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Mechanism of Shenling baizhu san in ameliorating ulcerative colitis via regulating flora metabolism-related
proteins and TLR4/NF-kB/NLRP3 inflammatory axis

XU liajia', YOU Yu®, WANG Jiaoman’, LIU Yuhui', CHANG Shiyao', HE Zhixian', LI Ping', WANG Ziyan',
XIONG Wei', HAN Fei" (1. School of Pharmacy, Jiangxi University of Chinese Medicine, Nanchang 330004,
China; 2. Dept. of Gastroenterology, The First Affiliated Hospital of Nanchang University, Nanchang 330006,
China; 3. International Education College, Jiangxi University of Chinese Medicine, Nanchang 330004, China;
4. Jiangxi Provincial Key Laboratory of Pharmacodynamic Material Basis of Chinese Materia Medica, School of

Pharmacy, Jiangxi University of Chinese Medicine, Nanchang 330004, China)

ABSTRACT OBJECTIVE To investigate the mechanism of Shenling baizhu san (SLBZS) in ameliorating ulcerative colitis
(UC). METHODS Mice were randomly divided into normal group, model group, and low-, medium-, high-dose SLBZS groups
(3, 6, 12 g/kg), with 10 mice in each group. Except for the normal group, mice in other groups were given free access to 3%
dextran sulfate sodium solution for 7 days to establish UC models. Simultaneously, mice in each group were intragastrically
administered corresponding medicinal liquid or double-distilled water once a day for consecutive 7 days. After the last

administration, the histopathological morphology of colon
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tissues was observed; the serum levels of inflammatory factors
including tumor necrosis factor-a (TNF-«) , interleukin-13
(IL-1B8) and IL-18 were detected; the total bile acid contents
in liver, gallbladder and colon tissues were determined; the

expression level of NOD-like receptor family pyrin domain-
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containing protein 3 (NLRP3) in colon tissues was tested. The
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expression levels of flora metabolism-related proteins [G protein-coupled receptor 41 (GPR41) , GPR43, farnesoid X receptor
(FXR), G protein-coupled bile acid receptor 1 (TGR5), flavin-containing monooxygenase 3 (FMO3), cytochrome P450 family
27 subfamily A member 1 (CYP27A1), CYP7AL] in liver or colon tissues, as well as the proteins related to Toll-like receptor 4
(TLR4)/nuclear factor-kB (NF-«B)/NLRP3 inflammatory axis [TLR4, NF-«B, phosphorylated NF-«kB (p-NF-«B) , myeloid
differentiation factor 88 (MyD88), NLRP3, apoptosis-associated speck-like protein containing a CARD (ASC) , caspase-1] in
colon tissues were measured. RESULTS Compared with the model group, the colon tissue injury and inflammatory cell infiltration
were alleviated in medium- and high-dose SLBZS groups. The serum levels of TNF-a, IL-1@ and IL-18, total bile acid contents in
liver and colon tissues, as well as the protein expression levels of FMO3 and CYP7AL1 in liver tissues, TLR4, p-NF-kB, NF-«kB,
MyD88, NLRP3, ASC and caspase-1 in colon tissues were significantly decreased (P<<0.05). Meanwhile, the total bile acid
content in gallbladder, the protein expression levels of GPR41 and GPR43 in colon tissues, along with CYP27A1l, FXR and TGR5
in liver tissues were significantly increased (P<<0.05). CONCLUSIONS SLBZS may relieve colonic inflammatory injury and
ameliorate UC by regulating the expression of flora metabolism-related proteins and inhibiting the abnormal activation of TLR4/NF-
kB/NLRP3 inflammatory axis.

