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Ameliorative effects of moxibustion on intestinal damage in rats with
diarrhea—predominant irritable bowel syndrome and its impact on MLCK/

MLC2 signaling pathway
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[Abstract] Objective To explore the ameliorative effects of moxibustion on intestinal inflammation and damage in rats with

diarrhea—predominant irritable bowel syndrome (IBS-D) and its impact on the myosin light chain kinase (MLCKYmyosin regulatory light
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chain 2 (MLC2) signaling pathway. Methods A rat model of IBS-D was established and the rats were randomly divided into a
model group, a positive control group (pinaverium bromide group, 15 mg-kg™), a moxibustion group, and a moxibustion+MLCK/MLC2
pathway activator iE-DAP group (moxibustion+iE-DAP group, 3.5 mg-kg™), with 12 rats in each group. Another twelve healthy rats
were selected as the control group. All rats were scored for diarrthea grade and the fecal water content was measured. HE staining
was used to determine the pathological changes of colon tissue. Apoptosis in the colon tissue was examined by TUNEL staining.
RT-qPCR was used to measure mRNA expression levels of interleukin—6 (IL-6), tumor necrosis factor—o (INF-o), and interleukin—
10 (IL~10) in colon tissue. Immunohistochemistry was used to determine the protein levels of zonula occludens 1 (ZO-1) and tight junction
protein 1 (Claudin 1) in colon tissue. Western blot was used to measure the protein expression levels of MLCK, p-MLC2, and MLC2
in colon tissue. Results Compared with the control group, the rats in the model group exhibited impaired intestinal mucosal
integrity and aggravated inflammatory cell infiltration. The diarrhea score, fecal water content, proportions of colonic tissue apoptosis,
mRNA expression levels of IL-6 and TNF-o, and protein expression levels of p-MLC2MLC2 and MLCK increased (P<0.05), while
the IL-10 mRNA expression level as well as the protein content of ZO-1 and Claudin-1 in colon tissue decreased (P<0.05).
Compared with the model group, the rats in the pinaverium bromide group and the moxibustion group showed reduced
histopathological damage and inflammatory cell infiltration in the colon tissue. The diarthea score, fecal water content, proportion of
apoptotic cells in colon tissue, mRNA expression levels of IL-6 and TNF—a, protein expression levels of p-MLC2MLC2 and MLCK
decreased (P<0.05), while the mRNA expression level of IL-10 and the protein content of ZO-1 and Claudin-1 in colon tissue significantly
increased (P<0.05). Compared with the moxibustion group, the rats in the moxibustiontHE-DAP group exhibited exacerbated colon
tissue damage and enhanced inflammatory cell infiltration. The diarrhea score, fecal water content, proportion of apoptotic cells and
the expression levels of inflammatory factors remarkably increased, and iE-DAP increased the protein expression levels of p-MLC2/
MLC2 and MLCK (P<005). Conclusion Moxibustion can alleviate the body’s inflammatory response, reduce cell apoptosis, and enhance
the physical defense function of the intestinal barrier by inhibiting the MLCK/MLC2 signaling pathway, thereby relieving colon
tissue lesions and alleviating diarrhea in rats with IBS-D.

(Keywords] diarrhea—predominant irritable bowel syndrome; moxibustion; inflammatory response; intestinal damage; myosin

light chain kinase/myosin regulatory light chain 2 signaling pathway
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2023-0071, TFRIEAERRES2#BE SPF 2% 84 525
L (ff FHVF AT IES . SYXK A 2020-0005 ) 15 i 18 1

I 4—2mta] 25T 7 d BERN . P A SR 2
A BE s 18 B2 B 254t L5 . 2023-109KY
12 AR FERFSNEE

DT 4k YR 4% (5 . L176705, b ¥ Fa$ir T 2 AL B
F AR AT FRA F)) s iIE-DAP (L5 . 230824 , It 55T Bl i
HIREYF ARG RN FE]) ; B-actin HAHHIAZ 6(in-
terleukin-6, 11.-6) JiJRIYRFE A F—a (tumor necrosis
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IL-10)mRNA 5 [¥)7 50 AL R E YA T A G
BESERF (S :RRO36A | H AR Takara 237 ) ; HE Jeft,
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1 MLCK (#t5 : ah221547 ,ab307692 ,ah232949 | SE[F]
Abcam 23] ) ;p-MLC2 MLC2(#L5 . #3671S #3672S,
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5 mm ARREEAE LR L, SRR B UL (LB
JELRAK) B2 2 em &b, BRAR AR 30 min, 1
WA, ESEHAT 14 d, Horp VCAE R 2H R R EEZ
BIAIT (15 mg/kg)", 5 +E-DAP 4K BE LR
T R ST 3.5 mg/kgh iE-DAPM™, X IR ZH FISiR
HRRHBEAHTIER,
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x1 51MF5
Table 1 Primer sequences
CILZE S Eikzi2dl! K /bp
IL-6 1E[A] :5'~AAGCCAGAGTCATTCAGAGC-3’ 567
JZ1A] :5'~GTCCTTAGCCACTCCTTCTG-3’
TNF-a 1E[A] :5'~CTTCTCATTCCTGCTCGTGG-3" 446

