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Abstract
Background: The aim of the study was to determine the
effect of caffeine on alcohol consumption with or without
deprivation and alcohol-induced conditioned place
preference.
Methods: In the present study, we examined the effects
of caffeine (2.5, 5 and 10 mg/kg) on alcohol consumption in Wistar rats with or without periods of deprivation
in an unlimited-access, two-bottle, free choice drinking
procedure after a stable baseline alcohol consumption
was established. Conditioned place preference (CPP) was
established by intraperitoneal injections of alcohol (2 g/kg)
in a 12-day conditioning schedule in mice. The effect of
caffeine (3 mg/kg) on CPP expression was determined by
a final post-conditioning test following 12 conditioning
sessions with alcohol. The effect of caffeine (3 mg/kg) on
the reinstatement of alcohol-induced CPP was determined
in a final post-conditioning test following 12 conditioning sessions with alcohol and the extinction of alcoholinduced CPP.
Results: Alcohol deprivation for 3 days did not result in
alcohol deprivation effect (ADE). While caffeine (10 mg/kg)
caused a significant (p < 0.05) reduction in alcohol consumption compared with the baseline following a period
of alcohol deprivation, it did not cause a change in alcohol
consumption compared with the baseline in the study
without alcohol deprivation phase. Caffeine significantly
(p < 0.05) reduced the expression of alcohol-induced CPP
compared to saline and blocked the reinstatement of alcohol-induced CPP following the injection of a priming dose
(0.4 g/kg) of alcohol.
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Conclusions: Given that caffeine is an adenosine receptor antagonist, our findings suggest a role for adenosine
receptors in the alcohol reward and alcohol-seeking
behaviour.
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Introduction
Alcohol addiction, commonly referred to as alcohol use
disorder, is a chronic relapsing disorder caused by prolonged excessive alcohol use and is often accompanied by
health and socio-economic burdens. It is the plague-like
recurring end of a process that starts with the pleasures
of the rewarding effects of alcohol. Thus, alcohol reward
is important in the progression from controlled or occasional alcohol use to compulsive alcohol use (addiction)
as well as return to addiction after a period of abstinence
(relapse) [1, 2]. The desire to elicit the pleasures of alcohol
rewarding effect (craving) often culminates in relapse,
and a relapse to alcohol-seeking behaviour, on its own,
often frustrates both pharmaco-therapeutic and psychotherapeutic approaches to alcohol addiction treatment
[1]. This underscores the need for more research efforts
geared towards a better understanding of the processes
involved in alcohol reward and relapse.
One of the commonly used models to study alcohol
relapse in the laboratory is the alcohol deprivation effect,
which is an increase in alcohol consumption after a period
of forced abstinence (deprivation) [3]. The rewarding
effects of alcohol can be measured in the different phases
of the place conditioning paradigm (i.e. acquisition,
expression and reinstatement) and each phase mimics a
specific aspect of alcohol addiction, such as acquisition
for initiation to drink, expression for craving and reinstatement for relapse. Thus, this model offers the advantage of studying the rewarding effects of alcohol and the
aspects of alcohol addiction [4, 5].
Self-administered psychoactive substances, when
administered together with alcohol, have resulted in interactions with important implications for alcohol rewarding
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effects [6, 7]. Similarly, certain self administered psychoactive drugs can cause the reinstatement of alcohol use
after a period of abstinence [7, 8]. Alcohol and caffeine
are among the three most widely used self-administered
psychoactive drugs for recreational purposes and both are
often co-ingested. It is a common trend nowadays among
alcohol drinkers to mix caffeinated energy drinks or beverages with alcohol [9].
Aside from this trend, empirical experimental evidence exists to justify a continued need to probe the effect
of caffeine on alcohol use or alcohol-seeking behaviour
[9, 10]. For instance, the activation of adenosine receptors [11] has been observed on account of an increase in
extracellular levels of adenosine due to the inhibition of
the adenosine re-uptake, following alcohol ingestion [12].
The modulation of the release of dopamine by adenosine
receptors pathways, which is crucial in the rewarding
effect of alcohol, has also been demonstrated. Another
study reported that dopamine transmission is inhibited by
the activation of adenosine A2 receptors and the administration of caffeine which is an antagonist to both the adenosine A1 and A2 receptors causing a surge in dopamine
release [13]. Furthermore, treatment with the adenosine
A2 receptor antagonist 3,7 –dimethyl-propargylxanthine,
SCH58261, DMPX and adenosine A1 receptor antagonist
DPCPX have been demonstrated to reduce alcohol-seeking
behaviour, thereby suggesting a role for adenosine receptors in alcohol reward. Similarly, a high dose of caffeine has
been demonstrated to cause a reduction in alcohol intake
and preference, whereas a low dose increased alcohol
intake and preference during free access to alcohol in rats
[9]. Such collective evidence suggests a possible interactive
pharmacology between alcohol rewarding effects and caffeine as well as the adenosine pathways in the brain.
Considering such evidence, the widespread consumption of alcohol and caffeine as well as the common practice of mixing alcohol and caffeinated beverages, it has
become necessary to sustain the study of the interactive
effects of caffeine on alcohol-induced reward and relapse
to alcohol use, especially with models that have received
little attention for this purpose. While the effect of caffeine
on alcohol-induced reward modelled as oral alcohol selfadministration or consumption without a period of deprivation in rodents has received some attention, the effect
of caffeine on relapse modelled as increased in alcohol
consumption following a period of deprivation (alcohol
deprivation effect) has received little attention. Similarly,
the effect of caffeine on the aspects of alcohol-induced
conditioned reward using the condition place preference
paradigm has received no attention.

