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[Abstract]  Objective: This study aims to investigate whether Xixintang could ameliorate cognitive dysfunction in an

Alzheimer's disease (AD) rat model induced by D-galactose and B-amyloid (AB,, ;) , by means of repairing the colonic mucosal
barrier, regulating the Toll-like receptor 4 (TLR4)/nuclear factor-«B p65 (NF-«B p65) signaling pathway, and intervening in the
pathological process mediated by the gut-brain axis. Methods: Sixty specific pathogen-free (SPF) male Sprague-Dawley (SD)
rats were randomly divided to five groups (#n=12) : A control group, a model group, a donepezil group, an Xixintang group, and a
probiotic group. Except for those in the control group, rats in all other groups received daily intraperitoneal injections of
D-galactose for six consecutive weeks. Subsequently, aggregated ApB,;,; was injected stereotactically into the bilateral ventricles to
establish the AD model. During the intervention periods, the rats in all groups were administered their respective drugs and normal
saline by gavage. The Morris water maze test was used to assess the capacity for spatial learning and memory. Hematoxylin-eosin
(HE) staining was employed to observe the histopathological changes in the colon tissues. Immunofluorescence was used to detect
AB, ,, deposition in the hippocampal region and Mucin 2 (MUC2) expression in the colonic mucosa. Western blot was performed to
measure the protein expression levels of FFAR2, TLR4, NF-«B p65, occludin (OCLN), zonula occludens-1 (ZO-1), and MUC2
in the colonic tissues. Enzyme-linked immunosorbent assay (ELISA) was used to determine the contents of interleukin-6 (IL-6) ,
tumor necrosis factor-a (TNF-«), serum amyloid A (SAA), and AB,,, in the hippocampal region from the colonic tissues. The
lipopolysaccharide (LPS) concentrations in colon tissues of rats were measured by using a dynamic chromogenic limulus assay.
Results: Compared with those in the control group, the rats in the model group exhibited a significantly prolonged escape latency
and a markedly shorter duration in the target quadrant (P<0.01). The integrity of the colonic mucosal structure was compromised,
with disordered gland arrangement and a reduced number of goblet cells. The AB,,, deposition in the hippocampal region was
significantly increased (P<0.01). The protein expression levels of TLR4 and NF-«B p65 in colonic tissues were significantly
upregulated (P<0.01), while those of occludin and ZO-1 were downregulated ( P<0.01). The contents of inflammatory factors such
as IL-6, TNF-a, and SAA were significantly elevated (P<0.01), and the LPS level in the serum was markedly increased (P<0.01).
In comparison to those in the model group, the rats in the Xixintang group showed a significantly shortened escape latency and a
prolonged duration in the target quadrant (P<0.01). The colonic mucosal structure was ameliorated, with neat gland arrangement
and an increased number of goblet cells. The AB,,, deposition in the hippocampal region was reduced (P<0.01). The protein
expressions of TLR4 and NF-«B p65 in the colon tissues were decreased (P<0.05,P<0.01), while the protein levels of occludin and
Z0-1 were increased (P<0.01). The contents of IL-6, TNF-a, and serum amyloid A (SAA) were decreased (P<0.01), and the
LPS level was reduced (P<0.01). Conclusion: Xixintang can significantly ameliorate cognitive dysfunction of AD model rats, by
means of restoring the colonic mucosal barrier structure, reducing cerebral AB deposition, and suppressing peripheral and central
inflammatory response. Its mechanism of action may be closely associated with the suppression of the TLR4/NF-«B signaling
pathway activation, reduction of endotoxin levels, and regulation of the gut-brain axis.

[Keywords] Alzheimer's disease; Xixintang; gut-brain axis; Toll-like receptor 4 (TLR4)/nuclear factor-«B p65 (NF-«B

p65) signaling pathway; colonic mucosal barrier
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Fig.1 Effect of Xixintang on route trajectory of rats searching for safe platform in thewater maze
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Table 1  Effect of Xixintang on escape latency and target
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Fig.2 Effect of Xixintang on pathological changes of colon tissues in rats (HE,x100)
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M 5 OOE R4 MR, B2 R R 45 I A
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X AL, &R E LTH(P<0.01); 5 A4 H A,
i A R 20K RS I 40 IL-6 . TNF-a \SAA % i1 H
R (P<0.05,P<0.01) ; 2 A3 WR 55 41 AT 0 3 4R
FL45 I 20 21 P i IL-6 . TNF-a . SAA K ¥ T X AB, .,

. 5 .
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3 BOANARBDE AL, RIAWEIM (T, x200)
Fig.3 Effect of Xixintang on expression of AB, ,, in hippocampal region of rats (IF, x200)

B .....