KEYWORDS Shenling baizhu san; ulcerative colitis; TLR4/NF-kB/NLRP3 inflammatory axis; intestinal flora; bile acid

metabolism

Ttz 45 & (ulcerative colitis, UC) &—FP L5 1%
R RF SV R AT NS B 438 43 S REAIE 14 92 M 58 P
s SR, UC R R 5 A RSt e Dy R4
K T A A A AR UIAHOC™ il R AR o A R £
21 Yk IR BN AR B4, 7 AR S EE AR D7 R (short-chain
fatty acids, SCFAs) ¥R ZAH 7R A1 = W e S48 = 0 5
[FA}, G 25 BR324 41 (G protein-coupled receptor 41,
GPR41) ,GPR43 ., ¥ JE 5 X 37 {A (farnesoid X receptor,
FXR) .G & [ B3R 712 52 4 1 (G protein-coupled bile
acid receptor 1, XK TGR5) ¥ #5 2% . )i %8, i 3 (flavin-
containing monooxygenase 3, FMO3 ) %5 Bl A4 C it AH 56 25
H AT A ik SE A Wy B 5% T, 0 e S e B A R A s
TS R EAE Y HFSE A B, Toll B 3Z 44 4 (Toll-
like receptor 4, TLR4) FE P30 I AH OG5 , Al 38 1o A
FE434EE 1~ 88 (myeloid differentiation factor 88, MyD88)
A% 573 BR184iE 4% I F kB (nuclear factor-kB, NF-kB) , A
M55 02 A 20 M A RO 2 2 NOD A 32 (AR AR 11 45
FaJ 3 AH S 8 1 3 (NOD-like receptor family pyrin domain-
containing protein 3, NLRP3) R AE/IMATE AL , i i 5 54 %
BB D) Re A AT DRt o4 R R AR A DG B
TLRA4/NF-kB/NLRP3 AN if7 7 UC BAT HL 2 o

HHT, UC A H FIRYT 2459 BTS2 A A0 , AR A I
FHFEAEST RS2 BR O B B 2 S5 R R, 225 R K
(Shenling baizhu san, SLBZS) { & 28 HiL (14 filt i 25 <y
F GRSz F TR e 8 el g™, AR 2= wf
5], SLBZS HATHL R K AyZe il o AR Y H HUE A5 38
Ao VA AR A I A G 2R 1 TLR4/NF-kB/NLRP3 48 4E
WhRFERT IR UC PER A AR RG], JE T 0, ABit
7% K FH A SR BB 2 51 ( dextran sulfate sodium, DSS) 1755
UC /Iy BUBE AL, DA TR AR 35 AH G 2 1 36 3K M TLR4/NF-
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kB/NLRP3 4 i 4l 45 J7 10 , & G2 483+ SLBZS % UC Y
e VR AL, LA S SLBZS (9 1ifs FR I FH 42 43k 52 56
WA
1 #
1.1 FENE

A 5T i 3 B AL AR A EG1150 A7 i A HEAIL |
RM2016 AU47 iE) - HIL (72 [ Leica A ] ) , MF43 AL yG#
BT \MCH0 RYECRD G 2 3 b R g () M S
FARA R F) , 041BR120387 % 1 yk 4% ( £ [H Bio-Rad
8] ), ELx800 AR ( 36 [# BioTek /A ) ) , Tanon5200
RIBER SR R 50 ( g RBeE R A BRA R o
1.2 FEHmEIRXF

SLBZS (1t 5 2533020280 ) W4 [ 2= 7 ¥ 24 1 24 e 47y
H RN ) s DSS (415 S5036) Il [ 25 [l MP Biomedicals
O] s /N BRI 3R 38 [ T o (tumor necrosis factor- o,
TNF-a) FIl FH 40 ifg 4 2 18 (interleukin-13, IL-1B) i X 92
JZ W B I 2 (ELISA) i 71 & (4t 5 4 5l b CSB-
E08054m ,CSB-E04609m) It [ st 4536 £ 1) T A R
N IAKE-HZL (hematoxylin-eosin, HE ) % (7% ($iL-5
DHO0006 ) 1 [ 3t 50 B A W) H AR A FRAA 7] 5 S TLR4
NLRP3 Hi/A (55543514 bs-20954R \bs-10021R ) I [ b
SR ARA YA PR A 5 5 NLRP3 . MyD88 4l ifd
0 28 P450 K% 27 WK % A B 51 1 (cytochrome P450
family 27 subfamily A member 1, CYP27A1) .CYPTAL,
TGR5 ., FMO3 it f& (53 5 43 5l 7 ab263899 . ab219413
ab126785,ab65596 ,ab72608 .ab126711) 4 [ £ [F Abcam
73] 5 B R R TR DG B SURE 2R 1 (apoptosis-associated
speck-like protein containing a CARD, ASC) | it K4 H
fit} 1 (caspase-1) \NF-kB . FXR .B-actin Hi 14 (5554351
D2WS8U E2Z1C . DI14E12 E4B8P . 4970S) 1y [ 3% [ CST

