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Abstract

 Background—Cannabinoids have been traditionally used for the treatment of gastrointestinal 

(GI) symptoms, but the associated central effects, through cannabinoid-1 receptors (CB1R), 

constitute an important drawback. Our aims were to characterize the effects of the recently 

developed highly potent long-acting megagonist AM841 on GI motor function and to determine its 

central effects in rats.

 Methods—Male Wistar rats were used for in vitro and in vivo studies. The effect of AM841 

was tested on electrically-induced twitch contractions of GI preparations (in vitro) and on GI 

motility measured radiographically after contrast administration (in vivo). Central effects of 

AM841 were evaluated using the cannabinoid tetrad. The non-selective cannabinoid agonist WIN 

55,212-2 (WIN) was used for comparison. The CB1R (AM251) and CB2R (AM630) antagonists 

were used to characterize cannabinoid receptor-mediated effects of AM841.
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 Key results—AM841 dose-dependently reduced in vitro contractile activity of rat GI 

preparations via CB1R, but not CB2R or opioid receptors. In vivo, AM841 acutely and potently 

reduced gastric emptying and intestinal transit in a dose-dependent and AM251-sensitive manner. 

The in vivo GI effects of AM841 at 0.1 mg kg−1 were comparable to those induced by WIN at 5 

mg kg−1. However, at this dose, AM841 did not induce any sign of the cannabinoid tetrad, 

whereas WIN induced significant central effects.

 Conclusions & Inferences—The CB1R megagonist AM841 may potently depress GI motor 

function in the absence of central effects. This effect may be mediated peripherally and may be 

useful in the treatment of GI motility disorders.
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Cannabinoid agonists might be useful to cure or relieve symptoms associated with 

gastrointestinal (GI) disorders (1,2) because they reduce GI motor function (1,2,3,4,5), 

secretion (6,7), gastroesophageal reflux (8), pain (9) and inflammation (10). Although many 

of these actions are achieved by direct interaction with peripheral receptors, some of them 

might also be mediated, at least partially, by their effects in the central nervous system 

(CNS), in which cannabinoids modify neurotransmission. Thus, cannabinoids may act upon 

the dorsal vagal complex (11) or the nucleus tractus solitarius (12,13). However, it is also 

well known from in vitro experiments that cannabinoids decrease excitatory 

neurotransmitter release from the myenteric neurons (14,15,16), which control GI motor 

function locally.

Two cannabinoid receptors have been described (see 17 for review). Cannabinoid-1 

receptors (CB1R) are classically thought to mediate neuronal actions since they are mainly 

localized to neurons. In contrast, cannabinoid-2 receptors (CB2R) are mainly expressed by 

immune cells, although they have also been found in neurons (18), including those of the 

myenteric plexus (19). However, even though CB2R might be involved in some of the GI 

cannabinoid effects (19,20), those affecting motility in non-pathological states seem to 

involve only CB1R (2). Interestingly, activation of CB1R also contributed to normalization 

of enhanced motility in experimental pathologic models (21) and play a role in control of 

colonic transit and sensation in humans with irritable bowel syndrome (IBS; 22).

The therapeutic potential (either for GI or other pathologies) of many cannabinoid drugs, 

particularly those acting upon CB1R, is reduced due to the likely induction of central effects, 

and thus peripherally-acting cannabinoid agonists, devoid of central actions, would be a 

preferable approach (23). In addition, in the GI field, these agonists would help better study 

the involvement of peripheral CB1R in physiology and pathology of GI motor function.

The compound AM841 ((−)-7′-Isothiocyanato-11-hydroxy-1′,1′-

dimethylheptylhexahydrocannabinol) is a cannabinoid megagonist (24) developed in Dr 

Makriyannis’ laboratory (25); it is a high-affinity electrophilic ligand that interacts 

covalently with a cysteine in helix six of CB1R and CB2R, through distinct binding motifs 
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(24,25,26). In the GI tract, AM841 protected from and healed experimental colitis in mice 

(27). Additionally, it depressed upper GI transit and fecal pellet output in both control and 

stressed mice in a peripherally restricted manner (28). To consider AM841’s potential 

usefulness for treatment of diarrhea-associated conditions, its effects should also be 

confirmed in other laboratory animals, and through the use of other in vivo methods, 

preferably non-invasive. Furthermore, in vitro studies are needed to better localize the effects 

of AM841 throughout the GI tract.

Thus, in the present study, using rats, our aims were: 1- To characterize the effects of the 

highly potent agonist AM841 on GI motor function in vivo (using non-invasive radiographic 

techniques) and in vitro; 2- To determine the central effects of AM841; 3- To compare the 

GI and central effects of AM841 with those of WIN 55,212-2 (WIN), a weaker CB1R/CB2R 

non-selective cannabinoid agonist (17).

