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1 This study investigated whether (a) cannabinoid CB1 receptor knockout (CB1
�/�) mice displayed

altered gastrointestinal transit and (b) cannabinoid CB1 and opioid receptors functionally interact in
the regulation of gastrointestinal transit.

2 Gastrointestinal transit was assessed by the Whole Gastrointestinal Transit, measuring the
excretion time of an intragastrically administered marker (whole intestine), and the Upper
Gastrointestinal Transit, measuring the distance covered by the marker in the small intestine.

3 CB1
�/� and homozygous CB1

þ /þ (CB1
þ /þ ) mice did not differ in both whole gut and small intestine

transit. CB1
�/� and CB1

þ /þ mice were equally responsive to the inhibitory effect of morphine
(10mgkg�1) and loperamide (3mgkg�1) on whole gut transit.

4 Additionally, in CD1 mice the cannabinoid CB1 receptor antagonist, rimonabant (0–0.5mgkg�1),
failed to block the inhibitory effect of morphine (0–1.25mg kg�1) and loperamide (0–0.5mg kg�1) on
transit in small and whole intestine. Similarly, the opioid receptor antagonists, naloxone (0–1mgkg�1)
and naltrexone (0–10mgkg�1), failed to block the inhibitory effect of the cannabinoid WIN 55,212-2
(0–3mgkg�1) on transit in small and whole intestine.

5 These results suggest that (a) compensatory mechanisms likely developed in CB1
�/� mice to

overcome the lack of inhibitory function of endocannabinoid system; (b) cannabinoid and opioid
receptor systems did not interact in regulating gastrointestinal transit in mice.
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Introduction

The involvement of the endocannabinoid system in the

regulation of different gastrointestinal functions has been well

established. For example, at a pharmacological level, canna-

binoids have long been known to exert an inhibitory effect on

gastric emptying and intestinal motility in laboratory animals

and humans (see Izzo et al., 2001c; Pertwee, 2001; Duncan

et al., 2005). More specifically, D9-tetrahydrocannabinol (D9-

THC), the active ingredient of Cannabis sativa, the synthetic

cannabinoids, WIN 55,212-2 and CP 55,940, and the

endocannabinoid, anandamide, have been reported to slow

the rate of gastric emptying and small intestinal transit in

rodents (e.g., Cheser et al., 1973; Shook & Burks, 1989;

Calignano et al., 1997; Colombo et al., 1998; Izzo et al., 1999a;

2001a; Capasso et al., 2001). Conversely, administration of the

cannabinoid CB1 receptor antagonist, rimonabant (also

known as SR 141716), beside counteracting the above-

mentioned effects of cannabinoids, has been found to stimulate

gastric emptying, small intestinal transit, defecation, and

diarrhoea in rodents (e.g., Colombo et al., 1998; Izzo et al.,

1999a, b; Carai et al., 2004). More recently, a higher rate of

episodes of diarrhoea was observed in rimonabant- than

placebo-treated patients in two studies investigating the body

weight-reducing effect of rimonabant (Després et al., 2005;

Van Gaal et al., 2005).

The availability of mouse strains (Zimmer et al., 1999;

Hungund et al., 2003) with global deletion of the gene

encoding the cannabinoid CB1 receptor (CB1-knockout

(CB1
�/�) mice) provides a further tool for investigations on

the function of the endocannabinoid system. Data generated

to date with CB1
�/� mice are generally consistent with those

suggesting the involvement of the endocannabinoid system in

the regulation of pain, body temperature, food and alcohol

intake, body weight gain (Walker et al., 1999; Zimmer et al.,

1999; Di Marzo et al., 2001; Hungund et al., 2003; Naassila

et al., 2004). Pertaining to the gastrointestinal function, studies

conducted to date found that the excitatory junction potential

was higher in myenteric neuron/smooth muscle preparation

from CB1
�/� mice than homozygous CB1

þ /þ mice (Storr et al.,

2004), and CB1
�/� and CB1

þ /þ mice did not differ in motility in

the upper portion of the intestine (Capasso et al., 2005). Study
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lines of evidence on the gastrointestinal function in CB1
�/� and

CB1
þ /þ mice. This study was conducted using two different

procedures: the first assessed in vivo the transit in the whole

intestine, whereas the second assessed ex vivo the transit in the

small intestine.