Therefore, the present study was conducted with
the aim of investigating the effects of caffeine on alcohol
consumption (following a period of deprivation in rats)
and on the acquisition, expression and reinstatement
of alcohol-induced conditioned place preference (CPP)
in mice.

Materials and methods
Animals
Adult male Wistar rats and Swiss albino mice weighing between
150–250 g and 15–30 g, respectively, were used in the experiments.
The rats were housed individually, while the mice were grouped
and housed in cages with open-top wire racks in the Animal
House Unit, where they had access to feed and water ad libitum.
The Animal House Unit is under the Department of Pharmacology and Toxicology, Faculty of Pharmacy, University of Benin,
Nigeria. The animals were maintained on a 12:00/12:00 h light/
dark cycle and allowed to acclimatize for a period of 7 days prior
to the commencement of experiments. All the animals were handled in accordance with the international principles guiding the
use and handling of experimental animals (National Institute of
Health, USA, 2002).

Drugs
Caffeine was obtained from Lobal Chemie Laboratory Reagents and
Fine Chemicals (India) and alcohol was obtained from Guangzhou
Jhd Chemical Reagent Co., Ltd (China). Alcohol (10%v/v) was prepared by diluting 95% v/v in 0.9% normal saline. Caffeine was dissolved in 0.9% saline and injected between 8 am and 9 am for all
experiments. When combined, caffeine and alcohol were administered in the same injection. All drugs were given through the intraperitoneal (IP) route.

Effect of caffeine on alcohol consumption following a
period of alcohol deprivation
The Wistar rats housed in individual cages were exposed to a solution of 10% v/v alcohol for 3 consecutive days to initiate drinking,
after which they were given free choice between water and 10% v/v
alcohol contained in separate bottles for 24 h every day. The position of the bottles was alternated on a daily basis to control for side
preferences. Following the exhibition of stable and reliable alcohol
intake for several weeks, the rats were deprived of the alcohol solution for 3 days. During this period, the rats had access to two bottles
containing water. On the next day following the period of deprivation, the rats were injected with caffeine (2.5, 5 or 10 mg/kg) or saline
15 min before being given free choice between water and alcohol and
after 24 h [9] Alcohol consumption was measured by subtracting
the volume remaining in the bottle after 24 h following each experiment from the volume of alcohol contained in the bottle (100 mL) at
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the beginning of each experiment. A graduated measuring cylinder
was used for the volume measurement. Spillage and evaporation
were accounted for by placing two bottles, one containing alcohol
(10% w/v) and the other water, in a separate cage that did not have
any rats. The contents of these bottles were also measured just like
the bottles in cages that had rats.

