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(Abstract] Objective To investigate the effects of moxibustion on herbal cake (MHC) on aquaporins in rats with diarrhea—
predominant irritable bowel syndrome (IBS-D) and to explore its underlying mechanism of action. Methods Thirty—two rats were
randomized into blank, model, MHC, and pyrrolidine dithiocarbamate (PDTC) groups, with 8 rats in each group. Except for the blank
group, all rats were subjected to intragastric administration of senna leaf decoction combined with restraint stress for 14 consecutive
days to establish the IBS-D model. After successful modeling, the MHC group received moxibustion on two alternating acupoint
combinations every other day: "Ganshu (BL18), Pishu (BL20), and Zusanli (ST36)" and "Zhangmen (LR13), Qimen (LR14), and Zusanli
(ST36)". Five moxa cones were applied at each acupoint once daily for 14 days. The PDTC group received intraperitoneal injection
of the NF—«B inhibitor PDTC (100 mgkg) once daily for 14 days. Body weight, fecal water content, and abdominal withdrawal reflex
(AWR) scores were measured. HE staining was used to observe the colonic mucosal morphology. ELISA was used to test the plasma
D-lactate levels. qRT-PCR and immunohistochemistry were applied to measure the mRNA expression and positive cell rates of
aquaporins (AQP1, AQP3, AQPS), transforming growth factor—f (TGF-B), NF-—«B p65, Nod-like receptor protein 3 (NLRP3),
interleukin—-1B (IL-1B), and tumor necrosis factor—o (ITNF-) in colonic tissues. Western blot was used to determine the relative
protein expression of the core proteins in the NF-kB/NLRP3 inflammatory axis, namely NF—kB p65 and NLRP3, as well as the key
aquaporins AQP1, AQP3, and AQPS. Results Compared with the blank group, the model group showed significantly decreased body
weight (P<0.01), significantly increased fecal water content, AWR scores, and plasma D-lactate levels (P<001). Histological examination
revealed obvious inflammatory cell infiltration and muscle fiber atrophy in colonic tissues. The mRNA expression levels and positive
cell rates of AQP1, AQP3, AQP8, and TGF— were significantly decreased (P<0.01), whereas those of NF-kB p65, NLRP3, IL-18,
and TNF-o were significantly increased (P<0.01). In addition, the relative protein expression levels of AQP1, AQP3, and AQP8 were
significantly decreased (P<0.01), while those of NF—«kB p65 and NLRP3 were significantly increased (P<0.01). After intervention,
compared with the model group, both the MHC and PDTC groups exhibited significantly increased body weight (P<0.01), decreased
fecal water content, AWR scores, and plasma D-lactate levels (P<0.05, P<0.01), and alleviated colonic pathological injury. In
addition, the mRNA expression levels and positive cell rates of AQP1, AQP3, AQP8, and TGF— were increased (P<0.05, P<0.01),
whereas those of NF-«kB p65, NLRP3, IL-1B, and TNF-a were significantly decreased (P<0.01). The relative protein expression of
AQP1, AQP3, and AQP8 was increased (P<0.05, P<0.01), whereas that of NF—xB p65 and NLRP3 was decreased (P<0.05, P<0.01).
Conclusion MHC can effectively improve diarrhea, visceral hypersensitivity, and abnormal intestinal mucosal permeability in IBS-D
rats. Its mechanism of action may be associated with downregulation of NF-kB/NLRP3 pathway —related molecules and pro—
inflammatory cytokines (IL-18 and TNF-o), along with upregulation of aquaporins (AQP1, AQP3, and AQPS).

(Keywords) diarrhea —predominant irritable bowel syndrome; moxibustion on herbal cake; NF —-xB/NLRP3 pathway;
aquaporins; intestinal mucosal permeability; intestinal inflammation; TCM external therapy
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RS R B K oy RIS, HES SIS
RAA FHIAFFEUESE , AQPs [93635 T I 5 A F«B
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10 ml/kg MBS MEE 2 h )5 B T AA LB
TR N S AR AN I, 552 1 b, RN 14 d,
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By oy & ) IBS-D K RUBEAL 25 (4 41 [R]— B[] 4%
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R IEAT WA BRI , BRI T 1E 2 7 AL B B
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& qRT-PCR | Western blot Kzl ; oy —&B 4 BT 4%
ZRW WP E T HE Qe o K s 20Uk

