).

1.2.7  GREENE TR IN o FH 6o 28 O 30 32 A6 0 1A o 20 231
) NSE . S-1008 DA &5 42 20-1 BB H Rk . BUG D4
HUMNZE A3 76 4 “CF 3 000 r/min £5.0> 20 min, B
TR R A R TR R R O A R R A R
P e i BRI 6 8 T 2 % i R ARG U o P 48 P2
FIE . AR TN B 048R (50 BRI , R F K 2 SR
FHPVDF PEHEATHERE . WO PYDF B, 48 5% 09 i i 2 175 3t
P L b, A 2ot ) B 5 B S bt NSE (R REHRFE R 1:2 000) |
S—100B (FBEHEEE J9 1:1 000) FI ZO-1 (WM BE M 1:3 000) ,
154 CHFH 10, I8 ] GAPDH (R Bk 1 2 1:5 000) HEAT
MR LR, A IR E R T Tris SR 2% th P 4 W, BRIR
8 min, A ZH0 (R BE LA JE: 1:5 000) , $E IR B 1.5 h, [F]
BE TR 4 K. Tl B ECL &GO HLAR B . Tmage
IR A A

1.2.8  FRI Gy W TSI 06 4B e B A e S v D v B 1
TV o AL T X TR ) U5 R PR AT P IR 6 32 WA 5 50 K 771
B0 5 W T P IL-6 TL-18 Al TNF-o ¥R B . i FH A AR X LA
450 nm PRI S FLIROGEE , I E 2 N2 R YRS 15 min Y
PEAT o ARG AR v 0 £ S RN R A P TL-6 . TL—-18 A1
TNF-o e B

1.2.9 EBFALGE i G e UL S B DX R A 2 A
WURE T 2 A VI A< mm® A5 B, 7 2.5% I W 1 R 2~
4ho ZEPIK BIE AL LG FEA Y] R 60~80 nm

MY Ao 2% BSBR Bl — AR R A XU (55 AE LG N AR .
1.3 %7k

% il Graphpad Prism 9 3K #4741 43 #7 . Shapiro—
Wilk 5 PR I K08l 2 75 AF f IE S50 43 (P>0.05) o X T
TEAS 3 A 85 228 5% 1 8 R T AE S 800 30, LA 04 433 54
M,(Pys, P)3FoR o THEBERAT G IEAS 7040 LA B + hRife 22
(xxs)Fm o BRATTINA D REAT A U 2R I 43 MR F XA
BT 2203 AN , FA RN s R BRI RO 22000 . S
95 F FH Bonferroni #4725 LK . A 57K i a=0.05,

2 & B
2.1 DEATA ML R
2.1.1 YIRESE fEARFTHEA T I 5 d U S RE U 2 (&

1) o ELORECHE UL 10 /N BV 50 5 15 1) %6708 BRUAY T o)
YNl Gtk BB AR I 038 A (F 4, =0.300, P ,;=0.902) , I 2k
FF T % P ORI T8 b 3 (F,,=33.770, Py,<0.0001) , 41
X BBV PRI 32BN AN 3 (F 4=0.510, P 43,=0.605) .

2,12 KEERAMEES T BN ANCRBLAR A5 i 2 2
S LA ST R RS A 15 RE O R/ A 5 L A A N ) B
AR AHIFSE 8 FH Morris 7K 2K & AT PRAR , BRI 2, 3 40
A7 ik I B G 22 57 (=0.290, P=0.750) , & B HER T B 1
RG2S AR T AU o 3 2l /0N BRLAG 6 VR R 301 (F=9.850),
P=0.002) . 5 4 B (F=30.620, P<0.001) L Je 7 H b5
S BRI £52 B8 B ] (F=10.800, P=0.001) {925 54 i i 25 5L .
Hoh TS T, 50 RELLAR B BRI /N U R HE K
HIPE IR, T RERSAR S SRR AR IR 4 0 . T e 25 [
WRZE T, 50t IR ALH b, B0 2 B0 2 5 OB B bR 4
B Ay s TR 50 T T R RS AR T DA s R Ak . LA L2
B FMTIRYT S5 GG T HH USRI/ AR50 A T fE

213 WGEEAS R HRFBAEIRIT A ANCR /N R £E 18

F1 INRARBHARThBE I 2Rk E BRI B (x + 551, %)
Fisf [ XFREZH (n=10) A (n=15) THHEREAT A (n=15) F{E P&
R 19.98 +2.35 18.02 +3.18 18.84 + 2.834
W2 R 17.48 + 1.40 16.62 + 1.92 18.55 + 1.83
F ,..=0.300 P,..=0.902