Effect of caffeine on alcohol consumption without a
period of alcohol deprivation
The Wistar rats housed in individual cages were exposed to a solution of 10% v/v alcohol for 3 consecutive days to initiate drinking, after which they were given free choice between water and
10% v/v alcohol contained in separate bottles. The position of the
bottles was alternated on a daily basis to control for side preferences. Following the exhibition of very low but stable and reliable alcohol intake for several weeks, the rats were injected with
caffeine (2.5, 5 or 10 mg/kg) or saline 15 min before being given
free choice between water and alcohol after 24 h [9]. Alcohol consumption was measured by subtracting the volume remaining in
the bottle after 24 h following each experiment from the volume of
alcohol contained in the bottle (100 mL) at the beginning of each
experiment. A graduated measuring cylinder was used for the
volume measurement. Spillage and evaporation were accounted
for by placing two bottles, one containing alcohol (10% w/v) and
the other water, in a separate cage that did not have any rats. The
contents of these bottles were also measured just like the bottles
in cages that had rats.

Conditioned place preference apparatus
Place preference conditioning was carried out as described in [14] with
little modification. The CPP apparatus was made of ply board with the
following dimensions: 45 (L) cm × 15 (W) cm × 15 (H) cm. The apparatus
was divided into two compartments (20 cm × 15 cm × 15 cm) of equal
size and a small central grey compartment (5 cm × 15 cm × 15 cm). One
of the compartments was black with a smooth floor made of formica,
while the other compartment was white with a rough floor made of
aluminium wire mesh. This was done to achieve distinct visual and
tactile cues in the two compartments. Removable doors made of plywood were used to close off the entrance to each of the compartments
from the central compartment. The sides of the central compartment
were made of glass for easy detection of crossing mice from the black
to the white compartment and vice versa. The CPP procedure was
divided into three phases: habituation, pre-conditioning and postconditioning (Figure 1). All experiments were performed during the
same time period each day (09.00–17.00 h) [5, 10].

Habituation/preconditioning
Habituation to the CPP apparatus was conducted for 3 days. On
each day of habituation, the removable doors were removed from
both compartments, after which each mouse was placed in the
small central compartment and allowed to roam freely throughout
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the compartment for 15 min. The compartments were cleaned and
de-odorised with hydrogen peroxide before the introduction of the
next mouse. On the day following the completion of habituation,
the pre-conditioning test was performed in the same manner as
the habituation, except that the time spent in either the black or
white compartment was recorded and this served as the pre-conditioning baseline. Each mouse was immediately returned to its cage
following the completion of each test. Any mouse that displayed a
strong unconditioned aversion (<33% of the session time spent in
one side of the compartment during precondition) or preference
(>66% of the session time spent in one side of the compartment
during precondition) for any compartment was excluded from the
study [5, 10].

Conditioning
Daily conditioning sessions that lasted 30 min commenced the next
day after the preconditioning session and lasted for 12 consecutive
days. The mice received saline (10 mL/kg) or alcohol (2 g/kg) via IP
injections on alternate days and in alternate compartments (black
and white). Each mouse received alcohol in the compartment it
least preferred during the pre-conditioning session and received
saline in the most preferred compartment. Alcohol administration was done on days 1, 3, 5, 7, 9 and 11 and saline on days 2, 4,
6, 8, 10 and 12 of the conditioning phase. The mice in the saline
control group received saline in both compartments on alternate
days, such that saline was received in the black compartment on
even day and in the white compartment on odd days for 12 days.
During the conditioning days, each mouse was restricted to the
appropriate compartment for 30 min following saline or alcohol
injection. The mice were then returned to their home cage after this
time [5, 10].