 METHODS

 Animals

All animal care and experimental procedures complied with the guidelines established by 

the Canadian Council of Animal Care and the EU (Directive 2010/63/EU for animal 

experiments) and Spanish regulations (R.D. 53/2013) for care and use of experimental 

animals, and were approved by the Animal Care Committees at both the University of 

Calgary and the Universidad Rey Juan Carlos. A total of 170 rats were used in these 

experiments (54 in the in vitro studies; 90 in the radiographic studies; 26 in the study of 

central effects). The procedures used were as humane as possible, and every effort was made 

to avoid or reduce animal suffering, and to reduce the number of animals used.

Male Wistar rats were obtained from Charles River (Senneville, QC, Canada) and Harlan 

Iberica (Barcelona, Spain), housed under environmentally controlled conditions 

(temperature = 22°C; humidity = 60%) and kept at a constant photoperiod (12:12 h light-

dark cycle; lighting increased in steps from 7:00 to 8:00 and reduced in steps from 19:00 to 

20:00) in plastic cages on standard sawdust bedding (4–6 animals per cage) with access to 

standard laboratory chow and tap water ad libitum. Home cages were cleaned twice weekly.

 In vitro study

Rats (200–250 g) were killed by inhalation of isoflurane. Segments of gastric fundus, gastric 

antrum, ileum and distal colon were removed and kept in ice-cold oxygenated Krebs-Ringer 

solution (NaCl 115 mM, KCl 8.0 mM, KH2PO4 2.0 mM, NaHCO3 25 mM, MgCl2 2.4 mM, 

CaCl2 1.3 mM and glucose 10 mM). Full thickness strips (0.8–1 cm long) were prepared 

from the gastric fundus and antrum. Luminal contents of ileum and colon were gently 

flushed, and 1 cm long segments were prepared. All strips were longitudinal.

The preparations were mounted between two platinum electrodes, 1 cm apart, and placed in 

separate organ baths (25 mL; 37 °C; oxygenated with 95% O2 and 5% CO2). Using a silk 

thread, one end of each preparation was attached to the bottom of the organ bath, while the 

other end was vertically connected to a FT03 force displacement transducer (Grass 

Technologies, West Warwick, RI, USA). A tension of 1 gram was applied and the 
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preparations were allowed to equilibrate for 20 min. Changes in tension were amplified by a 

P11T amplifier (Grass Technologies, West Warwick, RI, USA) and recorded on a personal 

computer using the POLYVIEW software (Polybytes Inc., Cedar Rapids, IA, USA). 

Electrical field stimulation (EFS: 8 Hz; 24 V; stimulus duration 1.5 ms; train duration 10 s) 

was applied by a S88X stimulator (Grass Technologies, West Warwick, RI, USA).

All experiments lasted less than 3 h and each preparation was used for a single experiment 

only.

AM841 and WIN (both 10−12 – 10−6M) were added cumulatively into the organ baths and 

effects on the EFS-induced contractions were recorded. Each concentration was allowed to 

incubate for 15 min. In separate experiments the CB1R antagonist AM251 (10−7M), the 

CB2 antagonist AM630 (10−7M) and the opioid receptor antagonist naloxone (10−6M) were 

added 15 min prior to AM841 and WIN. The mean of the last 3 successive contractions of 

every concentration was analyzed. At the beginning and the end of the experiment, the tissue 

was exposed to the cholinergic agonist bethanechol (10−5M) to test whether AM841 or WIN 

acted at a smooth muscular site.

 In vivo experiments

Four sets of experiments were performed on rats weighing 240–300 g. In the first one, rats 

received an intraperitoneal (i.p.) injection of vehicle (30 μl kg−1 of Tocrisolve® in saline 

solution, see below), AM841 (0.1 or 1 mg kg−1) or WIN (5 mg kg−1), and alterations in GI 

motor function were radiographically recorded (see below). Doses of AM841 were selected 

based on previous studies (29, 30) and own pilot experiments.

The second set of experiments was designed to detect long-lasting effects of AM841 and 

WIN. For this, rats received vehicle, AM841 (0.1 mg kg−1: AM841 0.1) or WIN (5 mg kg−1: 

WIN 5) and GI motility was radiographically analyzed for 10 h, starting 14 hours after drug 

administration.

In the third set of experiments, antagonists were used to determine the role of CB1R and 

CB2R on the effect of AM841 on GI motility. Thus, the CB1R antagonist AM251 (1 mg 

kg−1, i.p.) or the CB2 antagonist AM630 (1 mg kg−1, i.p.) were administered 30 min prior to 

AM841 (0.1 mg kg−1, i.p.). The effect of each antagonist was also analyzed in vehicle-

treated rats.

Finally, in the fourth set of experiments, the central effects of AM841 (at 0.1 and 0.5 mg 

kg−1, i.p.) were analyzed using the cannabinoid tetrad, as described below. Additionally, 

mechanical sensitivity to non-noxious stimuli was measured (see below).

