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Abstract: THC is the primary psychoactive compound of Cannabis sativa and while the human abuse potential of THC is 
well recognised, knowledge of its reinforcing and dependence-producing effects is limited. In addition to euphoric proper-
ties, cannabinoids are known to attenuate learning and memory in both humans and animals but the underlying mecha-
nism is unclear. The present study investigated the effects of chronic THC treatment on CB1 receptor-mediated reward. In 
addition, DA and 5HT and their metabolites DOPAC, HVA and 5HIAA were measured in the striatum and hippocampus. 
Chronic THC (0.5, 2.0 and 5.0mg/Kg ip, 21 days) had no significant effect on conditioned place preference while DA 
content of the striatum was increased by chronic THC in a dose-dependant manner.  
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INTRODUCTION 

 Delta-9-Tetrahydrocannabinol (THC) is the primary psy-
choactive compound of Cannabis sativa, one of the oldest 
drugs of abuse and a widely consumed illicit drug. Even 
though the abuse properties of THC in humans are estab-
lished, knowledge of the reinforcing and dependence-
producing effects of THC are still limited. The evaluation of 
the rewarding properties of drugs has become prominent in 
behavioural pharmacology where the conditioned place pref-
erence (CPP) paradigm is one of the most commonly used 
experimental protocols for assessing the rewarding proper-
ties of drugs. The rewarding properties of THC in commonly 
used rodent models remain controversial [1]. The interpreta-
tions of results obtained with conditioned place preference 
(CPP) protocols are limited due to the frequency of false 
positives and differences in methodological details between 
laboratories [2]. Studies have shown that almost all drugs of 
abuse are able to induce reward, producing a positive place 
preference over a limited range of doses [3, 4]. In contrast 
the effects of cannabinoid agonists in CPP have not always 
been consistent between studies, and are reported to either 
suppress or induce place preference. Positive place prefer-
ence is dependent on numerous factors, such as the dose 
used, timing of the injections, and modifications to the pro-
tocol procedure. Only a limited range of cannabinoid doses 
have, however, been used and leading to difficulties in inter  
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pretation and comparison between studies [5-7]. Drugs of 
abuse produce their reinforcing effects through actions in the 
limbic component of the basal ganglia. This circuit of nuclei 
is responsible for the influence of motivational, emotional, 
contextual and information on behaviour [8]. The mesolim-
bic pathway is one of the neural pathways in the brain that 
link the ventral tegmentum in the midbrain to the nucleus 
accumbens in the limbic system. It is one of the four major 
pathways where the neurotransmitter dopamine is found. 
This pathway is part of a brain reward circuit that has been 
thought to play an important role in mediating reinforcing or 
rewarding effects of drug abuse [9]. This hypothesis suggests 
that a positive reinforcing effect of drugs would be ac-
counted for by an activation of dopamine transmission. Do-
pamine is commonly associated with the pleasure system of 
the brain, providing feelings of enjoyment and reinforcement 
to motivate a person certain activities. Dopamine is released 
particularly in areas such as the nucleus accumbens and stria-
tum by naturally rewarding such as food, sex and use of cer-
tain drugs. The reinforcing properties of THC may be medi-
ated by its action on the mesolimbic dopamine system, 
which projects from the VTA to the nucleus accumbens.  

MATERIALS AND METHODS  

Subjects 

 Male Sprague Dawley rats (n=8 per group) weighing 
250-300 g were housed four per cage and acclimatised to the 
laboratory conditions for one week before the experiment. 
Rats were kept in a temperature-regulated (22  1°C) room 
and artificial lighting was provided from 0700 hours to 1900 
hours. Food and water were available ad libitum and each 
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animal was handled daily through the first week. Experimen-
tal testing began seven days after the acclimatisation period 
and was performed during the light cycle. 

Drug Administration 

 THC (Sigma UK, 0.5, 2.0 and 5.0 mg/kg i.p) or vehicle 
(1.0 ml/kg i.p, Cremophor/ethanol/saline, 1:1:18) were ad-
ministered every 48 hours for 21 days before the start of the 
conditioned place preference protocol.  