Opioids and cannabinoids are known to share different

pharmacological effects at the level of the gastrointestinal

tract, including inhibition of gastric emptying, intestinal

transit, and secretion (see Kurz & Sessler, 2003; Duncan

et al., 2005). Additional studies have investigated whether

the functional interaction existing between the opioid and the

endocannabinoid systems in different organs, including the

central nervous system (see Corchero et al., 2004; Cota et al.,

2006), is also present in the gastrointestinal tract. Specifically,

the studies conducted to date have found that: (a) the opioid

receptor antagonist, naloxone, failed to block the inhibitory

effect of D9-THC, WIN 55,212-2, and anandamide on transit

in the mouse small intestine in ex vivo studies (Shook & Burks,

1989; Izzo et al., 1999b; 2001a); (b) rimonabant and naloxone

did not alter the inhibitory effect of normorphine and CP

55,940, respectively, on evoked contractile responses in in vitro

preparations of guinea-pig small intestine (Pertwee et al., 1996;

Coutts & Pertwee, 1997); (c) naloxone did not block

methanandamide-, WIN 55,212-2-, and CP 55,940-induced

increase in peristaltic pressure threshold – a measure of

propulsive motility – in guinea-pig isolated ileum (Heinemann

et al., 1999; Izzo et al., 2000).

However, to our knowledge, to date no study has addressed

the issue of the functional relationship between the opioid and

endocannabinoid systems in the regulation of gastrointestinal

motility in in vivo studies. A second aim of the present

investigation was therefore to assess the capability of opioid

and cannabinoid receptor antagonists to counteract the

inhibitory action of cannabinoids and opioids, respectively,

on the gastrointestinal motility in mice using the in vivo

procedure of transit in the whole intestine (Study 2). In

addition, the action of the two opioids, morphine,

and loperamide (which is only peripherally active), on

the gastrointestinal motility of CB1
�/� mice was evaluated

(Study 1).

Methods

The experimental procedures employed in the present study

were in accordance with the European Communities Council

Directive (86/609/EEC) and the subsequent Italian Law on the

‘Protection of animals used for experimental and other

scientific reasons’.

Study 1: CB1
�/� mice

Animals Heterozygous CB1
þ /� mice were generated as

described previously (Steiner et al., 1999; Zimmer et al.,

1999) and were kindly provided by Dr Andreas Zimmer

(NIH, Bethesda, MD, U.S.A.). Homozygous CB1
�/� and

homozygous CB1
þ /þ mice were produced by heterozygous

intermatings and were backcrossed five times onto C57BL/6J

background mice. The mice were bred at the Nathan Kline

Institute animal facility. Thirteen- to 15-week-old mice were

used for the studies.

Male mice weighing 25–28 g at the time of the experiments

were used. Mice were singly housed in standard plastic cages

(33.2� 15.0� 13.0 (h) cm) with wood chip bedding under a

12/12 h artificial light–dark cycle (lights on at 07:00 h), at

a constant temperature of 22721C and relative humidity of

approximately 60%. Tap water and standard laboratory

rodent chow (Mucedola, Settimo Milanese, MI, Italy) were

provided ad libitum; however, mice were deprived of food (a)

3 h before the start of the Whole Gastrointestinal Transit

experiments, and (b) 12 h before the start of the Upper

Gastrointestinal Transit experiments. These fasting times were

chosen on the basis of literature data (Whole Gastrointestinal

Transit: e.g. Croci & Bianchetti, 1992; Izzo et al., 1999a; Upper

Gastrointestinal Transit: e.g. Izzo et al., 1999b; Capasso et al.,

2005).

