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Abstract

Background: Diarrhea-predominant irritable bowel syndrome (IBS-D) is a functional gastrointestinal
disorder characterized by chronic abdominal pain and diarrhea, with inflammation as a key patho-
genic factor. Shenling Baizhu San (SLBZS), a traditional Chinese herbal formula, shows promise in
alleviating IBS-D symptoms, but its mechanisms remain incompletely understood. This study inves-
tigates the molecular mechanisms of SLBZS in treating IBS-D via the TLR4/MyD88/NF-xB signaling
pathway in a rat model. Methods: An IBS-D rat model was induced using restraint stress combined
with cold-pungent purgation and irregular diet, followed by treatment with low, medium, and high
doses of SLBZS. General behavior, fecal water content, Bristol stool form scale scores, and small in-
testinal transit rate were assessed. Colonic inflammation was evaluated using hematoxylin-eosin
(HE) staining. Serum levels of CD4+, CD8+, IL-1f, and IL-6 were measured by ELISA. mRNA and pro-
tein expression of TLR4, MyD88, and NF-xB in colon tissue were analyzed using RT-qPCR and West-
ern blot, respectively. Results: Compared to normal controls, IBS-D rats exhibited disheveled fur,
lethargy, and watery stools, with significantly increased fecal water content (P < 0.0001), elevated
Bristol scores (P < 0.0001), and accelerated small intestinal transit rate (P < 0.0001). Colonic tissue
showed marked inflammatory cell infiltration, with elevated serum CD4+, CD8+ (P < 0.0001), IL-1p,
and IL-6 levels (P < 0.001 or P < 0.0001), and upregulated TLR4, MyD88, and NF-kB mRNA and pro-
tein expression (P < 0.0001). Medium and high-dose SLBZS significantly improved fur condition, men-
tal status, and stool consistency, reduced fecal water content and Bristol scores (P < 0.01 or P <
0.0001), slowed intestinal transit rate (P < 0.01), and alleviated colonic inflammation. These doses
also decreased serum CD4,CD8 (P <0.01to P <0.0001),IL-18, and IL-6 levels (P <0.05to P <0.0001),
and downregulated TLR4, MyD88, and NF-kB mRNA (P < 0.05 to P < 0.0001) and protein expression
(P < 0.0001 or P < 0.001). Low-dose SLBZS showed no significant effects (P > 0.05). Conclusion:
SLBZS, particularly at medium and high doses, ameliorates IBS-D symptoms in rats by suppressing
the TLR4/MyD88/NF-kB signaling pathway, reducing intestinal inflammation, and modulating im-
mune responses. These findings elucidate the molecular mechanisms of SLBZS and support its po-
tential as a therapeutic agent for IBS-D.
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1. 51§

[ V5 B i 5 545 44k (Diarrhea-predominant Irritable Bowel Syndrome, 1BS-D)2& —Fii WA T BETE B
TP, HARFRUNIE PRI MRS DL RCHEE A2 B o 1A 4k, R B B AH 2 B A R 1] I
TR AR, 1BS-D [ & A7 1E W2 (1 Hh X 22 5 [2] [3]. R IBS-D A H Ay, (HIHRE
KA BRI ™ B R R AR TR I, R4 BT RIS R BRI g [4].

HRIVAIT IBS-D (5B oM. 2. 1bi525. 5B M APUERZ5[5]). XAy £5
EFOPEIREM, (AT RCA R, KA TRE SO T. WA ECL =25 RIER6]. Fik, ok
Z I NFF IR SEAN AN T, RSP EE[7]. 3% A ARB(SLBZS) & —FhH T 1BS-D Hifk4;
Hzg oy, . fhig. AT E mIhae /e 8).

