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Background and purpose: Cannabis is taken as self-medication by patients with inflammatory bowel disease for symptomatic
relief. Cannabinoid receptor agonists decrease inflammation in animal models of colitis, but their effects on the disturbed
motility is not known. (-)-Cannabidiol (CBD) has been shown to interact with D

9-tetrahydrocannabinol (THC) in behavioural
studies, but it remains to be established if these cannabinoids interact in vivo in inflammatory disorders. Therefore the effects
of CBD and THC alone and in combination were investigated in a model of colitis.
Experimental approach: The 2,4,6-trinitrobenzene sulphonic acid (TNBS) model of acute colitis in rats was used to assess
damage, inflammation (myeloperoxidase activity) and in vitro colonic motility. Sulphasalazine was used as an active control
drug.
Key results: Sulphasalazine, THC and CBD proved beneficial in this model of colitis with the dose–response relationship for the
phytocannabinoids showing a bell-shaped pattern on the majority of parameters (optimal THC and CBD dose, 10 mg·kg-1).
THC was the most effective drug. The effects of these phytocannabinoids were additive, and CBD increased some effects of an
ineffective THC dose to the level of an effective one. THC alone and in combination with CBD protected cholinergic nerves
whereas sulphasalazine did not.
Conclusions and implications: In this model of colitis, THC and CBD not only reduced inflammation but also lowered the
occurrence of functional disturbances. Moreover the combination of CBD and THC could be beneficial therapeutically, via
additive or potentiating effects.
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Introduction

Inflammatory bowel disease (IBD), which comprises Crohn’s

disease and ulcerative colitis, is a chronic, relapsing and remit-

ting disorder characterized by excessive inflammatory

responses in the gastrointestinal tract leading to damage and

occurrence of profound motility and secretory disturbances,

which together contribute to bleeding, diarrhoea, abdominal

cramping and malnutrition. The disease cannot be cured and

the aim of currently accepted treatments is to reduce the

symptoms by inducing and maintaining a remission (Baum-

gart and Sandborn, 2007).

Cannabis is taken as self-medication by patients with IBD in

order to relieve symptoms such as abdominal pain, diarrhoea
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and reduced appetite (Garcia-Planella et al., 2007; Lal et al.,

2007). Synthetic cannabinoid (CB) receptor agonists inhibit

inflammation and tissue damage in different animal models

of colitis, an effect attributed to stimulation of CB1 and CB2

receptors (Massa et al., 2004; Kimball et al., 2006; Storr et al.,

2007; Wright et al., 2008; receptor nomenclature follows Alex-

ander et al., 2009). However the effects of the main psycho-

active constituent of cannabis, D

9-tetrahydrocannabinol

(THC) have not been evaluated.

It is well known that cannabis possesses immunosuppres-

sive properties and that the main component responsible for

this profile of action is THC. In both in vivo and in vitro, THC

impairs cell-mediated and humoural immunity, actions that

could be beneficial in auto-inflammatory disorders including

IBD (Massi et al., 2006). In support of this, THC was effective

in attenuating autoimmune responses in an experimental

model of diabetes (multiple low-dose streptozotocin injec-

tions) (Li et al., 2001) and in experimental autoimmune

encephalomyelitis (Lyman et al., 1989).

In addition to THC, cannabis contains a number of non-

psychotropic compounds, with (-)-cannabidiol (CBD) being

the most abundant and the most extensively studied

(Mechoulam, 2005; Pertwee, 2008). Importantly, CBD has

been also demonstrated to possess potent anti-inflammatory

and immunomodulatory properties which, together with a

lack of psychotropic activity and low toxicity, make it a very

promising therapeutic candidate for a variety of inflammatory

and pain associated disorders, including IBD. CBD is a very

potent antioxidant, which results in reduction of the level of

reactive oxygen species in the course of inflammation and

protection from tissue damage (Malfait et al., 2000; Mechou-

lam et al., 2002; Weiss et al., 2006). CBD treatment has proven

effective in different animal models of inflammation, such as

collagen-induced arthritis, non-obese diabetic mice, acute

carrageenan-induced inflammation in the rat paw, and it was

shown to normalize croton oil-induced hypermotility in mice

(Capasso et al., 2008). Notably it was reported that CBD was

able to delay and attenuate colitis in interlukin (IL)-10 knock-

out mice, but the results of the experiment were not pub-

lished (Malfait et al., 2000). A confirmation of this

observation was provided in a recent study, which demon-

strated efficacy of CBD pretreatment in dinitrobenzene sul-

phonic acid (DNBS)-induced colitis in mice (Borrelli et al.,

2009).

As the two phytocannabinoids modulate the immune

system and differ in their pharmacological profile, their com-

bination could be more beneficial than either drug alone

(Russo and Guy, 2006; Pertwee, 2008). Additionally CBD

could not only potentiate the therapeutic effects of THC, but

also attenuate some of its undesirable effects, such as disori-

entation, mental clouding, sedation, anxiety, dysphoria and

tachycardia (Karniol et al., 1974; Russo and Guy, 2006;

Pertwee, 2007; Vann et al., 2008).

Therefore the aim of the present study was to characterize

the effects of the two phytocannabinoids, administered alone

and in combination, in the 2,4,6-trinitrobenzene sulphonic

acid (TNBS)-induced model of colitis in the rat. In addition,

the effects of sulphasalazine on macroscopic damage, myelop-

eroxidase (MPO) activity and in vitro responses of colonic

longitudinal muscle strips were evaluated in order to compare

the effects of THC and CBD with a standard treatment for IBD

(Baumgart and Sandborn, 2007).