JZ 11 :5'-TGATCTGAGTGTGAGGGTCTG-3"
IL-10 1E[A] :5'~AGCTGAAGACCCTCTGGATAC-3’ 307
J1A):5'-TGGCCTTGTAGACACCTTTG-3'
1E[A] :5'~-GCAGGAGTACGATGAGTCCG-3' 300
J1A] :5'~ACGCAGCTCAGTAACAGTCC-3’

B-actin

145 52 70-1 Claudin 1 FEHFAEM X
“1LA27AEY R B v e TR IR AR
GERGHTHURMER B T 3% H0, TERFE 1 h,
SAAIAS I Z0-1 Claudin 1 —¥HifE 37 CHEE PR E
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1 h, ZIN Z 45 30 min, PBS M¥E/5 i N DAB
WK, IARRE Y, UK, B, THE T HIT0
52 LIRRE 0RO BRI 2R | O Y 0% B A 7
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1.4.6 #5440 MLCK ,p-MLC2 il MLC2 & 4 3
ISKT B 1.4.47 AR S A AU A TS 1 2R
2 70 5 BN, 2500 M3 SR O i B AR
M, E P P SDS-PAGE B0 85 M ARG
W HAE:A5 %) PVDF I E . S%Bis Uik 4] 2 h J54)
5 MLCK .p-MLC2 Fl MLC2 —3i7E 4 CTFIHH
&, Z J5 TBST Y5 s i —Ft, ZIRIFE 1 h, 1
IRUERE , TRRALAL S | B I BAGASCR 4R G T T i
T IREES3HT o
1.5 SEitZEam

FTA A 448 SPSS 24.0 i#647 . A SRS
TR A IR A I LA “xas " o L 10] FL R
AR R T 20T, 2L WM LR HISNK —g K56
BILL P<0.05 h2E A Geitaeid 3

2 H#ER

2.1 BAXREBIES HESKETHK
XA 1 R, AR B R FIETS
PO R SRR BRI AT, SARIZAH L,
DE ARV i 20 AN 3 AR 20 K BRUER 7 14 RIEVS D431
Il A K] B (P<0.05) ;55 7 14 K, 5
W RAML, 2R +E-DAP 41K BUE B4 B i
R G SRR W T & (P<0.05) s 5255 7 RAHLL,
514 RICRHAKRBIRIS I/ BN (P<0.05) , 7
W32,
22 HEFBNBEHAREHALREETL
XFRRAL I b R A HES VSRR AT T A B A
SERE RIRUZH i | R AU RACRL JE Y K R 4t iR
Ve, I B e R A it DT AR 4 RN A 4K U
R MRS A P AR B, A A AN R IR D
A AL A B AR /N B R R e B AR B i s 3 A+

R

K2 BEXRESTS EEKEHLE (v ,n=12)
Table 2 Changes in diarrthea score and fecal water

content in each group of rats (xxs, n=12)

3 WS4 157 FEE
IR IR H14R IR/ %%
Xof IR 1.00£0.00 1.00£0.00 1.00£0.00  58.335.60
HEAIZH 6.47+0.12% 6.43x0.17% 6.54+0.20"  72.14+7.10
VE4ERER 6.50+0.20° 4.25+0.37* 3.83x0.32% 62.25+5.86*
B'& & 6.65+0.10" 4.83+0.41% 4.1740.39%° 64.00+5.23*

Y HRHE-DAP 4 6.58+0.15" 5.41+0.50% 5.17+0.52% 70.50+7.01¢

RO,
L e

1 S FRALA L, *P<0.05  SHER LA H L #P<0.05; 5 3 R4
e, 8P<0.05; 5% 7 KAHH ,“P<0.05,

iE-DAP 2 K FRZHZURE T )22 AT Dok i ] )5 (6] B
WK AR e R Az, TEDLIA 1,
23 RBAKXRLEHALRME TN

50 BRI A L, 5580 2H K B 45 i 2H 2R 0] T 4 i
7 BB T (P<0.05) 5 STRUZH AR LL , VE ARV B2 20
SRR BREE I A 2R T 20 M o Lb i 2 R (P<
0.05); 5L RAM L, LR +E-DAP 41K 45 4l
ZURTA0M 5 LA & 55 (P<0.05) , TRILIET 2 3% 3,
24 FBEKXREBHAL 70-1 F Claudin-1 EHS
T

