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3 AN B B A A el =, T A 450052)

WE: BB WITERYE L 5 EERE 0 (D-IBS) AR, MU B0OE 5 1) 1 v 45 W &6 KBS 1 i 2 15 AR
W, Fik ¥ Sprague-Dawley N B2 ot HUA HIBE A, SR FH ISR + r 3B 00000 8 1 7 v 4% D-IBS A R 2, i
Tk A R EEH g 2 SR ASE I D-TBS A BUARE28 , SX FH J  R AR 4 6 2 B v o P 9 5 1 R FH 4 b BELIT 7 # 5 v, W
LAUOHSS S s MR R FiE, SR XK R, # ;ﬁ)\umﬁkﬁ*&%@%ﬁﬂm TR Wi R FE A
EA G2 %ﬁi@ﬁéﬁﬁ‘%%xu’ <0.05) o 2 AN RS RN SR i A PR E B E T (P >0.05) » HUR S
FET HELZH A 40 20 N Rt o R0 MO P T B ) S I, (R A R T S I B R, B S TR A, E R T 4
HFRE L (P<0.05) ., % ;J\»zm*&crhé’a HCO, ~ JEANRECR AR 2 20 10 40 B4 FL I, (LA S BRIV P 11 €1 3 W3 PRAIG 2 4119
FIRG I, Z A G F R (P <0.00D) . JEH Ca" BUEH C17 B I (CaCC) FHITHI 4,47 5 TR BE - 28 L4-
2,2 TEEE T ANER (DIDS) Jf ASBEDRAR 2 41 LIS LU, 18 A s W AT 4 AT S N s 5 3B T B8 (CFTR) (1410 il 551
CFTR Gnh) -172 I, Na* -K* 2C1~ JLF iE4A (NKCC) I BHWETF7 bumetanide 15 W%L A2 AR T, Z R A SR E
X (P<0.001). &it 7E D-IBS )\M O e, AUBCHT B S 00 3 v 45 B BT L™ 23 3 n T g 42 D-TBS A R~ A i
ERRK .
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Alteration of mechanical stimulus-induced ions transport of distal colon in diarrhea predominant
irritable bowel syndrome rat model

MU Yong-hui', SHI Qi-zhong”, ZHANG Da-wei', ZHAO Wen-chao’

(1. Department cf Pathophysiology, Xinxiang Medical University, Xinxiang 453003, Henan Province, China; 2. Department cf
Thoracic Surgery,the First Ajfiliated Hospital «f Xinxiang Medical University, Weihui 453100, Henan Province, China;3. Depart-
ment cf Physiology, Medical College «f Zhengzhou University, Zhengzhou 450052, Henan Province, China)

Abstract: Objective To investigate whether the mechanical stimulus-induced ions transport of distal colon of rats with
diarthea predominant irritable bowel syndrome (D-IBS) is altered. Methods The Sprague-Dawley rats were divided into con-
trol group and model group. The rats were exposed to individual housing combined with additional chronic unpredictable stress
to induce D-IBS. The D-IBS model was tested by feces granules counting and sucrose consumption test. The mechanical stimu-
lus-induced ions transport of distal colon were investigated using short circuit current technique combined with removal exira-
cellular anions and application of different blockers. Results The amount of feces granules was increased and sucrose con-
sumption was decreased in model group compared with control group (P <0.05) . There was no significant difference in electro-
physiological properties between control group and model group (P >0.05) . The mechanical stimulus-induced short-cireuit cur-
rent in model group was statistically higher than that in control group (P <0.05) . The mechanical stimulus-induced short-cir-
cuit current in both control group and model group were reduced significantly by removal of extracellular C1~ (P <0.001) but

not by HCO; ™. The application of 4,4’-diisothiocyanato-stilbene-2, 2’-disulfonic acid (DIDS) , a Ca