B .....

DAPI.....
A B € D E

4 A KRN MUC2RIEREM (FEEH G, x400)
Fig. 4 Effect of Xixintang on MUC2 in colon of rats (IF, x400)

Y B ETH(P<0.01), WLk4, 1 2238 K P 249 5 3 B AR (P<0.01) ; 2 28RS 4 Tk O

3.6 Uk A4S ALK BLES i 41 81 Th NF-«kB p65., % 20 K BLGE I 4 40 vh TLR4 (19 85 14 32 35 7K OF 1 2 %

TLR4 HEH R MW SIEw A i, gk K(P<0.01). WK 6.E7 55,

FRL45 W 2 21 NF-kB p65 . TLR4 [ & 1 3R 15 7K -3 3.7 VRO K R A I 42 LPS & = 52

BETE(P<0.01); SHERA i, 55 WA 25 SRR A A R R R 25 I 4141 LPS % i B 3

WR 5% 2H (V0 v 21 K BR 45 I 20 21 v NF-«B p65 ) & TR (P<0.01) s SEIRUA L8, 45 A4 W 4 2 A IR 5
. 6 .
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®2 ROFHAREIR AL, SEHEAMUC? EHFENLIEE
MR (x+s,n=3)
Table 2  Effect of Xixintang on mean fluorescence intensity of

AB,_,, in hippocampal region and MUC?2 in colon tissues of rats

(X+s,n=3)
- B 5 S
2 5 # 4 /mg- kg
ABy ) MUC2
1E 41 7.31£1.90 45.38+4.39
AL 70.57+4.33" 11.93+1.07"
Fayacy: kil 30.85 55.44+8.21% 21.88+2.76%
EZ YS! 0.88 445041470  24.11+2.43%
Ve m 1174 23.21+9.39% 27.03+0.92%

T SIER AV P<0.01; SEBI 4 Y P<0.01(F 5 TF)

FFAR2 37 kDa
[-actin 42 kDa
NF-xB p65 65 kDa
GAPDH 36 kDa
TLR4 -“ S e 1101Da

GAPDH

36 kDa

—— — — —
_— . e o
. —
zo-1 A A . 22 D
[-actin  ————— 1) kD2
MUC2 S s st s s— 160 kDa

GAPDH  SESGEG———— 6 D2

A B c D E
5 FHKXREHAL S FFAR2, TLR4 . NF-«B p65,Occludin.
ZO-1.MUC2 I E B RIL Bk
Fig. 5 Electrophoresis of FFAR2, TLR4, NF-«B p65, Occludin,

Occludin

GAPDH

Z0-1 and MUC2 protein expression in colon tissues of rats across

various groups

2 VRO 1 AR BUEE I 414 LPS 5 & W i BRI (P<
0.05,P<0.01), W36,

4 itit

AD 1E g — Fl 2 4 BE &5 & 1Y p 22R 47 MR
95 FL G R A% O R AF O 147 MO 0 T 1 R o B
B 322285 S AB TR IE L 1 #ft 28 4% JiE BE B | Tau 2R
P W 1R A TE B 1) A 22 2F A JL 4 4%, LA B il 28 0T
T IR RIS o 1 A A O DO AR R G i b B O
(14 2% 6 oA AD & 95 BIL 1 AFF 9 5 435 1 R0 A, B T i
A AR W 51 & I i R B 45405 5 v AR 9% E S
F S I T 7 2 B DGR ki R A R B
FECHEUE S - SRR 1) R 2 07 /), o N S 0 25
SUAEMRA , 22205 W R IB AR DL BR AR L, A &
i JE 75 R LA I 5, B I BH AR DL B R L i
255 RN, SOV R, LA 25 R E TR L b
PRI 75 7 1 20 J7 LB 5 AD B A R 52 TR R R
WAL AT G ARBEIRAT N SR 45 R R, AD
TR K R Y 25 T 27 20 e A2 B 7 7™ T A2 48t 5 1 28 e 0
T BRI K 2K e 0k Rk vE R S e, B
MOERCRAE T 2 BURF AL M A WAL, B
S5 — A E S, k0 1 FE 5 035 PRI AD ALK
SO T X AB, L ITTBUK . EIREESR R W0
A A RO AD B K BRI 9 AB R BT, $2 T K
B 2012 8 T, 5 IR i I o 4 R —E 0