Whole Gastrointestinal Transit The present procedure, set

up and validated by Nagakura et al. (1996), assesses the

motility of the whole intestine in rodents. This procedure

includes the intragastric administration of a given amount of

a nonabsorbable, coloured marker. Time to excretion of the

first coloured fecal bolus is recorded as ‘time of whole gut

transit’ and is used as an index of peristaltic motility in the

whole intestine.

In the present study, carmine (Sigma-Aldrich, Milan, Italy)

was used as a marker. Carmine was suspended in water (6%,

w v�1) containing 0.5% methylcellulose, and administered

intragastrically (3.8-mm long gavage) at the dose of

0.3mlmouse�1. Thirty minutes before carmine administration,

CB1
�/� and CB1

þ /þ mice were treated intraperitoneally with

(R)-(þ )-WIN 55,212-2 (WIN 55,212-2) (0, 0.3, 1, and

3mgkg�1; mesylate salt; Sigma-RBI, Milan, Italy; suspended

in 12.5ml kg�1 saline with 0.1% Tween 80), morphine (0, 1, 3,

and 5.6mgkg�1; hydrochloride; Salars, Como, Italy; dissolved

in 12.5ml kg�1 bidistilled water), and loperamide (0, 0.1, 1, and

3mgkg�1; hydrochloride, Sigma-Aldrich, Milan, Italy; sus-

pended in 12.5ml kg�1 saline with 0.1% Tween 80) in three

separate experiments. In each experiment, groups of n¼ 6–8

mice were used. Immediately after the carmine administration,

mice were left undisturbed until the first red bolus was

excreted. A thin layer of bedding covered the cage floor in

order to facilitate recognition of red boluses. Data were

statistically analysed by separate two-way (mouse strain; drug

dose) analyses of variance (ANOVA), followed by the New-

man–Keuls test for post hoc comparisons.

Upper Gastrointestinal Transit The present procedure

evaluates the motility of the upper gut (stomach and small

intestine) (Nagakura et al., 1996; Carai et al., 2004). This

procedure is based on the evidence that a nonabsorbable

marker travels approximately 50% along the small intestine

when infused intragastrically, 20min before the killing, in

undrugged mice.

Carmine (used as coloured marker) was suspended as

described above and administered intragastrically

(0.3mlmouse�1) to n¼ 10 CB1
�/� and CB1

þ /þ mice. Twenty

minutes after the carmine administration, mice were killed by

cervical dislocation and intestines were removed from pylorus

to cecum. The distance covered by the head of carmine was

measured and expressed as percent of the total length of the

small intestine. Data were statistically analysed by the

unpaired, two-tailed Mann–Whitney test.
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Study 2: CD1 mice

Animals Male CD1 mice (Charles River, Calco, Italy),

weighing 30–35 g, were used. Mice were singly housed under

environmental conditions identical to those described above.

Tap water and standard laboratory rodent chow were

provided ad libitum; however, mice were deprived of food (a)

3 h before the start of the Whole Gastrointestinal Transit

experiments, and (b) 12 h before the start of the Upper

Gastrointestinal Transit experiments. These fasting times were

chosen on the basis of literature data (Whole Gastrointestinal

Transit: e.g., Croci & Bianchetti, 1992; Izzo et al., 1999a;

Upper Gastrointestinal Transit: e.g. Izzo et al., 1999b; Capasso

et al., 2005).

Whole Gastrointestinal Transit Six separate experiments

were conducted. In the first three experiments, a dose of

rimonabant (1mg kg�1; Sanofi-Aventis, Montpellier, France;

suspended in 12.5ml kg�1 saline with 0.1% Tween 80), chosen

so as not to alter the time of whole gut transit per se, or vehicle

were administered intraperitoneally 15min before the intra-

peritoneal administration of WIN 55,212-2 (0 and 3mgkg�1),

morphine (0 and 10mgkg�1), and loperamide (0 and

3mgkg�1). Doses of WIN 55,212-2, morphine, and loperamide

were chosen on the basis on preliminary dose–response

experiments as those maximally effective per se. In the other

three experiments, a dose of naltrexone (10mg kg�1; hydro-

chloride; Sigma-Aldrich, Milan, Italy; dissolved in 12.5ml kg�1

saline), chosen as to not alter the time of whole gut transit per

se, or vehicle were administered intraperitoneally 15min before

the intraperitoneal administration of morphine (0 and

10mgkg�1), loperamide (0 and 3mgkg�1), and WIN 55,212-

2 (0 and 3mgkg�1). In each experiment, groups of n¼ 10 mice

were used.