Conditioned Place Preference (CPP) 

 The CPP apparatus has been described elsewhere [4]. 
The apparatus consisted of two main square conditioning 
Perspex compartments (30 X 30 X 40 cm) separated by a 
guillotine door. Each compartment had different visual cues 
in the form of black and white or granite wall patterns. Both 
compartments had the same smooth flooring texture. Ex-
perimental design consisted of three phases. During phase I 
(pre-test phase) animals were placed between the two com-
partments without the guillotine door and were allowed to 
explore either side for 10 minutes. Using video tracking sys-
tem, the amount of time spent in each compartment was cal-
culated. Any rats that significantly displayed a preference for 
a particular compartment were withdrawn from the experi-
ment. Rats were placed in treatment or control groups using 
an unbiased design. Each animal was assigned to a randomly 
chosen compartment and treatment order. Phase II (condi-
tioning phase) consisted of three pairings with drug injection 
alternated with three pairings with vehicle injection. Control 
rats received vehicle only for six consecutive days. In the 
conditioning phase each drug treated rat received either drug 
or vehicle on alternative days and 10 minutes later was 
placed for 15 minutes in the drug-paired or vehicle-paired 
compartment with the guillotine door in position. Phase III 
(test session) was 48 hours after the last injection, to allow 
clearance of the drug, and neither drug nor vehicle were in-
jected before placing the rat in the middle of the box without 
the guillotine door and the time in either compartment meas-
ured as in phase I. Data were expressed as differences (mean 
 S.E.M) and percentage changes in the time spent in the 
paired-compartment during Phase I and III. A one-way 
ANOVA followed by a post-hoc Tukey’s multiple compari-
son test were used to compare differences between groups.  

Measurement of Monoamine Levels in Brain Regions 

 Immediately after finishing the CPP test, the rats were 
killed and their brains quickly removed and dissected on ice. 
The striatum, nucleus accumbens and prefrontal cortex were 
removed, weighed and then stored at -80°C prior to the 
analysis of dopamine (DA), 3,4-dihydroxyphenylacetic acid 
(DOPAC), 5-hydroxytryptamine (5-HT) and 5-hydroxyin-
doleacteic acid (5-HIAA) using HPLC with electrochemical 
detection (HPLC + ECD). Tissues were sonicated in ice-cold 
0.2M perchloric acid (PCA) (1ml) containing 0.1% w/v so-
dium metabisulfite (SMBS), 0.01% w/v EDTA and 0.1% 
W/V cysteine in Eppendorfs and then centrifuged for 20 
mins (14000 rpm) at 4°C and the supernatants removed and 
stored for further analysis. The samples were separated by a 
HPLC and quantified using electrochemical detection. The 
system consisted of a Phenomenex Sphereclone (4.6 X 

150mm, 5μM) column with Phenomenex C18 4mm Security 
Guard Column and an HPLC Technology RR/066L solvent 
pump. The mobile phase consisted of 0.05 M KH2PO, 0.1 
mM EDTA, 0.16mM OSS, 16% MeOH and PH 3.0 with 
H3PO4 using a flow rate of 0.6ml/min. The detector system 
was an Antec Controller CU-04AZ with VT03 glassy carbon 
working electrode set at +0.75 V. The retention times for 
DA, DOPAC, 5-HT and 5HIAA were 4.7, 7.6, 9.5 and 11.9 
mins respectively. The amine values were analysed using 
one-way ANOVA with post hoc comparisons when appro-
priate (Tukey’s test) for multiple comparisons.  

RESULTS  

Conditioned Place Preference  

 During the preconditioning phase, rats showed no sig-
nificant preferences for either of the two compartments. The 
mean values ± SEM of the amount of time spent in the black 
and white or granite patterned compartments during precon-
ditioning sessions were 316.4 ± 16.3s and 283.6 ± 16.3s re-
spectively. In the conditioned phase III trial, vehicle treat-
ment had no effect on either place preference or place aver-
sion. Similarly, THC also induced no significant place pref-
erence or aversion at any of the doses (0.5, 2.0 & 5.0 mg/kg 
on alternate days for 21 days) (Fig. 1).  