China Pharmacy 2026 Vol. 37 No. 15 + 1993 -



I3 s SR IR BERR 1L NF-kB (p-NF-kB) . GPR43 Fi A FIAR
AR AR LAY L SE BT e BREE 1 G 40 FITC A
IC I L EP AR S IR AR 1 G it (175730 oy 82335-1-
RR .84544-1-RR .SA00001-2 ,SA00003-2) Il [ 7 = J&
I ARG BRA T 5 7 GPR41 FiAA (175 A12636) Il
AR R e AR A R A F]
1.3 KIEEhY

A5 T 8% A SPF /i 4 BALB/c /MR, 35 50
H 8 JRE KT 24~26 g, W T AR stk A Y
A BRA T, s =V eSS 2 SCXK (%) 2023-0001
A /N BRI SR TULPE o B8 25 R4 2522 B s s N, S
T AR AR I BRVT VG v B 2 R S S e T B o
SRAEAT AR5 20250317007
2 FHik
2.1 EE HES5%H

50 H BALB/c /)N b MR 37 LS BEAIL ST N
IEH 2 BRI K SLBZSAIK LRl 4 (3,612 g/kg,
RS 2% CER[10— 113 &) , R4 10 H . IE# 4
/NELE BRI K, A4 4/ B A Bk 3% DSS
WU, LT d, LA S UCKIRI™, fERE RN R, 4545
22 /INERE B R Y 77 i SLBZS YR B , TE 5 2H S R 2
JINETHE SR ARG K B H IR, LR T d
2.2 B

KI5 5 RN, BRI ERCR SE 4l 1M A
FEHREEZ3 WG, T4 °CE&MF T LA 3 500 r/min &0 10
min, B2 M ORAE A o B 58 5 L 7 25 IR g2 21
Ji 37 BIARAE  FE T I R B a0 5 43 8 JFF IR )5 55 1)
GY TR, FH T BB R B i FAH DGR RGBT .
FAN BT 2 R4S B4, e wk iR £k
Gz 0PV (PBS) (e Js P25 40, T 248 WD 4 38 7 BB
211 em AL, BT 4% Z R IRAE, HTHE QA
FIGE D C R I 5 T A3 25 i 2L 4000285 I R AT, T B il
THER & i FIAH DG ER 1 R3R 40 HT o
2.3 INREFALRIERSFNE

2. 2" T [ 2 T 4% 22 38 W RE b (9 45 i 2. 443
AR LTERUK W OREN A, TS
L) (R R 5 wm) 5 AR 70 U0 7 1 T 60 CHEAR k%
A2 h, & HIRME B LR K G AT HE et Yt
58RI R HEA TR BE SRR R ORE R
BEIEE R, SR 5 SR P27 S B UL S/ N BRLZS i 4 2 2
LA
2.4 /NRR I A AR AE B F K F AT