Thirty minutes after WIN 55,212-2, morphine, or loper-

amide administration, mice were treated intragastrically with

0.3mlmouse�1 carmine (prepared as described above). After

carmine administration, mice were left undisturbed until the

first red bolus was excreted. Data were statistically analysed by

separate one-way ANOVAs, followed by the Newman–Keuls

test for post hoc comparisons.

Upper Gastrointestinal Transit Six separate experiments

were conducted. In the first three experiments, a dose of

rimonabant (0.5mg kg�1), chosen so as not to alter the

distance travelled by the head of the marker per se, or vehicle

were administered intraperitoneally 15min before the intra-

peritoneal administration of WIN 55,212-2 (0 and

0.5mgkg�1), morphine (0 and 1.25mgkg�1), and loperamide

(0 and 0.5mg kg�1). Doses of WIN 55,212-2, morphine, and

loperamide were chosen on the basis on preliminary

dose–response experiments as those maximally effective per

se. In the other three experiments, a dose of naloxone

(1mg kg�1; hydrochloride; Salars, Como, Italy; dissolved in

12.5ml kg�1 saline), chosen as to not alter the distance

travelled by the head of the marker per se, or vehicle were

administered intraperitoneally 15min before the intraperito-

neal administration of WIN 55,212-2 (0 and 0.5mgkg�1),

morphine (0 and 1.25mgkg�1), and loperamide (0 and

0.5mgkg�1). In each experiment, groups of n¼ 10 mice were

used.

Twenty minutes after WIN 55,212-2, morphine, or loper-

amide administration, mice were treated intragastrically with

0.3mlmouse�1 carmine. Twenty minutes later, mice were

killed and intestines were removed as described above. Data

were statistically analysed by separate one-way ANOVAs,

followed by the Newman–Keuls test for post hoc comparisons.

Results

Study 1: CB1
�/� mice

Whole Gastrointestinal Transit In the experiment testing

WIN 55,212-2, ANOVA revealed significant effects of both

factors, mouse strain (F(1,56)¼ 36.21, Po0.0001) and drug

dose (F(3,56)¼ 15.67, Po0.0001), as well as of their inter-

action (F(3,56)¼ 10.51, Po0.0001). Time of whole gut transit

did not differ between vehicle-treated CB1
�/� and CB1

þ /þ mice

(Figure 1a). The administration of WIN 55,212-2 resulted in a

dose-dependent, significant increase in the time of whole gut

transit in CB1
þ /þ mice, whereas it was completely

ineffective in CB1
�/� mice (Figure 1a).

In the experiment testing morphine, ANOVA revealed

a significant effect of drug dose (F(3,53)¼ 28.53, Po0.0001),

but not of mouse strain (F(1,53)¼ 2.74, P40.05) and

interaction (F(3,53)¼ 2.20, P40.05). Time of whole gut transit

did not differ between vehicle-treated CB1
�/� and CB1

þ /þ mice

(Figure 1b). The administration of morphine resulted in a

dose-dependent, significant increase in the time of whole gut

transit, which was of comparable magnitude in CB1
�/�

and CB1
þ /þ mice (Figure 1b).

In the experiment testing loperamide, ANOVA revealed

a significant effect of drug dose (F(3,51)¼ 85.60, Po0.0001),

but not of mouse strain (F(1,51)¼ 0.54, P40.05) and

interaction (F(3,51)¼ 1.16, P40.05). Again, no difference in

time of whole gut transit was observed between vehicle-treated

CB1
�/� and CB1

þ /þ mice (Figure 1c). The administration of

loperamide induced a dose-dependent and significant,

although comparable between CB1
�/� and CB1

þ /þ mice,

increase in the time of whole gut transit (Figure 1c).

