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Abstract

Evidence implicates anandamide in dopamine-related cocaine function. In the present study, we
investigated the effect of methanandamide (5 mg/kg, i.p.), a stable anandamide analog, on the
hyperthermia and hyperactivity induced by a fixed dose of cocaine (15 mg/kg, i.p.). Cocaine
administered to rats produced hyperthermia and hyperactivity whereas methanandamide was
ineffective. For combined administration, methanandamide attenuated the hyperthermia, but not
hyperactivity, induced by cocaine. The effect of methanandamide was abolished by pretreatment
with a cannabinoid CB1 receptor antagonist, SR141716A (5 mg/kg, i.p.), or dopamine D5 receptor
antagonist, S(-)-raclopride (5 mg/kg, i.p.) but not by capsazepine (40 mg/kg, i.p.), a transient
receptor potential vanilloid 1 cation channel antagonist. Methanandamide also attenuated the
hyperthermia caused by a dopamine D4 receptor agonist, SKF 38393 (10 mg/kg, s.c.), indicating
that it reduces hyperthermia produced by dopamine D4 receptor activation. URB597 (0.25 mg/kg,
i.p.), an inhibitor of anandamide metabolism, did not alter cocaine-induced hyperthermia. Our
results demonstrate that methanandamide activates cannabinoid CB; receptors to attenuate
cocaine-induced hyperthermia, and that dopamine D, receptor activation plays a permissive role in
the thermoregulatory effects of methanandamide.
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1. Introduction

It is well established that cocaine increases locomotor activity and produces stereotyped
behavior in animals (Kelly and Iversen, 1976). A lesser known effect of cocaine is the
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hyperthermia that it causes in humans and animals (Marzuk et al., 1998; Kalant, 2001;
Wiechman and Spratto, 1982; Gonzalez, 1993; Lomax and Daniel, 1990; Hamida et al.,
2008; Ansah et al., 1996). Increased dopaminergic transmission mediates cocaine-induced
hyperthermia and hyperactivity (Hurd and Ungerstedt, 1989; Rockhold et al., 1991; Faunt
and Crocker, 1987; Zarrindast and Tabatabai, 1992; Nagashima et al., 1992; Verma and
Kulkarni, 1993), but anandamide may also play a role because its brain concentration is
elevated following acute psychostimulant exposure (Thiemann et al., 2008; Centonze et al.,
2004; Masserano et al., 1999). Anandamide is part of the endocannabinoid system, which
consists of three components: receptors, cannabinoid CB4 and CB,; endogenous
constituents, such as anandamide and 2-arachidonoyl-glycerol (2-AG), which mimic the
pharmacological effects of marijuana by activating cannabinoid receptors; and enzymes
which metabolize endogenous cannabinoids (Fride and Mechoulam, 1993; Devane et al.,
1992). Anandamide activates both cannabinoid and transient receptor potential vanilloid 1
cation (TRPV1) channels (Zygmunt et al., 1999; Di Marzo et al., 2001), but relatively high
doses (20 mg/kg) of the compound produce hypothermia, catalepsy and hypoactivity that is
abolished by a cannabinoid CB; receptor antagonist SR141716A (Costa et al., 1999).

The present study examined the effects of the long-lasting anandamide analog,
methanandamide, on the hyperthermia and hyperactivity caused by cocaine and SKF 38393,
a dopamine D4 receptor agonist (Abadji et al., 1994). We also determined if the effects of
methanandamide were mediated by cannabinoid CB1, TRPV1 and/or dopamine receptors
and were similar to the actions of URB597, an inhibitor of the enzyme fatty-acid amide
hydrolase (FAAH) that catalyzes anandamide hydrolysis.

2.1. Effect of methanandamide on body temperature

The effects of methanandamide (5, 10 or 20 mg/Kkg, i.p.) on body temperature are presented
in Fig. 1. Repeated-measures ANOVA revealed a significant main effect [F (3, 19)=9.122, P
= 0.0020]. Post-hoc analysis revealed that 20 mg/kg of methanandamide produced
significant hypothermia compared to vehicle 15, 30, 45 and 60 min post-administration
(P<0.05). A dose of 10 mg/kg of methanandamide produced significant hypothermia
compared to vehicle 15 and 30 min post-injection (P<0.05). A maximal hypothermia of
1.21+0.5 °C was caused by 20 mg/kg of methanandamide 15 min following administration.
Since 5 mg/kg of methanandamide did not affect body temperature compared to vehicle
(P>0.05), we selected this dose for our drug combination experiments.