FoHr,
1.4 #WwiEREH %
141 —fBeRE BT BUS WA B4 BT R

SRS K G, FE S KD E - BOR i S0, PRI
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FRIBAT R 548 e e R BRURARTR . A KRR TBR
By 9k 3 K, EFIE 40 mmHg, B TKHKFEE 30 s,
1R 4 min, BOPSAME, AN BRUBE R0 S 44T (ab-
dominal withdrawal reflex, AWR)¥E43 38 3 1 %
PRI K BN ISR PRI AN T, 0 45
MU T 45 B SR KR T A AR 5 1
a7 T R AR RN RS E R S8R 52 4
P28 JUIL R s ARl 0 L B 0 A e B M THT 53 43
I N L e R e T ) Y
FONL PR W s 20 R S BT IR R 2 B R
2 H T
1.43 HE Y0 MEK RSB IR H SO S22 1k
HUAS 20 K RS WA Fh I 20, 22 [0 | L T E T
KRS ARG YIRS, RAKE S 2 min, 1%
IR CBES AL AL M G A5 2 min, JBEAK R
NRE R, RIS T 200 £5 WA K B A B 4L 24U
B
1.4.4  ELISA Kl K EUME D-FLIR S A%
MR ELISA 150 & U W A5 484 B 100 L iR AEAR
550 pL WV IRA,37 CHEOLMEE 30 min J5,
£ 450 nm P INE OGRS (OD {H) 38 prifk il
At
1.4.5 qRT-PCR K REE 414 AQPT AQP3
AQP8 NF—«B p65 NLRP3.IL-1B. TNF-a TGF-8 mR-
NA FRKF BORRZEHZHL 100 mg, A 1 mL
Trizol J& 7t 4321 3K , KU G | 5 O B4 L
RNA , {iff B s 466 EE T S RNA MR M4t

i AR ExonScript RT SuperMix with dsDNase 51
VLIS K RNA 56 5 oDNA |, R A&
25 CI¥E 10 min,55 CHiFs5% 15 min,85 CKRIG
5 min, #24i SYBR Green qPCR Master Mix Ui 45
BT, R 54 R 95 CHVZEES min 95 C
AEPES .65 CIRK 20 s, 3t 40 DMEFR, SEAF ML
SIFTIRAE =Y RE S DL Bactin NS EEH R H
2780 L A HAREE N mRNA AR IA &, BRAIAEA
A 3K, SIIFAIILE 1,

*1 5|9F7
Table 1 Primer sequences
A Y751 (5-37) K /bp
AQPI 1E [ ; CCGGGCTGTCATGTATATCATCG 106
JZ 1] : ATTTCGGCCAAGTGAGTTCTCG
AQP3 1E ; TGGACCTCGCCTTTCATGT 128
S5 : GCTGGTACACGAAAGACACCA
AQP8 1ET : GTGGACACTCAACCTGCT 94
21 ; AACAGCTGGGGAGACCGTA
NF-«kB p65  IE[fi]; AGGCCATGAAGTGATCCAGG 130
JZ I ; CGAGGCTCATGTATGTGTCTGTCT
NLRP3 1E ; TGATGAGTGTTCGCTGCGAAG 117
JZ ] ; GATCGGAACACAGCCTTTC
IL-1B 1E T : TGAATAGCAGCTTTCGACAGT 128
21 ; AGATTGAAGCTGGATGTCTCT
TNF-a 1ET : GTCCATGCCGCAGACCCT 100
21 ; AGCTGCTCCTCGCTCGCTGGTG
TGF-B 1ET ; ACTACGGCCAAAGAAGTCACC 124
JZIi] ; ACTGCTTCCGAAATGTCTTG
B-actin 1E i ; ACCCAGATCATGTTTGAGACCT 101

