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Summary - The effects of pinaverium bromide on the stimulation of colonic motility induced by meal and cholecystokinin (CCK) 
were investigated in rats chronically fitted with intraparietal electrodes on the proximal colon and previously treated or not by capsai- 
cin. Pinaverium bromide inhibited in a dose-related manner (2-50 mgikg, per 0s) the increase in colonic spike burst frequency induced 
by a 3 g meal or CCK-8 (2 pgikg. iv). The CCK-A and CCK-B antagonists. devazepide and L 365260 ( I 0 0  pg/kg. ip). respectively, 
inhibited the postprandial colonic motor response while only L 365260 reduced the CCK-induced stimulation. The effects o f  pinave- 
rium bromide and CCK antagonists were not observed in capsaicin-treated animals. Moreover, CCK-8 (2 pgikg, iv) did not stimulate 
colonic motility after capsaicin treatment. The inhibition o f  postprandial colonic motility by pinaverium bromide. given orally at ther- 
apeutic doses, involves a CCK-dependent pathway which requires the integrity o f  capsaicin-sensitive afferents. 
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INTRODUCTION 

Pinaverium bromide, a quaternary ammonium 
compound, has been recommended for the treat- 
ment of intestinal motor disorders in irritable bowel 
syndrome (Christen, 1990). Among the mecha- 
nisms proposed to explain its efficacy is an inhibi- 
tion of the postprandial propulsive colonic contrac- 
tions (Fioramonti et al, 1988). It is considered a 
smooth muscle relaxant since it inhibits contrac- 
tions of isolated intestine induced by barium chlo- 
ride, field stimulation or acetylcholine (Baumgart- 
ner et al, 1985; Droogmans et al, 1983). It has been 
clearly shown that pinaverium bromide is a calcium 
antagonist, able to block voltage-dependent L-type 
Ca2+ channels and to bind to the a-l subunit of the 
Ca++ channel in intestinal smooth muscle cells 
(Beech et al, 1990; Feron et al, 1992). 

It has also been shown that pinaverium bromide 
inhibits the contraction of isolated intestinal 
smooth muscle cells induced by cholecystokinin 
(CCK) (Bobo et al, 1994). This action very likely 

involves the calcium antagonist properties of the 
compound which displayed a potency equivalent 
to that of diltiazem (Bobo et al, 1994). On the 
other hand CCK has been involved in the colonic 
motor response to a meal in humans and animals. 
In humans, CCK administration reproduces the 
postprandial pattern of colonic myoelectric activity 
(Renny et al, 1983) and in rats, central or periph- 
eral administration of CCK antagonists attenuates 
the postprandial increase in  the frequency of 
colonic spike bursts (Liberge et al, 1991; Fiora- 
monti et al, 1994). CCK receptors have been found 
localized at the periphery and in the central ner- 
vous system, but those localized on afferent neu- 
rons (Mercer et al, 1992) are of paramount impor- 
tance in mediation of the effects of CCK. For 
example, the inhibition of gastric emptying 
induced by CCK has been found to be mediated 
through a vagal afferent pathway (Raybould and 
Tach& 1988). 

Consequently, this study aimed to determine 
whether pinaverium bromide inhibits the colonic 
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motor response to eating in rats via a mechanism 
involving CCK receptors and afferent neurons. 
The role of afferents was studied using the neuro- 
toxin capsaicin which selectively induces a degen- 
eration of primary afferent neurons (Holzer. 
1991). 

MATERIALS AND METHODS 

Animal preparation 

Four groups of six male Wistar rats weighing 250-300 g 
were used in these experiments. Animals were individu- 
ally housed in polypropylene cages and kept in a tem- 
perature-controlled room (21 f I "C). They were 
allowed free access to water and were fed laboratory 
pellets (UAR. Epinay, France). Each animal was pre- 
pared for long-term recordings of cecacolonic myoelec- 
tric activity using a previously described technique 
(Ruckebusch and Fioramonti. 1975). Briefly, under ket- 
amine anesthesia, nichrome wire electrodes (80 pm in 
diameter and 80 cm in length) were implanted in the 
wall of the proximal colon (2 cm from the caecum). 
Electrodes were exteriorized on the back of the neck and 
protected by a glass tube attached to the skin. 