2.2. Effect of methanandamide and URB597 on cocaine-evoked hyperthermia: a role for
cannabinoid CB; receptors

The effects on body temperature of methanandamide (5 mg/kg, i.p.), cocaine (15 mg/kg,
i.p.), SR 141716A (5 mg/kg, i.p.) and capsazepine (40 ma/kg, i.p.) are presented in Fig. 2.
Repeated-measures ANOVA revealed a significant main effect [F (5, 35)=20.62, P<0.0001].
Compared to control (vehicle+ saline), cocaine caused significant hyperthermia 30, 60, 90,
120, 150 and 180 min post-administration (P<0.05). A maximal hypothermia of 1.50+0.4 °C
was observed 30 and 60 min following cocaine administration. Methanandamide did not
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affect body temperature compared to control (vehicle+saline) (P>0.05). For combined
administration, methanandamide inhibited a significant proportion of cocaine (15 mg/kg)-
induced hyperthermia 30, 60, 90, 120, 150 and 180 min post-cocaine administration
(P<0.05). In rats injected with cocaine following methanandamide pretreatment, body
temperatures were significantly lower than rats pretreated with a SR 141716A/
methanandamide combination (P<0.05) and not significantly different from rats pretreated
with a capsazepine/methanandamide combination (P>0.05). Rats injected with cocaine
following pretreatment with a SR 141716 A/methanandamide combination displayed body
temperatures that did not differ significantly from drug-naive rats injected with cocaine (P
>0.05). SR 141716A or capsazepine did not alter body temperature (P>0.05) (data not
shown) (Rawls et al., 2002, 2006).

The effect of URB597 (0.25 mg/kg, i.p.) on the hyperthermic response to cocaine (15
mg/Kkg, i.p.) is presented in Fig. 3. Repeated-measures ANOVA revealed a significant main
effect [F (3, 16)=11.89, P=0.0001]. In drug-naive rats, cocaine produced its normal
hyperthermic effect (P < 0.05) whereas URB597did not alter body temperature (P>0.05).
For combined administration, the hyperthermia induced by cocaine did not differ in rats
pretreated with URB597 or vehicle (P>0.05).

2.3. Effect of methanandamide on cocaine-evoked hyperthermia: a role for dopamine D,

receptors

The effect of raclopride (5 mg/kg), a selective dopamine D5 receptor antagonist, on the
attenuation of cocaine (15 mg/kg)-induced hyperthermia by methanandamide (5 mg/kg) is
presented in Fig. 4. Repeated-measures ANOVA revealed a significant main effect [F (6,
30)=19.76, P<0.0001]. Compared to control (vehicle + saline), cocaine caused significant
hyperthermia 30, 60, 90, 120, 150 and 180 min post-administration (P<0.05).
Methanandamide again inhibited a significant proportion of cocaine-induced hyperthermia
30, 60, 90, 120, 150 and 180 min post-cocaine administration (P<0.05). Raclopride
prevented the effects of methanandamide as rats injected with cocaine following
methanandamide pretreatment displayed body temperatures that were significantly lower
than rats pretreated with a raclopride/methanandamide combination (P<0.05). Furthermore,
cocaine-injected rats pretreated with a raclopride/methanandamide combination displayed
body temperatures that were not significantly different from cocaine-injected rats pretreated
with vehicle (P>0.05). In cocaine-naive rats, raclopride did not alter body temperature when
given by itself or with methanandamide (P>0.05).