Our results demonstrated that treatment with THC and

CBD reduced inflammation and motility disturbances associ-

ated with colitis. The effects of THC alone and in combination

with CBD were similar to and, in some aspects, better than

those of sulphasalazine, suggesting potential value of phyto-

cannabinoids for the treatment of IBD.

Methods

All animal care and experimental procedures were conducted

in accordance with the Animals (Scientific Procedures) Act

1986 and were approved by the University of Hertfordshire

Ethics Committee. Male Charles River Wistar rats (200–300 g)

were used in the study (n = 85). They were housed in standard

cages (2–6 rats per cage) and provided with free access to food

and tap water. The animals were maintained at a constant

temperature (20–21°C) and a 12 h light/dark cycle.

Induction of colitis

Colitis was induced as described by Boughton-Smith et al.,

(1988) and Morris et al., (1989) with modifications by Sykes

et al., (1999) and minor changes in the procedure. Briefly, the

animals were fasted for 20–24 h with free access to water.

Colitis was induced under light isoflurane anaesthesia by

administering an enema of 6.7 mg of TNBS in 0.25 mL of 25%

ethanol (v/v) using an infant feeding tube inserted into the

lumen of the colon to a point 8 cm distal from the anus. In a

preliminary series of experiments control animals received

phosphate-buffered saline (PBS). Rats were matched in their

body weights before food withdrawal. After enema adminis-

tration the animals were kept in a head-down position until

they recovered from anaesthesia (1–2 min) to prevent the

solution leaking out. After this procedure the animals were

placed in separate cages with free access to food and water.

The rats were killed 3 days later by carbon dioxide asphyxia-

tion. The abdominal cavity was opened via a midline incision;

the colon was removed and immediately placed in fresh

Krebs–Henseleit solution with the following composition (in

mM): NaCl 118.1, KCl 4.8, NaHCO3 25.0, KH2PO4 1.2, MgSO4

1.2, glucose 11.1 and CaCl2 2.5 (pH 7.4).

Macroscopic damage evaluation

The colon was cleaned of fat and mesentery, cut open longi-

tudinally, gently flushed clean with Krebs solution and scored

for visible damage. The degree of inflammation was quanti-

fied using a 0–13 scale, according to the criteria presented in

Table 1. This wide scale was applied to optimally reflect the

differences in the severity of inflammation between animals.

The damage assessed visually is referred to as the macroscopic

damage score (MDS).

Tissue preparation for the in vitro studies and the methods

employed for measuring motility

The most inflamed segment of the distal colon was cut lon-

gitudinally into four strips (whole wall, 2–4 mm ¥ 12–15 mm)
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one of which was frozen and stored at -70°C for assessment of

MPO activity and the remaining three strips were used in

motility studies.

Longitudinal muscle strips were placed in 30 mL organ

baths and maintained in oxygenated (95% O2/5% CO2) Krebs

solution at 37°C. The tissue was suspended in the bathing

solution by threads. One end of the tissue was attached to a

hook at the bottom of the bath and the other end to an

isometric tension transducer (Pioden Controls Ltd., Newport,

Isle of Wight, UK and AD Instruments Ltd., Chalgrove,

Oxfordshire, UK).

In experiments with electrical field stimulation (EFS), the

tissue was attached to a hook between two parallel platinum

wire electrodes. Electrical stimuli were delivered by a Harvard

Apparatus 6002 stimulator (Harvard Apparatus Ltd., Fircroft

Way, Edenbridge, Kent, UK).

An initial load of 1 g was applied. The tissues were left to

equilibrate for at least 30 min before experiments were com-

menced. Wet and dry (after 24 h at room temperature) tissue

weights were determined and amplitude of contraction was

calculated per gram of dry weight. This normalization proce-

dure was used because of the presence of oedema, as well as

possible morphological changes of the smooth muscle layers

in the inflamed colon as reported by Wells et al. (2004).

The experiments were recorded with a MacLab data acqui-

sition system (Chart v 3.6., AD Instruments Pty Ltd., Castle

Hill, NSW, Australia).

In vitro evaluation of the alterations in motility caused

by inflammation

Assessment of the differences in the spontaneous activity. Spon-

taneous activity was recorded for 10 min. The parameters

measured were the amplitude of low-frequency contractions

(ALF) and their duration (D).

Responses to carbachol. Cumulative dose–response curves to

carbachol were constructed and the final bath concentra-

tions were: 1 ¥ 10-8 M, 1 ¥ 10-7 M, 3 ¥ 10-7 M, 1 ¥ 10-6 M,

3 ¥ 10-6 M, 1 ¥ 10-5 M and 3 ¥ 10-5 M.

Experiments with EFS. These experiments were designed to

study neurally mediated responses to electrical stimulation of

the enteric nerves. Frequency–response curves were con-

structed at a voltage supramaximal for 5 Hz, 0.2 ms pulse

width in 5 s trains. The frequencies studied were 1, 3, 5, 8, 10

and 15 Hz.

The contractions during the electrical stimulation (‘on’

responses) were cholinergically mediated (completely blocked

by 1 ¥ 10-6 M atropine, data not shown). At these stimulation

parameters relaxant responses to EFS in the same tissues pre-

contracted with carbachol (1 ¥ 10-5 M) were also studied. Car-

bachol was applied after the contractile response to the last

frequency (15 Hz). EFS was started 4–5 min after carbachol

application, when the contractile response became stable.

Subsequent frequencies were applied after recovery to the

baseline.