Two weeks before surgery for electrode implanta- 
tion, two groups of animals (groups two and four) 
were treated by systemically applied capsaicin. which 
was injected subcutaneously on four consecutive days 
at a rate of two injections per day with increasing 
doses to reach a total dose of 100mglkg. The effec- 
tiveness of capsaicin treatment was tested by means 
of the eye-wiping test, which consists of impaired 
chemosensitivity of corneal afferents to one drop of 
1% NH40H instilled into the eye. This impairment 
consisted of either the absence of any movement, or 
solely uncompleted paw movements which did not 
reach the eyes. 

Myoelectric recordings 

Electromyographic recordings were started 5 days after 
surgery. Spiking activity was recorded with an electro- 
encephalograph (Mini VIII. Alvar. Paris, France) using a 
short time constant (0.03 s) to selectively record spike 
bursts at a paper speed of 3.6 cdmin. The frequency of 
colonic spike bursts was expressed in number of bursts 
occurring in 10 min periods. 

Experimental design 

The experiments were performed in rats fasted for 
12 hours but with free access to water. Animals of 
groups one and two received 3 g of lab chow meal pre- 
ceded 1 hour before by an orogastric administration of 

pinaverium bromide (1-50 mg/kg). or 10 min before the 
meal by an ip administration of devazepide (100 pg/kg) 
or L 365260 (100 pg/kg). The animals wcre previously 
accustomed to eating a 3 g meal after 12 hours of fast- 
ing. Groups three and four received an iv administration 
of CCK-8 (2 pg/kg) preceded by pinaverium bromide or 
CCK antagonists, given in the same conditions as before 
the meal in groups one and three. Controls consisted of 
oral administration of water and ip injection of saline. 
Oral administrations were performed in a 0.5 mL vol- 
ume, and iv and ip in 0.2 mL. 

Pinaverium bromide was provided by Solvay Pharma 
France, CCK-8 and capsaicin were purchased from 
Sigma Chemical Co (St Louis, MO. USA). Devazepide 
and L 365260 were gifts from Merck Institute for Thera- 
peutic Research (West Point, PA, USA). 

Statistical analysis 

Values were means i SD. They were compared using 
analysis of variance (ANOVA) and Student's t-test for 
unpaired values. Statistical significance was accepted if 
P < 0.05. 

RESULTS 

Intact animals 

In the fasted state (during the 30 min period pre- 
ceding the meal) the frequency of long spike bursts 
(LSB) occurring on the proximal colon was  
9.4 * 1.5 per 10 min (n  = 6). Ingestion of a 3 g 
meal significantly increased (P < 0.05) the spike 
burst frequency starting from 30 min after the 
beginning of the  meal,  with a maximum of  
21.5 f 1.2 LSB/lO min (n = 6) being observed dur- 
ing the first 10 min at the colonic level (fig 1.2). 
Pinaverium bromide, given orally 1 h before the 
meal in the dose range of two to 50 m g k g  did not 
significantly modify (P > 0.05) the frequency of 
colonic LSB in the fasted state but, in a dose- 
related manner, significantly reduced (P c 0.05) 
the postprandial increase in LSB frequency (fig 3). 
Devazepide and L 365260 (CCK-A and CCK-B 
antagonists, respectively) given ip 10 min before 
the meal also significantly reduced (P  < 0.05) by 
35 and 3 1 8 ,  respectively,  the  postprandial  
increase in LSB frequency (table I). 

CCK-8, administered iv at  a dose of 2 pg/kg. 
induced a significant ( P  < 0.05) increase of 
3.9 * 1.0 LSB during the first 10 min. Pinaverium 
bromide (2-50 mgkg),  given orally 1 h before 
CCK-8 injection, significantly inhibited (P  < 0.05) 
this stimulation, with a maximal effect being 
reached at the 5 mgkg dose (fig 4). The CCK-A 
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Fig 1. Colonic electromyograms showing that the postprandial increase in spike burst frequency was reduced when pinaverium 
bromide was administered orally, at a dose of 50 mg/kg. one hour before the meal. 

*7 

Fig 2. Postprandial evolution of colonic spike bunt frequency 
in control studies and after pinaverium bromide. given orally 
one hour before the meal. Values are means i SD ( n  = 6) .  
* P < 0.05 from control values. 

antagonist devazepide (100 pg/kg, ip) did not 
modify the CCK-induced stimulation that the 
CCK-B antagonist, L 365260 at the 100 p g k g  ip 
dose significantly reduced ( P  < 0.05) by 72% 
(table I). 