In all in vivo experiments, drug volumes were adjusted to a maximum of 4 mLkg−1.

 Radiographic evaluation of GI motor function

GI motor function was studied by radiographic methods (3,4,5,31) at the facilities of the 

Unidad de Medicina y Cirugía Experimental, Hospital General Universitario Gregorio 

Marañón (UMCE-HGUGM, Madrid, Spain). Immediately after drug injection (or 14 hours 
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later in the second set of experiments), 2.5 mL of a suspension of barium sulfate 

(Barigraph® AD, Juste SAQF, Madrid, Spain; 2gmL−1, t°= 22°C) were administered per os. 

Radiographs of the GI tract were obtained using a Digital X-Ray apparatus (Siemens, 

Madrid, Spain; 60kV, 7mA) and captured with NPG Real DVD Studio II software (NPG, 

Madrid, Spain). Exposure time was adjusted to 0.06 s. Immobilization of the rats in prone 

position was achieved by placing them inside adjustable hand-made transparent plastic 

tubes, so that they could not move. Habituation to the recording chamber prior to 

commencement of the study did not significantly alter GI motility (31). To further reduce 

stress, rats were released immediately after each shot (immobilization lasted for less than 2 

min). X-rays were recorded at different times (immediately and 1, 2, 4, 6, 8 and 10h: T0–

T10) after administration of the contrast medium. While taking the radiographs, the qualified 

investigator remained at least 2 m away from the X-ray source, where radioactivity while 

shooting was not different from environmental readings. Analysis of the radiographs was 

performed by a trained investigator blind to the drug administered. Alterations in GI motility 

were semiquantitatively determined from the images by assigning a compounded value to 

each region of the GI tract considering the following parameters: percentage of the GI region 

filled with contrast (0–4); intensity of contrast (0–4); homogeneity of contrast (0–2); and 

sharpness of the GI region profile (0–2). Each of these parameters was scored and a sum (0–

12 points) was made. Typical motility curves obtained from control animals in 24 hour-long 

experiments are shown in Fig. 1-Supplementary material.

In addition, in order to quantitatively analyze the size of the stomach and caecum, images 

were processed with the aid of an image analysis system (Image J 1.38 for Windows, 

National Institute of Health, USA, free software: http://rsb.info.nih.gov/ij/). Qualitative 

differences in intestinal shape, size, tone, and peristaltic activity were also recorded.

 Central effects of AM841 (cannabinoid tetrad)

The classical cannabinoid tetrad consists of the combination of four tests that evaluate 

temperature, antinociception, catalepsy, and locomotor activity in the same animal after 

cannabinoid administration (32), and was used to identify non-psychoactive and 

psychoactive doses of AM841. The test values were recorded by an observer unaware of the 

treatments, as previously reported (3,4,33).

Heat-antinociception was tested 20 min after drug administration using a 37370 plantar test 

apparatus (Ugo Basile, Comerio VA, Italy). The withdrawal latency from a focused beam of 

radiant heat applied to the mid plantar surface of the hindpaws was recorded. The intensity 

of the light was adjusted at the beginning of the experiment so that the control average 

baseline latencies were about 8 s and a cut-off latency of 25 s was imposed. The withdrawal 

latency of each paw was measured during three trials separated by 2 min intervals, and the 

mean of the three readings was used for data analysis.

To measure catalepsy, the rats were hung by their front paws from a rubber-coated metal ring 

(12 cm diameter) fixed horizontally at a height that allowed their hindpaws to just touch the 

bench. The time taken for the rat to move off the ring was measured with a cut-off limit of 

30 s. Latencies were measured 25 min after drug or vehicle administration.
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Rectal temperature was recorded 30 min after drug administration using a P6 thermometer 

and a lubricated rectal probe (Cibertec S.A., Madrid, Spain) inserted into the rectum to a 

constant depth of 5 cm.

Spontaneous locomotor activity was evaluated using individual photocell activity chambers 

(Cibertec S.A.). Rats were placed in the recording chambers (55 × 40 cm, with a 3 cm 

spacing between beams) 40 min after drug administration; the number of interruptions of 

photocell beams was recorded over a 10-min period. The mean number of crossings of the 

photocell beams was used for comparison.

 Assessment of mechanical sensitivity to non-noxious stimuli

For this additional behavioral study, rats were placed individually on an elevated iron mesh 

in a clear plastic cage and were allowed to adapt to the testing environment for at least 10 

minutes. Habituation to this environment was also performed on the two days before 

assessment. Mechanical sensitivity was assessed using an electronic Von Frey apparatus 

(EVF3, Bioseb, BP89, ChavilleCedez, France). The Von Frey test was applied to the plantar 

surface of each hindpaw, through the mesh floor. The test was performed four times with an 

interstimulus interval of approximately 30 s. The mean of the four trials was used for data 

analysis. In this test, a significant decrease in Von Frey hairs withdrawal threshold evoked by 

mechanical stimuli is suggestive of mechanical allodynia (increased sensitivity to non-

noxious stimuli). The apparatus has an upper cut-off limit for testing of 50 g. This test was 

performed prior to the cannabinoid tetrad, 20 min after drug administration.