The relaxant responses are expressed as % relaxation which

was calculated as follows: {[responseCON (g) - responseREL

(g)] : [responseCON (g) - baseline (g)]} ¥ 100, where responseCON

is the contraction to carbachol immediately before applica-

tion of a given EFS frequency, responseREL is the minimum in

response to a given EFS frequency, and the baseline value was

assessed directly prior to carbachol administration.

All EFS-evoked responses were tetrodotoxin-sensitive (data

not shown).

Myeloperoxidase activity

A MPO assay was used to quantify inflammation. The enzyme

activity is considered to be an index of neutrophil infiltration

because MPO is predominantly found in these cells (Krawisz

et al., 1984).

In the first step of the procedure the enzyme was extracted

from the tissue according to the protocol of Bradley et al.

(1982) with small modifications from Grisham et al. (1990).

Tissue strips were thawed, weighed and homogenized

(homogenizer, Kika Labortechnik, T25 basic, Staufen,

Germany) in 10 volumes (100 mg tissue·mL-1) of ice-cold

50 mM potassium phosphate buffer (pH 6.0) containing 0.5%

(w/v) hexadecyltrimethylammonium bromide (HTAB) and

10 mM Na2EDTA. The homogenate was sonicated on ice

(15 s), freeze-thawed, sonicated a second time (15 s) and cen-

trifuged at 4°C and 20 000¥ g for 20 min. The supernatant was

kept on ice and used for the enzyme assay.

Myeloperoxidase activity was measured in 10 mL samples

using a microplate procedure according to the method of

Venkova et al. (2000) with 3,3′,5,5′-tetramethylbenzidine

(TMB) liquid substrate system and horseradish peroxidase

(HRP) as the relative standard. The protocol was modified to

form an end point assay where the reaction is stopped with

acid solution and the absorbance is measured at 450 nm

(Microplate reader, Multiskan Ascent, Labsystems Oy, Hels-

inki, Finland. Software version 1.3.1). MPO activity was

expressed as an equivalent to the activity of the standard

(nanograms of HRP) converting the same amount of TMB

substrate for 3 min at room temperature. Total protein was

measured as well (as described below). The MPO data were

expressed as nanograms of HRP equivalents per milligram of

protein.

Table 1 Macroscopic damage scoring system (0–13 scale)

Score Criteria

0 No damage
1 Localized hyperaemia or thickening

No ulcers
2 Ulceration without significant inflammation
3 Ulceration with inflammation at 1 site
4 �2 sites of ulceration and inflammation
5 Major sites of damage extending >1 cm along length of colon
6–10 If damage covered >2 cm along the length of the colon, score

is increased by 1 for each additional centimetres of
involvement

Plus
1 Minor adhesions (colon could be separated easily from other

tissue)
2 Major adhesions

Plus
1 Diarrhoea

Scale adapted from those used previously (Appleyard and Wallace, 1995; Poli

et al., 2001).
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Protein determination

Protein content was measured using a BCA™ Protein

Assay Kit (PIERCE) in a microplate procedure according to

manufacturer’s instruction with small modifications. Briefly,

bovine serum albumin was used as the standard. Superna-

tants, as in the MPO assay, were used. After mixing all the

reagents, plates were incubated at room temperature for

30 min, and the absorbance was measured at 540 nm on a

plate reader.

Experimental design for drug treatment

To assess the effects of various drugs on colonic inflammation

the substances were tested using a short-time dosing regimen.

The first dose was administered 0.5 h before colitis induction

and then 24 and 48 h after induction. Drugs were adminis-

tered i.p. and the injection volume was 3 mL·kg-1 with the

vehicle being a mixture of absolute ethanol, cremophor and

saline (1:1:18). To study the effects of CBD, four doses were

applied: 5, 10, 15 and 20 mg·kg-1 body weight per day

(referred to as CBD5, CBD10, CBD15 and CBD20, n = 4, 6, 5

and 5, respectively, for vehicle group n = 11). Three doses of

THC were applied: 5, 10 and 20 mg·kg-1 per day (referred to as

THC5, THC10 and THC20, respectively, n = 6 for all apart

from the vehicle group – n = 11).

In order to assess the effects of combined treatment with

THC and CBD, two mixtures of the two compounds were used

(co-administered in one vehicle solution). The dose of CBD

(10 mg·kg-1) was chosen on the basis of experiments with

CBD alone (the most effective dose), and it was administered

with an optimal dose of THC (10 mg·kg-1, T10 + C, 1:1 ratio,

n = 6) or with a non-effective dose (5 mg·kg-1, T5 + C, 1:2

ratio, n = 6).

Sulphasalazine (n = 7, for vehicle n = 6) was administered at

300 mg·kg-1 in 3 mL p.o. starting 5 h before the TNBS enema.

Three doses were given in total, every 24 h. In order to keep

the dosing regimen as close to the i.p. studies as possible the

time of first sulphasalazine administration (5 h prior to

enema) was chosen on the basis of the duration of gastrointes-

tinal transit in the rat. In a recent study it was demonstrated

that about 4–5 h were necessary for sulphasalazine to reach

the caecum and to be broken down into 5-aminosalicylic acid

(5-ASA), the active moiety and sulphapyridine (detectable in

the blood) (Fujioka et al., 2008).

Sulphasalazine was administered in the form of a suspen-

sion, prepared in 1% methyl cellulose (for increased viscos-

ity). Control animals received the vehicle solution alone.