Measurement of Monoamine Levels 

 The results from the measurement of DA and its major 
metabolites in the striatum, prefrontal cortex and nucleus 
accumbens are shown in Fig. (2). In the striatum, THC (0.5 
mg/kg) significantly increased DOPAC levels (p<0.05) 
without altering levels of DA and HVA. In contrast, THC 
(2.0 mg/kg) elevated levels of DA (p<0.05) but not DOPAC 
and HVA. At the highest dose (5.0 mg/kg) levels of DA 
(p0.001), DOPAC (p0.05) and HVA (P0.01) were all 

Fig. (1). Effects of treatment with vehicle (1.0 ml/kg i.p) or THC 
(0.5, 2.0 and 5.0 mg/kg i.p) given every 48 hrs for 21 days on con-
ditioned place preference. The data represent the percentage change 
(secs) spent in the drug-paired compartment during pre and post 
conditioning. Data represent mean  SEM (n=8 per group). A one-
way ANOVA followed by a post-hoc Tukey’s multiple comparison 
test p>0.05 for comparison between group of treatment. 
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significantly increased. In the prefrontal cortex THC at all 
doses (0.5, 2.0 and 5.0 mg/kg) significantly increased 
DOPAC (p0.01, p0.05 and p0.01 respectively) but not 
DA or HVA. In the nucleus accumbens THC (2.0 and 
5.0mg/kg) increased DA (p0.05) and DOPAC (p0.01) but 
not HVA Dopamine turnover was determined by calculating 

the ratio of DOPAC+HVA to DA and analysed using a one-
way ANOVA followed by a post-hoc Tukey’s multiple com-
parison test with main factors of treatment x region. The 
ratio was increased in the striatum by THC (0.5 and 5.0 
mg/kg, p0.05 and p0.001 respectively) in the prefrontal 
cortex by THC (2.0 mg/kg, p0.05) and in the nucleus ac-
cumbens, only THC at lower dose (0.5 mg/kg) significantly 
increased the ratio (p0.05). The results from the measure-
ment of 5-HT and its major metabolite 5-HIAA in the stria-
tum and prefrontal cortex are shown in Fig. (3). These data 
were analysed using one-way ANOVA followed by a post-
hoc Tukey’s multiple comparison test with dependant vari-
ables of neurochemical x treatment. In the striatum, THC at 
all doses (0.5, 2.0 and 5.0 mg/kg) significantly increased 
serotonin levels (p0.05, p0.01 and p0.01 respectively). 
However, only THC at 5.0 mg/kg increased the serotonin 
metabolite 5HIAA (p<0.05)(Fig. 3) [10]. In the prefrontal 
cortex, THC had no effect at any dose on serotonin levels 
while THC (2.0 and 5.0 mg/kg) significantly increased the 
serotonin metabolite 5HIAA (p0.01 and p0.05 respec-
tively). There were no changes the levels of 5-HT and 5-
HIAA in the nucleus accumbens (data not shown). Serotonin 
turnover was determined by calculating the ratio of 5-HIAA 
to 5-HT and the analysed using one-way ANOVA followed 
by a post-hoc Tukey’s multiple comparison test with main 
factors of treatment x region. In the striatum, THC (0.5 and 
2.0 mg/kg) significantly reduced the 5HIAA:5-HT ratio 
(p0.05). In contrast, THC (2.0 and 5.0 mg/kg) significantly 
increased the 5HIAA:5-HT ratio in the prefrontal cortex 
(p0.01 and p0.05 respectively). There were no changes in 
serotonin turnover in the nucleus accumbens (data not 
shown).  

 

Fig. (2). Levels of dopamine and its metabolites (DOPAC and 
HVA) in the striatum, prefrontal cortex and nucleus accumbens 
after chronic administration of THC (0.5, 2.0 and 5.0 mg/kg) com-
pared with vehicle treated rats. In the striatum THC at 0.5 mg/kg 
increased the levels of DOPAC without altering the levels of DA 
and HVA. In contrast, 9-THC at 2.0 mg/kg elevated the levels of 
DA but not DOPAC and HVA. At higher dose, 5.0 mg/kg of THC 
increased the levels of DA, DOPAC and HVA. In the pre-frontal 
cortex THC at all doses increased DOPAC but had no effect on 
dopamine or HVA while in the nucleus accumbens THC at 2.0 and 
5.0mg/kg increased dopamine and DOPAC but not HVA Data rep-
resent mean  SEM (n=7-8 per group).* p 0.05 or ** p 0.01 or 
*** p  0.001 vs. vehicle and  p 0.05 or   p  0.01 for compari-
son between 9-THC doses, using one-way ANOVA followed by 
a post-hoc Tukey’s multiple comparison test.  

