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Abstract
Since endocannabinoids modulate reward processing and the stress response, we tested the
hypothesis that endocannabinoids regulate stress-induced decreased sensitivity to natural reward.
Restraint was used to produce stress-induced reductions in sucrose consumption and preference in
male mice. Central cannabinoid receptor (CB1) signaling was modulated pharmacologically prior to
the application of stress. The preference for sucrose over water was significantly decreased in mice
exposed to restraint. Treatment of mice with a cannabinoid receptor agonist (CP55940) or fatty acid
amide hydrolase inhibitor (URB597) attenuated, while the CB1 receptor antagonist/inverse agonist,
rimonabant (SR141716), enhanced, stress-induced decreases in sucrose preference. These data are
consistent with a tonically active, stress-inhibitory role for the CB1 receptor. Mice treated with 10
daily episodes of restraint showed reduced sucrose preference that was unaffected by CP55940 and
URB597. However, rimonabant produced a greater reduction in sucrose preference on day 10
compared to day 1. These data suggest that on day 10, endocannabinoid signaling is maximally
activated and essential for reward sensitivity. The findings of the present study indicate that the
CB1/endocannabinoid signaling system is an important allostatic mediator that both modulates the
responses of mice to stress and is itself modulated by stress.
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1. Introduction
Several endocannabinoids have been identified, including N-arachidonylethanolamine (AEA)
and 2-arachidonylglycerol (2-AG) that activate the central cannabinoid receptor (CB1)
(Devane et al., 1992;Mechoulam et al., 1995;Sugiura et al., 1995). Endocannabinoids serve as
activity-dependent, retrograde inhibitors of neurotransmitter release (Alger, 2002;Brown et al.,
2003;Wilson and Nicoll, 2001) and are involved in the mechanisms that underlie synaptic
plasticity, including depolarization-induced suppression of inhibition and excitation (Ohno-
Shosaku et al., 2001;Wilson et al., 2001).

The literature is mixed regarding the role that endocannabinoids play in the processing of
reward. Although several groups have reported that cannabinoids produce a robust conditioned
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place preference (Braida et al., 2001a;Lepore et al., 1995;Valjent and Maldonado, 2000) others
have reported that cannabinoids produce a conditioned place aversion (Parker and Gilles,
1995;McGregor et al., 1996;Sañudo-Pena et al., 1997). Although it has been reported that both
the cannabinoid receptor agonists, WIN 55212-2 and CP55940, are self-administered by mice,
an effect that is blocked by pretreatment with a CB1 receptor antagonist rimonabant (Braida
et al., 2001b;Ledent et al., 1999;Martellotta et al., 1998), there are several instances in which
a failure of cannabinoid self-administration has been reported (Mansbach et al.,
1994;Takahashi and Singer, 1981) . Cannabinoid receptor agonists, at low and
pharmacologically meaningful doses, enhance electrical brain stimulation reward (Gardner et
al., 1988). CB1 receptor activation increases extracellular dopamine overflow in terminal
regions of the reward circuit, an effect reversed by CB1 receptor blockade (Cheer et al.,
2004;Tanda et al., 1997). In addition, genetic deletion of the CB1 receptor results in a reduction
in the sensitivity to the rewarding effects of sucrose (Sanchis-Segura et al., 2004). CB1 receptor
activation accentuates whereas CB1 receptor blockade attenuates the rewarding effects of sweet
and palatable foods (Ward and Dykstra, 2005).

The effects of CB1 receptor activity in the regulation of stress are complex (Carrier et al.,
2005). However, evidence is accumulating that tonic activation of CB1 receptors exerts a stress-
inhibitory effect. For example, blockade of endogenous CB1 receptor activity with rimonabant
increases adrenocorticotropin hormone and corticosterone plasma concentrations (Manzanares
et al., 1999). Similarly, basal adrenocorticotropin hormone concentrations are increased in
CB1 receptor null mice (Haller et al., 2004). On the other hand, inhibition of fatty acid amide
hydrolase (FAAH) activity during stress inhibits activation of the hypothalamic-pituitary-
adrenal axis (Patel et al., 2004). FAAH catalyzes the hydrolysis of AEA (Deutsch and Chin,
1993) and 2-AG (Goparaju et al., 1998) in vitro. However, AEA but not 2-AG concentrations
in brain are elevated in FAAH null mice (Lichtman et al., 2002;Patel et al. 2005a). Moreover,
CB1 receptor activation decreases stress-related behaviors. For example, CB1 receptor
activation by endocannabinoids reduces the expression of active escape behaviors during an
acute stress episode (Patel et al., 2005b).