The animals were killed 3 days after TNBS instillation and

the colonic tissue was taken for the visual assessment of

inflammation, MPO assay and the in vitro motility studies.

Data analysis and statistical procedures

Results are expressed as mean � SEM. Differences between

groups were analysed using unpaired two-tailed t-test (when

comparing two groups) or analysis of variance (ANOVA), fol-

lowed by Dunnett’s or Bonferroni post test. Values of P < 0.05

were considered statistically significant. Concentration–

response curves for carbachol were fitted using non-linear

regression (sigmoidal dose–response, GraphPad Prism). Analy-

sis generated logEC50 (log of the molar concentration of

carbachol needed to produce 50% of the maximal response)

and Emax (the maximal contractile response to carbachol)

values, used to determine differences in potency and efficacy

respectively.

Materials

2,4,6-Trinitrobenzene sulphonic acid solution (1 M) and

HTAB were obtained from Fluka (Sigma Aldrich, Gillingham,

Kent, UK), carbachol, tetrodoxin, atropine, Cremophor® EL,

HRP, TMB Liquid Substrate System for ELISA, Stop Reagent for

TMB substrate, sulphasalazine, methyl cellulose and EDTA

disodium salt from Sigma (Sigma Aldrich, Gillingham, Kent,

UK); THC [(6aR, 10aR)-6a,7,8,10a-tetrahydro-6,6,9-trimethyl-

3-pentyl-6H -dibenzo[b,d]pyran-1-ol] was obtained from THC

Pharm GmbH (Frankfurt am Main, Germany) and CBD

(2- [(1R,6R)-3-methyl -6- (1-methylethenyl)-2-cyclohexen-1-

yl]-5-pentyl-1,3-benzenediol) was kindly supplied by GW

Pharmaceuticals (Salisbury, Wiltshire, UK).

Results

In a preliminary series of experiments, rats were given a PBS

enema alone and the results are included in all the graphs to

represent baseline values in healthy animals and the effects

of TNBS administration. TNBS treatment only slightly

reduced body weight gain in comparison with control

rats (PBS enema), and this effect was not statistically

significant.

Treatment of rats with colitis with CBD alone did not affect

body weight (Figure 1A). Treatment with THC5, THC20 alone

and combined treatment with T10 + C resulted in a signifi-

cant reduction of body weight gain at 72 h in comparison

with the vehicle group (P < 0.05, Figure 1B). Sulphasalazine

treatment seemed to increase body weight gain, but this effect

was not statistically significant (Figure 1C).

Effects of drug treatment on macroscopic damage and

neutrophil infiltration

2,4,6-Trinitrobenzene sulphonic acid caused colonic injury

reflected in increased MDS (Figure 2). The visual assessment

revealed the presence of hyperaemia, haemorrhage, mucosal

damage, ulceration, necrosis, thickening of the bowel wall

and local distension. The damaged area was usually restricted

to a small region (about 1–1.5 cm2) in the rat distal colon.

Occasionally colonic adhesions to other organs were present.

Colitis was also associated with significantly increased neu-

trophil infiltration (MPO activity) (Figure 3). Treatment with

CBD10 seemed to reduce MDS, but this was not statistically

significant. Treatment with THC10 and combined treatment

with CBD (both T5 + C and T10 + C) as well as treatment with

sulphasalazine resulted in significant decrease of MDS

(P < 0.05 vs. respective vehicle and vs. THC5 for T5 + C group)

(Figure 2). The MPO activity, which was significantly

increased in colitis, was dose-dependently reduced by CBD

treatment with maximal reduction at CBD20 (P < 0.05 vs.

vehicle, Figure 3A). Treatment with THC10 and THC20 also
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significantly decreased neutrophil infiltration in comparison

with the vehicle treated group, while combined treatment

T5 + C reduced MPO activity significantly more than THC5

alone (Figure 3B). Sulphasalazine treatment also seemed to

decrease MPO activity, but this effect just failed to be statisti-

cally significant (P = 0.06, Figure 3C).

Effects of drug treatment on motility disturbances

Spontaneous activity. Colitis resulted in significant reduction

of the amplitude and prolonged duration of spontaneous

low-frequency contractions in colonic muscle strips. Treat-

ment with CBD10, THC10, T10 + C and sulphasalazine

resulted in significant increase of ALF (Tables 2–4). Treatment

with CBD10, CBD20, THC10, THC20 and both combined

treatments significantly reduced the duration of spontaneous

contractions (Table 3). The duration also appeared to be

decreased by sulphasalazine, but this effect was not statisti-

cally significant due to the large variability in the vehicle

group (Table 4).

Responses to carbachol. The contractile responses to carbachol

application were markedly reduced in inflamed tissues (see

concentration–response curves Figure 4 and Emax values

Table 5), but there was no significant change in the potency of

carbachol between treatment groups (see logEC50 values,

Tables 5–7). Treatment with CBD10 resulted in a significant

increase in the contractions to carbachol (P < 0.05 vs. vehicle at

concentrations 1 ¥ 10-6 M to 3 ¥ 10-5 M, Figure 4A and

P < 0.05 for Emax, Table 5). THC10 treatment alone improved

the responses (P < 0.05 for Emax, Table 6). The effect was statis-

tically significant in the groups that received combined treat-

ment with CBD (T10 + C, P < 0.05 vs. vehicle at concentrations

3 ¥ 10-7 M to 3 ¥ 10-5 M, Figure 4B and T5 + 10 and T10 + C,

P < 0.05 for Emax, Table 6), suggesting additive effects of CBD

and THC. The T5 + C group reached the level of contractility of

the THC10 group. Treatment with sulphasalazine also signifi-

cantly enhanced the responses at carbachol concentrations

3 ¥ 10-7 M to 3 ¥ 10-5 M (Figure 4C, P < 0.05 for Emax, Table 7).