Hi3R 10.59 = 1.72 12.95+ 1.95 12.06 + 1.60 i e
. F 13=0.510 P 44=0.605
AR 7.48 +1.45 553+ 1.27 7.44 = 1.63 ’ ’

F 145=33.770 P 1413.0.000
H5K 5.09 + 0.63 4.59 £0.52 6.62 = 0.78

*2 IREHEBERKEETERLE (x+s;n,%)

TR B 2 YRR (n=9) HERIZ (n=10) WA (n=11) F{H P1E
e R (s) 494+ 1.94 17.05 £ 9.00° 5.45+097" 9.850 0.002
Wik B (mm) 14 381 + 1920 13871 +2 180 13 614 + 950 0.290 0.750
ZEET B B (R) 10.67 + 1.37 3.17 + 1.84° 7.50 + 1.76" 30.620 0.000
1E BAR G PR A [E] (s ) 29.15 + 3.50 18.94+2.81° 26.97 +5.30° 10.800 0.001

W sa, GXTHAZHAH L, P< 0.05;b, SRR A, P< 0.05
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W OFT #4594k . 3 400z sh M I s 22 R RG24
S (F=2.090, P=0.144), 1 3 41 {9 w9 X 38 {5 B8 i 1) (1=
10.380, P=0.006) . rf* s X sk 45+ B4 B5F [1] Lb 451 (H=10.380, P=
0.006) . g XI5 R AR (H=11.040, P=0.004 ) F1 rfr o [X I g 75
L (H=13.020, P=0.002) ¥ 43 I 25 . Hrh e RIL] h
X B FE AT T B (P<0.05 vs. X IREH ) , T 76 RERS ML 2H 12
FHEAN(P<0.05 vs. BERIL]) . W33,
22 DRABEASHEERE L

R T WFFE FMT X 58 0 B A9 5, F2 0058 1/ B
T 5 DL R L R IL-18 . IL~6 DL M2 TNF-o 7K. Q% 4 By
7N, 3 H/NRUIL-1B(F=21.340, P=0.000) .IL-6( F=18.570, P=
0.001) \TNF-a ( F=22.200, P=0.000) & 1 22 B ¥4 G 1124 55
o RIFERY, Qe 5 FT7R , 460 5 rp 55 76 13 h 25 R 250,
B Y IL-18 \IL~6 . TNF—o 725 T R4, B AR AL M 2 S5 4
TULLAH Eb S PR T K- B BRAIG, X IR AN R B RS AR 4 22 ) TG
5t RGBT RES S ANA LBl 2 e VO
23 DR AFASHIGE A ERAGE L

ZO—1VE R 785 Bt o 1y T B A5 43, AT LA S e i i
BTG B o DA RIS B2 i AL U & 20— 1 AR e ik o
P 2A TR 3, 3 41/ FRUAG ZO-1 BIMIXT Rk 2= R A 4
1285 X (F=105.900, P=0.000) . fEiX 2, B 20 5 %t 18
AL ZO-1 M FRIB & T B, WA BB A S Z0-1 Rk B W
1A,

N T ERVTEMT )5 (@R AR Y R 2 R S 5 cE
Wi 53495 , T2 0 T L NSE L S-100B 25 1 193k, WL

2A. 3#H[H NSE(F=90.550,P=0.000) .S-100B (F=107.800, P=
0.000) R HF LA B EER . EME/FRIE, 5% R4 A
Eb 2 FhER (AR S A I, B RE RS A R B R . ARl 2B
TR, T 2 2 H A 4 R oGt B2 At A R 28 ), 22
TG, BT A ] WL A AZIE A AN, 2 1 1M1 ™ AN, i
JF R4 B AR 2 2 Ak i PR R RS AR 15 3
24 NERMEHBLER

TERIN T B RERS AR Srle st g M R A BT, 0 T
E— MR A K A A 75 3 3 il T R & A AR T, SRR A
PIZEMEIETT T 16S (RNA T HT . o ZREVEHR PN VR
TR BER) 286 . 34122 18]/ Chao 1 7580 F1 shannon +8 5UAH
o, R = F Z M I REE NRUE DR 2Rt 2 R R R,
(FI3A.3B) . B ZHEM: =28 F ORI B i AR 3 I 1) TAT
LR, B30 3T bray_curtis [ PCoA & BRI 5% BR 4]
W S 43 i AL 5 R AR R A = ) B T A B (T
3C), F T HE L SRR R R A 4L = [ O TR R L O AR B o