Post-conditioning
The post-conditioning test was performed 24 h following the last
conditioning session on day 13. The removable doors sealing the two
compartments from the central compartment were removed. Each
mouse was placed in the central grey compartment and allowed to
explore freely throughout the apparatus for 15 min, as described for
the preconditioning test, and the time spent in each compartment
was recorded. The CPP (conditioning scores) in seconds were calculated by subtracting the time spent by each mouse in the alcoholpaired compartment during the post-conditioning sessions from
the time spent in the same compartment during the pre-conditioning sessions. A positive value from subtraction was taken as CPP,
whereas a negative value was taken as conditioned place aversion
(CPA) [5, 10].

The effect of caffeine on the acquisition of alcohol-induced conditioned place preference
To achieve this, separate groups of mice were conditioned with a
combination of alcohol (2 g/kg) and caffeine (3 mg/kg) via IP injection or alcohol (2mg/kg) via IP injection, as described earlier [10].
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mice were used for extinction and reinstatement experiments.
Experimental time line

Figure 1: The experimental time line and manipulations.

The effect of caffeine on the expression of alcohol-induced conditioned place preference
To achieve this, separate groups of mice (n = 5–7) received IP injections of caffeine (3 mg/kg) or saline (10 mL/kg) 24 h following the
last conditioning session (day 13), and 15 min prior to the post-conditioning test [10].

The effect of caffeine on the alcohol priming re-instatement of alcohol-induced conditioned place preference
After 24 h following the post-conditioning test, the mice were made to
observe daily CPP tests, in which each mouse was allowed to explore
freely throughout the apparatus for 15 min, as described earlier until
the preference for the alcohol-paired compartment became similar
to that obtained during the pre-conditioning session. At this point,
alcohol-induced CPP was said to have been extinguished or abolished. The day following the last extinction session, separate groups
of mice received either saline or caffeine (3 mg/kg, IP) 15 min before a
priming injection of a low dose of alcohol (0.4 g/kg, IP). About 15 min
following the priming injection of alcohol, the mice were allowed free
access to roam both compartments for another 15 min, and the time
spent in each compartment was recorded [10].

Statistical analysis
Statistical analysis was done using graph pad prism 4. The data
were analyzed using unpaired t-test, one and two way analysis of
variance (ANOVA), followed by Turkey’s post hoc test. Data represent
mean ± SEM. Statistical significance was considered at p < 0.05.

Results
The effect of caffeine on alcohol consumption following a period of deprivation
ANOVA revealed an overall effect of caffeine treatment (IP)
on alcohol consumption (F(3, 31) = 5.582, p < 0.0035). There
was no significant difference in alcohol consumption postdeprivation following injection with 4 mL/kg saline, 2.5
and 5 mg/kg caffeine compared with their respective baseline consumption. However, 10 mg/kg caffeine injection
significantly (p < 0.05) reduced alcohol consumption postdeprivation compared with the baseline consumption. In
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Figure 2: The effect of the intraperitoneal injection of caffeine on
alcohol consumption following deprivation.
The values represents mean ± SEM. ap < 0.01 vs. saline, 2.5 mg and
5 mg caffeine injections, bp < 0.05 vs. baseline alcohol consumption
of 10 mg/kg caffeine-treated rats.

addition, rats injected with 10 mg/kg of caffeine showed
a significant (p < 0.01) reduction in alcohol consumption
post-deprivation compared with those injected with saline
and the other rats injected with 2.5 and 5 mg/kg of caffeine
(Figure 2).

