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sion:  These results suggest a role of H 3 R in the behavioral-
stimulant effects of METH, but not cocaine, in mice and no 
role in monkeys.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Methamphetamine (METH) and cocaine are two 
commonly abused drugs that present significant public 
health concerns. In behavioral-stimulant assays, such as 
locomotor activity and responding under a fixed-interval 
(FI) schedule of stimulus termination, drugs that increase 
behavior also increase extracellular dopamine levels  [1–
3] . Thus, these two assays might serve as in vivo behav-
ioral screens for examining novel pharmacotherapies in 
treating METH and cocaine abuse.

  The brain histaminergic system may provide novel 
pharmacotherapies in treating a wide array of central 
nervous system disorders  [4] . Histaminergic cell bodies, 
originating in the tuberomamillary nucleus of the hypo-
thalamus, project to brain regions believed to be involved 
in mediating the behavioral-stimulant effects of METH 
and cocaine [for a review, see  5 ]. At present, there are 4 
known histamine receptors (H 1 R, H 2 R, H 3 R and H 4 R). 
Specifically, the H 3 R is a G i/o -protein-coupled receptor 
with expression in dopaminergic striatal regions of ro-
dents, monkeys and humans  [6–8] . Thus, H 3 R may serve 
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 Abstract 
  Background:  Cocaine and methamphetamine (METH) are 
two commonly abused drugs that have behavioral-stimu-
lant properties. These stimulant effects are partially medi-
ated by the dopaminergic system. Recent evidence has sug-
gested that the histamine H 3  receptor (H 3 R) may modulate 
the release of dopamine induced by METH. The aim of the 
present study was to examine the role of H 3 R in the behav-
ioral-stimulant effects of cocaine and METH in mice and 
monkeys.  Methods:  Nonhabituated, experimentally naïve 
mice (n = 5–6) were pretreated with the H 3 R agonist imetit 
30 min before METH or cocaine, and activity was measured 
for 90 min. The behavioral-stimulant effects of METH and 
cocaine were also studied in squirrel monkeys (n = 3) under 
a fixed-interval schedule of stimulus termination. Monkeys 
were pretreated with imetit 30 min before the peak behav-
ioral-stimulant doses of METH or cocaine derived from indi-
vidual subjects.  Results:  Pretreatment with imetit did not af-
fect basal activity in mice. Imetit significantly attenuated the 
behavioral-stimulant effects of METH, but not cocaine. In 
monkeys, no dose of imetit tested significantly altered the 
behavioral-stimulant effects of METH or cocaine.  Conclu-
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as a target for modulating dopamine release and the be-
havioral-stimulant effects of METH and cocaine; this ap-
pears to be the case for METH, since pretreatment with 
an H 3 R antagonist potentiates METH-induced dopamine 
release in rats  [9] .

  However, the literature examining the behavioral in-
teractions between H 3 R and psychomotor stimulants in 
rodents has provided conflicting results. H 3 R antagonists 
have been shown to attenuate amphetamine- and METH-
induced locomotor activity  [10–12] , but potentiate  [13, 14]  
or have no effect  [10]  on cocaine-induced locomotor ac-
tivity. Finally, the H 3 R agonist  (R) - � -methylhistamine 
had no effect on amphetamine-induced locomotor activ-
ity  [10] .

  Thus, based on the available literature, there appears 
to be conflicting evidence for the role of H 3 R in the be-
havioral-stimulant effects of psychomotor stimulants, 
such as METH and cocaine. The aim of the present study 
was to assess the effects of an H 3 R agonist, imetit, on the 
behavioral-stimulant effects of a monoamine releaser 
(METH) and uptake inhibitor (cocaine) in both mice and 
squirrel monkeys. To the best of our knowledge, the ef-
fects of H 3 R compounds have not been examined in mon-
keys. We hypothesized that pretreatment with imetit 
would attenuate the behavioral-stimulant effects of both 
METH and cocaine in both species. Furthermore, we hy-
pothesized that cocaine would be more sensitive to imetit 
pretreatments based on the impulse-dependent release of 
monoamines compared to METH in both species. These 
results would provide strong evidence for the involve-
ment of H 3 R in the behavioral-stimulant effects of METH 
and cocaine.