** _activated C1~ channel

blocker, didn’t alter the short-circuit current induced by mechanical stimulus in both groups. However, addition of CFTR (inh) -
172, the inhibitor of cystic fibrosis transmembrane conductance regulator; or bumetanide, a blocker of Na*-K*-2Cl~ cotrans-
porter reduced the mechanical stimulus-induced short-circuit current in control group and model group significantly (P <
0.001) . Conclusion The mechanical stimulus can induce the secretion of C1™ in distal colon of model rats, which is a possi-
ble mechanism responsible for the diarrhea of D-IBS rats.
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W 52 B 4554 Girritable bowel syndrome , IBS) =
—Ph T HEVL T P, U i ARE IR L 5 B L I L HE
i >0 e A D A A (=80 IR VE TR KAl MR 7
2O I R 5 R ), TBS 23 g S 780 | gt
RARRVS MM AT B A . H AT 90A , B s )
A IBS R IR LN F 2~ HT BN
izghn] LAt B i N B R, I, IBS B3y
B W) 1 5w g0 R 2 IBS R AR R R (E0
WS LR . (WIS, B s % Y
IBS 5 AR (a0 B 3 oA G T, BT 8
W sl 73 53 5 A 8 AR A R A (0 I8V A ME — [
EL, B BEI AT AR AR IBL I o W 7L 30 W B S 45
X 2 o L gt ST AT A T g, N0 BE W6 2k R ML M)
45 o W Ky AT W Bh A8 o A s Il s i e
f P A BT R Ak /> B A A A Y 22 B, o3 I I A
R 73 &R 22, BRI AT AT eI IS , e 2
A Rh . EHAE 2 HEN, IBS B W BEAF 2 i
I E T HAZ T RERY AL, B S B IBS B A
R A (O B85 . AHIF I I T Rl R R, W42
T HEVE R IBS (diarrhea predominant IBS, D-IBS) K i,
2L it 4 W R T S T e as T e A AR AL

1 #R5TE

1.1 LI zh¥ % SF 4@ BRI YL Sprague-Dawley
(SD) KB 40 H, i 2 B2 B Se i sh 1 h Lo S 4t

IR (243 £22) o, HWHIA IR .

1.2 RXFIFALES  Fe VL AR 2 ks i r S5 Ok YT B
(eystic fibrosis transmembrane conductance regulator,
CFTR) (inh) -172, Ca®" & ) €17 iH3E (Ca®* -acti-
vated C1~ channel, CaCC) BH W 71 4, 47 5 g 50
W-ROHM2,2 iR B (4, 4'-diisothiocya-
nato-stilbene-2,2’-disulfonic acid, DIDS) F! Na*-K " -
2C1 HH iz & (Na*-K* -2C1~ cotransporter, NKCC)

(I BE W 1] bumetenide 3318 [ 2 [H Sigma-Aldrich 2
"), P EENE AR (dimethyl sulfoxide, DMSO) A i
T REYE AL G W, NaCl KCL MgCL, « 6H,0.
KH, PO, .NaHCO,. CaCl, * 2H, 0. % %4 ¥¥ . £ 2 FE Uk
s £, fint fili B2 {2- [4- (2-hydroxyethyl) -1-piperazinyl ]
ethanesulfonic acid, HEPES} | Na-gluconate K-gluco-
nate M Ca-gluconate SEIH 35 B Gibeo R Sigma N
Ao VCC MCo A Fid A G WPT 22 /] £ ™) id
Sk H B F U, AR PR R Ad Sk 40 B R 4 (AD Instru-
ments) 1% I 70 AT EUR