5 R Lo A AL R R 25 I 4l 8L Z0-1

1 Claudin—1 8 F 3% fEFEK(P<0.05) ; 5B ZH AR
Lt VC iV B 20 A3 R A K BR A5 I 4rh ZO-1 il
Claudin-1 £ H & & F+ 55 (P<0.05) ; 53R MM,
W RHE-DAP 4l KR A2+ Z0-1 1 Claudin-
1 HHA SRR (P<0.05), LK 3.5 4,
25 BHAKXKBEMALH IL-6,TNF-a 1 IL-10
mRNA RiEKFEZH

5 X RRZHAR LL , AAUZH K RS I 0 21 1L-6 Al
TNF-a mRNA Fik/KF 83 FiH,1L-10 mRNA %
TRIKE T8 (P<0.05) 5 SAERIZAH EL , VG 4R 754 240 Fn
R K REE AL IL-6 Al TNF-o mRNA %
KK TR, IL-10 mRNA kK iR (P<

il

W4 +E-DAP H

1 BHAKBRLEMEALR HE F8(x100)
Fig.1 HE staining of colon tissue in each group of rats (x100)
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W HR+HE-DAP 4

B2 |AEAXRLEHAL TUNEL e (x200)
Fig.2 TUNEL staining of colon tissue in each group of rats (x200)

*3 BEXRREHALMMBT B (3+s,n=6)
Table 3 Changes of apoptosis in colon tissue cells in

each group of rats (xzs, n=0)

215 YL T 5 /%
popist| 2.100.11
FEAI L 30.4122.89"

DEAE IR 13.21£1.47%
W RM 14.47+1.50%

L HR+E-DAP 41 26.32+2.61¢

5 XTIRAAH EE L *P<0.05 ; SHEIAIZ A Eb , #P<0.05; 5 3 R 411
I, 4P<0.05,

0.05); 5 RAMIL , LR +E-DAP 41K 45 m 4l
A1 1L-6 F1 TNF-a. mRNA 35 7KF Fi# ,1L-10
mRNA kKT (P<0.05), THEILE S,

Claudin-1

HimIZH
3 BAKXRERHALR 720-1 F Claudin-1 FAFRIE(x200)

Fig.3 Protein expressions of ZO—1 and Claudin—1 in colon tissue in each group of rats (x200)

26 BHAKXKREHHELR MLCK p-MLC2 F1 MLC2
EARETK

50T HREHAR LU BRUZH R IR A i ZH 2P p-MLC2/
MLC2 fil MLCK K FH £ ik K FE T8 (P<0.05) ; 51
RUZAAH 1L, VAR TR AN 3 R R RS A 2 h p-
MLC2/MLC2 Fl MLCK & F#RA KR (P<0.05) 5
SR, L HR+E-DAP H KR EEMmAHL T p-
MLC2/MLC2 Fl MLCK £ [ 3R3i57KF-F+ 5 (P<0.05) .
TEULIE 4 6,

3 e

IBS-D & —Fllfs A H WL A4 7 18 S RE RS
R il s s A e AR | PR SRR G B8 i RN
HEGERZEG R, BT, 7T HFIRIT IBS-D 1924

§ Rl ®
W% +E-DAP 41
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F4 BAEKBRLEHBALR 20-1 0 Claudin-1 FH
RIEBIYEE (w5, n=6, FIHEHE)
Table 4 Changes in the protein expressions of ZO-1
and Claudin-1 in colon tissue in each group of rats

(x+s, n=6, average optical density)

215 70-1 Claudin-1
XJRREH 6.2120.61 5.33+0.50
i 1.4720.15* 2.12+0.18"

DEAE IR B 5.12+0.47* 4.61+0.45%
RHA 5.07+0.50% 4.54+0.42%
% +iE-DAP 41 2.32+0.21¢ 2.87+0.25"

. SXHRAIAH L, *P<0.05; SHRILIAH L, #P<0.05; 5 S 4
L, P<0.05,

RS BHEXRLHAL 1L-6,TNF-o # IL-10 mRNA
RIEIKFHILE (vts ,n=6)
Table 5 Changes in the expression levels of 11L-6,
TNF-a, and IL-10 mRNA in colon tissue in each

group of rats (xxs, n=6)