Capsaicin-treated animals 

In the fasted state, the frequency of colonic LSB 
was significantly ( P  < 0.05) higher than that 

Fig 3. Effects of incrcasing doses of pinaverium bromide given 
orally, one hour before the meal, on the increase in colonic 
spike bum frequency observed during the first 10 min alier a 
3 g meal, in intact and capsaicin-treated animals. Values are 
mans i SD (n = 6). * P < 0.05 from control values. 

observed in intact animals (12.5 f 1.7/10 min vs 
9.4 f 1.5, n = 6). The maximal LSB frequency 
observed during the first 10 min following the 3 g 
meal was significantly (P < 0.05) lower than in 
intact animals (19.0 f 2.0/10 min vs 21.5 f 1.2, 
n = 6). Consequently, the amplitude of the post- 
prandial increase in LSB frequency was in the cap 
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Tabk 1. Effects of CCK antagonists on the increase in spike 
burst frequency (numbdl0  min) observed during the first 10 
minutes following meal ingestion and CCK-8 administration in 
intact and capsaicin-treated animals. 

Intact animals Capsaicin-treated animals 
Treatment Meal CCK-8 Meal CCK-(I 

3 g  2 p g / k g , i v  3 g  2pgAg.iv 

: I  
camd 

Saline 12 .1 i0 .9  3.9il.O 6.7i0.6t 0.2iO.Yt 
Devazepide 7.9 i I .O* 4.1 i 0.7 7.4 i 0.9 ND 

L 365260 
lOOpg/kg,ip 8.4iO.Y 1.1iO.6* 6.4i0.7 ND 

Values are means i SD (n = 6). * P < 0.05 vs saline; t P < 0.05 
vs intact animals; N D  not determined. 
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Fig 4. Effects of pinavmium bromide on the increase in colonic 
spike burst frequency observed during the first 10 min after 
CCK-8 (2 j&g. iv). Pinaverium bromide was given orally 
1 hour before CCK-8. Values are means i SD ( n  = 6). 
* P < 0.05 from control values. 

saicin-treated animals nearly half than that 
observed in control animals (fig 3). 

Pinaverium bromide, whatever the dose from 
one to 50 mgkg. did not significantly modify 
(P > 0.05) the postprandial increase in LSB fre- 
quency in capsaicin-treated animals (fig 3). Simi- 
larly, neither devazepide nor L 365260 signifi- 
cantly modify (P > 0.05) this postprandial 
stimulation (table I). 

Moreover, CCK-8 administered iv (2 pg/kg) in 
capsaicin-treated animals did not induce any sig- 

nificant (P > 0.05) change in the frequency of 
colonic LSB (table I). 

DISCUSSION 

Our data indicate that the calcium channel blocker, 
pinaverium bromide, reduces the colonic motor 
response to a meal and to CCK. These effects were 
reproduced by CCK-A and/or CCK-B antagonists 
and require the integrity of capsaicin-sensitive 
afferents. 

The inhibition of the colonic motor response to 
the meal was dose-related from a very low dose of 
2 mgkg and was obtained with therapeutic doses 
of pinaverium bromide, currently used in the treat- 
ment of irritable bowel syndrome (Galeone et al, 
1986). Disturbances of the colonic motor response 
to eating is a characteristic of irritable bowel syn- 
drome (Narducci et al. 1986) and this response has 
been found to be inhibited by other calcium antag- 
onists such as nifedipine (Narducci et al, 1985) or 
octylonium bromide (Narducci et al, 1986). More- 
over, the antagonistic action of pinaverium bro- 
mide against the stimulation of colonic motility by 
CCK is in agreement with the efficacy of pinave- 
rium bromide in the treatment of irritable bowel 
syndrome because CCK-8, infused iv, has been 
found to induce pain and nausea in patients with 
functional abdominal pain symptoms, but not in 
control subjects (Roberts-Thomson et al, 1992). 