The effect of caffeine on alcohol consumption without a period of deprivation
ANOVA revealed an overall effect of caffeine treatment
(IP) on alcohol consumption (F(3, 28) = 4.807, p < 0.0080).
There was no change in alcohol consumption following
saline injection compared with the baseline consumption.
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Figure 3: The effect of the intraperitoneal injection of caffeine on
alcohol consumption without deprivation.
The values represent mean ± SEM (n = 5). ap < 0.05 vs. baseline
alcohol consumption of 5 mg/kg caffeine-treated rats and
alcohol consumption of saline-treated rats, bp < 0.05 vs. alcohol
consumption of 5 mg/kg caffeine-treated rats.

On the one hand, caffeine (2.5 mg/kg) caused a change in
alcohol consumption that was not statistically significant
compared with the baseline. On the other hand, while the
rats treated with caffeine (5 mg/kg) showed a significant
(p < 0.05) increase in alcohol consumption compared
with their baseline consumption and the consumption
of saline-treated rats, caffeine-treated (10 mg/kg) rats did
not show a change in alcohol consumption compared with
their baseline consumption and that of saline-treated rats,
but showed a significant decrease in alcohol consumption compared with the alcohol consumption of caffeinetreated (5 mg/kg) rats (Figure 3).

The effect of caffeine on the acquisition
of alcohol-induced conditioned place
preference
The one-way ANOVA revealed an overall effect of caffeine
treatment (IP) on the acquisition of alcohol-induced CPP
(F(2, 11) = 23.27, p < 0.0001). The conditioning sessions with
alcohol alone and in combination with caffeine caused a
significant (p < 0.001) increase in time spent in the alcoholpaired compartment (acquisition of conditioned place preference) compared with saline during the post-conditioning
session. The saline-treated mice spent less time in the
alcohol-paired compartment during the post-conditioning
session. This resulted in a negative value after subtraction
from the preconditioning scores, indicating a conditioned
place aversion for the compartment. In comparison, the
acquisition of CPP as indicated by the time spent in the
alcohol-paired compartment, caused by a combination of
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Figure 4: The effect of caffeine (3 mg/kg) on the acquisition of
alcohol induced conditioned place preference.
The values represent mean ± SEM (n = 5–7). ***p < 0.001 vs. saline.
Alcohol vs. alcohol + caffeine (p = 0.09).
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The effect of caffeine on the low-dose
priming reinstatement of alcohol-induced
conditioned place preference.
The two-way ANOVA revealed an overall effect of caffeine and saline on the reinstatement of alcohol-induced
CPP (F(1, 20) = 8.929, p < 0.0073). Caffeine blocked the
reinstatement of extinct alcohol-induced CPP following
the priming injection of low-dose alcohol (0.4 mg/kg),
as indicated by the near zero time spent in the alcoholpaired compartment. However, saline caused a significant
(p < 0.05) reinstatement of the extinct alcohol-induced
CPP following priming injection of low-dose alcohol
(0.4 mg/kg), as indicated by the increase in time spent
in the alcohol-paired compartment post-reinstatement
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Figure 5: The effect of caffeine (3 mg/kg) on the expression of
alcohol-induced conditioned place preference.
The values represent mean ± SEM (n = 5). *p < 0.05 vs. saline.
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The results of the Student’s t-test demonstrated that
(t = 2.938, df = 9 p < 0.0165) the mice injected with caffeine
(3 mg/kg) before the post-conditioning test exhibited a
significant (p < 0.05) reduction in the expression of CPP,
as indicated by a reduction in the time spent in the alcohol-paired compartment (CPP) compared with the salineinjected mice following 12 conditioning sessions with
alcohol (Figure 5).
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alcohol and caffeine, was not significantly different from
that caused by alcohol alone (Figure 4).
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Treatment

Figure 6: The effect of caffeine (3 mg/kg) on the alcohol priminginduced reinstatement of alcohol-induced conditioned place
preference.
The values represent mean ± SEM (n = 5). *p < 0.05 vs. time spent in
the alcohol-paired compartment pre-reinstatement.

compared with the time spent in the same compartment
pre-reinstatement (Figure 6).