The purpose of the present study was to assess the contribution of changes in endocannabinoid
signaling to the reduction of sucrose consumption that accompanies subchronic stress
exposure. Our hypothesis is that subchronic stress recruits endocannabinoid signaling, and that
enhanced endocannabinoid signaling opposes the anhedonic effects of stress. We have tested
this hypothesis using sucrose consumption to assess reward processing and restraint as a
stressor.

2. Methods
2.1. Animals

Male ICR mice (21-24 g, N=713) were used in these experiments (Harlan, Madison, WI). All
animals were housed, five per cage, on a 12 hr light/dark cycle with lights on at 0600 hrs. All
studies were carried out in accordance with the Declaration of Helsinki and with the Guide for
the Care and Use of Laboratory Animals and were approved by the Medical College of
Wisconsin Institutional Animal Care and Use Committee. All efforts were made to minimize
the number of mice used and their suffering.

2.2. Materials
Graduated glass bottles, stoppers, and drinking tubes were purchased from Ancare Corp.
(Bellmore, NY). Sucrose and saccharin were purchased from Sigma Chemical Co. (St. Louis,
MO). Rimonabant (SR141716) and CP55940 were provided by the NIDA Drug Supply
Program (Research Triangle Park, NC). URB597 was purchased from Cayman Chemical (Ann
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Arbor, MI). CP55940 and rimonabant were dissolved in an emulphor vehicle consisting of a
ratio of 1:1:18 for drug in DMSO-emulphor-saline. URB597 was dissolved in an emulphor
vehicle consisting of a ratio of 1:1:8 for drug in DMSO-emulphor-saline. Drug was delivered
by i.p. injection in a volume of 1 ml/kg. Control animals received an equivalent i.p. injection
of the vehicle without drug. Mice received only a single injection of drug or vehicle that was
administered one hr prior to the fluid consumption test.

2.3. Fluid consumption
Mice were habituated to consume either a sucrose (10% w/v) or saccharin (0.1% w/v) solution
by providing sucrose or saccharin as the only drinking fluid for 48 hrs. After habituation,
baseline sucrose or saccharin preference was measured for five consecutive days. During the
daily fluid preference test, which lasted for 60 min, mice had concurrent access to either sucrose
(10 % w/v) or saccharin (0.1% w/v) solution and tap water. A 10% w/v sucrose solution was
selected since sucrose consumption has been shown to be concentration-dependent, with the
highest amount of sucrose consumed at a concentration of 10% w/v (Katz, 1982). Therefore,
this assay is biased towards the detection of decreases in sucrose consumption and is less
sensitive to increases in consumption. Fluid intake was measured by weighing the bottles before
and after the preference test. Sucrose, saccharin, and water consumption was determined by
dividing the mass of solution consumed in g by body weight in kg. Sucrose and saccharin
preference, measured to account for possible between-group differences in water consumption,
was determined by dividing sucrose or saccharin consumption by total fluid consumption.
Consistent with previous studies of the effect of stress on the consumption of highly palatable
solutions, all mice were deprived of food and water for 20 hrs preceding each fluid preference
test (Papp et al., 1993;Sampson et al, 1991;Willner et al., 1987). Immediately after completion
of the fluid preference test, mice had ad lib access to food and water for 4 hrs in their home
cages.

2.4. Stress procedure
Mice were acclimated to the testing room for 24 hrs prior to experimentation. All mice were
marked on their tail once daily for identification. All mice were food and water deprived and
subjected to the fluid consumption procedure. Mice were stressed by restraint for 30 min in
modified, transparent 50 ml plastic conical tubes with numerous air holes to increase ventilation
(Patel et al., 2004). Non-restrained mice were left undisturbed in their home cage during the
restraint procedure. In each study, sucrose preference was determined in four groups of mice:
mice injected with vehicle 60 min prior to the fluid consumption test without restraint stress
(n=9-12 per study); mice injected with vehicle 60 min and restraint stress administered 30 min
prior to the fluid consumption test (n=9-12 per study); mice injected with drug 60 min prior to
the fluid consumption test without restraint stress (n=9-12 per study); mice injected with drug
60 min and restraint stress administered 30 min prior to the fluid consumption test (n=9-12 per
study).