Upper Gastrointestinal Transit The distance travelled by

the head of the marker, a measure of motility in the small

intestine, did not significantly differ between undrugged CB1
�/�

and CB1
þ /þ mice (P40.05, Mann–Whitney test) (Figure 2).

Study 2: CD1 mice

Whole Gastrointestinal Transit In the experiment testing

rimonabant and WIN 55,212-2, ANOVA revealed significant

differences among mouse groups (F(3,33)¼ 19.37, Po0.0001).

As expected, the administration of 1mgkg�1 rimonabant –

devoid of any effect when given alone – resulted in a complete

blockade of WIN 55,212-2-induced increase in time of whole

gut transit (Figure 3a).

In the experiment testing rimonabant and morphine,

ANOVA revealed significant differences among mouse groups

(F(3,36)¼ 7.55, Po0.0005). However, rimonabant adminis-

tration did not prevent morphine-induced increase in time of

whole gut transit (Figure 3b).

In the experiment testing rimonabant and loperamide,

ANOVA revealed significant differences among mouse groups

M.A.M. Carai et al Cannabinoids and gastrointestinal motility 1045
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(F(3,36)¼ 40.02, Po0.0001). Pretreatment with rimonabant

did not affect loperamide-induced increase in time of whole gut

transit (Figure 3c).

In the experiment testing naltrexone and morphine,

ANOVA revealed significant differences among mouse groups

(F(3,36)¼ 32.60, Po0.0001). As expected, administration of

10mgkg�1 naltrexone – which did not affect time of whole gut

transit when given alone – produced a complete blockade of

the increasing effect of morphine on time of whole gut transit

(Figure 4a).

In the experiment testing naltrexone and loperamide,

ANOVA revealed significant differences among mouse groups

(F(3,36)¼ 18.26, Po0.0001). Naltrexone administration com-

pletely prevented loperamide-induced increase in time of whole

gut transit (Figure 4b).

In the experiment testing naltrexone and WIN 55,212-2,

ANOVA revealed significant differences among mouse groups

(F(3,36)¼ 46.62, Po0.0001). However, treatment with nal-

trexone failed to counteract the increase in time of whole gut

transit produced by WIN 55,212-2 (Figure 4c).

Upper Gastrointestinal Transit In the experiment testing

rimonabant and WIN 55,212-2, ANOVA revealed significant

differences among mouse groups (F(3,36)¼ 3.71, Po0.05). As

predicted, 0.5mgkg�1 rimonabant – which was ineffective per

se – completely blocked WIN 55,212-2-induced decrease in

distance travelled by the head of the marker (Figure 5a).

In the experiment testing rimonabant and morphine,

ANOVA revealed significant differences among mouse groups

(F(3,36)¼ 13.11, Po0.00001). However, rimonabant adminis-

tration did not exert any effect on morphine-induced decrease

in distance travelled by the head of the marker (Figure 5b).

In the experiment testing rimonabant and loperamide,

ANOVA revealed significant differences among mouse groups

(F(3,36)¼ 31.22, Po0.000001). Pretreatment with rimonabant

did not affect loperamide-induced decrease in distance

travelled by the head of the marker (Figure 5c).