Discussion
A robust but temporary increase in alcohol consumption
over baseline consumption, following a period of forced
abstinence or deprivation, is an important criterion for
determining the occurrence of the alcohol deprivation
effect (ADE) [3, 15]. Given such information, the observation that, following treatment with saline, the Wistar
rats exhibited a consumption pattern post-deprivation,
which was not significantly different from their consumption pattern pre-deprivation (baseline), does not exactly
satisfy the criterion for alcohol deprivation effect. This
is contrary to other reports which demonstrated ADE [3,
15, 16]. In these reports, the rats were exposed to multiple deprivation phases and increasing alcohol concentrations. Hence, the absence of ADE in the control animals
may be due to the use of a single deprivation phase and
alcohol concentration in our study. Consequently, it is
difficult to discuss the effects of caffeine in our study in
the context of ADE given that the control mice did not
exhibit ADE. However, it is evident from our findings that
the lower and intermediate doses of caffeine used in our
study did not affect alcohol consumption after a period
of deprivation. Our curiosity to determine whether lower
doses of caffeine would increase alcohol consumption
following a period of deprivation (ADE) was partly triggered by an earlier report, which suggested that caffeine
at a low dose of 5 mg/kg had a priming effect resulting
in increased alcohol consumption in an unlimited access,
two = bottle free choice paradigm in both alcohol naive
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and experienced rats [9, 17]. Thus, we hypothesized that
the priming effect of lower doses of caffeine may trigger
ADE, given that the priming stimulus is a potent trigger
of ADE [18, 19]. However, contrary to our hypothesis, the
lower doses of caffeine used in our study did not cause
priming and, as such, no relapse-like drinking (ADE) was
observed.
The significant reduction in alcohol consumption
pattern post-deprivation following treatment with high
dose caffeine (10 mg/kg) is in consonance with an earlier
report by Rezvani et al. [9]. Considering the knowledge
that caffeine is an antagonist at the adenosine receptors A1
and A2 [20, 21], this finding suggests that the antagonism
of the adenosinergic receptors may have important implications for alcohol use following a period of deprivation.
In our study, we observed that some rats exhibited very low (<0.7 g/kg) baseline alcohol consumption
after the drinking initiation process. Given that a dose of
5 mg/kg caffeine has been suggested to have a priming
effect in rats with high baseline consumption [9, 17], we
decided to test whether this dose as well as a lower and
higher dose of caffeine would cause priming in these
animals to increase alcohol consumption. Under the
circumstances of our study, a dose of 5 mg/kg caffeine
caused an increase in alcohol consumption over the baseline consumption while the lower (2.5 mg/kg) and higher
(10 mg/kg) doses did not cause a change in consumption.
However, our observation that the lower and higher doses
of caffeine did not cause a significant change in alcohol
consumption is somewhat different from an earlier report,
which demonstrated that the doses of 3 mg/kg and 10 mg/
kg of 3,7-Dimethylpropargylxanthine, an adenosine A2a
receptor antagonist, reduced lever pressing for ethanol
in Wistar rats [22]. While this report utilized the operant
ethanol self-administration paradigm and adenosine A2
antagonist, our study utilized a different paradigm and
caffeine, which is an antagonist at both the adenosine
A1 and A2 receptors. This may account for the difference
in results observed between the two studies. While this
observation is contrary to our findings in the deprivation study, it is in accordance with earlier reports on the
effect of caffeine on alcohol consumption in the Wistar
and other strains of rats, although the rats in these reports
had relatively higher baseline alcohol consumption compared with the rats in the current study [9, 17]. Our evidence indicates that caffeine (5 mg/kg) may have primed
the rats to the rewarding or reinforcing effects of alcohol,
thus leading to increased consumption.
Furthermore, we observed that caffeine at an intermediate dose of 5 mg/kg increased alcohol consumption,
while lower and higher doses of 2.5 mg/kg and 10 mg/kg,
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respectively, did not affect alcohol consumption. These
findings suggest that caffeine has a bi-modal effect on
alcohol consumption. This observation is not in consonance with an earlier report, which demonstrated that the
adenosine A1 receptor antagonist at low, intermediate and
high doses caused a decrease in binge-like alcohol intake
in mice. The same report also demonstrated that the adenosine A2 receptor antagonist did not affect alcohol intake
in mice, suggesting that the A1 receptors may have a more
relevant role in alcohol consumption [23]. The difference
in results between this study and ours may be due to the