LRI, TLR4/MyD88/NF-xB {55 M EXTE 1BS-D HH 5% 1) it 48 JiE FN 25 L 57 B 97 v e o5 B E
[9]. Toll #5244 4 (Toll-like receptor 4, TLR4) & — AN R s 524k,  Bett @it 1718 i A= v AR i 98 E
TR, B EERE ML R & N2 L] 88 (Myeloid Differentiation Primary Response Gene 88, MyD88)/# i
S 50 R OE K T «B (nuclear factor kappa-B, NF-xB), #1744 i K 710283, nEEiE &
SE I PR E R E A IRIA[10]. st K, SLBZS B3 IBS-D B KR ImiETgE, Hig
PE R BES A TLR4A Al MyD88 (13635, i NF-xB p65 #5441, &K/ %-6 (Interleukin-6, IL-6)F1
IR R BE IR F o (tumour necrosis factor, TNF-a)/KF, Pk G718 bk ThRE[11]. i — B0 5i#R 8, SLBZS
T I R T R AR R B AR R PR . e R S B BT, D BUR T, KR R IE AR 1R
1#r[12]. WAk, SLBZS 14 RE e i B He 7 B 17K -F, 35l b Rz S i) R AR, R0 /b i imig v [13]
2023 SE— T FLdE— DR W, SLBZS W REE I AT “ i Y - OB SR A0 9 RE H R
1 1BS-D K BRI i B R [14]

AW FCIEIS T IBS-D KRR, #R1F SLBZS %f TLR4/MyD88/NF-«B B IV /ER, %2 KIE
£ R R 1 PR AR A0 B O i TE AR DRI 50RO SLBZS 39T 1BS-D #2451 LA
2. M5 RE
2.1. SRR

AT H CARAFAR R 2 RSB SRR AC 2SS 2 (e itE . BT A SEI8 3% AR DG I P fr4r A i
TartAT. LML 40 H 3 M. REE (180 + 20) g KM SPF 2% Wistar KR, K H g3 s sLis)
WA BRA R (CEFVFTIE S : SCXK(7)2012-0011), F4m 7% T4 g rh = 24 K2 5L 58 3l O (VAT HE S
SYXK([#)2013-009) . K B AEFRHE L I0 B Wi 77 2564 T 1 5%

2.2. BEBEARBHIHIZ

SR AR PR BN RERAFHRE 6% BAETFIHREREAS 159, AR 15
g. K% 159, #1799, #K99. WiZj159. Vi 69. K& 129. KM 9g. H#(%)9g. LikZiks
600 mL ZE1H/K il B, SRS /IN KT 30 0. RGOS IE, TR 25 A 300 mL A& TR /K il A,
AN 30 A3l IS, BIRIEROR G, BE R IERE A RAGRYE B IR A MIKEE N 0.6, 1.2, 2.4
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g/mL. H&WEAT 4CokH&HEE=RE1%& ).
2.3. IBS-D KR{ERRE T

KHBENLE 7R KR 2 A (n = 8)FER4 (n = 32). 1BS-D A B AL I it o 4 Bk 45 &
FERUEFVEAA NI &L ST, BAR A CER[15] [16]. #AEPBRUNT: FrEaWEEL R, BIK
FHITIEAR . SZEGRT R RAE R 10 /N, /K E B .. A K RAE HE B FBEF 0.4 9/ml), FIRES
B4 20 ml/(kg- K. B G 1/, B IRA KRG, RENVEShIF5Esh AR, Frgk 2 /)
. BE—RKEAETRKRIEFEER—F, KEBHKH. WEETRERZE2 F.
2.4.1BS-D KRERSESTFM

BLTE R, IEMRSRIGEIR, SR BN T RIER KR N DL R SEgR 4 2 A0 R ZH (Control) . 544
XTHRZH(IBS-D). KFI &G 41(SLBZS-L). Hifl& Ay 4 (SLBZS-M). =il &E Ay 41 (SLBZS-H), #3418
AR, 3540 AR a7 AR BUESHE B A AR E NS Z BREL, 2 AR RL K BRUNE 15 55447
7&K FIE KR KBS 60 kg BN IR AR 3 5K 1 (R L R R 6 i) T 5. B ORI B
N 0.2mL 5 10 g /&=, SRS ARG E 2 78K E 0.6 g/mL. IR 1.2 g/mL FE A& 2.4
gimL, FiE KRAERIEE 20 mL/(kg- KER), #4514 K.