 Compounds and drugs

AM841 was synthesized in Dr Makriyannis’ laboratory, at the Center for Drug Discovery, 

Northeastern University as previously described (24,25,26).

In vitro studies were performed at the University of Calgary, Canada. AM251, AM630, WIN 

and naloxone were obtained from Tocris Bioscience (Tocris, Ellisville, USA). All drugs 

were dissolved in dimethyl sulfoxide.

In vivo studies were performed at UMCE-HGUGM and Universidad Rey Juan Carlos, 

Spain. Barium sulfate (Barigraf® AD; Juste SAQF, Madrid, Spain) was suspended in tap 

water and continuously hand-stirred until administration. WIN and AM630 were obtained 

from Tocris Cookson (Bristol, UK). AM251 was obtained from Ascent Scientific (North 

Somerset, UK). All drugs were dissolved in Tocrisolve® (a commercially available water 

soluble emulsion composed of a 1:4 ratio of soya oil/water that is emulsified with the block 

co-polymer Pluronic F68; Tocris, Cookson, Bristol, UK).

The vehicles in the used concentrations and doses had no significant effects on the observed 

parameters.

 Statistical analysis

Data are expressed as the mean ± SEM. PRISM 4.0 (GraphPad Software Inc., La Jolla, CA, 

USA) was used for statistical and curve-fitting analyses. Differences between groups were 

analyzed using unpaired Student’s t-test, with Welch’s correction where appropriate, or one- 
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or two-way ANOVA followed by post-hoc Student-Newman-Keuls or Bonferroni multiple 

comparison tests. P values < 0.05 were considered significant. N refers to the number of 

animals used (in vivo experiments); n refers to the number of preparations from 3 different 

animals (in vitro experiments).

 RESULTS

 AM841 reduces contractility of isolated GI preparations via CB1 receptors

AM841 (10−12M -10−6M) reduced the EFS-induced twitch contractions in rat gastric fundus 

(Fig. 1a), antrum (Fig. 1b), ileum (Fig. 1c) and colon (Fig. 1d) in a concentration-dependent 

manner. The maximum inhibitory effect of AM841 was ~50% in fundus and antrum, ~40% 

in ileum and ~30% in colon. The effects of AM841 in isolated organ baths were similar to 

those produced by the established cannabinoid agonist, WIN (10−12M -10−6M) (Fig. 1 e–h). 

No statistically significant difference was found when the potencies of both agonists were 

compared for each preparation (see the Log EC50 in Table 1-Supplementary Material).

The CB1R antagonist AM251 (10−7M), but not the CB2R antagonist AM630 (10−7M) or the 

opioid receptor antagonist naloxone (10−6M) abolished the effects of AM841 (Fig. 1 a–d) or 

WIN (Fig. 1e–h). The antagonists alone, at the concentrations used, had no effects on EFS-

induced contractions (data reported earlier).

 AM841 reduces GI motility in vivo via CB1 receptors with higher potency than the 
conventional non-selective cannabinoid agonist WIN 55,212-2

We first analyzed the effects of different doses of AM841. When contrast medium was given 

immediately after drugs, AM841 reduced gastric emptying and intestinal transit already at 

0.1 mg kg−1, but this difference was enhanced when the drug was tested at 1 mg kg−1. This 

was particularly evident in the intestinal regions, whereas in the stomach the difference 

between the corresponding curves for the two doses of AM841 did not reach statistical 

significance at any time-point (Fig. 2). However, when the stomach area was measured, the 

difference between treatments did reach statistical significance (Fig. 3A). In contrast, the 

morphometric analysis of the caecum revealed similar results to those obtained 

semiquantitatively (compare the corresponding curves in Fig. 2A and Fig. 3B).

Then, we compared the effects of AM841 with those of WIN, and gave the contrast medium 

both immediately after administration and 14 hours later. When contrast was given 

immediately after drugs, the effect of AM841 at the lowest dose tested (0.1 mg kg−1) was 

practically identical to that induced by the classical non-selective cannabinoid agonist WIN 

at 5 mg kg−1 (Fig. 4). However, when the contrast was given 14 h after drugs, no significant 

and meaningful difference was detected between AM841 (0.1 mg kg−1) and WIN (5 mg 

kg−1) in comparison with vehicle-treated rats (Fig. 5).