5T 2 B, 1 38 B A 0 A 3 3 i - A Y
G Ty BE AT K, 76 AD 9 & 5 AL AP G AR
FHBY i T B T 1A AT RE 5 B0 3 B R 1) 3 8
B0, 2 00 T Y g LR AR S 2 G
PR 2 BE RN A Sy A 2 PGB P R AN R
YL Y, LPS S A 5 RE N 1 G EES, LPS il
WE AR R TR R, T 5 B0 3 R E B Y
T I, F5e 2% 1 1 P 66 T ot B 482 405 i 28 s I e
SR i T G E Y AL Y BT £, e AR
i T Occludin, ZO-1 5 MUC2 19 ¥ [d £E JEH7 .
Occludin 5 ZO-1 38 & ¥ Bl 40 A 0] %5 %5 7% 32 2 45
7 M55 5 4 5 Bk, MUC2 2 R IR 40 B 20 004 14 285 T

£33 HLiFENKREDX FFAR2.TLR4 . NF-«B p65.0ccludin.Z0O-1.MUC2 & B 83t KX BRI M (i+s,n=3)
Table 3 Effect of Xixintang on FFAR2, TLR4,NF-«B p65, Occludin, ZO-1,MUC?2 protein expression in colon tissues of rats across various

groups (x+s,n=3)

_ . FFAR2 TLR4 NF-«B p65 Occludin Z0-1 MUC2
2 5 HH/mg- kg i ]
/B-actin /GAPDH /GAPDH /GAPDH /B-actin /GAPDH
R 21 0.48+0.15" 1.62+0.10" 1.93+0.40" 0.41+0.06" 0.41+0.06" 0.59+0.09"
A Al 30.85 0.59+0.13 1.55+0.17 1.81£0.26 0.58+0.06 0.58+0.06 0.77+0.16
EZ S 0.88 0.69+0.15 1.51£0.16 1.70+0.28 0.68+0.08" 0.68+0.08" 0.77+0.05
Ve 1174 0.92+0.18% 0.12+0.18" 1.23+0.17% 0.88+0.17" 0.88+0.12" 0.91+0.12%

TEBOE R AN R A 1
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x4 HOHNAREHAR TNF-o.IL-6.SAARBEX AB, ,, FEHHIM (F+s,1=3)
Table 4 Effect of Xixintang on TNF-a,IL-6 and SAA levels in colon tissues and AB, ,, content in hippocampal region of rats (x=s,n=3)

ng-L"
YRR 5 X
4 51 Fht/mg-kg!
TNF-a IL-6 SAA AB,.
iE 41 209.32+25.95 31.94:4.96 20.22+1.61 587.82+54.75
TR 41 395.55+19.49" 56.44+4.31" 32.11+1.96" 777.45+52.46"
25 HE A 30.85 368.86+21.06% 51.20+5.38% 29.41+1.91 733.20+41.29
EZ Sl 0.88 275.88+27.95% 44.14+4.16" 25.13+2.17" 691.01£54.50>
P 1174 255.15+19.98% 37.42+4.57 22.79+2.69% 637.75+47.19%

Bl6 AN KREHFIENF-«Bp65FEARIEMFEM (FLzdlifl, x200)
Fig. 6 Effect of Xixintang on NF-«B p65 proteins expression in colonic mucosa of rats (IHC, x200)

B7 SOFMAKREFHHETLRIZELSREWEMm (41, x200)