2.4. Effect of methanandamide on the hyperthermia produced by dopamine D4 receptor

activation

The effect of methanandamide (5 mg/kg) on hyperthermia caused by SKF 38393 (10 mg/kg)
is presented in Fig. 5. Repeated-measures ANOVA revealed a significant main effect [F (3,
21)=16.91, P<0.0001]. Compared to control (vehicle +saline), SKF 38393 caused significant
hyperthermia 30, 60, 90, 120, and 180 min post-administration (P<0.05). Pretreatment of
rats with methanandamide inhibited a significant proportion of the SKF 38393-evoked
hyperthermia at each time point except 180 min (P<0.05). The body temperature of rats

Brain Res. Author manuscript; available in PMC 2014 July 04.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Rasmussen et al.

Page 4

injected with vehicle and saline did not differ significantly from rats treated with
methanandamide and saline (P>0.05).

2.5. Effect of methanandamide on cocaine-induced hyperactivity

The time-course data showing the effects of methanandamide (5 mg/kg) and cocaine (15
mg/kg) for stereotypy are presented in Fig. 6a. Repeated-measures ANOVA revealed a
significant main effect [F (3, 30)=19.36, P<0.0001]. The vehicle/cocaine group displayed
stereotypy that was significantly different from the vehicle/saline control group (P<0.001).
The stereo-typy displayed by the methanandamide/saline group did not differ significantly
from the vehicle/saline group (P>0.05). For combined administration, the methanandamide/
cocaine group displayed stereotypy that was not significantly different from the stereotypy
produced by the vehicle/cocaine group (P>0.05). The corresponding data for ambulatory
activity are presented in Fig. 6b, and significance testing produced results similar to those
obtained for stereotypy. The main effect was significant [F (3, 30)= 27.07, P <0.0001]. Post-
hoc analysis revealed that the vehicle/cocaine group displayed ambulatory activity that was
significantly different from the vehicle/saline group (P<0.001). Again, however, the
ambulatory activity displayed by the vehicle/cocaine group was not significantly different
from the methanandamide/cocaine group (P>0.05).

3. Discussion

Methanandamide produced dose-related hypothermia that was similar in onset and longer in
duration than anandamide-induced hypothermia (Smith et al., 1994; Costa et al., 1999; Stein
et al., 1996). The persistent hypothermia was likely attributable to the increased resistance of
methanandamide to aminopeptidase hydrolysis, a property that increases its half-life relative
to anandamide (Abadji et al., 1994). A dose (5 mg/kg) of methanandamide that by itself did
not alter body temperature produced a sustained attenuation of cocaine-induced
hyperthermia (Gonzalez, 1993; Lomax and Daniel, 1990; Hamida et al., 2008; Ansah et al.,
1996). Anandamide activates two receptors, cannabinoid CB1 and TRPV1, which mediate
hypothermia (Devane et al., 1992; Zygmunt et al., 1999; Di Marzo et al., 1994, 2001;
Malone and Taylor, 1998; Rawls et al., 2002; Dogan et al., 2004; Swanson et al., 2005).
Thus, we hypothesized that methanandamide must have activated one of those two receptors
to attenuate cocaine-induced hyperthermia. Experiments revealed that cannabinoid CB;
receptor antagonism by SR 141716A blocked the effect of methanandamide but that TRPV1
receptor antagonism by capsazepine was ineffective. These data indicate that
methanandamide activates cannabinoid CB receptors to reduce cocaine-induced
hyperthermia, a finding that is consistent with evidence that cannabinoid CBq receptors play
a more significant role in anandamide-induced hypothermia than TRPV1 receptors (Costa et
al., 1999; Rawls et al., 2006; Wise et al., 2007).