Finally, we investigated the role of CB1R and CB2R in AM841 effects on GI motility. The 

CB1R selective antagonist AM251 (1 mg kg−1) was able to block the effect of AM841 in the 

stomach and the corresponding curve was not significantly different from that obtained in 

control animals. However, in the small and large intestine its blocking effect was only partial 

and the control values were not reached, suggesting a much longer time of action for AM841 
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(Fig. 6). The CB2 antagonist AM630 (1 mg kg−1) did not significantly block AM841 effect 

in any of the GI regions (Fig. 7). Neither AM251 nor AM630 alone induced any significant 

and meaningful effect in any of the regions considered (Fig. 6, 7).

 Central effects of AM841 are negligible at doses that potently reduce GI motor function

In the cannabinoid tetrad both WIN (5 mg kg−1) and AM841 at the highest dose tested in 

this case (0.5 mg kg−1) induced significant antinociception (plantar test), catalepsy (ring 

test) and hypothermia (rectal temperature recording), whereas locomotor activity was not 

significantly modified by any drug. In contrast, AM841 at 0.1 mg kg−1, the dose that exerted 

the potent depression of GI motor function described above, did not exert any significant 

effect in the cannabinoid tetrad (Fig. 8). Finally, in the Von Frey test, AM841 at 0.5 mg kg−1 

significantly increased the threshold response to non-noxious stimuli, whereas neither WIN 

at 5 mg kg−1 nor AM841 at 0.1 mg kg−1 modified it in a significant manner (Fig. 8).

 DISCUSSION

In the present study, the cannabinoid megagonist, AM841, dose-dependently inhibited GI 

motor function in the rat, with higher potency than the reversible non-selective cannabinoid 

agonist WIN. Furthermore, AM841 exerted these effects both in vivo and in vitro by 

activating CB1R (but not CB2R) located peripherally, without the need to significantly affect 

cannabinoid receptors located in the CNS.

 AM841 effects in organ bath studies

AM841, similarly to WIN, potently inhibited rat GI contractility in vitro, and the effect was 

exclusively mediated by CB1R. This agrees with previously published data, demonstrating 

that cannabinoid agonists act principally on prejunctional CB1R and reduce acetylcholine 

release (34,35) to inhibit smooth muscle contractility in different regions of the GI tract in 

different laboratory animals (16, 36). Although CB2R might be involved in the control of 

normal motility in the rat gastric fundus (36), mouse stomach (37) or rat ileal myenteric 

plexus preparations (38), in our in vitro study the CB2R selective antagonist AM630 did not 

block the action of AM841, suggesting a negligible role for these receptors.

 AM841 inhibits motility in vivo

Many cannabinoid agonists depress GI motor function in vivo (see reviews in 1, 2). In our 

non-invasive radiographic study, similarly to an approximately 50-fold higher concentration 

of WIN, the acute effects of AM841 were dose-dependent with a very high in vivo potency 

and also more intense in the intestine. Whereas at 1 mg kg−1 AM841 clearly depressed 

motility both in the stomach and the different intestinal regions, at 0.1 mg kg−1 did not 

produce such a clear effect in the stomach in which transit (semiquantitatively measured) 

was significantly reduced, but its size (morphometrically evaluated) was not significantly 

different from vehicle-treated animals (compare Fig 2A and 3A). Thus, gastric emptying 

might be to some extent independent from distension. This hypothesis warrants further 

investigation.
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Although in the in vitro experiments both AM841 and WIN appeared to have equivalent 

potencies in all isolated rat GI tissues, the effects obtained in vivo for AM841 at 0.1 mg kg−1 

were similar to those obtained for WIN at 5 mg kg−1, which suggests that the new agonist is 

much more potent (at least 50x) than WIN as a motility depressor. WIN and AM841 are the 

only cannabinoid agonists tested so far using X-ray studies, but in invasive motility studies, 

several cannabinoid agonists have delayed intestinal transit and/or gastric emptying (15) 

with higher (39,40) or lower potency than WIN (41). Interestingly, in mice, using invasive 

methods, AM841 was also more potent than WIN in its ability to depress GI motility, 

particularly in stressed animals, and its effects at 0.1 mg kg−1 were comparable to those of 

WIN at 3 mg kg−1 (30). It would be very interesting to test AM841 effects in models of GI 

pathology, particularly diarrhea, in which different cannabinergic drugs were able to reverse 

or prevent accelerated motility (21,42,43). AM841 reduced inflammation in experimental 

models of colitis, but motility was not specifically measured (29). Interestingly, CB1R may 

play a significant role in colonic transit and sensation in IBS patients (22), suggesting 

potential clinical importance of AM841 for the treatment of lower functional GI disorders.