EFS experiments. Both contractile and relaxant responses to

EFS were dramatically decreased in inflamed colonic strips

(Figures 5 and 6). CBD treatment did not have any significant

effects on EFS-evoked responses (Figures 5A and 6A), while

treatment with THC10 alone and in combination with CBD

(T10 + C) significantly increased both the contractile cholin-

ergic (Figure 5B) and relaxant (Figure 6B) responses. As shown

in Figure 6B the relaxant responses were also improved to a

similar extent in THC20 and T5 + C groups (P < 0.05 for

T5 + C vs. vehicle at 15 Hz).

Figure 1 Rat body weight changes over 3 days from administration of 2,4,6-trinitrobenzene sulphonic acid enema. Effects of (A) (-)-
cannabidiol (CBD) alone (5, 10, 15 and 20 mg·kg-1 i.p.), (B) D

9-tetrahydrocannabinol (THC) alone (5, 10 and 20 mg·kg-1 i.p.) and THC in
combination with 10 mg·kg-1 CBD (5 and 10 mg·kg-1 THC, T5 + C and T10 + C, respectively) and (C) sulphasalazine (300 mg·kg-1 p.o.).
Results are expressed as mean � SEM; n = 4–11; *P < 0.05 compared with respective vehicle group. Vehicle for CBD and THC – mixture of
ethanol : cremophor : saline, 1:1:18, vehicle for sulphasalazine – 1% methylcellulose. Control group from preliminary experiments is included
– phosphate-buffered saline enema, no treatment.
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Figure 2 Effects of drug treatment on macroscopic damage score (MDS; 0–13 scale) 3 days after administration of 2,4,6-trinitrobenzene
sulphonic acid enema. Effects of (A) (-)-cannabidiol (CBD) alone (5, 10, 15 and 20 mg·kg-1 i.p.), (B) D9-tetrahydrocannabinol (THC) alone (5,
10 and 20 mg·kg-1 i.p.) and THC in combination with 10 mg·kg-1 CBD (5 and 10 mg·kg-1 THC, T5 + C and T10 + C, respectively) and (C)
sulphasalazine (300 mg·kg-1 p.o.). Results are expressed as mean � SEM; n = 4–11; *P < 0.05 compared with respective vehicle group. Vehicle
for CBD and THC – mixture of ethanol : cremophor : saline, 1:1:18, vehicle for sulphasalazine – 1% methylcellulose; # P < 0.05 compared with
respective THC group. Control group from preliminary experiments is included – phosphate-buffered saline enema, no treatment.

Figure 3 Effects of drug treatment on myeloperoxidase (MPO) activity in rat colon 3 days after administration of 2,4,6-trinitrobenzene
sulphonic acid enema. Effects of (A) (-)-cannabidiol (CBD) alone (5, 10, 15 and 20 mg·kg-1 i.p.), (B) D9-tetrahydrocannabinol (THC) alone (5,
10 and 20 mg·kg-1 i.p.) and THC in combination with 10 mg·kg-1 CBD (5 and 10 mg·kg-1 THC, T5 + C and T10 + C, respectively) and (C)
sulphasalazine (300 mg·kg-1 p.o.). Results are expressed as mean � SEM; n = 4–11; *P < 0.05 compared with respective vehicle group,
#P < 0.05 compared with respective THC group. Vehicle for CBD and THC – mixture of ethanol : cremophor : saline, 1:1:18, vehicle for
sulphasalazine – 1% methylcellulose. Control group from preliminary experiments is included – phosphate-buffered saline enema, no
treatment.
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Treatment with sulphasalazine did not have significant

effect on EFS-evoked contractile responses (Figure 5C), but it

increased the relaxant responses (Figure 6C), although to a

smaller extent than THC10 and T10 + C.

Discussion

2,4,6-Trinitrobenzene sulphonic acid-induced colitis in rats is

a well-established animal model of colitis (Boughton-Smith

et al., 1988; Morris et al., 1989; Sykes et al., 1999; Whittle

et al., 2008; Arribas et al., 2009). It has been reported that

colitis alters spontaneous activity as well as smooth muscle

contractility in response to pharmacological and nerve stimu-

lation (Poli et al., 2001). In the present study, TNBS adminis-

tration caused a mild, acute colitis associated with damage,

neutrophil infiltration and impairment of in vitro motility

parameters. Sulphasalazine, a standard treatment for IBD, not

only reduced injury and inflammation, as reported previously

(Daddaoua et al., 2007), but also improved motility. Similar to

the effects of sulphasalazine, treatment with the phytocan-

nabinoids, CBD and THC, resulted in a reduction of damage,

neutrophil infiltration and in vitro motility disturbances.

Inhibitory effects of phytocannabinoids on MPO activity

are an essential feature of their actions as demonstrated in

other in vivo studies (Hayakawa et al., 2007; Napimoga et al.,

2009). Interestingly, evaluation of the mechanism of action of

CBD in a study on the inhibition of human neutrophil

chemotaxis revealed that a new target, distinct from CB1 and

CB2 receptors, may be involved. THC, unlike CBD, does not

affect neutrophil function directly (Mchugh et al., 2008).

