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K ÷ channel openers delay intestinal transit 
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Abstract 

The effect of pinacidil and cromakalim, two KAT P channel openers, on intestinal transit and castor oil-induced diarrhea was 
studied in mice. Both drugs, administered orally, dose dependently inhibited the intestinal propulsion of charcoal, and castor 
oil-induced diarrhea, comparing favorably with morphine. These results may suggest a new approach for the symptomatic 
treatment of diarrhea. 
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1. Introduction 2. Materials and methods 

The bowel is one of the major target organs of 
opioids, and opioids remain the most effective agents 
for treating diarrhea. 

The gastrointestinal effects of opioids are mainly 
mediated by/z  and 8-opioid receptors. Activation of 
and 8-opioid receptors increases the membrane per- 
meability to K ÷ (McFadzean, 1988). ATP-sensitive K ÷ 
(KAT P) channels are present in intestinal smooth mus- 
cle and epithelial cells (Carl et al., 1992; Du et al., 
1994; Franck et al., 1994; Sun and Benishin, 1994; 
Homaidan and Broutman, 1994), and K ÷ channel 
openers hyperpolarize and relax intestinal smooth cells 
and stimulate NaCI absorption in villus cells (Sun and 
Benishin, 1994; Franck et al., 1994; Homaidan and 
Broutman, 1994). 

All together, these data strongly suggest that KAT P 
channel openers may be of therapeutic value in the 
treatment of diarrhea. Here  we present experimental 
data that directly support this possibility. 
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2.1. Animals  

Adult male Swiss albino mice (Charles River, Calco, 
CO, Italy), weighing 24-28 g, were used. They were 
housed five per cage (26 x 21 x 14 cm) in climatized 
colony rooms (temperature 21 + I°C; humidity 60%) 
on a natural light-dark cycle and with food and water 
continuously available. They were acclimatized for one 
week before the test. All the procedures were carried 
out according to the EEC ethical regulations for ani- 
mal research (EEC Council 86/609; D.L. 27/01/1992,  
No. 116). 

2.2. Charcoal intestinal motility 

A charcoal suspension (10 m l /k g  of a 10% suspen- 
sion of activated charcoal in 5% methylcellulose) was 
given orally to 24-h fasted mice (water ad libitum), 45 
min after an oral dose of drug or vehicle. The animals 
were killed by cervical dislocation under ethyl ether 
anesthesia 15 min after receiving the charcoal and the 
intestines were carefully removed without stretching 
and placed lengthwise on moist white filter paper (Mir 
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et al., 1978). The  length  of  the  in tes t ine  (pyloric  sphinc-  
te r  to caecum)  and  the  d i s tance  t rave led  by the char-  
coal  as a pe r cen t age  of  tha t  length  were  eva lua ted  for 
each  animal ,  and  group  means  were  c o m p a r e d  and  
expressed  as pe rcen t age  inhibi t ion:  

% inhibition 
(mean distance in controls) - (mean distance in treated) 

- × 100 
mean distance in controls 

2.3. Castor oil-induced diarrhea 

Mice  were  dosed  ora l ly  with d rug  or  vehic le  immedi -  
a tely be fore  receiving 0.4 ml of  cas tor  oil by the  same  
rou te  (Mir  e t  al., 1978). 

The  animals  were  individual ly  caged  and  examined  
for the  p resence  of  d i a r r h e a  hour ly  for  3 h a f te r  cas tor  
oil chal lenge.  D i a r r h e a  was de f ined  as the  p re sence  in 
the  stools of  f luid ma te r i a l  which s ta ined  the  abso rben t  
p a p e r  p laced  b e n e a t h  the  cage. 

Table 1 
Effect of cromakalim, pinacidil, and morphine on 
the mouse 

intestinal transit in 

Treatment Dose No. of Transit rate 
mg/kg p.o. mice inhibition (%) 

Cromakalim 0.1 10 27.99 + 1.9 
0.5 10 45.45 +2.1 a 
1 10 49.10+2.3 a 
5 10 57.26 + 1.9 a 

10 10 65.50 + 2.5 a 

D50 (mg/kg) 1(0.3-3.2) 

Pinacidil 1 20 10.30 _+ 0.6 a 
5 15 30.25 _+ 1.2 a 

10 15 52.13 + 1.8 a 

DS0 (mg/kg) 9(13.4-6.2) 

Morphine 1 25 16.26 + 0.7 
5 8 29.20 + 1.1 

Compounds were administered 45 min before charcoal suspension. 
Each value represents the mean+S.E.M, a Significant difference 
(Student's t-test) from the respective control group. P < 0.05, at 
least. 