AM841 interacts covalently with CB1R (24,25,26) and, therefore, it might exert a long-

lasting effect on motility. In the previous study in mice, the effects of AM841, at either 0.1 

or 1 mg kg−1, and those of WIN, at 3 mg kg−1 (but not at 0.3 mg kg−1) on colonic bead 

expulsion lasted for at least 3.5 hours. In our previous studies, 24 hours after administration 

of WIN at 5 mg kg−1, no effect was induced on motility (4). Here, 14 hours after WIN 

administration, no effect on GI motility of WIN was detected either, and we did not find any 

significant and meaningful effect of AM841 (0.1 mg kg−1), suggesting that the duration of 

action on GI motility in vivo of both agonists is lower than 14 hours, although the length of 

the effect may be increased at higher AM841 doses. Further research should determine the 

pharmacokinetic effects of AM841 on intestinal motility, and whether or not this happens as 

well in pathological situations (i.e., models of diarrhea).

Like in our previous radiographic studies using WIN (3,4,5), the in vivo effects of AM841 

on GI motility were dependent on the activation of CB1R but not CB2R. This is also similar 

to results from invasive studies using WIN and other cannabinoid agonists in healthy 

animals (15,44) and agrees with our in vitro results and those from other laboratories 

(15,34,35). Thus, AM251 (at 1 mg kg−1) completely blocked AM841 effect in the stomach, 

but only partially in the intestinal regions. It is not known whether other receptors are 

involved in AM841 intestinal effects, although, as mentioned above, this probably excludes 

CB2R since AM630 was completely ineffective to block AM841 effect (either in vitro or in 
vivo). Although the possible involvement of opioid receptors in the effect of AM841 was not 

tested in vivo, our in vitro results (see above) and the results obtained by others in vivo 
suggest that opioid receptors do not mediate cannabinoid effects on GI motor function (44). 

Other possibilities, such as the involvement of prostanoid release (45), should be 

investigated.
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 AM841 may exert its effects on motility in the absence of central effects

We compared the effects of AM841 at 0.1 mg kg−1 and WIN at 5 mg kg−1 also in the CNS, 

using the cannabinoid tetrad. Mechanical sensitivity was likewise evaluated, as an additional 

test for nociception assessment. Moreover, AM841 was used at a higher dose, 0.5 mg kg−1.

As expected, WIN at 5 mg kg−1 produced significant analgesia in the plantar test, catalepsy 

in the ring test, and hypothermia. It tended to reduce also spontaneous locomotor activity, 

but the difference did not reach statistical significance in this particular study, although it did 

in previous research from our laboratory (3). This parameter seems to be less reliable than 

the others in demonstrating a cannabinoid central effect. In fact, some researchers use other 

tests for motor activity (46), or check only for catalepsy (47), which seems to be much more 

reliable as well as characteristic for a central cannabinoid effect.

In mice, contrary to WIN at 1 mg kg-1, AM841 at 0.1 mg kg-1 did not reduce locomotor 

activity, body temperature or the latency for paw withdrawal in the hot plate (28). However, 

in that study higher doses of AM841 (1 mg kg−1) were only tested in the locomotor activity 

test (with no significant effects compared to vehicle-treated animals), whereas the ring test 

(for detecting catalepsy), was not applied. In the present study in rats, AM841 at 0.1 mg 

kg−1, which exerted comparable effects on GI motility to those induced by WIN at 5 mg 

kg−1, did not significantly alter any of the parameters in the tetrad, further suggesting that 

AM841 is safer (with regards to central effects) than the non-selective cannabinoid agonist. 

However, its safety window could be somewhat narrower than was earlier suggested, since at 

the dose of 0.5 mg kg−1 it did induce significant analgesia, catalepsy and hypothermia. In 

addition, it increased the withdrawal threshold in the Von Frey test, a finding not produced 

by WIN. Although analgesia and the effects on the Von Frey test might be due to activation 

of peripheral CB1R (33, 48), catalepsy and hypothermia most likely involve central CB1R. 

Thus, these results suggest that, at high enough doses, AM841 may cross the blood brain 

barrier and reach the CNS and that its effects are not necessarily confined to the periphery, at 

least in the rat. More research is needed to determine the mechanism by which AM841 is 

excluded from the brain at low doses and why high doses are capable of reaching central 

CB1R.

 Concluding remarks

In rats, AM841 potently reduced GI motility at doses that did not produce the classical 

central effects. The ability to induce central effects is a characteristic feature of cannabinoid 

agonists acting at CB1R that reduces their therapeutic potential. Thus, AM841 (at relatively 

low doses) might be used to overcome this problem. Furthermore, it can be used for the 

development of new drugs with a similar mechanism of action, but also completely free of 

central effects. Hopefully, such an approach will lead to safer, more selective treatments for 

patients suffering from GI motility disorders.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Messages

• In search for new, more useful and safer therapies for pathologic conditions 

characterized by accelerated transit and/or diarrhea (i.e., inflammatory 

bowel disease, irritable bowel syndrome, chemotherapy-induced diarrhea), 

we analyzed the effects of AM841, a novel highly potent cannabinoid-1 

receptor (CB1R) agonist, on gastrointestinal (GI) motor function in the rat.