Methanandamide attenuated hyperthermia induced by a dopamine D, receptor agonist (SKF
38393). Dopamine D, and D5, receptors are activated by cocaine-evoked extracellular
dopamine, but Dy receptors mediate the hyperthermic effect of cocaine whereas D, receptor
activation is associated with hypothermia (Hurd and Ungerstedt, 1989; Rockhold et al.,
1991; Faunt and Crocker, 1987; Zarrindast and Tabatabai, 1992; Nagashima et al., 1992;
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Verma and Kulkarni, 1993; Boulay et al., 1999; Collins et al., 2007). Since both cocaine-and
SKF 38393-induced hyperthermia were attenuated by methanandamide in the present study,
it is unlikely that inhibition of cocaine-induced extracellular dopamine by methanandamide
accounted for its ability to lower the hyperthermic efficacy of cocaine. A more probable
explanation is that methanandamide, by activating cannabinoid CB; receptors, disrupted
dopamine D, receptor signaling in one or more thermoregulatory substrates. Cannabinoid
CB; and dopamine D1 receptors are colocalized in forebrain regions that regulate body
temperature and exert opposing actions on the G-protein/adenylyl cyclase signal
transduction cascade, with CB receptor activation decreasing cyclic AMP levels and Dq
receptor activation increasing cyclic AMP levels (Meschler and Howlett, 2001). Increased
PKA activity in hypothalamic temperature centers is also associated with increased body
temperature (Zhou et al., 2006). Hence, methanandamide may have suppressed the G-
protein/adenylyl cyclase signal transduction cascade, thereby inhibiting the normal increase
in dopamine D4 receptor signaling that mediates cocaine-induced hyperthermia.

Dopamine D, receptor antagonism abolished the methanandamide attenuation of cocaine-
induced hyperthermia. This suggests that cannabinoid CB receptor activation by
methanandamide causes downstream activation of dopamine D5 receptors and that activated
D, receptors are required for methanandamide to attenuate cocaine-induced hyperthermia.
Cannabinoid CB receptor-induced hypothermia is dependent on dopamine D, receptor
activation (Nava et al., 2000) and functional cross-talk between cannabinoid CB; and
dopamine D, receptors has been demonstrated (Giuffrida et al., 1999; Kearn et al., 2005;
Pickel et al., 2006). Dopamine D5, receptors, like cannabinoid CB1 receptors, are negatively
coupled to cyclic AMP production (Sibley and Monsma, 1992). Thus, it is possible that
concomitant CB1 and D, receptor activation following methanandamide administration
produces an exaggerated inhibition of cyclic AMP production which disrupts the dopamine
D, receptor signaling responsible for cocaine-induced hyperthermia. Future experiments
will delineate a mechanism and locus for the cannabinoid CB1-dopamine interaction.

URB597, a FAAH inhibitor that prevents anandamide hydrolysis, did not affect cocaine-
induced hyperthermia (Piomelli et al., 2006). URB597 elevates brain anandamide levels and
produces analgesic, anti-depressant-like and anxiolytic-like effects that are dependent on
cannabinoid CB; receptor activation (Fegley et al., 2005; Kathuria et al., 2003; Piomelli et
al., 2006). It does not produce classical cannabimimetic effects, such as hypothermia,
catalepsy and sedation. We confirmed that URB597 lacks hypothermic efficacy and
demonstrated that it fails to alter cocaine-induced hyperthermia. Because methanandamide
attenuated cocaine-evoked hyperthermia, it may be surprising that the capacity of URB597
to enhance brain anandamide signaling did not translate into a similar effect. One
explanation for the ineffectiveness of URB597 is that the kinetics of cannabinoid CB4
receptor activation may differ between methanandamide and URB597. Methanandamide is
likely to produce a more rapid recruitment of cannabinoid CB; receptors than URB597, and
this may have contributed to the dissimilar effects of methanandamide and URB 597.
Another possibility is that exogenous anandamide (i.e., methanandamide) and endogenous
anandamide (i.e., the anandamide elevated following URB597 administration) might access
different subpopulations of cannabiniod CB receptors (Svizenska et al., 2008; Mackie and
Stella, 2006). The inability of URB597 to alter cocaine-induced hyperthermia in our
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experiments is consistent with its lack of effect on cocaine self-administration in squirrel
monkeys (Justinova et al., 2008).

Unlike cocaine-induced hyperthermia, stereotypy and ambulation caused by cocaine were
not affected by methanandamide. This finding indicates that a dose of methanandamide
which is ineffective when given by itself exerts differential effects on cocaine-induced
hyperthermia and hyperactivity. Numerous approaches investigating a role for the
endocannabinoid system in acute hyperactivity caused by psychostimulant administration
have yielded results that are not entirely consistent. For example, cannabinoid CB; receptor
gene deletion reduces acute hyperactivity following psychostimulant exposure but
cannabinoid CB1 receptor blockade is ineffective (Corbillé et al., 2007; Poncelet et al.,
1999). The ineffectiveness of methanandamide in our activity experiments does not indicate
a minor role for endogenous cannabinoids and cannabinoid CB; receptors in acute hyper-
activity induced by cocaine. In fact, higher doses of methanandamide, which reduce
ambulation and stereotypy, would be expected to counteract cocaine-induced hyperactivity
(Jarbe et al., 2003). Anandamide and the endocannabinoid system are also thought to play a
critical role in cocaine-induced behavioral sensitization (Thiemann et al., 2008).