2.5. Statistical analysis
Data were analyzed by one- or two-way analysis of variance (ANOVA) followed by either
Bonferroni post-tests or Tukey's multiple comparison tests. Data are presented as mean ±
S.E.M. An α level of 0.05 was used for all statistical tests.
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3. Results
3.1. Restraint stress effects on sucrose preference

Mice habituated to the fluid consumption procedure drank approximately 3.75 g (140 g/kg
body weight) of 10% sucrose solution and approximately 0.25 g (10 g/kg body weight) of water
during a 60 min fluid consumption period. Mice exposed to a 30 min restraint episode
immediately prior to the fluid consumption test drank approximately 2.40 g (90 g/kg body
weight) of 10% sucrose solution and approximately 0.25 g (10 g/kg body weight) of water. A
two-way ANOVA of the effect of restraint stress on sucrose consumption over 10 days of
restraint revealed that restraint stress significantly decreased sucrose consumption (F[1,281]
=78.7, P<0.0001) (Fig. 1A). There was a significant effect for days of restraint (F[14,281]=2.5,
P<0.01) on sucrose consumption and a significant restraint stress by days of restraint interaction
(F[14,281]=4.0, P<0.0001). A two-way ANOVA of the effect of restraint stress on water
consumption revealed that restraint stress had no significant effect on water consumption.
There was no significant effect of days of restraint on water consumption and the restraint
stress by days of restraint interaction was not significant. Two-way ANOVA of the effects of
restraint on sucrose preference over 10 days of restraint revealed a significant effect of restraint
stress (F[1,74]=119.6, P<0.0001) and no significant effect of days of restraint on sucrose
preference (Fig. 1B). The preference ratio for non-restrained mice habituated to the fluid
consumption procedure was typically 0.94, while the preference ratio for mice subjected to a
30 min restraint episode was typically 0.90. Therefore, restraint stress decreased sucrose
preference, an effect that does not exhibit habituation in this time frame.

3.2. Effects of food and water deprivation on body weight
Two-way ANOVA of the effects of restraint stress on body weight over time revealed a
significant effect of food and water deprivation (F[1,602]=9.1, P<0.01) and a significant effect
of days of food and water deprivation (F[13,602]=6.3, P<0.001) on body weight; however,
there was no significant interaction between food and water deprivation and time. Importantly,
food and water deprivation had a similar effect on non-restrained and restrained mice. There
were no significant differences in body weights between non-restrained and restrained mice at
any time point during the experiments (Fig. 2).

3.3. Effects of CP55940, URB597, and rimonabant on sucrose preference
As cannabinoids have well known effects on ingestive behaviors (for review, see Cota et al.,
2003;2006;Fride et al., 2005), it was important to identify doses of a cannabinoid receptor
agonist, CP55940, a CB1 receptor antagonist, rimonabant, and a FAAH inhibitor, URB597,
that had no effect on sucrose preference to determine the effect of CB1 receptor activation and
blockade on stress-induced decreases in sucrose preference. One-way ANOVA revealed that
treatment with CP55940 (0.03, 0.10 mg/kg), URB597 (0.15, 0.30 mg/kg), or rimonabant (0.5,
1 mg/kg) had no significant effect on sucrose preference. The preference ratio for mice treated
with vehicle and CP55940 was 0.93 and .94, respectively (Fig. 3A). The preference ratio for
mice treated with vehicle and URB597 was 0.94 and 0.94, respectively (Fig. 3B). The
preference ratio for mice treated with vehicle and rimonabant was 0.94 and 0.94, respectively
(Fig. 3C).