JZ 1) : GACGAGGCATACAGGGACAACC

1.4.6  Western blotkll K &5 IAZHZTH AQP1.AQP3 |
AQP8 NF-kB p65 Fll NLRP3 & HAHX £k X
FH Western blot Kl , £ 2H 45 B 3 HK BRI 45 4 41
21 IAGE 1 RIPA 240, 7850 213 5 vk 1 4
WML, KA BCA YA & 8 Pk B e il 22 1A
R, TR 100 Crg el T AnIVE M R AR R B
FEROMAZIEERE AL A TR LUK R 1
RS FIPVDF I I 7B S%IBEEAE 151 TBST ¥
AL h, TBST YRS, LA —#T B-tubulin(1:5
00077 ) \AQP1(1:5 000 %) . AQP3(1:1 000 Hi
FE) LAQP8(1:1 000 #i ke ) NF-kB p65(1:1 000 s
%) NLRP3(1:2 000 Fi%¢),4 CHFE LR, TBST Uk
G I —HT(1:15 000 #ifE), 7€ 37 CHEF 1 h
JEUERR, A ECL & JGH , TRk A GEERE AR AX
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&%, Ph B-tubulin A ZHEH, H ImageLab 3.0
B R BE(E T AQP1 . AQP3  AQP8 NF-kB p65
F NLRP3 (4 K BEAH 5 N 2 K BEAE Y LUABL A T2
AT, US4 AL AR X Rk i
1.4.7 G 20 214k 2 A K R 45 i 2 28 AQPT |
AQP3 AQP8 NF —kB p65 NLRP3 IL -1 TNF —a,
TGF-B BAPEZANAER UM 5 D) A28 — RS 46
2 WEKAR S 8 EDTA $iE B E W (pH 9.0) T
e B 15 min, 3%H,0, BELET Py 5 PE 48 Ak
Yl iEE , 5%BSA Z B 30 min, 43I0 —Ht
AQP1 (1:500 F B ) . AQP3 (1:500 i &) . AQP8 (1:
500 #iFE) NF-kB p65(1:200 FiFg) NLRP3(1:500
i BE) JIL-1B (1:500 i B ) \TNF-a (1:500 i B ) |
TGF-B(1:500 #if¥) ,4 CHFHE IR, W HIA HRP
FRICH) 30, IR 60 min, DAB {4 | 75 AKS
YR UK, B, SR Nikon Eclipse E100 258
KIS Image—Pro Plus 6.0 #4117 FHPEANAER
1.5 SEitZEam

KHSPSS 25 T 4eit2E it AFA IEAER
RGO “xas " FoR , 220 0] LBCR FH BN 2 2%
ST s 0 25550, W LA LSD 55 7 EANSE AT
WA EL3ER F Dunnent T3 K380 07, AFFE IERS
AT R Kruskal-Wallis H ¥:56: , ¥4LL P<0.05 F/R
LR G FE L,

2 H#ER

2.1 BHXR—MKERKE AWR EHLEE

WAL , 525 (1AL H A BRI B 245 F S 4 A
PDTC 4K AR i S PRI (P<0.01) , 288 K
FAWR PF43 1.3 715 (P<0.01) , 4278 IBS-D K
BRI R S ) s AR B 245 1F 2 41 R0 PDTC 2K B,
Z IR i SRE S KB AWR PEA HLER, 25 57
TG L (P>0.05), THlE, 555 (4] HA 15
T2 A B BT o 0 S5 R AIR (P<0.01) , ZE 4 B K at
AWR PF43 B3 THE (P<0.01) ; SHERIH L i, B2l
BERAFN PDTC 24K BUATT i B 3 TR (P<0.01) , 3%
i E KA AWR PR FEAIK (P<0.05 3% P<0.01), 5
RS A L, BR 25 UF R 4L MIPDTC 41K BT 1S 5
PR 3 T (P<0.01) , 2508 % /K &8 2 AWR ¥
o34 .35 B A (P<0.01) 5 TR B 1 FiUS 45 T4 bk
ISR, 22 55 G L (P>0.05) , PRI
#*2—4,
22 BHRAXREMPEARESETL

HE Yo n] UWL2s (20 45 I 3 B 45

&

LR B

®2 BAAXREREFEMTRGERELER (vt5,n=8,9)
Table 2 Comparison of body weight after modeling and

intervention among different groups of rats (x+s, n=8, g)

41 ey T
Z=HA 307.43+8.62 361.68+11.7
ALY 249.94+8 20%* 298.13£12.93%%

(P 247.24+6.83%* 335.49+13.90%42
PDTC 41 248.89+7.14% 324.96+13.08%4>

. 575 A4, #+P<0.01; 5HIBIA A , *P<0.01; 5185
H#5, 24P<0.01,

*3 BHERREERMTHREEEIKELER
(xxs,n=8,%)
Table 3 Comparison of fecal water content after modeling

and intervention among different groups of rats (x+s, n=8, %)