2.5. LALARHE

14 RS R G, FrE KBRS M8 £ S CREE 3~5 mL Ik, [0 3000 rpm, &5.0» 10 43
Bh, MIEHET EP &, —80CIRF. FHJGMEIRNR, MEEMALREAR ., FTHLUHH 22 IR &
T 4% 2 B HEH . HT Western Blot 1 RT-PCR HIFEALE I T—80C, LL&JESHT.

3. EEREEN
3.1 KEH—RIFAME

BERAPRE — RS RN E, RGN, WERRAEMIRE. B, . KE. WHE
Ul FEERATIRZS

3.2. FEEZKENE

B, B pEAURAE K RIEIRIEE 24 /NN EIR REEE . WEEMREREN AL REH IR
WEFE PTG TS BRI R T E AN A2, RIEA R HIRE S /KE%): (ALl - A2)/AL x 100%.

3.3. HEHRERELERTES

AR A AR, USSR SRS, IR AT B R RS T D, BARIE AR
HE LIS 1o 1 BURN 2 BURORAERD: 3 AU 4 RUNBARME Y, Hob 4 BUR S HH: 5 8% 7 MRIRIEYS.

3.4. IMNHHER R

BAETF RIS, Jeg5dLr T IMIEIEHE, A0 B R W& M]3 E S S N K. SR
R G R GLRHRE RN, 5 RS TR TR ) BIK R PR B N HE B B . N e A
3L: (Dprop/Ltotal)*100% (Dprop = & 7= #i 74t FE S (cm): Ltotal = /Mg KB (em))-

3.5. HE &
[ € Jm ISR AR, JEshKehse 4 /N, fls A bR A, IR R RMM R fr, RET)
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5 pm JERAEET R AR BON 60 CHURH LT 30 208l SRJE RN 28 b il 10 704h. D)
WRYGE IS B E ORI Z& K AL B, BRIR B 438 AW AR ARS8 20 or%h, FAdiEf(fER
FRAK R4y 20 7r8h). AL 1%EERRIRE AL FR L 1 7381, FRUCEAL(FE FoRK b2 20 7). SR
JEA LRI LGt LAY, JLLL AR . )R TG, MURHE — 2R (A 2R FaEWIte 3 708 fa,
PP YER IS Fr o b A ] A 0 R SR 8 i AL 2R 1 RO S A IR 0

3.6. ELISA SCi&

M—80°C UKFE TR B &% 2H K SR ILI ,  ffvk Jo 4% ELISA 75 & B kA7 S2 i/ . S2ab4s R s,
{5 FH BEARXAE 450 nm J% R I 52 W6 2 (OD 1H), MR S BB T REASIR B o W0 %2 177 P A8 SE AR A IL-
18 A IL-6 FIFRIE /K, LLJ CD4+F1 CD8+1AE 4L
3.7. RT-PCR SLI&

K H Trizol i{7F#2HL RNA, 8458 cDNA. SI¥IFH 1% 1. #4796 € = PCR ¥ 1, PCR 414
R IR (FAENE): 95°C 1 04h; B¥E 2. 95°C 20 FF, 60°C 140%h, 40 MEH. Ll Gapdh HHNZ,
i ] 2728Ct j i SR G mRNA ik 7K F .