DISCUSSION  

Conditioned Place Preference  

 The conditioned place preference procedure is a classical 
conditioning procedure that provides an indication of drug- 
related reward aversion effects in animals. It is relatively 
easy, quick and economical. However, it is difficult to pro-
duce a fully unbiased place conditioning protocol. The natu-
ral exploratory behaviour of rats towards colours and pattern 
of the walls as well as flooring texture may contribute to 
false positives or negatives. The use of a black and white 
CPP apparatus remains in common use in many laboratories 
and is a standard feature of many commercially available 
automated place conditioning systems. This study was des-
ignated into three phases, THC with 0.5, 2.0 and 5.0 mg/kg 
and vehicle (1.0 ml/kg i.p, Cremophor/ethanol/saline, 1:1:18) 
were administered before the start of the CPP protocol. 
Chronic THC treatment failed to produce either place prefer-
ence or place aversion. The abuse potential of cannabis in 
humans has been well-established; however, information 
about the potential rewarding effects of chronic THC is still 
limited. In the present study, a conditioning paradigm was 
used to detect drug-related reward (CPP) or aversive effects 
(CPA) in the rat. Chronic THC (0.5, 2.0 and 5.0 mg/kg) 
however failed to induce place preference at any dose. Re-
sults from previous animal studies suggest that cannabis is 
not a typical drug of abuse in that is does not always produce 
reward related responses. Indeed, under most conditions, 
cannabinoids fail to support self-administration [10,11] or to 
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induce intracranial self-stimulation [12]. However, Braida 
and co-workers [13,14] reported that sub-chronic THC and 
the CB1 agonist CP 55,940 are able to induce conditioned 
place preference and support self-administration behaviour 
in rats. Nevertheless information regarding the effects of 
sub-chronic THC on reward is limited due to the frequency 
of false positives and differences in methodological details 
between laboratories; thus there are many inconsistent re-
sults from various published studies [1,2, 5-7]. The ability of 
acute THC to produce positive CPP in rats [13] and mice [1] 
depends on the timing of injections and doses. Pre-exposure 
of THC (1.0 mg/kg) before the standard CPP protocol al-
lowed subsequent THC administration to induce CPP [1]. 
The pre-exposure injection may eliminate the dysphoric ef-

fects of the first administration of THC as the initial dys-
phoric effects could mask the development of positive CPP 
[15,16]. Sub-chronic treatment with the synthetic CB1 recep-
tor agonist CP 55,940 (20 g/kg) is also able to induce dose 
dependant CPP [17]. However, when the time interval be-
tween two injections was reduced from 48 hours to 24 hours, 
CP 55,940 eventually suppressed place preference [5]. THC 
(1.0 mg/kg) induced a positive CPP under different meth-
odological conditions in which there was a longer wash-out 
period (72 hours) between drug injections [18]. However, 
using standard place preference conditioning protocols, with 
similar dose ranges, THC and synthetic cannabinoids often 
rather than induce CPP in rats and mice [5-7, 19-22]. These 
conflicting findings indicate that increasing the time interval 
between THC injections might qualitatively change the be-
havioural effects of THC because of post drug dysphoric 
rebound [12,13]. Moreover, THC is highly lipophilic with a 
long half life (between 64 to 94 hours) thus leading to a high 
accumulation of THC by the end of chronic treatment which 
might qualitatively change the effects of the THC in the be-
havioural test. These issues may explain why chronic THC 
fails to induce CPP using a standard place preference condi-
tioning procedures. The issue of cannabinoid receptor desen-
sitization should also be considered. Sim et al., [23] showed 
that treatment of rats with THC (10 mg/kg) for 21 days pro-
duced a marked uncoupling of CB receptors in most brain 
areas. Thus, reward behaviour initiated by acute THC ad-
ministration acting via CB1 receptors might be unable to be 
reproduced after chronic drug exposure due to receptor de-
sensitization. 

 

Fig. (3). Levels of serotonin and its metabolite (5HIAA) in the 
striatum and prefrontal cortex after chronic administration of THC 
(0.5, 2.0 and 5.0 mg/kg) compared with vehicle treated rats. THC at 
all doses significantly increased serotonin levels in striatum. How-
ever, only THC at 5.0 mg/kg increased serotonin metabolite 5HIAA 
levels while in the pre-frontal cortex 5HIAA levels were increased 
by THC 2.0 and 5.0mg/kg. Data represent mean  SEM (n=7-8 per 
group).* p0.05 or ** p0.001 vs. vehicle and  p0.05 or   

p0.01 for comparison between 9-THC doses, using one-way 
ANOVA followed by a post-hoc Tukey’s multiple comparison test.  