differences in experimental design and animal species
used in both studies.
A different experimental manipulation of adding caffeinated energy drinks containing high amounts of caffeine to alcoholic solution has demonstrated an increase
in alcohol consumption, which increased with an increase
in alcohol concentration in Wistar rats [24]. On the one
hand, evidence shows that adolescent caffeine exposure
does not alter alcohol consumption. On the other hand,
adolescent exposure to a mixture of caffeine and alcohol
rather than caffeine or alcohol alone results in unique
changes in locomotion, delta FosB expression, cocaine
CPP and saccharin preference in mice [25, 26]. It would
be worthwhile to look at the effects of co-consumption
on other aspects of alcohol addiction, such as craving
and relapse, apart from the alcohol reward modelled as
consumption.
The acquisition of alcohol-induced CPP, which
follows repeated conditioning with alcohol, mimics the
development of alcohol addiction [10, 27]. This condition is characterized by the transition from controlled
to compulsive alcohol use due to repeated alcohol use.
Therefore, the lack of significant difference between the
magnitude of CPP caused by alcohol and a combination
of alcohol and caffeine in our study suggests that no interaction occurred between caffeine and alcohol to potentiate the magnitude of CPP produced by the combination.
Moreover, given that the presence of a rewarding stimulus
and learned association between the rewarding stimulus
and environmental cues are two important factors that
are necessary for the acquisition of CPP [7, 28], our findings suggest that caffeine neither altered the rewarding
stimulus produced by alcohol nor the learned association
between the rewarding effect of alcohol and environmental cues. It is unlikely that our finding is due to the dose of
caffeine used, because this dose has been demonstrated to
be border line as regards the induction of significant place
preference and stimulation of locomotion, thus presumably making it easy to detect any interactive effect in these
behaviors [10]. Little wonder, therefore, that our findings
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corroborate an earlier report, which demonstrated that
caffeine is a weaker reinforcer than alcohol with a potential for producing a ‘ceiling’ reinforcing effect, as well as
an absence of difference between the magnitude of CPP
induced by alcohol and a combination of caffeine and
alcohol in adult male C57BL/6J mice [10].
While a role for the adenosinergic system has been
suggested in the acquisition of alcohol drinking in oral
self-administration studies, as evidenced by the facilitation of alcohol intake in Wistar rats by caffeine [17], our
evidence suggest that the adenosinergic system may have
no role in the acquisition of alcohol-induced CPP. The differences in experimental procedures, animal species and
dose of caffeine between our study and the self-administration studies may explain these observed disparities in
results. Above all, it should be appreciated that CPP and
self-administration studies measure different aspects of
reward, and as such, differences in the development of
addiction process and expression of aspects of addiction
can be expected from both paradigms.
The CPP paradigm is widely used in measuring the
rewarding properties of drugs, and established anti-craving drugs are able to reduce the expression of drug-induced
CPP [5, 29]. Hence, the reduction of alcohol-induced CPP
by caffeine observed in our study suggests the anti-craving
effect of caffeine at the doses tested. Given that craving is
motivated by the need to elicit pleasures of reward [30],
this finding also suggests a reduction of the rewarding
effect of alcohol by caffeine at the doses tested. Similar to
our evidence is the evidence from another report involving
self-administration studies, which demonstrated a reduction in alcohol consumption by high doses (10 and 20 mg)
of caffeine. While these doses of caffeine are high and the
dose used in our study can be best described as borderline,
both reports suggest one thing: that caffeine at certain
doses may reduce the rewarding effect of alcohol. In the
same report, a lower dose of 5 mg/kg caffeine caused an
increase in alcohol consumption in alcohol preferring rat
strain, suggesting that caffeine may have a bi-modal effect
on alcohol consumption and, by extension, reward. Moreover, the increase in consumption caused by a lower dose
was suggested to be due to priming or cue-like effect of
the lower dose, which sensitized the rats to the rewarding
effect of alcohol and led to their increase consumption [9].
Caffeine enhances the release of dopamine by removing the inhibitory effect of adenosine on the dopamine
release. Thus, it is possible that caffeine replaces alcohol’s effect on dopamine and reward, as both of them
cause dopamine release. Thus, it is possible that caffeine
satisfies the need for dopamine (and reward), such that
the animals do not need to stay in the alcohol-paired