Therefore, the reduction of MPO activity seen in the present

study was most likely to be mediated by indirect effects of

THC, such as a decrease in levels of cytokines, such as tumour

necrosis factor-a and IL-8, involved in neutrophil recruit-

ment. Additional studies are necessary to clarify this. In

addition, the dissociation of the positive effects of phytocan-

nabinoids upon damage, functional parameters and neutro-

phil infiltration suggests that other inflammatory cell types

involved in tissue injury and motility disturbances (e.g. mac-

rophages, mast cells) were affected by CBD and THC in the

present study.

In relation to the reduction of motility disturbances, both

phytocannabinoids have been demonstrated to reduce the

release of pro-inflammatory mediators, such as tumour necro-

sis factor-a, interferon-g, IL-1b and nitric oxide, both in vivo

and in vitro (Watzl et al., 1991; Srivastava et al., 1998; Malfait

et al., 2000; Esposito et al., 2007; Kaplan et al., 2008; Borrelli

et al., 2009). These pro-inflammatory mediators were shown

to impair smooth muscle contractility and/or decrease neu-

rotransmitter release from the myenteric plexus (Collins,

1996; Jacobson et al., 1997; Kinoshita et al., 2006). Impor-

tantly, the profile of phytocannabinoid action on motility

parameters in the present study was similar to that of the

reference drug, sulphasalazine: that is, a significant improve-

ment of responses. The effectiveness of THC (10 mg·kg-1)

alone and in combination with CBD was even greater than

that of sulphasalazine in the EFS-evoked responses because,

unlike sulphasalazine, the former treatments significantly

Table 2 Effects of (-)-cannabidiol (CBD) (5, 10, 15 and 20 mg·kg-1 i.p.) on the amplitude (ALF) and duration (D) of low-frequency
spontaneous contractions

Control Vehicle CBD5 CBD10 CBD15 CBD20

ALF (g·g-1) 195 � 19 37 � 5 41 � 13 67 � 11* 47 � 8 55 � 10
D (s) 26.9 � 1.7 62.8 � 4.5 57.0 � 7.8 46.2 � 6.5* 52.6 � 2.8 38.7 � 2.8*

Longitudinal muscle strips from rat colon 3 days after administration of 2,4,6-trinitrobenzene sulphonic acid enema.

Control values (preliminary experiments, phosphate-buffered saline enema, no treatment) are shown. Contractions expressed in grams per gram of dry tissue

weight. Results are expressed as mean � SEM; n = 4–11.

*P < 0.05 compared with the vehicle (ethanol : cremophor : saline, 1:1:18).

Table 3 Effects of THC alone (5, 10 and 20 mg·kg-1 i.p.) and in combination with 10 mg·kg-1 CBD (5 and 10 mg·kg-1 THC, T5 + C and
T10 + C, respectively) on the amplitude (ALF) and duration (D) of low-frequency spontaneous contractions

Vehicle THC5 THC10 THC20 T5 + C T10 + C

ALF (g·g-1) 41 � 6 49 � 10 92 � 13* 62 � 14 66 � 10 89 � 9*
D (s) 77.7 � 11.0 61.6 � 6.5 50.7 � 7.5* 40.6 � 3.3* 46.3 � 3.4* 44.5 � 5.6*

Longitudinal muscle strips from rat colon 3 days after administration of TNBS enema. Contractions expressed in grams per gram of dry tissue weight. Results are

expressed as mean � SEM; n = 6–11.

*P < 0.05 compared with the vehicle (ethanol : cremophor : saline, 1:1:18).

CBD, (-)-cannabidiol; THC, D9-tetrahydrocannabinol; TNBS, 2,4,6-trinitrobenzene sulphonic acid.

Table 4 Effects of sulphasalazine (300 mg·kg-1 p.o.) on the
amplitude (ALF) and duration (D) of low-frequency spontaneous
contractions

Vehicle Sulphasalazine

ALF (g·g-1) 36 � 8 133 � 24*
D (s) 89.0 � 32.1 36.3 � 3.0

Longitudinal muscle strips from rat colon 3 days after administration of 2,4,6-

trinitrobenzene sulphonic acid enema. Contractions expressed in grams per

gram of dry tissues weight. Results are expressed as mean � SEM; n = 6–7.

*P < 0.05 compared with the vehicle (1% methylcellulose).
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increased cholinergic contractions and increased relaxant

responses to EFS to a greater extent. Therefore, THC alone and

in combination with CBD was more protective of the myen-

teric plexus than the active control drug, sulphasalazine, as it

improved the function of both the excitatory and inhibitory

nerves.

Notably, in the groups treated with CBD or sulphasalazine

alone, the cholinergic motor function (responses to EFS)

remained abnormal despite improvement of smooth muscle

contractility (responses to carbachol). The reason for this

remains unknown. A possible explanation could be a direct

inhibition of the function of cholinergic motor neurons;

however, such an effect of CBD or sulphasalazine has not

been reported. Another possibility is that these two drugs,

unlike THC, do not protect the excitatory neurons from

damage caused by TNBS enema and/or do not reduce inflam-

matory mediators involved in neuronal dysfunction in the

course of colitis

In the present study, the effects of in vivo treatment with

phytocannabinoids on the in vitro motility parameters are

most likely to reflect anti-inflammatory actions of THC and

CBD and to result from reduced damage. This is supported by

Figure 4 Effects of drug treatment on contractile responses of longitudinal muscle strips from rat colon to carbachol 3 days after
administration of 2,4,6-trinitrobenzene sulphonic acid enema. Effects of (A) (-)-cannabidiol (CBD) alone (5, 10, 15 and 20 mg·kg-1 i.p.), (B)
D

9-tetrahydrocannabinol (THC) alone (5, 10 and 20 mg·kg-1 i.p.) and THC in combination with 10 mg·kg-1 CBD (5 and 10 mg·kg-1 THC,
T5 + C and T10 + C, respectively) and (C) sulphasalazine (300 mg·kg-1 p.o.). Contractions expressed in grams per gram of dry tissue weight.
Results are expressed as mean � SEM; n = 4–11; *P < 0.05 compared with respective vehicle group. Vehicle for CBD and THC – mixture of
ethanol : cremophor : saline, 1:1:18, vehicle for sulphasalazine – 1% methylcellulose. Control group from preliminary experiments is included
– phosphate-buffered saline enema, no treatment.