In conclusion, this is the first study to demonstrate that methanandamide reduces the
hyperthermic response to a psychostimulant. Our findings provide pharmacological
evidence that methanandamide activates cannabinoid CB receptors to attenuate cocaine-
induced hyperthermia, and that downstream activation of dopamine D, receptors plays a
permissive role in the effects of methanandamide. Although hyperthermic doses of
psychostimulants increase the level of anandamide in the brain (Centonze et al., 2004;
Thiemann et al., 2008), the exact role of endogenous anandamide in the hyperthermic
response has not been fully elucidated.

4. Experimental procedures

4.1. Animals

4.2. Drugs

Animal use procedures were conducted in accordance with the NIH Guide for the Care and
Use of Laboratory Animals and experimental protocols were approved by the Institutional
Animal Care and Use Committee of Temple University. Male Sprague-Dawley rats (Zivic-
Miller, Pittsburgh, PA, USA) weighing 275-300 g were housed 2 per cage for 5 days before
experimental use. Rats were maintained on a 12-h light/dark cycle (lights on at 7:00 a.m.
and off at 7 p.m.).

Cocaine hydrochloride was provided by the National Institute on Drug Abuse (Bethesda,
MD, USA). It was dissolved in 0.9% saline and injected intraperitoneally (i.p.). R-
methanandamide (Tocris Bioscience, St. Louis, MO, USA) was dissolved in Tocrisolve at a
concentration of 10 mg/ml and then diluted in 0.9% saline to a concentration of 5 mg/ml.
Methanandamide was injected i.p. The fatty acid amide hydrolase inhibitor,
cyclohexylcarbamic acid 3’-carbamoylbiphenyl-3-yl ester (URB597) was purchased from
Sigma-Aldrich (St. Louis, MO, USA). URB597 was dissolved in a vehicle of 5% Tween 80,
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5% polyethylene glycol, and 90% saline and injected i.p. Capsazepine, a TRPV1 receptor
antagonist, and [N-(Piper-idin-1-yl)-5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-
methyl-1H-pyrazole-3-carboxamide hydrochloride] (SR 141716A, Rimonabant), a
cannabinoid CB receptor antagonist, were purchased from Tocris and dissolved in a vehicle
of 20% ethanol, 20% cremophor and 60% saline. Both drugs were injected i.p. S(-)-
raclopride, a dopamine D, receptor antagonist, and (+)-1-Phenyl-2,3,4,5-tetrahydro-(1H)-3-
benzazepine-7,8-diol hydrobromide (SKF 38393 hydrobromide), a dopamine D4 receptor
agonist, were purchased from Tocris and dissolved in normal saline. Raclopride and SKF
38393 were injected subcutaneously (s.c.). All drugs were administered in a volume of 1
ml/kg.

4.3. Body temperature experiments

Experiments were started between 8:00 and 9:00 a.m. to minimize effects of circadian
variation. Rats were placed singly into cages in an environmental room maintained at a
constant temperature of 24+0.3 °C and relative humidity of 52+2%. Animals were allowed
to acclimate for 60 min before taking the first temperature reading. Prior to drug
administration, baseline temperatures were taken every 30 min for 90 min using a thermistor
probe (YSI series 400, Yellow Springs Instrument Co., Yellow Springs, OH; sensitivity of
0.10 °C), which was lubricated and inserted approximately 7 cm into the colon. Rats were
unrestrained throughout the experiment, with only the tail being held gently between two
fingers. Three consecutive body temperature readings were recorded in the baseline interval,
prior to drug administration, to establish a baseline temperature. Data were expressed as the
meanS.E.M. of body temperature. Five sets of body temperature experiments were
conducted. In all cases, body temperature was recorded every 30 min during a 90-min
baseline interval prior to drug administration. The following experiments were conducted.