4157 ERR FHiE
EE 47.49+2.83 48.88+3.45
FEAYLH 72.23+4.63%% 70.2224.19%*

FaZini s A 70.76+5.63%* 55.14£3.15%4%
PDTC 21 70.034.43%* 60.88+4.01%24

52 HAL L, ++P<0.01; S L3, *P<0.01; 5 i iS5
b, 24P<0.01,

R4 BEXREEFNTFHGE AWR TS LR
[M(Pas,P35) ,n=8, ﬁj
Table 4 Comparison of AWR scores in rats after

modeling and intervention [M(Pys,Ps5), n=8, points]

457 ERR FHiE
{EE 0.50(0.00,1.00) 1.00(0.00,1.00)
I 3.00(3.00,3.25) %+ 3.00(3.00,3.00)*x*
FaZini s A 3.00(3.00,3.00) % 1.00(1.00,2.00)#4
PDTC 21 3.00(3.00,3.00) % 2.00(1.00,2.00)*4

52 HAER, #+P<0.01 ; SR AL, *P<0.05,%P<0.01 ; 5
TR R, 24P<0.01

HEGI RS  BRAATE 235 M7 , T 98 AE 20 A= 1 5 B A 21
S FERRGL B ZETL, B J2 BT 2 98 0E 40 i v/
EBYERIE RIS HIIR s 25 DF 2 ZH A PDTC 4K
SRZE I RIS BRI A% | S B HEAREE Rl
A Z 0] DD BT AR A, PRI 1,
23 BAKXKBRME D-IBE=LE

5258 A A, RN R R S D-FLIR 2 7
151 (P<0.01) ; SHRIRIA LA, FR2h PR 41 F1 PDTC 41
REL D-FLIR B FEAR(P<0.01), FEILA 2,
24 BHAKXKBREHEALRF AQP1 AQP3 AQPSNF-
kB p65 NLRP3.IL-1B.TNF-a , TGF-B mRNA FiX
bk

525 A T R KBRS I 2 AQPT |
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PDTC 21

B 1 SEAXREHFEELAESEEN(HE,x200,5R=100 pm)
Fig.1 Morphological changes in colonic mucosal tissues of rats in each group (HE, %200, scale=100 pm)
T LD Sk T e S S AE MR 1
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B2 BHAXRME D-ZABES=LLE (3+s,n=8)
Fig.2 Comparison of plasma D-lactate levels among
different groups of rats (xs, n=8)

0 52 AL, #4P<0.01 ; SR g, #P<0.01

AQP3 AQP8 TGF-B mRNA ik i FFEK (P<0.01),
NF-kB p65 NLRP3 IL-18 TNF-a mRNA #ik i
FTHE (P<0.01) ; SHORILE Heds , 25 DF e 4L FIPDTC
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mRNA ik i F MK (P<0.01), TEILE 5—6,
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Table 5 Comparison of mRNA expressions of AQP1,
AQP3, AQPS8, and NF-«kB p65 in colonic tissues among

different groups of rats (x+s, n=3)

215 AQP1 AQP3 AQPS NF-kB p65
ZHE4 1.05+0.14  1.03x0.13  1.06x0.13  1.03x0.18
BHZ] 0.45£0.09%% 0.48+0.10%% 0.36x0.05%* 2.10+0.14%*
MRzt dl 0.85+0.12%  0.87+0.12%  0.77+0.09%*  1.65+0.09*
PDTC 4  0.7320.12%  0.68£0.11%  0.62+0.06"  1.49+0.10%

0 525 FH R, *+#P<0.01 5 SR 4, #P<0.01

25 BHEKXREGEHALH AQPI AQP3 AQP8 NF-
kB p65,NLRP3 & B FRILEZ L%
58 A A SRV R R A5 I 42 AQPL

Fo FHHEKRRLEHALH NLRP3IL-18.TNF-a,
TGF-B mRNA FRIELLER (v+s5,n=3)
Table 6 Comparison of mRNA expressions of
NLRP3, IL-1B, TNF-a, and TGF-B in colonic tissues

among different groups of rats (x+s, n=3)

25 NLRP3 118 TNF-a TGF-B
ZHH 0.99+0.12  1.01x0.16  1.08+0.14  1.09+0.10
PRI, 1.98+0.13%* 2.13x0.16%* 2.07+0.17+* 0.51x0.07+*
Faziisdl 1.60£0.23*  1.74£0.11% 1.57x0.13*  0.85+0.06*
PDTC#H  1.33x0.13%  1.51x0.19%  1.43x0.16*  0.75+0.06*
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AQP3 AQP8 H FIAHXT b it i Z AR (P<0.01) ,NF-
kB p65 NLRP3 2 [ AXT Rk i e & T (P<0.01) ;
SRR A, BR2Y R 2R 41 PDTC 41K B AQP1
AQP3  AQPS ZE [ A Xt # ik & F+ 55 (P<0.05 5k P<
0.01),NF-«B p65 NLRP3 &5 A X # ik BERRAR (P<
0.05 8% P<0.01), LA 3,