In the experiment testing naloxone and morphine, ANOVA

revealed significant differences among mouse groups

(F(3,36)¼ 8.94, Po0.0005). As expected, the administration
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Figure 1 Effect of the acute, intraperitoneal administration of
different doses of the cannabinoid, WIN 55,212-2 (a), morphine (b),
and loperamide (c) on time of whole gut transit in propulsive activity in
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loperamide-treated mice (Newman–Keuls test) in (c). þ : Po0.05
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treated mice (Newman–Keuls test) in (a).
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Figure 4 Effect of the acute, intraperitoneal administration of
naltrexone on the increase in time of whole gut transit induced by
the acute, intraperitoneal administration of morphine (a), loper-
amide (b), and WIN 55,212-2 (c) in CD1 mice. Time of whole gut
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Figure 5 Effect of the acute, intraperitoneal administration of
rimonabant on the decrease, induced by the acute, intraperitoneal
administration of WIN 55,212-2 (a), morphine (b), and loperamide
(c), in the distance travelled in the small intestine by the head of the
nonabsorbable coloured marker, carmine, in CD1 mice. Mice were
killed 20min after carmine administration. Distance travelled was
expressed as percent of total length of the small intestine. Each bar is
the mean7s.e.m. of n¼ 10 mice. *Po0.05 with respect to: 0mg kg�1

rimonabant plus 0mgkg�1 WIN 55,212-2-treated mice (Newman–
Keuls test) in (a); 0mg kg�1 rimonabant plus 0mgkg�1 morphine-
treated mice (Newman–Keuls test) in (b); 0mg kg�1 rimonabant plus
0mg kg�1 loperamide-treated mice (Newman–Keuls test) in (c). þ :
Po0.05 with respect to 0mgkg�1 rimonabant plus 0.5mg kg�1 WIN
55,212-2-treated mice (Newman–Keuls test) in (a).
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Figure 6 Effect of the acute, intraperitoneal administration of
naloxone on the decrease, induced by the acute, intraperitoneal
administration of morphine (a), loperamide (b), and WIN 55,212-2
(c), in the distance travelled in the small intestine by the head of the
nonabsorbable coloured marker, carmine, in CD1 mice. Mice were
killed 20min after carmine administration. Distance travelled was
expressed as percent of total length of the small intestine. Each bar is
the mean7s.e.m. of n¼ 10 mice. *Po0.05 with respect to: 0mg kg�1

naloxone plus 0mgkg�1 morphine-treated mice (Newman–Keuls
test) in (a); 0mg kg�1 naloxone plus 0mgkg�1 loperamide-treated
mice (Newman–Keuls test) in (b); 0mg kg�1 naloxone plus 0mgkg�1

WIN 55,212-2-treated mice (Newman–Keuls test) in (c). þ : Po0.05
with respect to: 0mg kg�1 naloxone plus 1.25mgkg�1 morphine-
treated mice (Newman–Keuls test) in (a); 0mg kg�1 naloxone plus
0.5mg kg�1 loperamide-treated mice (Newman–Keuls test) in (b).
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of 1mg kg�1 naloxone – which was ineffective per se –

produced a complete blockade of the decreasing effect of

morphine on distance travelled by the head of the marker

(Figure 6a).

In the experiment testing naloxone and loperamide,

ANOVA revealed significant differences among mouse groups

(F(3,36)¼ 15.47, Po0.00005). Naloxone administration com-

pletely prevented loperamide-induced distance travelled by the

head of the marker (Figure 6b).

Finally, in the experiment testing naloxone and WIN

55,212-2, ANOVA revealed significant differences among

mouse groups (F(3,36)¼ 7.05, Po0.001). However, treatment

with naloxone did not counteract the decrease in distance

travelled by the head of the marker produced by WIN 55,212-2

(Figure 6c).