compartment or drink alcohol in the self-administration study mentioned earlier to obtain the pleasures of
reward. This may especially be the case as the animals
were injected with caffeine minutes before they were
allowed access to the alcohol-paired environment. Thus,
the animals who experienced dopamine release following
caffeine administration may no longer find it necessary
to spend more time in the alcohol-paired compartment to
experience dopamine surge and the subsequent reward.
Hence, the decrease in the expression of CPP observed in
our study may be due to this possibility.
A major factor that may lead to difficulties in interpreting the results of the CPP experiments is the testing
of drugs that impair memory without having any effect
on the reward pathway. This is because such drugs may
reduce the amount of time spent in the alcohol-paired
compartment, thus reducing the expression of CPP and,
in the process, give misleading false positive results [5].
Caffeine is a well-established drug that is devoid of any
memory impairment but rather has a positive effect on
memory/cognition [31, 32]. Thus, the reduction in expression of CPP by caffeine seen in our study could not have
been due to drug-induced memory impairment or cognitive
deficit. Contrary to our report, another report that looked
at the effect of caffeine exposure on ethanol-induced conditioned taste aversion has shown that caffeine exposure
does not influence alcohol-induced conditioned behavior
in mice. This disparity in results may well be due to differences in the experimental approach and manipulations in
both reports [33].
To the best of our knowledge, this is the first report
on the effect of caffeine on craving as an aspect of alcohol
addiction modelled as CPP. This report also suggests the
involvement of the adenosinergic receptors in craving as
an alcohol-seeking behavior. The CPP is finding increasing use in screening compounds for anti-relapse properties, and well known anti-relapse compounds prevent
reinstatement of drug-induced CPP in this paradigm [5,
34]. Consequently, the prevention of the reinstatement of
alcohol-induced CPP by caffeine indicates that caffeine,
at the doses tested, may have anti-relapse properties.
This is somewhat expected because relapse-like drinking is fueled by the need to obtain the rewarding effects
of alcohol [35], and given that the same dose of caffeine is
shown to reduce CPP (reward) expression (craving) in our
study, we conclude that the same dose blocked the reinstatement of extinguished alcohol-induced CPP.
Put together, the evidence presented in this study
demonstrates that caffeine has a bi-modal effect on
alcohol consumption with or without deprivation; moreover, alcohol reduced the expression and blocked the
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reinstatement of alcohol-induced CPP. Given that alcohol
oral self-administration and CPP in the general model
alcohol reward, and the expression and reinstatement
of CPP model craving and relapse, respectively, our findings suggest a possible role for the adenosinergic receptor
system in alcohol reward and alcohol seeking-behavior,
such as craving and relapse. Our findings also indicate
that the adenosinergic system holds promise for the development of new pharmaco-therapeutic options for the
treatment of alcohol addiction.
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