Fig. 7 Effect of Xixintang on TLR4 proteins expression in colonic mucosa of rats (IHC, x200)

®5 BHOANKRLEH AL R NF-«B p655 TLR4 B A A RiE
ENEM (f+s,n=3)
Table 5 Effect of Xixintang on relative expression levels of NF-«B

p65 and TLR4 proteins in colon tissues of rats (x+s,n=3)

25 51 F i /mg- kg NF-«B p65 TLR4
IEH 4 6.58+1.36 1.06+0.44
R 21.02+4.16" 2.68+0.45"
T AL 30.85 12.01£1.77% 1.98+0.76
L AWRF 4L 0.88 11.13+1.36% 1.3540.33%
veo I 1174 9.13+2.13% 1.17+0.41%

U A, H 0 0 1) T )2 AN AN BELBR: i 3 B B S

b B 20 M L ek, 3 T b R S A o DA [

B BBl £, = 3 2215 T IR 38 & 5 800 B 5 R T fE

ZW L IS EER . A, B IE R Y

A3 ) O FFAR2 18 92 11 6 B ¢ B D) i , 1 FFAR2

TR R H S FEEE E RN, AR SCK HE Y
. 8 .

x6 HLAMAREFHARLPS EENHI (r+s,n=3)
Table 6 Effect of Xixintang on LPS contents in colon tissues of

rats (x+s,n=3)

205 # 4 /mg- kg LPS/EU-mL"
Ew 4l 0.18+0.05
R 2] 0.48+0.08"
i A T A 30.85 0.36+0.07>
Z IR F A 0.88 0.35+0.08>
T4l 1174 0.23+0.05>

SR BN W01 21 25 W 2 I AR Y 41 254 B
&5, B A HE 21 B 55 BCIR 20 KR i 19 22, 450 R O
VA CE R A LR EIE S . &aow ThE ,
KB LPS K F F B, 45 I 41 21 b FFAR2,
Occludin,ZO-1 £ [ A X 3R ik 85 0, e 9 58 ok R
MUC2 FHPE R 5 ), 3 WYk .07 AT 6 %t i 26 15 ¢
FEgh ) S Re e B A B SN
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TLR4/NF-«B {5 5 38 i /& P8 4% K IR T 9 55 R e
B2 N Y K% 0 8 %, 7E AD e BR E AR b & 3% B E
FH''. TLR4/NF-«B {5 5 i i (4 5 5 006 2 W - ik
Sl R O A 1) OGRS TLRAAE g — Rl X
P 3Z A, AN AL RE IR A8 R LPS, i BE 45 & N TR 1
AB R BB R AE 5. bAh , TLR4 34 o] 38 i
NF-«B {5 538 [ A 5 5 5E 7 19 7= 4, NF-«B ##
1% )5 AT H 42 8 45 IL-6 . TNF-a S SAA 25 £ Fh 4 4 [H
1 3 PR B Sk O R AR E R IPE R RO, B A F
FEUE S, fE AD AL /N B BB AR ), TLRE L T
Ui 4 12 38 T i, 3 ok 9 o 12 I B A skl s
A0 ) B8 B A7 . ACHIE 5T 1) Western blot 5 42 &
20 Ak 25 R o, A5 U 2 25 i 41 41 TLR4 \NF-«kB p65
BARBKTFBE L, Mk omd &R LW
ERAC, I EBE LS I 4 2Up IL-6 . TNF-a & SAA 4§
S PR 1 (0 1 3 B AR, R WPk 0% TT RR A A
il TLR4/NF-«B {55 5 38 #% (% 5 5 80, 00 T i %2
i PR 18 B I, DA T W 2 M 2 8 4

£SO RTINS/ I I == N D Y NI o= =2 B Tk VA 1
J1, 080 i 9 AB TR, HAE AL AT BE S A
TLR4/NF-«B {5 5 i % 0 4 1 186 RAE W05 , B 2
Bt 1 T i, DA 10 4 B P TR M BE R A I A
Ko ARBEIE B R T 0RO T % ik B o i G
FE 5 B 1) B 47 1 FH 1 A T A 8 2R i il v O 1Y)
F AL RO, KR T B IRABE Y .
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