1.3  Krebs-Henseleit solution (KHS) BC &l 112 %
KHS:NaCl 117 mmoL * L', KCI 4.7 mmoL * L ™", MgCL, *

6H,0 1.2 mmol. * L.”', KH,PO, 1.2 mmol. * I.”", NaH-

€O, 24.8 mmol. * 1., CaCl, * 2H,0 2.56 mmol. * 1.”',
I 11.1 mmoLL L™ ,pH 7.4, J& €1~ KHS: Na-glu-
conate 117.0 mmol. » L.”', K-gluconate 4.7 mmol. * 1.7,
MgSO, 1.2 mmol. » L™, KH,P0O,1.2 mmol. * I.”', NaH-
€O, 24. 8 mmol. * I.”', Ca-gluconate 2.56 mmol. * 1.”',
I HE 11. 1 mmoL « L', pH 24 7. 4. & HCO, "
KHS:NaCl 141. 8 g,KC1 5.9 g,MgCl, * 2H,0 1.2 g,
HEPES 10.0 g, CaCl, » 2H,0 2. 56 g, #i % ¥
11,1 g, JT] Tris R pH HIH 2 7. 4.
1.4 D-IBS KRB FIE SD KPFEHLIS A X
YRR, R 20 o XK 4 ~5 H,
R SR . B AR BRI + 18 A 3 0l
77 4% D-1BS KRB, BIAEZEE K R 5%
It AR 0 AR AR K VA B R ]
BB ORI R R v S T R R AR R
TNt m ik 1 M, AN 21 d.
BRSO (D 2524 h . ()
2K 24 hWiKe G ¥ K K BRUBCE T 4 °C UK
KHt5 mine (4 BREIH]: K7 BF A8 7 WK R
SN =, g 7 B E 7 B KRR E .
(5) ATy« ¥ DK BRUCE T [T o, FE DY B A
RERE =45 95 1 gl Zh iy ) 24 5 h, BUR B
B he (6) MR BT 45 C A F 5 min.
(D) Ed R % B KRN IR % 85 o, =3k T8 9
(110 X * min ') 15 min.
1.5 HEREBEXKEEEMNE 2145, 0E%
HIRER 2 h AR ORLEOT LS PR, I R
UEAT BERE 7K ARG BE 52 o 17 5000 K BRBEAT BE R 7K IR
IR 451 A 24 h N, BEZETRCE 2 05 &3 410 1%
MIRERE K, 45 2 A 24 h N, BEZETRCE 1 R 5 2 3L
1% (R RERE AR 1 JHativf K . B ¥ K BRAS B2 K,
24 h AT RERE K A R FE W - 25 T KR 1 RO A
SEC 1% W TERE KR 1 2t K, 4 b s, 23 Tl e
TR 7 FH 2l 7K W A I o S TR K AR g RS o TR
KA FE = FERE K R T/ GREBE KIS FE = + 2K
HFER) x100% .
1.6 HRAELEMFIEMERERAOMNE Co, &
BAEFE KRR, B HUE 4 ~5 em TG4 M, Wil R
FEEH ) ) T, T THLVA 1) KHS K 20 250 1) 285 85 T o 9 1
o AR 8T R UZ R 2 34 5, 743 £
FLFREE T E RIS A A1 ZR o o &5 P Rl I T ]
SE T P VAR B Ussing HEWR/NE . 45 5
I CRIPYIL Y Ussing /M=) #7845 5 mL KHS,
HAMNEFR 3% 95% O, FHEF 34 5% CO, IR
A5 8 HCO, KHS 1l A& 73 42 100% 0,) .
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K3 mol « LT E AL 7 5 30 4% 3505 26 A AU
Ag/ AgCl AR I 7505 b M8 FEL (7 22 L 195 280 Bt P UAE , PR
ZEBR AR BB R A . A R AL TR R
ARAS I, KT T~ 45 I 6 16 100 g St 0 15 em 7K A9
T3 R A LA R, o SR IO 15 min N R
P ME (Alse) .

1.7 SERRESRSEIN S eH  Nf AL RIS 21 K fl &5
JHZNESS 5 R LR 6 ST AH: (1) 1129 KHS 41 1107
KHS 1, &6 117 26 5 100 o 58 it LA 15 em 2K A 9 Hs 77
Q)T Cl 41 76 C1 B9 KHS 1, 45 [ 2k i 1o st s
LL15 em KFERIE f. 3) JE HCO, ™ #: 6 HCO, -
(1 KHS H, 25 i % 5 T 3 J i LA 15 em ZKHE A9 R
J1. (4) DIDS #: 1% KHS 1, is5G A DIDS
(100 wmol = L™, 10 min) 57, £ [V % 5 10 s 5 i LA
15 em KA J3. (5) CFTR Ginh) -172 4 112
KHS #, #i5E A CFTR (inh) -172 2.5 pmol « L',
10 min) Jii, &5 W B 5 T0 o 5 i LA 15 em 7K A B
JJo (6) Bumetanide 21 : 11°% KHS #, J5G 10 A bu-
metanide (100 pmol ¢ L', 10 min) Jii » &5 P72k s T ot
fEHELL 15 em KA ST .