2,27 B9 AR A B I A ot i et (B2 B3 /IR
FEA) iR AL IS T 4 °C4F T 2L 3 000 t/min #5.0> 10
min, B V5 i IR ELISA 37 & Ul I 45 454
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SR 5 R FH AR SUEE 450 nm P ARG B, SR IF AR
bt 2t/ Bl i o TNF-o IL-18 \IL-18 7K~
2.5 /NERBTRE REEE ZEPFA LA T BREER S =4
HL“2.27 300 F F —80 CAMF T ARAF W AFIE IR | 25
AN 245 100 mg (AFLHI 3 H/NRAEAS) , 233 1 mL
TCoK CBEHATHU AT, 550 3 3k R v 458 2 D T e K
CEAMNEZE 1 mL, BT 4 °C&H4 T L 12 000 r/min 5.0
15 min; B V8 W, A% 44 BEORE W 300 8 10 B 5 4
15, LIRS BRUFFIE IR 3% (25 R 20 2 rp i IRy TR 35 it
2.6 /INREEIALAL A NLRP3 RIZHE
BC2.3" T R RIATYI A, 2 i kAL G AT iR &
5, FINANLRP3 —$Hi (i BEEE A 1:100) T4 °CHFEE
5 L PBS BRI, N FITC ARic 09 LU 2E- BT fe o2 BR 2R
MG P (B 9 1:10 000) T3 IAOEHEF 1 h; PBS
VEJE L N DAPL LYK B 7 I, 2 i ik
JEHCE 10 min, BB T2OC W MBE T UL, REHLIEH L
AT, DL4 (0,583 /8 NLRP3 25 [ P 251k (i (0,2%
YR MiA% ) , 72K Fi Image-Pro Plus 6.0 2K 1543 #r 2¢
R JE . LSR8 R JE 78 NLRP3 2 [ 187K -,
PR AR , 2 R OP B
2.7 INRBTRE/ERAN P EERSEXEARIERN
He2.27 50 ORAF 8 JFFEIE (RS2 FXR . TGR5 .FMO3,
CYP27A1.CYPTAL & M) F%5 I (K GPR41,GPR43
) U18145 10 mg (ABRLEL 3 JUNRUBEAS) , 430 A
RIPA 20 1 0K [ 7843299 30 min, F-T4 °C4AF
L4 12 000 r/min 250> 15 min, B E 5 ; % FH BCA B2
FE ISR R R B, PR TR R AL B . B MR R
P38 AT ot S T M - 2R D T e G b Uk
JES s A 5% R i ks 2 i B 1 b, RIS A CYP2TAL
FXR.,TGR5,.FMO3,CYP7A1 (5 GPR41,GPR43) L) &
B-actin—HT (FBEEY R 1:1 000) F 4 cCEF 9 K H
JH TBST BEME 3 Y%, 5 Y% 10 min, FA0 AR 9t (i B
FE21:10 000) % RIFEE 1 hs VERE S A ECL R0 2:4 7
o, I B R R GRS . R Image) 3/
SIMTER A IR, DL B R 5 NS M (B-actin)
IR EAE 2R B 18R H A FRIA KT
2.8 /RS AL B TLRA/NF-<B/NLRP3 A SESHHH 5
EAFRIERN
H“2.27 35T ARAT (R 45 B 4 2238 o (R 3 /IR
FEAS) i 2. 77T N ik B AL PRS- AT T e B
T2 44 - 5 D A7 T g O G PR UK LIS L 3HEAT N A TLR4
NF-kB.p-NF-kB . MyD88 NLRP3 ,ASC .caspase-1.B-actin
— B BREE A 1:1 .000) T 4 °CHE T 172 s Yk H BEI
Je, AR — 40 (R} 1:10 000) %855 1 h, 4%
i TRl RS A 1 2 1 2R35O
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29 FitZEFIE

iR H SPSS 27.0 BT A b . AR A IES
AR B DL x £ s R, 4 8] HLBR BRI & O 2243
BT, 2 R LSD-14656 . #3607k ifEa=0.05,
3 &R
3.1 SLBZS¥ UC/MNREFALNRERSFEHZM

HE YL 25 5 (18] 1) 8w, 15 % /N2 I 4 4 4540
SEEE BOsS HES R, ARAR AN = 5, JC A B A 40 i
T, ARIZH /N RS I A 2R s S5 AR R BN IR AR Z
L AR AN s B R 5 A A0 IR, $2 7R UC ALY
AT, SHEERIZHAH L, SLBZS 47w 2H /N Bl 4h i 2H 21
PR D, B S 5 AR A, S A IR T s D
H.SLBZS 1 . ) 20 GE RO T

,,,,

E Al
CO BRI [ ] S
O ERRE [ Bosasin
Btk A

A IEF 4L B AL C: SLBZSAI S 41 ; D: SLBZS 17 1 40 5
E:SLBZS# 4 .
Bl HENMNEMALRERSEFNERLER(HELRE)
3.2 SLBZS Xt UC /N I i o i B F 7K T RY 22 M