Table 1. Primer sequence

*= 1 5149F51
FE[N A R IE 5155 PR EIEYE 2l DNA Ji Btk
TLR4 5-ATGAGCCACAGTGGGAGAA-3’  5’-GAGGAGCCAGTAGAAGGTTG-3’ 150
MyD88 5-TGAGTCCACACGAGTTGGAC-3"  5-GTAGAGACCCAGGTTCTCC-3’ 180
NF-xB 5-GAGAGGAAGTTCAGAGGAGG-3'  5’-TGAGAGAGCAGGACGAGG-3’ 200
GAPDH 5-GAAGGTGAAGGTCGGAGTC-3'  5’-GAAGATGGTGATGGGATTTC-3’ 150

3.8. Western Blot S23&

HAREARM-80CUKAETHELH, B 1 g HZURA 4 mL RIPA + PMSF 222 il IR EUE .
BCA &I B FREE, FFitE EFEE. I 5X BRI, DL 14 MELBNR G, SRJG7E 95°C R in#k 5
YRR TR . BRI T—20°C o BEAT HLEKES,  ARAEIE IR R INERE &, 24T 60 VOHEIK
30 438k, % 100 V HLBK 60 208, SRIGHEEIE 1.5 /N, BRAE IR N E 1.5 /N, BEJSAE 4C R 55—t
JEER. B TBST BEik =X, HK 10 7080, 5 E 2/, JFRBRER, BEH TBST k=
R, BRR 10 435k fEH ECL A5 R AL R 1 241, JFiEId Bio-lmage 434 RGEHEAT UG A 434
MELLE 72l 2 TLR4. MyD88. NF-xB %Kik,

3.9. Gt

e LLSEL + FritEvR(means £ SEM)RIR . Giit 0 H] SPSS 22.0 B iEAT . 2 2H 1) EL LA FH A
#7237 (one-way ANOVA)E! Kruskal-Wallis 55, P {8 < 0.05 #iN N EA Git 55 L.

4, 58
4.1 SHERFRH—RIEAUE

IEW AR RBIOCH AR, 5 7E, RSRE, FE LR BURCIR, Pitest, HUHE X
o A2 N, BRI SLBZS-L A KRB A TR, RIEEE, NGRS, FEMREEUKEE, AT
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X EEL. THE, SLBZS-M K SLBZS-H KR EBRFAEEINGE, BRERESE, BHRESESE
M, R BPRLR ST, AL X5 A i
42 BEXKFEFEFLUE

mE 1 s, 57 A4, IBS-D HFE S /KEEERE NP < 0.0001), A BHFL/RERERF
Iy FETHE(P < 0.0001), SHEAIAAALEL, SLBZS-L HZ{H &K EMA Rt /R &R T LR EE
(P >0.05). SLBZS-M K SLBZS-H ZHII35(# & /K & 2% F (P < 0.01 8¢ P < 0.0001), A B HiFE/RIETE
BRI W 3E K (P < 0.0001).
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vE 1. 5 IBS-D AAHEL, P <0.0001, P <0.01.

Figure 1. Observation of fecal conditions of rats in each group (left figure shows fecal moisture content,
right figure shows Bristol stool shape scale score)
E 1l SHAREFEBEANZ(ZENLIFARERKE  GEN LA EFRERERLERITSD)
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F: 5 1BS-D 4HAHEL, P <0.0001, P <0.01.

Figure 2. Comparison of small intestinal propulsion
rates among different groups of rats

2. BEAKXRNBHERRELE
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4.3. ZHEKRR/AHERLE

NI 2 fon, S5 AEAEL, BRI E R B 2 1 N (P < 0.0001). 5 IBS-D 4HAH
b, SLBZS-L 414X 2 IEA N &4 (P > 0.05), 1fj SLBZS-M }2 SLBZS-H 4.1/t 5 5.2 R F#P <
0.01).

4.4, BEAKR HE SBERILE:

wE 3 i, 5aAdMEE, IBS-D A KRB KEFRERARESE, SEHARTEREMEIR. 5
IR AR, SLBZS-M A SLBZS-H ZH 1) 485 fx2 N 15 31 22

Control

IBS-D

SLBZS-L

SLBZS-M

SLBZS-H

e OB R bR, MRS KA R AR E
SR H S 7R B P A R XSSO 25 P RORE UL o 2t €00 B3] B bR i 2T 42 47
FEAEAEBEIS R DR . TR P BRI R k, SEBIER HLEHBER .