• In vitro studies were performed on gastric (fundus, antrum) and intestinal 

(ileum, colon) preparations. In vivo studies included both the non-invasive 

radiographic analysis of the effects of AM841 on GI motility and its effects 

in the cannabinoid tetrad for determination of central effects. The mixed 

cannabinoid agonist WIN 55,212-2 (WIN) was used for comparison.

• AM841 reduced gastric emptying and intestinal transit with much higher 

potency than WIN. These effects were sensitive to CB1R but not to CB2R 

blockade.

• At a dose that depressed in vivo GI motility comparably to WIN, AM841 

did not produce any central effects, although it did at a dose 5 times higher 

than that.
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Figure 1. 
In vitro effects of the cannabinoid agonists AM841 and WIN 55,212-2 in rat gastrointestinal 

tissues. AM841 reduced in vitro smooth muscular twitch contractions in rat fundus (a), 

antrum (b), ileum (c) and colon (d), and was equipotent to WIN (e~h). AM251 (10−7 M), but 

not AM630 (10−7 M) or the opioid receptor antagonist naloxone (10−6 M) abolished the 

effects of AM841 and WIN. Data represent mean ± SEM (n=5–6 preparations from 3 

different animals). * p<0.05, ** p<0.01, AM841 (or WIN) (10−12 M) group vs. other 

concentration groups. #p<0.05, ## p<0.01, AM841(or WIN) groups vs. AM841+AM251 (or 

WIN +AM251) groups (two-way ANOVA followed by Student-Newman-Keuls post-hoc 
test).
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Figure 2. 
In vivo dose-dependent effect of AM841 on rat gastrointestinal motor function. Motor 

function was measured by radiological methods (see text). Vehicle (30 μl kg−1 of 

Tocrisolve® in saline solution) or AM841 (AM, 0.1 or 1 mg kg−1) were intraperitoneally 

injected, and barium sulfate (2.5 mL, 2 g mL−1) was intragastrically administered 

immediately afterwards. X-rays were taken 0, 1, 2, 4, 6, 8 and 10 h after barium 

administration. Data represent mean ± SEM for motor function in stomach, small intestine, 

caecum and colorectum (panel A). N ≥ 6, each group. **p <0.01, ***p <0.001 vs vehicle, 

#p<0.05, ##p<0.01, ###p<0.001 vs AM at 1 mg kg−1 (two-way ANOVA followed by 

Bonferroni post-hoc test). Panel B: Representative X-rays of rats treated with vehicle or AM 

(1 mg kg−1), obtained 0, 2, 6 and 10 h after barium. Scale bar: 4 cm.
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Figure 3. 
Morphometric analysis of stomach and caecum size radiographically imaged. Radiographic 

methods (see text) were applied to visualize the gastrointestinal regions. The temporal 

changes in the size of the stomach and the caecum after treatment with vehicle (30 μl kg−1 of 

Tocrisolve® in saline solution) or AM841 (AM, 0.1 or 1 mg kg−1) were analyzed using an 

image processor (Image J, NIH). N ≥ 6, each group. ***p <0.001 vs vehicle; #p<0.05, 

##p<0.01, ###p<0.001vs AM 0.1 (two-way ANOVA followed by Bonferroni post-hoc test).
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Figure 4. 
Comparison of the in vivo effects of the cannabinoid agonists AM841 and WIN 55,212-2 on 

rat gastrointestinal motor function. Motor function was measured by radiological methods 

(see text). Vehicle (30 μl kg−1 of Tocrisolve® in saline solution), AM841 (AM, 0.1 mg kg−1) 

or WIN 55,212-2 (WIN, 5 mg kg−1) were intraperitoneally injected, and barium sulfate (2.5 

mL, 2 g mL−1) was intragastrically administered immediately afterwards. X-rays were taken 

0, 1, 2, 4, 6 and 8 h after barium administration. Data represent mean ± SEM for motor 

function in stomach, small intestine, caecum and colorectum (panel A). N ≥ 6, each group. 

**p <0.01, ***p <0.001 vs vehicle (two-way ANOVA followed by Bonferroni post-hoc 
test). Panel B: Representative X-rays of rats treated with AM (0.1 mg kg−1) or WIN (5 mg 

kg−1), obtained 0, 2, 4 and 8 h after barium. Scale bar: 4 cm.
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Figure 5. 
In vivo effects of AM841 and WIN on rat gastrointestinal motor function several hours after 

administration. Motor function was measured by radiological methods (see text). Vehicle (30 

μl kg−1 of Tocrisolve® in saline solution), AM841 (AM, 0.1 mg kg−1) or WIN 55,212-2 