5 IEH UAH b, SIS A/ BRI 7 TNF-a IL-18

IL-18 7K 44 i B FH 25 (P<<0.05) ; S #RIZH AH L., SLBZS
o E R 2/ BUML T o TNF-oc IL-1B \ IL-18 /K-35 i
FEMR(P<0.05), SEHFWFE1,
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£1 HA/NRME D TNF-o. IL-18.IL-18 7k F EL %
(x+s,n=3,pg/mL)

Fib TNF-a IL-1p IL-18

ER4 551.96+41.89 35451140 285.88+10.90
A 97187+ 13.49° 1133545100 1362.17426.89°
SLBZS il &4 887.63436.73 10230303 12473+ 23.00°
SLBZS il &4 78184 14781° 96.82+447° 115909+ 15.74°
SLBZS Al 4 64243 +44.70° 81.86+2.69 047402038

a: FIEHWHAMIL, P<0.05;b: SHEIZHAA L, P<0.05,
3.3 SLBZSXf UC/MNERATAE REEE 457 4H LR th B RET
BaErEm

SIEH AL, BRI/ BFIE S5 400 Sl
R e 1 2 T (P<<0.05) , AR ZH 2 v 4 i iR
i PR (P<0.05) . HEIAIZIH EL , SLBZS 457
s 2/ BUIE 45 B 4L 20h B IR R 1 B 34 B 3 AR
(P<<0.05),SLBZS H | il it 21 /N ERUIH 42 20 2 v SR 7
MR A B i T H R (P<<0.05), 45R ML 2,
F2 KRENRBE FEE AR DRERE ST

B(x+ts,n=3,pmol/g)

45 g e g i

R4 6140£245 943,714 1046 100284361
A 119274549 666,37+ 16.68° 16047+482
SLBZS 4 98.11+2.44 7349343737 144492388
SLBZS iz 99,50+ 344" 936.26%13.93° 132452267
SLBZS il 100.77£2.11° 1 045,54 £41.14° 1233411

a: SIEW AL, P<0.05;b: SHRHAALL, P<0.05,

3.4 SLBZS¥F UC /N Z5 7 48 43 F1 NLRP3 3K B 220

SIEH L[PG R 0.093 8 + 00214 Lt , A 2
/NS A1 21 NLRP3 ik /K[ 65w 4 0.313 8 +
0.06]14 & T+ (P<<0.05) ; SHEEAIZHAH L, SLBZS -7l &
ZH /N R 25 i 2 27 T NLRP3 36 15 7K SF- [ 96 )16 58 5 43 1) by
0.204 9+0.04,0.144 8+ 0.01,0.106 0+ 0.02]¥ i FH &AL
(P<<0.05). BRI, £41UC/ LA 4 NLRP3
FIR 0 R PE DO CIEITE A SO T YR E B 5
R DT A B IR 1,
3.5 SLBZS3t UC /MR BFRE/ZE B H R B G E €
ERFRIEHM

5 IE B A AR L, 1558 20 /)N BRL 45 s 2 21 h GPR41
GPR43 T IE 41 41 CYP27AL1 . FXR . TGR5 75 1%
ik K P 2 5 2 R (P<<0.05) , T E 41 41 sf FMO3 |
CYPTA1 IR 1o 2 F5 (P<0.05) ; SHBIAIZ
AHLE, SLBZS Hr e ) i 41/ BUR- I/ 25 i 4l 48 iR 2R
PR KF 34 B35 0% (P<<0.05) . 453K 2 33,
3.6 SLBZSXUC/MNRZERAZAZRH TLR4/NF-«B/NLRP3
RAEFME X E A RIEM T

5 IEH 4 AH L, BB 2 /)N BRL 25 W 41 21 TLR4 . p-
NF-kB,NF-kB,MyD88 NLRP3,ASC , caspase-1 & H %
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GPR43 . L0 e R e T0a