3.4. Effects of CP55940 on restraint stress-induced decreases in sucrose preference
The cannabinoid receptor agonist, CP55940, crosses the blood-brain barrier and produces long-
lasting effects on behavior (Howlett et al., 1988;Little et al., 1988). Mice were pretreated with
CP55940 (0.03 mg/kg) or vehicle 60 min prior to the fluid consumption test. Restraint was
administered 30 min after the drug injection and immediately prior to the fluid consumption
test. Two-way ANOVA of the effect of restraint stress on sucrose preference revealed that
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restraint stress significantly decreased sucrose preference (F[1,72]=108.5, P<0.0001). The
preference ratio for non-restrained and restrained mice treated with vehicle was typically 0.94
and 0.90, respectively. The effects of days of restraint and the restraint by days of restraint
interaction were not statistically significant. Two-way ANOVA of the effect of CP55940 on
restraint stress-induced decrease in sucrose preference revealed that CP55940 reversed the
effect of restraint stress to decrease sucrose preference (F[3,140]=52.2, P<0.0001). The
preference ratio for restrained mice treated with CP55940 (0.03 mg/kg) was 0.94. The effects
of days of restraint and the CP55940 by days of restraint interaction were not statistically
significant. Posthoc analysis confirmed that this dose of CP55940 did not affect sucrose
preference in non-stressed mice (Fig. 4).

3.5. Effects of URB597 on restraint stress-induced decreases in sucrose preference
The potent FAAH inhibitor, URB597, crosses the blood-brain barrier and produces rapid (i.e.,
within 30 min) and long-lasting (i.e., at least 6 hrs) effects on brain AEA (Fegley et al.,
2005) but not 2-AG content (Kathuria et al., 2003;Patel et al., 2005a). We have shown
previously that 0.3 mg/kg URB597 inhibits the activation of the hypothalamic-pituitary-
adrenal axis by restraint stress (Patel et al., 2004). Mice were pretreated with 0.3 mg/kg
URB597 60 min prior to the fluid consumption test; restraint stress was administered 30 min
later. Two-way ANOVA of the effect of restraint stress on sucrose preference revealed that
restraint stress significantly decreased sucrose preference (F[1,75]=112.0, P<0.0001). The
preference ratio for non-restrained and restrained mice treated with vehicle was 0.94 and 0.90,
respectively. The effects of days of restraint and the restraint by days of restraint interaction
were not statistically significant. Two-way ANOVA of the effect of URB597 on restraint stress-
induced decrease in sucrose preference revealed that URB597 reversed the effect of restraint
stress to decrease sucrose preference (F[3,145]=54.8, P<0.0001). The preference ratio for
restrained mice treated with URB597 (0.3 mg/kg) was 0.94. The effects of days of restraint
and the URB597 by days of restraint interaction were not statistically significant. Posthoc
analysis confirmed that this dose of URB597 did not affect sucrose preference in non-stressed
mice (Fig. 5).

3.6. Effects of rimonabant on stress-induced decreases in sucrose preference
The selective CB1 receptor antagonist, rimonabant, crosses the blood-brain barrier and has a
long duration of action (i.e., 6-8 hrs) (Rinaldi-Carmona et al., 1994;1995). Mice were pretreated
with rimonabant (1 mg/kg) 60 min prior to the fluid consumption test and 30 min prior to
restraint. Two-way ANOVA of the effect of restraint stress on sucrose preference revealed that
restraint stress significantly decreased sucrose preference (F[1,81]=123.7, P<0.0001) (Fig.
6A). The preference ratio for non-restrained and restrained mice treated with vehicle was 0.94
and 0.90, respectively. The effects of days of restraint and the restraint by days of restraint
interaction were not statistically significant. Two-way ANOVA of the effect of rimonabant on
restraint stress-induced decrease in sucrose preference revealed that rimonabant enhanced the
effect of restraint stress to decrease sucrose preference (F[3,161]=156.0, P<0.0001). The
preference ratio for restrained mice treated with rimonabant (1.0 mg/kg) was 0.86, 0.84, 0.81,
and 0.63 on restraint days 1, 4, 7, and 10, respectively. The effects of days of restraint and the
rimonabant by days of restraint interaction were statistically significant (F[3,161]=29.5,
P<0.0001; F[9,161]=19.5, P<0.0001, respectively). Posthoc analysis confirmed that this dose
of rimonabant did not affect sucrose preference in non-stressed mice (Fig. 6A). One-way
ANOVA revealed that pretreatment with rimonabant accentuated a stress-induced decrease of
sucrose preference (F[3,47]=29.3, P<0.0001). Posthoc analyses also revealed that the
enhancement of stress-induced decreases in sucrose preference by rimonabant was
significantly greater on restraint day 10 compared to restraint days 1, 4, and 7 (Fig. 6B).
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The data above suggest that exposure of mice to 10 consecutive days of restraint recruits
endocannabinoid signaling which maintains sensitivity to reward. To explore this question
further, mice were either untreated or exposed to 10 restraint episodes. On day 11, mice were
injected with either vehicle or rimonabant (1 mg/kg) 60 min prior to the fluid preference test;
none of the mice were restrained. One-way ANOVA revealed that pretreatment with
rimonabant of mice restrained for 10 days produced a significant reduction in sucrose
preference (F[3,44]=31.7, P<0.0001). The preference ratio for non-restrained mice and mice
restrained for 10 days and pretreated with rimonabant on day 11 was 0.94 and 0.89,
respectively. Posthoc analysis revealed that the mice exposed to restraint for 10 days exhibited
a significantly lower sucrose preference on day 11 even though no restraint occurred on that
day. The preference ratio for non-restrained mice and mice restrained for 10 pretreated with
vehicle on day 10 was 0.94 and 0.92, respectively. Posthoc analysis confirmed that the same
dose of rimonabant had no effect on sucrose preference in mice that were never restrained (Fig.
7).