Measurement of Monoamine levels 

 The mesolimbic DA system is part of a brain reward cir-
cuit that plays an important role in mediating the reinforcing 
or rewarding effects of drugs of abuse [9]. THC increases 
DA activity in this brain reward circuit suggesting positive 
reinforcing effects of THC can be accounted for by activa-
tion of DA transmission in this pathway. The present data 
show that the higher dose of THC significantly increased DA 
and its metabolites DOPAC and HVA in the striatum and 
NAcc. Striatal 5HT was also significantly increased in a 
dose-dependant manner. The neurochemical results are in 
agreement with previous studies using rat forebrain or whole 
brain homogenates [24] reporting increased levels of DA and 
5HT following THC administration. THC has been shown to 
increase extracellular DA in the NAcc [24] and the mPFC 
[25], and increases DA cell firing in the VTA. In addition, it 
has been reported that the synthetic CB1 receptor agonists, 
WIN 55212-2 and CPP55,940 dose dependently and selec-
tively increased DA and 5HT levels [2, 26-28] . Since can-
nabinoid receptors are not localized on DA neurons [29,30], 
it is likely that their effect on DA release is indirectly medi-
ated by a reduction of the release of GABA in the VTA that 
tonically inhibits the DA-containing neurons in the VTA. 
THC may activate presynaptic inhibitory CB1 receptors on 
the terminals of GABA interneurons, thereby reducing the 
release of GABA. Alternatively, THC may activate pre-
synaptic inhibitory CB1 receptors on glutamatergic afferents 
to the GABA-containing neurons. These effects are mediated 
by CB1 receptors, because they are prevented by pre-
treatment with the CB1 antagonist, rimonabant, [16,31]. 
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Therefore, the activation and increase of DA release in the 
VTA and the striatum is probably through disinhibition of 
GABA [7,17]. Overall, the results in the present study indi-
cate an increase in NAcc, prefrontal cortex and striatal DA 
function following chronic THC but no place preference. 
One reason why reward could be suppressed in the presence 
of increased activity of reward circuits is cognitive impair-
ment. Reward can initiate learning processes to consolidate 
the rewarding goal [32] and learning cues that predict its 
availability [33,34] suggesting that the cognitive impairment 
caused by chronic THC exposure may interfere with learning 
processes and subsequently suppress reward behaviour. The 
CPP model assumes that rats spend more time in a location 
in which they passively received euphoric drugs than in an 
equally accessible location in which they received vehicle 
injection. This can be translated as positive reinforcement 
involving an increase over time in the frequency of behav-
iours that lead to a reward. Consequently, humans and ani-
mals rapidly learn cues and contexts that predict the avail-
ability of these euphoric drugs. Once learned, these cues 
motivate drug seeking behaviour in humans and animal 
models [33,34]. Therefore, impairment in cognitive function 
caused by THC exposure may suppress learned motivational 
cues needed for the moment-to-moment monitoring, process-
ing, and maintenance of information. Specific impairment of 
memory and executive function has been identified in human 
cannabis users [34,35]. 

CONCLUSION  

 In conclusion, chronic THC failed to induce place prefer-
ence at any dose. The reasons for these dose related differ-
ence are not clear but may involve drug clearance, and aver-
sive or cognitive effects of THC at higher dose. In addition, 
the present data show a marked increase in dopamine content 
in the striatum of rats chronically treated with THC, with 
parallel increases in the dopamine metabolite DOPAC, indi-
cating increased dopaminergic activity in this region. There 
was also a marked increase in serotonin turnover in the pre-
frontal cortex of rats chronically treated with THC indicating 
increased serotoninergic activity in this region. In contrast 
serotonergic turnover in the striatum was decreased. 
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ABBREVIATIONS 

THC = tetrahydrocannabinol 

CPP = conditioned place preference 

CNS = central nervous system 

DA = dopamine 

DOPAC = 4-dihydroxyphenylacetic acid 

5-HT = 5-hydroxytryptamine 

5-HIAA = 5-hydroxyindoleacteic acid.  
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