Figure 3. Comparison of HE staining results among different groups of rats
3. BAKAR HE £ BLERILE

45. FEAXRMEH CD4+F1 CDS+HISELLE

W 4 fios, 5254, 1BS-D A& CD4+A1 CD8+1)/K T 5.3 T+ (P < 0.0001) . SR
FHEE, SLBZS-L ZH 1) CD4+H1 CD8+/K-FX I N % (P > 0.05), 1 SLBZS-M & SLBZS-H 41
CD4+#1 CD8+7K V- &t # B#{%(P < 0.0001 5§ P < 0.001 5% P < 0.01).

4.6. BAKRMED IL-1p 50 1L-6 a2

wE s s, S5aAdmitt, SR MmEF IL-18 1 1L-6 f7K 7 22T = (P < 0.001 B¢ P < 0.0001).
5 1BS-D 4HAHLL, SLBZS-L ZH (1) IL-18 F1 1L-6 7K~ B GLT F % (P > 0.05), I SLBZS-M ¢ SLBZS-
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H 411 IL-15 A1 IL-6 7K i 2 B#{%(P < 0.0001 5% P < 0.001 &% P < 0.01 5§ P < 0.05).
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Figure 4. Comparison of CD4+ and CD8+ levels in serum of rats in different groups
4. BRARIMEF CD4+F1 CDS+HI S EELE
%k %k
1.0
_ %k %k %k ns A1_o- xkk%k  ns
E 0.8 E || |
% . ° 50 0-8 °
= & °
g 0.6 E 0.6 °®
= = °
5 LIPS 5 ®
@ 0.4 Z 0.4- ®9®
= ° £ H
. L o °
= 0.2 ~ 0.2
d o
0.0- T T 0-0'_‘ T T
> 9wy > S »oN
& & & S 4 SR 1 4 45
& ® VW sV o A ® Vo®

vE: 5 IBS-D AL, ™P<0.0001, ™P<0.001, "P<0.01, "P<0.05.

Figure 5. Comparison of IL-15 and IL-6 levels in serum of rats in different groups
B 5. BEARRMFEF IL-18 70 1L-6 IS ELLE

47. HBAXBHY TLR4, MyD88 and NF-kB mRNA FiAKF

WK 6 i, 52 A4MEL, IBS-D 414 TLR4. MyD88 Fl NF-xB H mRNA £ik/KFEZE =P <
0.0001). S, SLBZS-L. SLBZS-M K SLBZS-H #H TLR4. MyD88 Fll NF-«B [f] mRNA ik
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KB R (P < 0.0001 5% P < 0.001, %P <0.05).
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#¥: 5 IBS-D MLk, ™P<0.0001, "™P <0.001, "P<0.05.

Figure 6. mRNA expression levels of TLR4, MyD88, and NF-xB in each group of rats
& 6. BLAARA TLR4, MyD88 and NF-xB mRNA FRik7kF

4.8. HAKXMHY TLR4, MyD88 and NF-xB EHKIEKFE

WE 7 Fios, 58 A4, IBS-D 414 TLR4. MyD88 1 NF-«B [ & iA/K B WP <
0.0001). S5 A=A 4L A EL, SLBZS-L.SLBZS-M }2 SLBZS-H 41+ TLRA4 (1125 [ #357K 1 i 2 B (P < 0.0001) .
SLBZS-L #H9 MyD88 1 NF-«B [1)4 1R IA/K-2 T EE%(P > 0.05), i SLBZS-M J SLBZS-H 4+
MyD88 il NF-xB [ [ R IA /K- 5. 3 PG (P < 0.0001 % P < 0.001).
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7E: 5 IBS-D 444ALL, P <0.0001, P <0.001.

Figure 7. Expression levels of TLR4, MyD88, and NF-«B proteins in each group of rats
7. RBAFHI TLR4, MyD88 and NF-xB R FRILKF

5. Wig

IBS-D & —FPIhae Pt B W IE B, AR LG AI RS RFE, 980 78 A AL Hh e 45 A FH 1]
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