3.7. Stress-induced decreases in saccharin preference
Whereas sucrose is both sweet and has caloric value, saccharin is sweet and has no caloric
value. To further explore the role of endocannabinoid/CB1 receptor signaling in stress-induced
decreases in the preference for natural rewards, we examined the effects of the same three drugs
on stress-induced decreases in saccharin preference. In this study, mice were offered 0.1 %
saccharin and water in a two bottle choice paradigm. All other aspects of the experiment were
identical to the sucrose preference studies. Restraint was applied one time and fluid
consumption was determined immediately after. Control mice exhibited a greater preference
for saccharin than water (preference ratio = 0.86). Two-way ANOVA revealed an significant
effect of restraint stress (F[3,74]=6.4, P<0.0001), drug (CP55940, URB597, or rimonabant)
pretreatment (F[1,74]=16.8, P<0.0001) and a significant interaction between restraint stress
and drug pretreatment (F[3,74]=3.5, P<0.05). The preference ratio for non-restrained and
restrained mice treated with vehicle was 0.86 and 0.80, respectively. In agreement with the
sucrose preference data, posthoc analyses revealed that restraint did not produce a significant
reduction in saccharin preference in mice pretreated with either CP55940 (0.03 mg/kg) or
URB597 (0.3 mg/kg). The preference ratio for non-restrained and restrained mice treated with
CP55940 was 0.86 and 0.84, respectively. The preference ratio for non-restrained and
restrained mice treated with URB597 was 0.85 and 0.84, respectively. Posthoc analysis
revealed that mice pretreated with rimonabant exhibited a significant reduction in saccharin
preference. The preference ratio for non-restrained and restrained mice treated with rimonabant
was 0.84 and 0.73, respectively. However, unlike its effect on sucrose preference, rimonabant
did not enhance stress-induced decreases in saccharin preference (Fig. 8).

4. Discussion
Earlier reports had indicated that exposure to a series of unpredictable mild (Monleon et al.,
1995;Willner et al., 1987), relatively intense (Katz, 1982), or uncontrollable stressors (Griffiths
et al., 1992) results in persistent reductions in the consumption of sweet solutions. Likewise,
we find that restraint stress causes a persistent decrease in sucrose preference that does not
vary across days of restraint, suggesting that behavioral adaptation to repeated exposure to
restraint stress did not occur within 10 days of restraint. Moreover, in agreement with previous
reports (Ayensu et al., 1995;Willner et al., 1987), caloric content seems to be unimportant since
similar effects of restraint stress are observed in animals consuming a calorie-free, saccharin
solution.

Contrary to a previous report (Forbes et al., 1996), in our study, the decrease in sucrose
preference in food-deprived and stressed mice is not due to a decrease in body weight. The use
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of the two-bottle choice paradigm allows for the determination of sucrose preference rather
than the absolute amount of sucrose consumed; sucrose preference was unaffected by changes
in body weight (compare Fig. 1B and 2). Both sucrose consumption normalized to body weight
and sucrose preference were significantly reduced by an acute exposure to restraint stress prior
to the fluid consumption test. Thus, restraint stress causes a decreased sensitivity to natural
reward.