1.8 ZEitZFAbIE T SPSS 11.5 St w47
GEit 2N, B AR « ARvEZE (R 2 9) 0, 4]
PR T B R 7 22 00T, P < 0. 05 Sh 22 R i 4ok

2GR

2.1 TBMERHRIM X K RHEHEAREREREE =D
21 d Ji, SRR K BRA D026 (5 AR\ G Y 8 ofn 4%
AT A MY 2 K B 2 A B AR A EORPIR (. &8
TR K], XPIUZ R 2 h WEEMHEH &4
(2.93 £2.66) Fi (n =20) , AL KA (5.20 +
3.23) Ki (n =20), W3 m T AL, ZERAS0HF
B (P<0.05) o MAk, X HEZH K B A O g i o
(86.2 £ 11.5)%, M B H KKK (74. 8 =
11.6) % , W FAR T X AL, ZRAFGIMEE N (P <
0.05) .
2.2 2HAREMFREMAEEFMEILR £
JAEINALACR 2 AT, 25 i &b 5 1) 5 00 — 8 25 &6
JE LA 22 IS RIS AR . AE LR KHS 5, 56 41K
A AR (n =38) [ FEAil A A FRARE 1, B 5 286 5
FOA 2 | 5% 280 6 FLL A A S R M P B 23 ok (- 3.7 =
1.2) mV, (25.7 £6.8) wA * em >, (150. 9 =
38.2)Q + em L MUK R A RE (n =39) 185
B TR 25 B A M R O R S R T R BE 2 i ok
(-3.9+1.1) mV, (24. 6 £ 7.5) pA * em °\
(146.7 £42.5)Q * em 7,2 4K W &5 B Bh IR () FE A

A R LA 22 R TG 2 (P >0.05) .
2.3 A [ KHS tlHRIHFFEER Alse 4500
K Lo AR A, 45 P 25 T8 00 g JIE i 0 15 em 7K
FoJR, Alse 529 (49.1 £20.4) pA » em > (n = 10D,
IAEARY LG T0 (68.7 £20.0) wA * em > (n =10) , &t
Fa TRMA, ZRATETFENL (P <0.05 . £
Bk KHS 1/ C1J5 (JG G121, 4 6 HE 2 A ASE 7Y
H, Nse IR FHEMRK, ZRAG T FE X (P<
0. 001) , AT FEZH R ZH 2 (B ) ATse HEAR = 5
LG E X (P>0.05) . 2Bk KHS H{] HCO, -
Ji (JC HCO, ~ 41D , A%k HEZH RIS T 4, LA ) 355
T Alse WRZER LG IHFEE L (P >0.05) .

%1 A[E KHS P FEESH Alsc

Tab.1 Mechanical stimulus-induced A Isc in different KHS

(x%x5)

AN IEH KHS/ (A + em =) J C17KHS/ (pA + em ~2) JE HCO; “KHS/ (A * em =)
XA 49.1+20.4(n=10) 3.5:1.1(=9)"° 45.3+18.9 (n=10)
BRA 68.7420.0(a=10)" 3.8:0.9(n=9)° 69.6+21.3(n=9)