2.4. Drugs and treatments 

T h e  K A T  P channe l  opene r s ,  c r o m a k a l i m  and  
pinacidi l ,  were  ob t a ined  f rom R B I  (Natick,  MA,  U S A )  
and Sigma Chemica l  Co. (St. Louis ,  MO,  USA) ,  re-  
spectively, and  admin i s t e r ed  oral ly  at the  doses  of  0.1, 
0.5, 1, 5 and  10 m g / k g .  Al l  doses  were  dissolved in 
d imethyl  sulfoxide 0.3 ml and then  d i lu ted  with dis- 
t i l led wa te r  to a final  vo lume of  10 ml. M o r p h i n e  
(morph ine  su lphate ,  Salars ,  Como,  I taly)  was used  as 
r e fe rence  an t id i a r rhea l  c o m p o u n d  and  a d m i n i s t e r e d  
oral ly  at the  doses  of  1, 2 and 5 m g / k g .  Cont ro l  
an imals  rece ived  the  same volume of  vehic le  orally.  
G r o u p s  of  at  leas t  10 mice p e r  dose  were  used.  

2.5. Statistical analysis 

respectively) .  U n d e r  our  expe r imen ta l  condi t ions ,  the  
h ighest  dose  of  m o r p h i n e  (5 m g / k g )  p r o d u c e d  a 29.2% 
inhib i t ion  of  in tes t ina l  p ropuls ion .  

3.2. Effect o f  KAr P channel openers on castor oil- 
induced diarrhea 

As shown in Tab le  2, u n d e r  our  e xpe r ime n t a l  condi-  
t ions mice t r e a t e d  e i the r  with p inac id i l  or  with cro- 
ma ka l im  were  p ro t ec t ed  f rom cas tor  o i l - induced  diar-  
rhea ,  over  the  3-h observa t ion  per iod .  T h e  deg ree  of  
p ro t ec t i on  was dose  re la ted .  In  mice given 5 and  10 
m g / k g  of  p inacidi l ,  d i a r r h e a  was obse rved  only 3 h 
af te r  cas tor  oil admin i s t ra t ion ,  in 8 and 4 out  of  20 
animals ,  respect ively;  in mice given 0.5, 1 and  5 m g / k g  

Al l  da t a  a re  given as m e a n s  + S.E.M. and  were  
analyzed  for s ta t is t ical  s ignif icance by S tuden t ' s  t - tes t  
and  F i she r ' s  exact  test  when  app rop r i a t e .  Ds0 was 
ca lcu la ted  according  to Ta l l a r ida  and Jacob  (1979). 

3 .  R e s u l t s  

3.1. Effect Of KAT e channel openers on intestinal transit 

Both  p inac id i l  and  c romaka l im  dose  d e p e n d e n t l y  
inhib i ted  the  in tes t ina l  p ropu l s ion  of  charcoa l  in mice,  
as shown in Tab le  1. 

The  effect  was s ignif icant  s tar t ing f rom the  dose  of  1 
m g / k g  in the  case of  p inacidi l ,  and  f rom the dose of  
0.5 m g / k g  in the  case  of  c romaka l im.  The  effect  was 
dose  d e p e n d e n t  in the  dose  range  used,  for  bo th  
p inac id i l  and  c romaka l im  (52% and  65% inhib i t ion  

Table 2 
Effect of cromakalim, pinacidil, and morphine on castor oil-induced 
diarrhea in the mouse 

Treatment Dose No. of % of mice protected after 
mg/kg mice castor oil 

p.o. l h  2h 3h 

Vehicle - 25 85.7 42.8 8.5 
Cromakalim 0.1 10 70 40 10 

0.5 16 100 87.5 50 
1 16 100 87.5 62.5 a 

5 16 100 87.5 75 a 
Pinacidil 1 25 92 60 20 

5 20 100 100 60 a 
10 20 100 100 80 a 

Morphine 2 21 86 34 20 

5 10 90 70 50 

Compounds were administered immediately before castor oil (0.4 ml 
p . o . ) ,  a Significant difference (Fisher's test) from the control group. 
P < 0.05, at least. 
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of cromakalim, diarrhea was observed in 2 out of 16 
animals 2 h after castor oil administration and in 8, 6 
and 4 out of 16 animals, respectively, 3 h after castor 
oil. 

In contrast, 57.2% and 91.5% of mice treated with 
saline had diarrhea at the 2nd and 3rd hour, respec- 
tively, while 30% and 50% of mice treated with mor- 
phine at the dose of 5 mg/kg per os had diarrhea at 
the same times after castor oil administration. 

markedly reduce systolic and diastolic blood pressure 
in hypertensive subjects, have practically no effect on 
the blood pressure of normotensive subjects (Singer et 
al., 1989). Hyperglycemia is only seen with diazoxide, 
but not with other KAT e channel openers (Garrino et 
al., 1989). 
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