Table 5 Effects of (-)-cannabidiol (CBD) (5, 10, 15 and 20 mg·kg-1 i.p.) on the potency and efficacy of carbachol

Control Vehicle CBD5 CBD10 CBD15 CBD20

logEC50 -6.76 � 0.24 -7.06 � 0.30 -6.68 � 0.65 -6.52 � 0.39 -7.16 � 0.29 -6.94 � 0.17
Emax (g·g-1) 329 � 35 107 � 11 102 � 31 230 � 45* 107 � 10 133 � 9

Longitudinal muscle strips from rat colon 3 days after administration of 2,4,6-trinitrobenzene sulphonic acid enema. Control values (preliminary experiments,

phosphate-buffered saline enema, no treatment) are shown. Contractions expressed in grams per gram of dry tissue weight. Results are expressed as mean � SEM;

n = 4–11.

*P < 0.05 compared with the vehicle (ethanol : cremophor : saline, 1:1:18).
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the observation that the MDS correlates with the amplitude of

spontaneous contractions and with the responses to carba-

chol. The dominance of anti-inflammatory effects of phyto-

cannabinoids over any direct effects on motility explains why

there is an apparent discrepancy between the effects of THC

and CBD observed in the present study (increased motility

parameters at 10 mg·kg–1) and known effects of cannabinoids

(reduced gastrointestinal contractility to EFS and acetylcho-

line) (Duncan et al., 2005; Capasso et al., 2008). We also found

that both CBD and THC displayed bell-shaped dose–response

curves (Tables 2 and 3, Figures 2, 4–6) that is a characteristic

feature of cannabinoid pharmacology.

Figure 5 Effects of drug treatment on contractile responses of longitudinal muscle strips from rat colon to electrical field stimulation (EFS)
3 days after administration of 2,4,6-trinitrobenzene sulphonic acid enema. Effects of (A) (-)-cannabidiol (CBD) alone (5, 10, 15 and 20 mg·kg-1

i.p.), (B) D9-tetrahydrocannabinol (THC) alone (5, 10 and 20 mg·kg-1 i.p.) and THC in combination with 10 mg·kg-1 CBD (5 and 10 mg·kg-1

THC, T5 + C and T10 + C, respectively) and (C) sulphasalazine (300 mg·kg-1 p.o.). EFS parameters: 5 s stimulation, 0.2 ms pulse width, voltage
(V) supramaximal for 5 Hz. Cholinergic ‘on’ responses are shown. Contractions expressed in grams per gram of dry tissue weight. Results are
expressed as mean � SEM; n = 4–11; *P < 0.05 compared with respective vehicle group. Vehicle for CBD and THC – mixture of ethanol : cre-
mophor : saline, 1:1:18, vehicle for sulphasalazine – 1% methylcellulose. Control group from preliminary experiments is included – phosphate-
buffered saline enema, no treatment.

Table 6 Effects of THC alone (5, 10 and 20 mg·kg-1 i.p.) and in combination with 10 mg·kg-1 CBD (5 and 10 mg·kg-1 THC, T5 + C and
T10 + C, respectively) on the potency and efficacy of carbachol

Vehicle THC5 THC10 THC20 T5 + C T10 + C

logEC50 -7.04 � 0.31 -7.17 � 0.36 -6.95 � 0.31 -6.85 � 0.37 -7.10 � 0.20 -6.95 � 0.10
Emax (g·g-1) 120 � 14 123 � 14 190 � 23* 165 � 26 181 � 128 235 � 98

Longitudinal muscle strips from rat colon 3 days after administration of TNBS enema. Contractions expressed in grams per gram of dry tissue weight. Results are

expressed as mean � SEM; n = 6–11.

*P < 0.05 compared with the vehicle (ethanol : cremophor : saline, 1:1:18).

CBD, (-)-cannabidiol; THC, D9-tetrahydrocannabinol; TNBS, 2,4,6-trinitrobenzene sulphonic acid.

Table 7 Effects of sulphasalazine (300 mg·kg-1 p.o.) on the potency
and efficacy of carbachol

Vehicle Sulphasalazine

logEC50 -6.76 � 0.20 -6.64 � 0.19
Emax (g·g-1) 144 � 13 289 � 27*

Longitudinal muscle strips from rat colon 3 days after administration of 2,4,6-

trinitrobenzene sulphonic acid enema. Contractions expressed in grams per

gram of dry tissues weight. Results are expressed as mean � SEM; n = 6–7.