The inhibition of the colonic motor response to 
CCK by pinaverium bromide confirms in vivo the 
inhibition of isolated smooth muscle cell contrac- 
tion induced by CCK, a calcium-dependent phe- 
nomenon, and is in agreement with the calcium 
antagonist properties of pinaverium bromide 
because other calcium antagonists such as diltia- 
zem and nicardipine are also able to inhibit the 
CCK-induced contraction of smooth muscle cells 
(Bobo et al, 1994). The reduction by pinaverium 
bromide of the stimulation of colonic motility by 
both meal and CCK indicate that a CCK pathway 
is involved in the action of pinaverium bromide 
since the colonic motor response to food has been 
found to be mediated in rats through CCK recep- 
tors. At the peripheral level, both CCK-A and 
CCK-B receptors have been found to be involved 
in the postprandial increase in colonic motility 
(Fioramonti et al, 1994). and this was confirmed in 
the present study. At the hypothalamic level, 
CCK-A receptors have been found to be involved 
in this response (Liberge et al, 1991). However, in 
this study, the increase in colonic motility induced 
by the meal and CCK-8 was reduced by a CCK-B 
antagonist, while a CCK-A antagonist reduced 
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only the response to the meal. This result indicates 
that CCK-8, which is one of the numerous molecu- 
lar forms of endogenous CCK, does not fu l ly  
reproduce the stimulation of colonic motility 
induced by the meal. Moreover, our results do not 
indicate that pinaverium bromide acts selectively 
through a CCK-dependent pathway, and an action 
through other pathways cannot be excluded. 

The most striking result of the present study is 
that the effects of pinaverium bromide were abol- 
ished in capsaicin-treated animals. This is in agree- 
ment with the CCK-mediated action of pinaverium 
bromide. Capsaicin is known to have a neurotoxic 
action on afferent neurons with unmyelinated 
axons (C-fibers) or with thinly myelinated axons 
(ASfibers) (Raybould and Tach& 1988). Tachyki- 
nins, like substance P and calcitonin gene-related 
peptide, are the major neurotransmitters released 
from capsaicin-sensitive afferents. However, CCK 
immunoreactivity and CCK binding sites have 
been identified on these neurons (Gibbins et al, 
1987; Ladenheim et al, 1986). 

Moreover, several effects of CCK administered 
peripherally have been found to be mediated 
through capsaicin-sensitive afferent fibres. These 
effects are as different as inhibition of gastric emp- 
tying, suppression of food intake (Ritter and 
Ladenheim, 1985). protection against ethanol- 
induced gastric lesions (Evangelista and Maggi, 
1991). or stimulation of neurohypophyseal secre- 
tion of oxytocin (McCann et al, 1988). Our data 
indicate that the colonic motor response to CCK is 
also mediated through capsaicin-sensitive affer- 
ents. However, most of these effects are very 
likely mediated through capsaicin-sensitive vagal 
afferents, thus agreeing with the presence of CCK 
binding sites in the cervical and subdiaphragmatic 
vagus nerve as well as in the nucleus of the soli- 
tary tract and area postrema - sites of termination 
for vagal afferent fibres (Moran et al, 1990). 

The absence of effect of CCK antagonists on the 
postprandial increaqe in colonic motility in capsai- 
cin-treated animals is in agreement with recent 
data obtained at the small intestine level (Rodri- 
guez-Membrilla and Vergara, 1995). The authors 
showed that after suppression of vagal afferents by 
capsaicin, the postprandial changes in small intes- 
tine pattern persisted, but were not reduced, by 
CCK antagonists, as they were in intact animals. 
Our data cannot permit to indicate that the inhibi- 
tion of the colonic motor response to eating either 
by CCK antagonists or pinaverium bromide 
involves vagal afferents as capsaicin has been 
administered systemically and was not locally 
applied on the vagus nerve, and since capsaicin- 

sensitive fibres have been identified in splanchnic 
nerves (Maggi, 1990). Nevertheless, we can postu- 
late that pinaverium bromide and CCK antagonists 
implicate the vagal afferent pathway involved in 
the vago-vagal gastro-colonic reflex triggered by 
gastric distension, in turn induced by meal inges- 
tion and that activation of vagal afferents involves 
CCK receptors. 

In conclusion, since two main characteristics of 
irritable bowel syndrome are disturbances of the 
colonic motor response to eating (Narducci et al, 
1986) and hypersensitivity to gut stimuli (Accarino 
et al, 1995). the inhibitory action of pinaverium 
bromide of postprandial motility through a mecha- 
nism involving sensory afferent neurons could 
explain the efficacy of this compound in imtable 
bowel syndrome by acting both on motility and 
hypersensitvity of the gut. 
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