2151 1L-6 TNF-a IL-10
it HRZH 1.02+0.07 0.98+0.05 0.99+0.10
RARILH 2.04+0.18* 2.21+0.20¢ 0.35+0.03
C AR 20 1.1720.11% 1.28+0.13* 0.90+0.09%
WM 1.20+0.10%* 1.3440.15* 0.87+0.08*
3% +iE-DAP 2] 1.85+0.17¢ 1.91+0.18¢ 0.40+0.04¢

L 5 XTI L, *P<0.05 ; S A RIZH A B, #P<0.05 5 5 3L A 4l AH
I, 4P<0.05,

Mick ~— D e 35 ).

p-MLC2 e S — —— — 19 kDa

vic - S S - 20 (D:

B-actin o — - . 42 kDa

A B C D E
B4 HEXREHALE MLCK,p-MLC2 F1 MLC2
EQ&TE

Fig4 MLCK, p—-MLC2, and MLC2 protein bands in

colon tissue in each group of rats
ALK IR BRI CL VCHE R ER 4 ;D R E. LR +iE-
DAP 4,

KRRt a o X by & N E N o e el V=S
WK, IBS-D J& FH 2 IRTEHN " fuls, X RJE—
Fh R AMG BIAE Gy v VR T B R g 18

R6 REAZFALR MLCK, p-MLC2 F1 MLC2 &R
FIEKFHIBEE (245 ,n=6)
Table 6 Changes in the protein expression levels of
MLCK, p—-MLC2, and MLC2 in colon tissue of each
group (xxs, n=6)

2151 MLCK/B-actin p-MLC2/MLC2
papiistis| 0.45+0.04 0.27+0.03
HRIZA 1.27£0.13" 0.91+0.08"

VEAER 20 0.82+0.10% 0.40+0.04*
WRA 0.85+0.11°% 0.39+0.04*
W % +E-DAP 41 1.16+0.13¢ 0.86+0.08"
T 5 XS RRAAR L, *P<0.05 ; AL A LE , #P<0.05; 5 3L AR 4HAH
k., P<0.05,

225 MCEARINIERR I8 BB RTAE 750 A I
PRAFFE B, SEAR T — e f LI 1BS-D FE
RIEAT , 24035 B WD RE AR 16 ) Al it
ERPARIT 1BS-D BIARIK B, 455 i n K RIS 1T
43 B BN FEAE K B ARG, X A 3 iR
ITHETEAT B BIRER

WEAERF ST S , IBS-D HE 4l 41 & A5 S0
RPN, 1L-6 il TNF—o 2 HE RN, 7]
S IE JE BV RR X I 4 20 v R
1L-10 ZET 15 i 18 14 4 E J5 T8 VR F T E W 4
RAFPUR BN, ZHANG Z5 B | IBS-D A
KRG W 9 i 0 BEIRAT | I 375 ANk i 20 23 v R E A
TR T 5 ARS8 R R E R KRS
HAUH IL-6 Fl TNF—a. mRNA kK832 R,
I1L-10 mRNA kKR35 LR, 25 05 g oR 45
(AT SE — B, 3 3 B 3 J 3l 2o FAAIG 9 E R 7 7K SF- ik
A RLEARMUR RN N

MLCK/MLC2 38 E A URA 5 7 18 48 5 i) e 7Y
T S A R B 5 R T AR, B
32 (tight junctions, TJs) 2 1 5z 4 i 2 (] B 2 22
EARE G, ZH R 5 F LR, Tls 1
YA FB B INS 5 T IBS-D iR MA R,
Hp s RGBT R A F (TNF-o ) i1 B
SAFTTH TIs BFIA DGR F BRI 18 1B B 1
TNF-o 313 98 MLCK W55 718 B BE D BE , TS
H MLC2 W2 Ak ; b 5 B R 1k 1Y MLC2 38 i 0%
ATP FhNsE XS H AIUER & 2T 4RI B
T A AR R AL N | T 80 B % % 288 1 (Claudin-1
F1Z0-1) A= B0 /b AR I B A, 80 R A
BRI, XTE SFS0 4548, FR I E
il MLCK/MLC2 38 #36 ME 3255 Z0-1 Fl Occludinfty
F R, ISR K S E PGB , s 1BS-
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D R, AT SR R, 3R T 3 R R R4,
HAH TNF-ao mRNA RiA7KF-LL K p-MLC2/MLC2
A MLCK A& iAa, [AE} Claudin-1 F1 Z0-12
Ham R4S, SR 3R AT @ A A MLCK/MLC2
WG, MOELE ST . O T IR, AT
FEAEL T R BRI RIGYT W FEA IR I 13 5 MLCK/
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