Since CB1 receptor agonists enhance voluntary sucrose consumption (Kirkham and Williams,
2001) and CB1 receptor antagonists decrease sucrose consumption (Higgs et al., 2003), doses
of CP55940, rimonabant, and URB597, that had no effect on sucrose preference in stress-naïve
mice were identified. This allowed for the determination of the effects of CB1 receptor
activation and blockade on stress-induced decreased sensitivity to natural reward rather than
on baseline consumption. Pretreatment with these doses of CP55940 or URB597 blocked
restraint stress-induced decreased sucrose preference on restraint days 1, 4, and 7, but not 10.
By contrast, pretreatment with a dose of rimonabant that had no effect on sucrose preference
in unstressed mice accentuated restraint stress-induced decreased sucrose preference on
restraint days 1, 4, 7, and 10. This finding is in agreement with the report that CB1 receptor
deletion decreased sucrose solution intake in mice chronically exposed to unpredictable mild
stressors (Martin et al., 2002). The finding that CP55940, URB597, and rimonabant had
qualitatively similar effects on stress-induced decreases in sucrose and saccharin preference
suggests that the caloric content of the solution was not an important factor. Thus, while
CB1 receptor activation blocks, CB1 receptor blockade exacerbates stress-induced decreased
sensitivity to natural reward.

We hypothesize that endocannabinoids modulate decreased sensitivity to natural reward
induced by acute restraint stress by regulating the central stress response. In support of this
hypothesis, it has been demonstrated that endocannabinoids modulate hypothalamus-pituitary-
adrenal axis function (Haller et al., 2004;Manzanares et al., 1999;Patel et al., 2004). In
particular, earlier studies from our laboratory (Patel et al., 2004) demonstrated that CB1
receptor blockade potentiates restraint stress-induced hypothalamus-pituitary-adrenal axis
activation and neuronal activity in the paraventricular nucleus of the hypothalamus, and CB1
receptor activation blocks restraint stress-induced hypothalamus-pituitary-adrenal axis
activation. These data are consistent with the effects of CB1 receptor agonists and antagonists
to affect stress-induced sucrose preference reported herein.

We hypothesize that a global function for endocannabinoid/CB1 receptor signaling is to
dampen stress-induced behavioral changes, including the expression of active escape behaviors
during acute and repeated restraint stress episodes (Patel et al., 2005b), immobility time in a
tail suspension test and swimming time in a forced swim test (Gobbi et al., 2005), and decreased
sensitivity to natural reward. Our data is in accord with previous research that demonstrated
the protective role of the endocannabinoids becomes more pronounced as the stress is repeated.
While a single exposure to restraint stress had no effect on 2-AG content in the limbic forebrain
and amygdala, that same restraint exposure produced a large increase in 2-AG content in the
limbic forebrain and amygdala following the fifth restraint episode (Patel et al., 2005b). Thus,
2-AG content in the limbic forebrain and amygdala exhibit sensitization to repeated restraint
exposure. While CP55940 and URB597 both blocked the effects of restraint to reduce sucrose
preference on day 1, these drugs were ineffective on day 10. There are two possible
explanations for this change: first, the CB1 receptor no longer plays a role in stress-induced
effects on reward or, second, the CB1 receptor is maximally activated such that further agonist
treatment produces no effect. The finding that CB1 receptor blockade on day 10 results in a
reduction in sucrose preference that is significantly greater than its effect on day 1 supports
the second scenario, i.e. CB1 receptors maximally activated and required for the maintenance
of sucrose preference in the face of 10 days of restraint stress. The finding that after 10 days
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of restraint, rimonabant, which had no effect on sucrose preference in the absence of restraint,
significantly reduced sucrose preference in the absence of acute stress suggest that a global
increase in endocannabinoid tone induced by subchronic restraint stress persists for at least 24
hours after the termination of the stressor.