Discussion

The results of Study 1 indicate that gastrointestinal transit did

not differ between CB1
�/� and CB1

þ /þ mice. Indeed, vehicle-

treated CB1
�/� and CB1

þ /þ mice displayed comparable values

of time of whole gut transit in each of the three experiments

performed using the Whole Gastrointestinal Transit test, a

method that evaluates propulsive activity in the physiological

condition. Indeed, in each of the above experiments, average

time of excretion of the first coloured fecal bolus,

after intragastric administration of the marker, ranged

between 135 and 150min in CB1
�/� mice and between 135

and 175min in CB1
þ /þ mice. Similar results have been

collected in the experiment testing CB1
�/� and CB1

þ /þ mice in

the Upper Gastrointestinal Transit procedure, where distance

travelled by the head of the coloured marker in the small

intestine was comparatively similar between the two mouse

strains 20min after intragastric administration. The latter

results closely resemble those recently collected by Capasso

et al. (2005), indicating similar peristaltic activity in the small

intestine of CB1
�/� and CB1

þ /þ mice. Taken together, these

results suggest that the genetic deletion of the cannabinoid CB1

receptor did not modify gastrointestinal transit in mice. It is

likely that other neurotransmitter systems may have compen-

sated for the lack of activity of the cannabinoid CB1 receptor

system (Capasso et al., 2005). The apparent discrepancy

between the pharmacological studies (which strongly suggest

the involvement of the CB1 receptor system in the control

of gastrointestinal motility; e.g., Cheser et al., 1973; Shook &

Burks, 1989; Pertwee et al., 1996; Coutts & Pertwee, 1997;

Colombo et al., 1998; Croci et al., 1998; Ross et al., 1998; Izzo

et al., 1999a; 2001b) and the genetic studies (Capasso et al.,

2005; present study) lead to hypothesise that compensatory

mechanism(s) involving other neurotransmitter system(s) may

have developed in CB1
�/� mice (Capasso et al., 2005).

Accumulating lines of experimental evidence suggest that

the cannabinoid and opioid receptor systems functionally

interact with each other to modulate different processes,

including nociception, motor behaviour, appetite and food

intake, as well as drug-related reward (see Corchero et al.,

2004; Cota et al., 2006). Accordingly, (a) cannabinoid CB1 and

opioid receptors are colocalised in different organs, including –

with particular interest with regard to the aims of the present

investigation – the gastrointestinal tract, where cannabinoid

CB1 and opioid receptors are located in neurons of myenteric

and submucosal plexuses (Kulkarni-Narla & Brown, 2001),

and (b) cannabinoid CB1 and opioid receptors share the same

intracellular, signal transduction mechanisms and effector (see

Law & Loh, 1999; Howlett et al., 2002). The present

investigation evaluated whether this functional interaction

between cannabinoid CB1 and opioid receptors would also

extend to gastrointestinal transit. To this aim, pharmacological

experiments were conducted to test the ability of cannabinoid

CB1 and opioid receptor antagonists to block the in vivo

inhibitory effect of opioids and cannabinoids, respectively, on

gastrointestinal transit.

The results of the experiments included in Study 2 indicate

how rimonabant, given at a dose which completely abolished

the effect of WIN 55,212-2, failed to prevent the inhibitory

action of morphine and loperamide on transit in the small and

whole intestine in CD1 mice. Similarly, naloxone and

naltrexone, injected at doses that completely blocked the effect

of morphine and loperamide, did not alter the inhibitory

action of WIN 55,212-2 on transit in the small and whole

intestine in CD1 mice. These results suggest the lack of

functional interactions between the cannabinoid CB1 and

opioid receptors in the regulation of gastrointestinal motility.

This conclusion (a) is consistent with previous observations on

the inability of cannabinoid CB1 and opioid receptor

antagonists to counteract different effects of opioids and

cannabinoids, respectively, at the level of the gastrointestinal

tract (see the Introduction for references), and (b) extends to

the whole intestine observations previously made only in the

small intestine (Shook & Burks, 1989; Izzo et al., 1999b;

2001a).

Accordingly, CB1
�/� mice – which were, as expected, totally

unresponsive to WIN 55,212-2 – displayed a completely

unaltered sensitivity to the inhibitory effect of morphine and

loperamide on gastrointestinal transit. Indeed, time of whole

gut transit in CB1
�/� mice treated with morphine or loperamide

did not differ from that recorded in wild-type mice receiving

the same drug treatment.

In conclusion, the results of the present series of experiments

suggest that (a) the global disruption of the cannabinoid CB1

receptor did not alter the basal and opiate-inhibited gastro-

intestinal motility in mice, and (b) the functional interaction

observed between the cannabinoid and opioid receptor systems

in different processes apparently did not extend to the

regulation of gastrointestinal transit in mice.
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