TEITKE L ik 6 irm , J s T A 4L 2 AT 10 [ T
FEPIRRAI XS F B o 3 4 B BT B (F=26.670, P=0.000) | J5LBE
I (F=8.630, P=0.005) A1 3K i (F=5.790, P=0.017) FAETE
FFH (F=10.050, P=0.003) 25 S Goit=#38 . Hob M
TFF R, ADUFF B A ARG = B e T JEERE T L BT P R AR
JEFTRRARNT £, TEL TR ISR /NS (8
HR 1 X B A B 1 ) R T AR AL . XA IR GE T
FMT 9 5 ) , 175 FL i B 50 26 20 B AR 7T BB 2 2 5 I AR 1k 1
AR

£3 NRHEBEBYTIHERER + M, (PyP,)]

I3 S 2 X R4 (n=9) HERZH (n=10) EHEHA (n=11) HIF {4 PlE
iz ) (1) S 5 (mm) 1 189.00 + 603.10 792.20 + 320.50 994.10 + 318.40 2.090° 0.144
F e DX B 1] () 27.62(5.31,49.35) 1.16(0.00,11.23)" 11.88(6.37,43.50)" 10.380 0.006
rp g X 3l f5% B8 I L A8 (9% ) 9.21(1.77,16.45) 0.39(0.00,3.75)* 3.96(2.12,14.50)" 10.380 0.006
rp e X P P (mm) 175.70(54.02,321.00) 11.19(0.00,59.84)" 122.0(42.86,176.60)" 11.040 0.004
r o DX ] (%) 12.96(7.40,18.88) 1.49(0.00,5.62)* 10.39(5.09,17.11)" 13.020 0.002

e ca, SXTHRALAH L, P<0.05 b, SHEIRIZIAH L, P<0.05; ¢, 278 FIH

F4 MREHBEENEXRERFERILR (xxs)

RN T XA (n=4) HERIZH (n=4) R (n=4) FE P1E
IL-1B 114.60 + 4.60 140.10 + 8.25* 121.20£3.08" 21.340 0.000
IL-6 153.60 = 8.45 190.20 + 10.26" 16450 £7.12" 18.570 0.001
TNF-a 562.30 = 71.45 814.70 £ 50.29* 669.80 + 32.24" 22.200 0.000

W ra, SXTHRAIAA L, P<0.05; b, SR [, P<0.05

®5 NREHBHEEEIRERTFERILR (x+5)

SV Xof R (n=4) HORZH (n=4) W R AL (n=4) FAH PE
IL-1B 115.00 + 7.95 148.00 £2.75° 129.20 £ 3.10" 40.930 0.000
1L-6 157.90 +2.71 204.80 = 8.59" 157.80 + 4.56" 86.440 0.000
TNF-a 523.10 = 63.29 891.00 + 34.52" 648.30 = 110.20" 24.220 0.000

T ca, GXTHELHAH L, P<0.05; b, SRR AE L, P<0.05
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70-1
NSE

S-100 B

GAPDH

A.ZO-1. NSE. S-100 B HY&EHENCK

B2 MREFAARBDARZRG

6 NREBSHIEE A 10 MEB MR E B x £ 55n,%; M, (P, Pry)]

[z ZicE]

B X IR (n=5) HERZH (n=5) B (n=5) H/FE P
EDvaare) 0.630  0.0519 0.330 = 0.052" 0.557 = 0.092" 26.670  0.000
JEREH 0.348 = 0.093 0.579£0.071" 0.389+0.114" 8.630 0.005
25 i 0.048 = 0.022 0.012+0.014 0.056 = 0.043 3320 0.071
JE AR R 0.006 + 0.005 0.036 + 0.026° 0.008 = 0.001" 5790 0.017
i 0.000 383 8 + 0.000 275 5 0.000 215 8 +0.000 140 8 0.000 869 2 £ 0.000 804 0 2330 0.140
AR AT AT 4.231e-006 + 2.223e-006 0.003 383  0.002 383" 6.031e—006 + 2.684e-006 10.050  0.003
CL AT BT 0.005 695 + 0.005 331 0.010 610 + 0.006 792 0.002 108 + 0.000 515 3.650  0.058
JBAKFFEE 00.000 121 2(2.750e—005,0.000 231 5)  0.000 228 3(3.850e~005,0.000 449 9)  9.020e—-006(0.000,2.255¢-005)  2.803 0.133
e 0.001 307 0 + 0.000 893 7 0.002 682 0 + 0.001 836 0 0.001 265 0 + 0.000 643 5 2130 0.162
PR 0.000 310 2 + 0.000 315 57 7.920e-005 + 3.987e-005 3.570e-005 + 5.021e-005 2478 0.126

i ra, SRR L , P<00.05 b, SHHIZHAH L, P<0.05
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