4.3.1. Experiment 1: Does methanandamide reduce body temperature?—
Methanandamide produces cannabimimetic effects such as hypothermia, catalepsy and
hypolocomotion when administered to rats and mice at sufficiently high doses (Costa et al.,
1999; Smith et al., 1994; Stein et al., 1996; Abadji et al., 1994). For our drug combination
experiments, the optimal dose of methanandamide is one that does not by itself alter body
temperature or activity. To identify this dose, methanandamide (5, 10 or 20 mg/kg, i.p.) was
injected and body temperature was recorded 15, 30, 45 and 60 min post-administration.

4.3.2. Experiment 2: Does methanandamide inhibit cocaine-induced
hyperthermia by activating cannabinoid CB1 or TRPV1 receptors?—Rats were
pretreated with one of the following drug combinations: vehicle/vehicle; vehicle/
methanandamide (5 mg/kg, i.p.); capsazepine (40 mg/kg, i.p.)/vehicle; capsazepine (40
mg/kg, i.p.)/methanandamide (5 mg/kg, i.p.); SR 141716A (5 mg/kg, i.p.)/vehicle; or SR
141716A (5 mg/Kkg, i.p.)/methanandamide (5 mg/kg, i.p.). Twenty min later, rats were
injected with cocaine (15 mg/kg) or saline and body temperature was measured 30, 60, 90,
120 and 180 min post-cocaine injection.

4.3.3. Experiment 3: Does the FAAH inhibitor URB597 inhibit cocaine-induced
hyperthermia?—Rats pretreated with vehicle or URB597 (0.25 mg/kg, i.p.) were injected
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20 min later with cocaine (15 mg/kg, i.p.) or saline and body temperature was measured 30,
60, 90, 120 and 180 min post-cocaine injection.

4.3.4. Experiment 4: Is dopamine D, receptor activation required for
methanandamide to attenuate cocaine-induced hyperthermia?—Rats were
pretreated with one of the following drug combinations: vehicle/vehicle; raclopride (5
mg/kg, i.p.)/vehicle; raclo-pride (5 mg/kg, i.p.)/methanandamide (5 mg/kg, i.p.); or vehicle/
methanandamide (5 mg/kg, i.p.). Twenty min later, rats were injected with cocaine (15
mg/kg) or saline and body temperature was measured 30, 60, 90, 120 and 180 min post-
cocaine injection.

4.3.5. Experiment 5: Does methanandamide attenuate hyperthermia induced
by dopamine D; receptor activation?—Rats pretreated with vehicle or
methanandamide (5 mg/kg, i.p.) were injected 20 min later with SKF 38393 (10 mg/kg, s.c.)
or saline and body temperature was measured 30, 60, 90, 120 and 180 min post-SKF 38393
injection.

4.4, Activity measurement

Activity was measured using a Digiscan D Micro System (Accuscan, Columbus, OH, USA)
as previously described (Soderman and Unterwald, 2008; Niculescu et al., 2008). Each
activity monitor consists of an aluminum frame equipped with 16 infrared light beams and
detectors. As the animal moves about the chamber, the beams are broken and recorded by a
computer interfaced to the monitors. Ambulatory activity was registered when consecutive
light beams were interrupted, and stereotypy was detected when the same light beam was
broken repeatedly. In actual experiments, rats were injected with either methanandamide (5
mg/kg) or vehicle and placed into test chambers. Twenty min later rats were injected with
cocaine (15 mg/kg) or saline. Data collection began as soon as the animals were placed in
the test chambers and activity data are presented as total mean counts in 10-min bins.