s 50 AL IE  KHS W41 L4 P <0.001,"P <0.05; 5 #i
FAALI I KHS WAL P <0.001.
2.4 DIDS.CFTR (inh) -172 #1 bumetanide X #l
WRIBESH Alse 200 45 LUK 2. 4imFiE
Tit I F556 I\ DIDS (100 wmol * L', 10 min) J ,
o] FRUZH RIS R 20 K BRI A Tse 3890 5 3 o, 2 R 00
b E X (P >0.05) . A0 2 10 o 5 50 m A
CFTR Gnh) -172 2.5 wmol * L', 10 min) J7 , X} FE4H
AT KB Alse B RFRBD, ZERAGIIFE
P <0.001) , {IUE X B FIBR 2 2 0] LA 22 5
LA FE XL (P >0.05) o F&JT M A58 A bu-
metanide (100 pmol ¢ L', 10 min) Jii, Xf R ZH FlAS Y
HREM Alse EZF R, ZRAGIUTFE X
(P <0.001) , {IU4ESF RUZH RIS AL 20 2 [R) L 38 2 37 o
FirFE L (P >0.05 .
%2 DIDS.CFTR (inh) -172 %1 bumetanide T ATsc §9% M
Tab.2 Effects of DIDS, CFTR (inh) -172 and bumetinade

on mechanical stimulus-induced A Isc x+s)
0 FH KHS/ DIDS/ CFTR (inh)-172/ Bumetanide/
#5)

(pA *em™3) (pA +em™2) (pA *em™3) (pA *em™2)

KAl 49.1+20.4 (n=10) 47.8+18.9(n=9) 6.4+1.8(n=10)" 16.45.9(n=9)"
BRI 68.7+20.0(n=1065.3£21.7(1=10)7.542.3(n=10)"19.5+4.6 n =9 >

W AR AL IE Y KHS WAL LLH" P < 0. 0015 5 8T 21 () 1E #7
KHS WAL P <0. 001,
3 iTie

D-IBS PAFEYSE Sy L35 BORER 2 —, L7 AR T
H BT AR IR E . Yl N A5
S B PN R T B8, k45 R Bl s A A L ) 35
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T AR R 45 A RIS CL R 2 B T, 4k
P52 Bl A (07K 20 19 22, 2 k26 0 H bl 7
bk AR BRI AR R AR R I, T 5] 4 T & I
Cl™ oy b R A8 Ak, 51k B B W 1 7K o 1 22 sk /b
B IV B (g R T 45 T B R A Bk AR
JI L AEF AN AL D-IBS B3, nl AT A 45 45 W &
B FIE DI RE I O, X Al g A2 D-IBS &3 = 4k
VS Y L R R 2 —

ARHTFR I, BERAUK R s 2,
L2 22 R34 1 SRR A, 150 B AR 2 DK B
PRPEVERT A8 o 1T ELASE AL 21 R I 4 O 18 FE 1
i, R HIR R A R 2, AT IARH s . AL A
KR A _FIRUF IR L TBS B A HE i S5 RS 4o
WAL, Y B D-TBS K R AL 35 458, Th

Tl St PO 5 TR A B R R RLARE 2R 2 DK BRI
it PR A= BRARE V3 T S8 3 SO, i B A 2 0 ) A 1
LT AR B T IS Th RS R R R A R .
TS T T HUBICRIE S , B ZH KB ™ A2 1 Alse
i TR, 2R MR R 2K R ) 4 P B T B T
BIRERA T AR BT A% B AR 2K B
5 P b T AL 85 | AR P R B PR VR SO B R TR
B, A, VB F A X — AR mT B BT B T Y
SRUAEEZ e A . S EE R GE 0 or WA B B R
2 C1RIHCO, 8 T Alse BB T4 1
VB T 4L F B C1- A HCO, ~ (s L R, Bk )
BiE TN Alse AW RENL. ZREB T C1-
J7 R PR AR Y20 1 A Tse 39 U3 2%, 101 22 B
WA HCO, &, X B4 R 20 1 Alse #1E 5
AR, R BT RE FEZH AR 20 O B, HLARCR S |
i ATse 39525 C1- R4 247 56, WAE W] T LA
RIBAFR S C1 A i E BT 2 i E 2,

S A E NG s BRI FR o S 2 38 (1) AEBE S
I, 2 £ BRI R (Y CL AR E B AN s () AL TR
i, 4 AN IR L B2 Bl gl . A5 In e -
FZ 41 OB 25 M, A7 A A NKCC, R84 Na* .
K*'\Cl7 L1 o1 02 f b6 4 200 i v /G
Cl™H3a 040 fu g ™) o T A 25 P 6 T 0 T o st
WA A5 2 B C1733E, 23 2 CFTR Al CaCC P,
h T DR AR S TR Alse 55 €1 2 8]
(1 2¢ R FIERDT C1™ 20 WA RO BLIR], 4 5 88 7 A ] BEL
Wi FIXF Alse BIFET .