5. Conclusions
In conclusion, restraint stress decreases sensitivity to natural reward regardless of caloric value.
The effect of restraint to decrease sensitivity to natural reward is regulated by activity at the
CB1 receptor such that CB1 receptor activity opposes the effects of stress. The
endocannabinoids most likely modulate the decreased sensitivity to natural reward induced by
acute and subchronic restraint stress by regulating the central stress response. Furthermore,
when the stress is repeated for 10 days, our data suggest that the endocannabinoid system is
vital for the maintenance of sucrose consumption since CB1 receptor blockade results in a
profound reduction in sensitivity to reward. In addition, endocannabinoid activation of the
CB1 receptor is maximal at day 10 since exogenous CB1 receptor agonists or indirect agonists
do not affect sucrose preference. The mechanism for this change is not clear, but could involve
either increased endocannabinoid content or decreased CB1 receptor expression, for example.
We hypothesize that endocannabinoid activation of CB1 receptors protects animals from stress-
induced decreased sensitivity to natural reward and those pharmacological agents that produce
a global increase in endocannabinoid tone could reduce anhedonia, a core symptom of major
depressive disorder and defining feature of melancholia (America Psychiatric Association,
1994). Clinically, these data could have implications for changes in motivation that occur in
human neuropsychiatric disorders, such as posttraumatic stress disorder, major depressive
disorder, drug abuse, and schizophrenia.
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Fig 1.
A. Restraint for 30 min reduces sucrose but not water consumption in mice. Days refer to days
of restraint. Day 0 is the day prior the first restraint episode. * P<0.05 compared to no restraint,
Bonferroni post-tests. B. The results in panel A are shown as sucrose preference ratio (sucrose
consumed: total fluid consumed). * P<0.05 compared to no restraint, Bonferroni post-tests.
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Fig 2.
Effects of food and water deprivation and restraint on mouse body weight. Mice were weighed
daily and food and water deprived for 20 hours per day beginning on day 1. Weights were
normalized to the weights on day −2.
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Fig 3.
Doses of CP55940, URB597, and rimonabant that had no effect on sucrose preference. A.
CP55940 (0.03, 0.10 mg/kg) had no effect on sucrose preference. B. URB597 (0.15, 0.30 mg/
kg) had no effect on sucrose preference. C. Rimonabant (0.5, 1 mg/kg) had no effect on sucrose
preference.
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Fig 4.
The effect of CP55940 on sucrose preference. Restraint stress decreased sucrose preference
on restraint days 1, 4, 7, and 10. CP 55940 blocked stress-induced decreases in sucrose
preference on restraint days 1, 4, 7, but not 10. ** p<0.01; *** p<0.001, Bonferroni post-tests.
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Fig 5.
The effect of URB597 on sucrose preference. Restraint stress decreased sucrose preference on
restraint days 1, 4, 7, and 10. URB597 blocked stress-induced decreases in sucrose preference
on restraint days 1, 4 and 7 but not 10. ** p<0.01; *** p<0.001, Bonferroni post-tests.
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Fig 6.
The effect of rimonabant on sucrose preference. A. Restraint stress decreased sucrose
preference on restraint days 1, 4, 7, and 10. Rimonabant enhanced stress-induced decreases in
sucrose preference on restraint days 1, 4, 7, and 10. * p<0.05; ** p<0.01; *** p<0.001,
Bonferroni post-tests. B. The effect of rimonabant to enhance stress-induced decreases in
sucrose preference was greater on day 10 compared to days 1, 4, and 7. *** p<0.001, Tukey's
multiple comparison test.
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Fig 7.
Effects of restraint stress and rimonabant on sucrose preference on day 11. Mice exposed to
restraint for 10 days exhibited a significantly lower sucrose preference on day 11 even though
no restraint occurred on that day. Pretreatment with rimonabant on day 11 of mice restrained
for 10 days produced a significant reduction in sucrose preference even though no restraint
occurred on that day. * p<0.05, ** p<0.01, Bonferroni post-tests.
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Fig 8.
Acute effects of CP55940, URB597, and rimonabant on saccharin preference. Restraint stress
decreased saccharin preference. Both CP55940 and URB597 blocked a stress-induced decrease
in saccharin preference. Rimonabant did not enhance a stress-induced decrease in saccharin
preference. * p <0.05, ** p <0.001 compared to vehicle- or drug-treated + no restraint,
Bonferroni post-tests.
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