4.5. Data analysis

Data were analyzed by one-way repeated measures ANOVA. Differences between groups
were determined by Tukey's post-hoc analysis after significance was determined by
ANOVA. Values of P<0.05 were considered statistically significant.
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Fig. 1.
Methanandamide (M-AEA) causes dose-related hypothermia. Rats were injected with

methanandamide (5, 10 or 20 mg/kg) or vehicle (VEH) and body temperatures were
recorded 15, 30, 45 and 60 min post-administration. Data are expressed as the mean+S.E.M.
of the change in body temperature (ATy) from baseline (time 0). *P<0.05 compared to VEH.
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Fig. 2.
Methanandamide (M-AEA) attenuates cocaine (COC)-induced hyperthermia by activating

cannabinoid CB; receptors. Rats were injected with vehicle (VEH); (M-AEA) (5 mg/kg);
SR 141716A (5 mg/kg) plus M-AEA (5 mg/kg); or capsazepine (CPZ) (5 mg/kg) plus M-
AEA (5 mg/kg). Twenty min later, rats were injected with COC (15 mg/kg) or saline (SAL)
and body temperatures were recorded 30, 90, 90 120 and 180 min post-administration. Data
are expressed as the mean+S.E.M. of the change in body temperature (ATy) from baseline
(time 0). *P<0.05 compared to VEH+SAL; *P<0.05 compared to VEH+COC; and #*P<0.05
compared to M-AEA+COC.

Brain Res. Author manuscript; available in PMC 2014 July 04.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Rasmussen et al.

2.50

2.25 A

2.00

1.75

1.50

1.25 A

1.00

AT, (°C)

0.75 A

0.50 A

0.25 A

0.00 A

-0.25

-0.50 -

Fig. 3.

—{+VEH + SAL —=—VEH + COC

—— URB 597+ SAL ——URB 597 + COC
*T

|
[ | |

0 30 60 90 120 150 180
Time

——

Page 14

URB597 does not affect cocaine (COC)-induced hyperthermia. Rats pretreated with vehicle
(VEH) or URB597 (0.25 mg/kg) were injected 20 min later with COC (15 mg/kg) or saline
and body temperature was measured 30, 60, 90, 120 and 180 min post-injection. Data are
expressed as the mean=S.E.M. of the change in body temperature (ATy) from baseline (time
0). *P<0.05 compared to VEH+SAL.
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Fig. 4.
Dopamine D, receptor activation is required for methanandamide (M-AEA) to attenuate

cocaine (COC)-induced hyperthermia. Rats were injected with vehicle (VEH); raclopride
(RAC) (5 mg/kg); M-AEA (5 mg/kg); or RAC (5 mg/kg) plus M-AEA (5 mg/kg). Twenty
min later, rats were injected with COC (15 mg/kg) or saline (SAL) and body temperatures
were recorded 30, 90, 90 120 and 180 min post-administration. Data are expressed as the
meanS.E.M. of the change in body temperature (ATy) from baseline (time 0). *P<0.05
compared to VEH+SAL; *P<0.05 compared to VEH+COC; and *P<0.05 compared to M-
AEA+COC.

Brain Res. Author manuscript; available in PMC 2014 July 04.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Rasmussen et al.

Page 16

—O-VEH + SAL  —#—VEH + SKF 38393
1 —-—M-AEA + SAL —s—MAEA + SKF 38393
2.25 *
2.00
1.75 4
1.50 4

1.25

1.00

AT, (°C)

0.75 4

0.50

0.25 A

0.00

-0.25

I

T I 1 1
0 30 60 90 120 150 180
Time

-0.50 -

Fig. 5.

Mgethanandamide (M-AEA) does not alter SKF 38393-induced hyperthermia. Rats
pretreated with vehicle (VEH) or M-AEA (5 mg/kg) were injected 20 min later with COC
(15 mg/kg) or saline and body temperature was measured 30, 60, 90, 120 and 180 min post-
injection. Data are expressed as the mean+S.E.M. of the change in body temperature (ATy)
from baseline (time 0). *P<0.05 compared to VEH+SAL and *P<0.05 compared to VEH
+SKF 38393.
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Effects of methanandamide (M-AEA) and cocaine (COC) on stereotypy (A) and ambulation
(B). Rats were injected with M-AEA (5 mg/kg) or vehicle (VEH) and placed into test
chambers. Twenty min later rats were injected with COC (15 mg/kg) or saline (SAL). Data
are expressed as activity counts in 10 min intervals (means£S.E.M.). *P<0.05 compared to
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