LI CaCC (I FHIT ] DIDS Ji, % 2 R4
ALK R Alse 370535 A8, KA C1 £ T i i
1143 WA 20 3t CaCC A5 M. {02 Tt im A
CFTR FHWi 7 CFTR Ginh) -172 B¢ NKCC FH Wi 5] bu-

metanide J&7 , 6 FEZH R 2 K BRI A Lse 38 38 35 1%
1%, PR WIS 510 Alse 2 C17 153
B2 Py 3 A 0 HoaxX — o AR AR s 2 RSl Y
NKCC T B (1) CFTR B s /& i . s, 45 ik
RI, A TSEBHWT CFTR 2 NKCC [ 3L T, % B2
FRURERLZH (1) A Tse 39704835 0%, U BTN LA 05 5
) Cl™ e AR R A R E I 2

ST LS LW, D-IBS KA &5 %R ¢l 4
WDIRERAE T AR, 2 B SAy FERE LA S I S .
W, MPX A A fig /2 D-IBS KRR AR KR K2 —.
DAt , 2 SRS R R I T /B IBS R A AL,
IR IBS f TR K vy #4578 i) J i

S M-

(0T PhEA. SOUBRT v R 1 = 00635 V8 v8 T W B W2 5 4iE 40 491
(1. 3 2 B 4% B 41, 2011,28 (4) :509-510.

[2] Devanarayana N M, Rajindrajith S, Rathnamalala N, et al. Delayed
gastric emplying rates and impaired antral motility in children ful-
filling Rome TII criteria for functional ahdominal pain [J]. Neuro-
gastroenterol Motil,2012,24 (5) :420-425.

[3] Manabe N, W ong B S, Camilleri M, e al. Lower functional gastroin-
testinal disorders: evidence of abnormal colonic transit in a 287 pa-
tient cohort [J1. Neurogastroenterol Motil,2010,22 (3) :293-e82.

[47 Malagelada C, De Torio F, Segui S, et al. Functional gut disorders
or disordered gut function? Small bowel dysmotility evidenced by
an original technique [J 1. Neurogastroenterol Motil,2012,24 (3) :
223-228.

[5] Sadik R, Bjsrnsson E, Simrén M. The relationship between symp-
toms, body mass index, gastrointestinal transit and stool frequency
in patients with irritable bowel syndrome [1]. Eur ] Gastroenterol
Hepaiol,2010,22 (1) :102-108.

[6] Schulzke J D, Pfaffenbach S, Fromm A, et al. Prostaglandin T(2)
sensory input into the enteric nervous system during distension-in-
duced colonic chloride secretion in rat colon [J]. Acta Physiol
(0af),2010,199 (3) :305-316.

[7] Weber E, Neunlist M, Schemann M, et al. Neural components of
distension-evoked secretory responses in the guinea-pig distal co-
lon [J]. J Physiol,2001,536 (Pt 3) :741-751.

[8]1 Bouyer P G, Tang X, Weber C R, et al. Capsaicin induces NKCC1
internalization and inhibits chloride secretion in colonic epithelial
cells independently of TRPV1 [J].Am J Physiol Gastrointest Liver
Physiol,2013,304 (2) : 142-156.

[9] Ramprasad J,Sood M, Ludwig K, et al. Up-regulated eystic fibrosis
transmembrane conductance regulator after anal stenosis in rats
[J1. J Pediatr Surg,2012,47 (3) :556-564.

[10] Arreola J, Melvin J E, Begenisich T. Differences in regulation of

Ca”* -activated C1~ channels in colonic and parotid secretory

cells [1]. Am J Physiol,1998,274 (1) : 161-166.
(KX 448 AR RXHE:=2 R