GPRAL — S 39 kDa

Bactin g . S A A 2 D2
A B C D E
A G5B 4 GPR43 .GPRA1 M [ %3k

FMO3 '- “ “ 52 kDa
CYP27A1 - - m 60 kDa
=T ¥
*“ SR gl S 53D
- -
~ T .
TGR5- -— -SSkDa

Practin WS G d— A 12 D2

A B C D E
B. FHE41 415 FMO3 .CYP27A1 .CYP7A1 . FXR \TGR5 E H #ik

AIEF 4L B BUAL; C: SLBZSHIGHI it 41 D: SLBZS | 41 ;
E:SLBZSwH =4
B2 HANRAFR/SEHAATHBERGEEXEASR
LK E
*3 BENRIFRE/EHARPEBHRHEXESR
EKFELLE (x+5,n=3)

CYP7Al

G e

A4

b GPR4l  GPR43  EMO3  CYP27AL  CYPTAI  EXR TGRS
E4 093£0.10 081£0.08 033+0.16 LI3£0.12 0.61+0.19 0.92£0.12 0.88£0.02
G| 02420.06* 021£0.04 128£0.08° 0362002 1222007 032£0.05* 0.21£0.09°

SLBZSEAIEA 037£0.04 0312001 0.90£0.17° 0404005 093+009 043011 020£0.10
SLBZSHUHEAL 052£0.050 0712007 0.84£0.04° 066+0.15 082005 0574007 044008
SLBZSHFIRA 0.70£009 078£0.10° 037£0.13 0.70£0.04° 0511009 087+0.14° 0.61£007°

a: SIEH AL, P<<0.05;b: SR L, P<0.05,
KK 8 3 TR (P<<0.05) ; S8R 41 4H Lt , SLBZS
T AN RS H R IR E R R ROK B
FEAR(P<<0.05). ZRILIEI3 K4,

TLR4 é “ Sl . e oD,
- a . e i

-
o o -
-

NLRP3 . z . = 2 110 kDa
e .

o SR B

ASC W M e S 22KDa

p-NF-«B

Bactin gy EE— . AN A 2 D

A B C D E
A IEH AL B AL ; C: SLBZSAIKH 41 ; D: SLBZS Hi il 1 41 ;
E:SLBZSwHi &4,
3 & H/NR L7 A 4 h TLR4/NF-kB/NLRP3 & fiE
HhtEXEARILBEIXE
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R4 BHENRLGFEZ B TLRA/NF-kB/NLRPS 7 i
MAXEQRIZKFELER (x+s,n=3)

3 TLR4/  NF-kB/  p-NF-«B/  MyD88/ ~ NLRP3/  ASC/  caspase-l/
P-actin - Pactin - Bactin - Pactin - Pactin - Pactin - Peactin

FE4 0294003 0514070 023£0.03 0222000 0312008 050£0.07 048£0.04

] 0.93+0.10* 0.73£0.11* 095£0.06° 0.88+0.02* 1.02+0.03* 0992007 112£0.07°

SLBZSRHZAL 042£006° 0.72£0.014 0841008 0.8140.03 041+009 072£0.12° 0.75£0.10°
SLBZSHEAL 02610.06° 0.660.06" 0.76£0.10° 0.4340.07 030+0.16" 0.71£0.19° 0.76£0.07
SLBZS A 0211005 061£0.12° 063007 053£0.06" 041+0.08° 041+0.10° 043+0.08"

a: HIER ML, P<0.05;b: SHAIA M H, P<0.05,

4 g

T T BAG 2 ) 2 R0 R D R R R 7
Pk RAEPERRIRYT H BB AR . SLBZS 2
KRB E R 2R, T A S (AR
PRES MBI 5 1112 FET R 25 RS s PR
BT HME IR AR AR AR R S AT
T s i A B A S, 51 R 250 AT, S £ A e
Wb KO H R AR R RS 2, SRS A 2 5 5 2
A IR AR B RTE B ki 2 T AT
GEHEET DSS 5 F: 1Y UC /N RS AY , R Ge i 5% SLBZS %t
UC 1yl E I Kb

RNE LS E5 I 4L U 592 UC 1 3 2R BRAFAE
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