*P < 0.05 compared with the vehicle (1% methylcellulose).
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(-)-Cannabidiol has been shown to interact with THC in

behavioural and physiological studies, but there have been no

reports indicating whether these cannabinoids do or do not

interact in vivo in inflammatory disorders. Therefore, the

current study aimed to evaluate the possible interaction of an

ineffective (5 mg·kg-1) and an optimal dose of THC

(10 mg·kg-1) with an optimal dose of CBD (10 mg·kg-1). The

choice of the doses of the two drugs used in the present study

was not only based on a literature review but also on the ratio

used in Sativex® (Russo and Guy, 2006). The ineffective dose

of THC was used to see if CBD could potentiate its effects, as

demonstrated in other studies (Karniol and Carlini, 1973;

Anderson et al., 1974; Fernandes et al., 1974; Murphy et al.,

1990).

The analysis of CBD and THC interaction in the present

study is complicated, because both phytocannabinoids

proved beneficial in TNBS-induced colitis in the rat. The

effects of combined treatment with CBD and THC were

greater than additive for one parameter (MPO activity) and

additive for three others (MDS, spontaneous activity and con-

tractility to carbachol). There were also statistically non-

significant signs of a potentiation for two additional

parameters (body weight gain and increased EFS-evoked

relaxations) but no evidence of an interaction for EFS-evoked

contractions.

In the present study CBD did not affect body weight gain

when administered alone. A similar observation for

10 mg·kg-1 CBD was recently made in healthy mice although

there was a trend towards a reduction in food intake (Riedel

et al., 2009). Analysis of combined treatment with THC in the

present study leads to the interesting observation that CBD

reinforced the effects of THC and the effect of combined

treatment was the same as a higher dose of THC administered

alone. This observation is in agreement with a previous study

that demonstrated that CBD potentiates the inhibitory effects

of THC on food intake (Fernandes et al., 1974).

A similar pattern of changes was observed when analysing

MPO activity, that is, combined treatment with T5 + C

reduced neutrophil infiltration by about 50% when compared

with 5 mg·kg-1 THC alone, which suggests that CBD aug-

mented the effect of THC. However analysis of the interaction

in the T10 + C group was inconclusive because of the larger

variability in responses. Like the effects on MPO activity, an

enhancement in the T5 + C group versus T5 alone was

Figure 6 Effects of drug treatment on relaxant responses of longitudinal muscle strips from rat colon to electrical field stimulation (EFS) 3 days
after administration of 2,4,6-trinitrobenzene sulphonic acid enema. Effects of (A) (-)-cannabidiol (CBD) alone (5, 10, 15 and 20 mg·kg-1 i.p.),
(B) D9-tetrahydrocannabinol (THC) alone (5, 10 and 20 mg·kg-1 i.p.) and THC in combination with 10 mg·kg-1 CBD (5 and 10 mg·kg-1 THC,
T5 + C and T10 + C, respectively) and (C) sulphasalazine (300 mg·kg-1 p.o.). Strips pre-contracted with 1 ¥ 10-5 M carbachol. EFS parameters:
5 s stimulation, 0.2 ms pulse width, voltage (V) supramaximal for 5 Hz. Responses expressed as % relaxation. Results are expressed as
mean � SEM; n = 4–11; *P < 0.05 compared with respective vehicle group. Vehicle for CBD and THC – mixture of ethanol : cremophor : saline,
1:1:18, vehicle for sulphasalazine – 1% methylcellulose. Control group from preliminary experiments is included – phosphate-buffered saline
enema, no treatment.
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observed in the EFS-evoked relaxations. As suggested by other

studies, potentiation of the effects of THC could be explained

by inhibition of its metabolism by concomitant administra-

tion of CBD (Fernandes et al., 1974; Zuardi et al., 1984). In

addition, it was demonstrated recently that the CBD-induced

potentiation of such pharmacological effects of THC as hypo-

activity, hypothermia and impairment of spatial memory was

accompanied by increased expression of CB1 receptors in hip-

pocampus and hypothalamus (Hayakawa et al., 2008) and a

similar mechanism could contribute to interactions observed

in the current study. However in the study by Hayakawa et al.

the effects of CBD were observed only at a very high dose

(50 mg·kg-1), and the measurements were done 1 h after i.p.

injection. Therefore, additional studies with repeated dosing

of CBD will be necessary to clarify if lower doses would induce

changes in CB1 receptor expression and it also needs to be

established if such changes can occur outside the CNS.

Because CBD reduced MDS in the present study, albeit not

significantly, the lowering of this parameter in T5 + C group

could be attributed to additive effects of the drugs. Impor-

tantly a similar interaction was observed in the improvement

of contractile responses to carbachol and the spontaneous

activity parameters.

In conclusion, treatment with THC, CBD and sulphasalazine

reduced signs of damage, inflammation and functional distur-

bances in a rat model of Crohn’s disease. THC was the most

effective drug, because it significantly improved all parameters

and importantly, unlike the reference drug sulphasalazine, it

improved the function of cholinergic motoneurons. CBD on

its own also displayed beneficial actions, such as improved

spontaneous activity and contractility to carbachol, which

extends previous findings (Malfait et al., 2000; Borrelli et al.,

2009) and further suggests that this phytocannabinoid, which

is devoid of psychoactive properties, could help alleviate symp-

toms in human IBD. Combined treatment with CBD and THC

proved beneficial in TNBS-induced colitis in the rat, as it

resulted in additive effects on some functional parameters and

as CBD caused an ineffective dose of THC (5 mg·kg-1) to

produce beneficial effects of the same magnitude as those

produced by a higher dose of THC (10 mg·kg-1) in the absence

of CBD. It is possible therefore that the benefit-to-risk ratio may

well be greater when CBD and THC are co-administered to

ameliorate colitis than when THC is administered alone.

Further studies will be necessary to identify the mechanisms

responsible for the observed effects.
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