26 FHKBEMHHELF AQPI AQP3 AQP8 NF-
kB p65 NLRP3,IL-1B . TNF-a ,TGF-p PH 14 48 i
bbi%

58 A A BRI R A I 2H 28 AQPT
AQP3 AQP8 TGF-B BN & R4k (P<0.01),
NF-kB p65 NLRP3 IL-1B TNF—-a BH 4 20 i K B
TR (P<0.01) ; SHRIZH g, a2 if R 41 MPDTC
ZH KBl AQP1 AQP3 AQP8 TGF-B FH % 41 it % Tt
1 (P<0.05 B P<0.01) ,NF-kB p65 NLRP3 IL-13,
TNF-o FHPEANAE AR B2 FER (P<0.01) . TEILERT—
8. /&4,
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Fig.3 Comparison of relative protein expression levels of AQP1, AQP3, AQPS, NF-kB p65, and NLRP3 in
colonic tissues among different groups of rats (x+s, n=3)
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Table 7 Comparison of positive cell rates of AQPI,
AQP3, AQPS, and NF-kB p65 in colonic tissues

among different groups of rats (x+s, n=3, %)

YA U B TR AR 7 AT — D7 T Ab
FRUEI: , KO 1 B i AR T RE LA IETS 5 o5 — T T SR P B
B AR AR IR | e 23k ) I TR L%
W BIG YT HEO™, BRZ D7 S Tidai i e Lol e 2
7 Az B TR AN 5 24 PR 3 A TR E I, n]

255 AQPI AQP3 AQPS  NF-xB p65 AR BAEN PR BB TE 2 R, ARk
S 33.93:524  52.56x6.60 60.84+9.70  5.93+3.06 T T, AT LT rp B2 20 B “ A SR D /O BRI 1k
BIRIZL  10.82+2.51%% 13.6622.67+% 17.24%8.96%* 47.96x4.61%* S (RRK Iy W BRAS T 56 2, Fie oAb | v AE

FRZit R4 29.37+13.26" 42.39+10.80" 52.77+5.18" 15.14+6.59"

PDTC 41 26.67+5.48* 35.90+3.75% 48.07+1.87% 13.58+7.30*

528 A HREL, ##P<0.01; SHERIZ LA, *P<0.05,%P<0.01

8 FBAKREHHALH NLRP3IL-1B.TNF-a,
TGF-B BRI LI (325, n=3,%)

Table 8 Comparison of positive cell rates of NLRP3,

IL-1B, TNF-a, and TGF-f in colonic tissues among

different groups of rats (xxs, n=3, %)

SRNTRL: LB TR W ST A E A€ {1
ARG PRI E B, ST, AT U AT |
JaT BT BT MR S AR T UL e S
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(e Q) e ST AN RS E A AW e e
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TEURSE T 257 B BEAR TSN, 38 PR TS 2071 25 0F B0
FEARKLTTE, TS ETT I EAT CHAR (B BREC AL

24 NLRP3 IL-1B TNF-a TGF-p o 9
Y =] QYA 27 ] YE A ) =
24l 7.86:2.03  14.57x423  11.57+445  63.38+5.93 B 2 RS IS Z VS 94407, IR E 12

FERIZ 47.69+7.80%* 70.55+3.51%% 63.84=10.91%% 13.24+3.73%*
FAZiE A4l 17.8243.26% 21.55+5.05% 22.47+8.37%  54.20+6.64"

PDTC 241 15.75£2.33* 18.69+4.25*% 18.15£11.10% 59.86+10.48*%

T 525 AL HEL, #+P<0.01; SHERIZE LEEL, #P<0.01,
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JiE RN L B AR, F= oK 3T RO ES IR Az | R 4ERF
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Fig.4 Comparison of positive cell rates of AQP1, AQP3, AQP8, NF-«kB p65, NLRP3, 1L-1B, TNF-«,

and TGF—B in colonic tissues among different groups of rats (Immunohistochemistry, scale bar=200 pm)
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