(WIN, 5 mg kg−1) were intraperitoneally injected, and barium sulfate (2.5 mL, 2 g mL−1) 

was intragastrically administered 14 hours afterwards. X-rays were taken 0, 1, 2, 4, 6, 8 and 

10 h after barium administration. Data represent mean ± SEM for motor function in 

stomach, small intestine, caecum and colorectum (panel A). N = 8, each group. **p <0.01 vs 

vehicle (two-way ANOVA followed by Bonferroni post-hoc test). Panel B: Representative 

X-rays of rats treated with AM (0.1 mg kg−1) or WIN (5 mg kg−1), obtained 0, 2, 4 and 8 h 

after barium. Scale bar: 4 cm.
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Figure 6. 
Involvement of CB1 receptor on AM841 in vivo effect on gastrointestinal motor function. 

Motor function was measured by radiological methods (see text). Vehicle (30 μl kg−1 of 

Tocrisolve® in saline solution), AM841 (0.1 mg kg−1), AM251 (1 mg kg−1) or both 

(AM251+AM841) were intraperitoneally injected (the CB1R antagonist, AM251, was 

injected 30 min prior to the agonist AM841), and barium sulfate (2.5 mL, 2 g mL−1) was 

intragastrically administered immediately afterwards. X-rays were taken 0, 1, 2, 4, 6, 8 and 

10 h after barium administration. Data represent mean ± SEM for motor function in 

stomach, small intestine, caecum and colorectum (panel A). N = 8, each group. *p<0.05, 

**p <0.01, ***p<0.001 vs vehicle, ##p<0.01, ###p<0.001 vs AM841 (two-way ANOVA 

followed by Bonferroni post-hoc test). Panel B: Representative X-rays of rats treated with 
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AM251 (1 mg kg−1) alone or with AM841 (0.1 mg kg−1), obtained 0, 2, 6 and 10 h after 

barium. Scale bar: 4 cm.
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Figure 7. 
Involvement of CB2 receptor on AM841 in vivo effect on gastrointestinal motor function. 

Motor function was measured by radiological methods (see text). Vehicle (30 μl kg−1 of 

Tocrisolve® in saline solution), AM841 (0.1 mg kg−1), AM630 (1 mg kg−1) or both 

(AM630+AM841) were intraperitoneally injected (the CB2 antagonist, AM630, was 

injected 30 min prior to the agonist AM841), and barium sulfate (2.5 mL, 2 g mL−1) was 

intragastrically administered immediately afterwards. X-rays were taken 0, 1, 2, 4, 6, 8 and 

10 h after barium administration. Data represent mean ± SEM for motor function in 

stomach, small intestine, caecum and colorectum (panel A). N = 8, each group. *p<0.05, 

**p <0.01, ***p<0.001 vs vehicle (two-way ANOVA followed by Bonferroni post-hoc test). 

Panel B: Representative X-rays of rats treated with AM630 (1 mg kg−1) alone or with 

AM841 (0.1 mg kg−1), obtained 0, 2, 6 and 8 h after barium. Scale bar: 4 cm.
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Figure 8. 
Central effects of the cannabinoid agonists AM841 and WIN 55,212-2 in the rat. The 

following tests were used to evaluate the occurrence of the characteristic cannabinoid central 

effects (cannabinoid tetrad): A–plantar test (for analgesia); Bring test (for catalepsy); C–

rectal temperature (for hypothermia); D–spontaneous locomotor activity (for 

hypolocomotion). The threshold for paw withdrawal in the von Frey test was also measured 

(E). Vehicle (30 μl kg−1 of Tocrisolve® in saline solution), AM841 (AM, 0.1 or 0.5 mg 

kg−1) or WIN 55,212-2 (WIN 5, 5 mg kg−1) were intraperitoneally injected. Tests were 

performed as described in the text. Bars show mean values ± SEM. N ≥ 6 each group. *p 

<0.05, **p <0.01, ***p<0.001 vs saline (one-way ANOVA followed by Bonferroni post-hoc 
test). # p<0.05 vs AM 0.5 (unpaired Student’s t-test).

Abalo et al. Page 24

Neurogastroenterol Motil. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	METHODS
	Animals
	In vitro study
	In vivo experiments
	Radiographic evaluation of GI motor function
	Central effects of AM841 (cannabinoid tetrad)
	Assessment of mechanical sensitivity to non-noxious stimuli
	Compounds and drugs
	Statistical analysis

	RESULTS
	AM841 reduces contractility of isolated GI preparations via CB1 receptors
	AM841 reduces GI motility in vivo via CB1 receptors with higher potency than the conventional non-selective cannabinoid agonist WIN 55,212-2
	Central effects of AM841 are negligible at doses that potently reduce GI motor function

	DISCUSSION
	AM841 effects in organ bath studies
	AM841 inhibits motility in vivo
	AM841 may exert its effects on motility in the absence of central effects

	Concluding remarks
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8