  Materials and Methods 

 Subjects 
 Male Swiss Webster mice (Charles River Laboratories Inc., 

Wilmington, Mass., USA) weighing approximately 20–30 g were 
housed 5 animals per 44.5  !  22.3  !  12.7 cm Plexiglas cage. The 
rodent vivarium was maintained at an ambient temperature of 22 
 8  2   °   C at 45–50% humidity, and lights were set to a 12-hour light/
dark cycle. Animals were fed lab diet rodent chow (Laboratory 
Rodent Diet No. 5001; PMI Feeds Inc., St. Louis, Mo., USA) and 
water ad libitum immediately before testing. Mice were not used 
in the experiments until at least 3 days after arrival in the labora-
tory, and there was no specific handling regimen employed in 
these studies. Three adult male squirrel monkeys  (Saimiri sciu-
reus)  with a previous history of responding under the FI schedule 
 [15]  weighing 900–1,200 g served as subjects. The monkeys lived 
in individual home cages and had daily access to food (5045 high-
protein monkey diet; Purina Mills International Inc., Brentwood, 
Mo., USA; fresh fruit and vegetables) and unlimited access to wa-

ter in the home cage. All monkeys had had prior exposure to co-
caine and other drugs with dopaminergic or serotonergic activity 
 [15] . The facilities for housing and care of the animals are accred-
ited by the American Association for the Assessment and Accred-
itation of Laboratory Animal Care. Animal use procedures were 
in strict accordance with the 2003 National Research Council 
Guidelines for the Care and Use of Mammals in Neuroscience 
and Behavioral Research and were approved by the Institutional 
Animal Care and Use Committee of Emory University.

  Drug-Induced Locomotor Behavior 
 Mice (n = 5–6/group) were handled and weighed prior to ini-

tiation of activity experiments as previously described  [16] . Mice 
were not habituated to the activity chambers prior to injections. 
Experiments were conducted during the light phase. Vehicle (wa-
ter) or imetit (30–100 mg/kg, i.p.) was administered 30 min before 
METH (3 mg/kg, i.p.), cocaine (30 mg/kg, i.p.) or saline. Doses of 
METH and cocaine were chosen based on pilot experiments to 
induce comparable behavioral-stimulant effects across the 90-
min session. Following the second injection, animals were direct-
ly placed into the locomotor chambers (40  !  40  !  40 cm), and 
activity was monitored and quantified for 90 min using a modi-
fied open-field activity system under low-light conditions (San 
Diego Instruments, San Diego, Calif., USA). Horizontal, but not 
vertical, beam breaks were recorded as an index of activity.

  FI Stimulus Termination Procedure 
 Responding under the FI 300-second schedule was as previ-

ously described  [15] . Daily sessions consisted of 15 FI compo-
nents. Briefly, the test chamber was illuminated with a red light 
during the FI. When the interval elapsed, the subject had 3 s to 
press the lever to terminate the red light and avoid an impending 
electrical stimulus to the tail. A single dose of drug or saline was 
administered intramuscularly before the beginning of the ses-
sion. Vehicle or imetit (3–10 mg/kg, i.m.) was administered 30 
min before a peak behavioral-stimulant dose of METH or cocaine 
derived from individual subjects or saline in a quasi-random or-
der and counterbalanced across subjects.

  Statistical Analysis 
 Mean session activity counts for the locomotor experiments in 

mice were analyzed with a one-way analysis of variance with 
imetit dose as the main factor. Due to individual differences in 
rates of responding in the monkey FI experiment, data were indi-
vidually normalized to responding after saline administration 
and then averaged as a group mean. Percent control response rates 
for the monkey FI experiments were analyzed with one-way re-
peated-measures analysis of variance with imetit dose as the main 
factor. In the presence of a significant main effect (F test), a Dun-
nett post hoc test was conducted comparing each imetit dose to 
either cocaine or METH after the vehicle pretreatment. Signifi-
cance was set at the 95% confidence level.

  Drugs 
 METH HCl and cocaine HCl were provided by the National 

Institute on Drug Abuse (Research Technology Branch, Research 
Triangle Park, N.C., USA). Imetit HBr was purchased from Sigma 
(St. Louis, Mo., USA). Cocaine and METH were dissolved in ster-
ile physiological saline, and imetit was dissolved in sterile water. 
All drug doses are expressed as the salt form.
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  Fig. 1.  Effects of imetit (0–100 mg/kg, i.p.) on METH- ( a ,  b ) and cocaine-induced ( c ,  d ) activity in mice (n = 
5–6). Data are shown as means  8  SEM. Different symbols represent different pretreatment doses of imetit.
 *  p  !  0.05: significantly different from vehicle pretreatment condition. 
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  Results 

 Effects of Imetit on the Behavioral-Stimulant Effects of 
METH and Cocaine in Mice 
 Imetit pretreatment (100 mg/kg, i.p.) 30 min before a 

saline injection did not significantly alter basal locomo-
tor activity ( fig. 1 ). Pretreatment with imetit significantly 
decreased (F 3, 17  = 4.94, p  !  0.05) activity counts after 
METH, but not cocaine administration ( fig. 1 ). Post hoc 
analysis demonstrated a significant (p  !  0.05) attenuation 
of locomotor behavior after METH at the 56 and 100 mg/
kg imetit pretreatment doses.

  Effects of Imetit on the Behavioral-Stimulant Effects of 
METH and Cocaine in Monkeys 
 Under the FI schedule, both METH and cocaine dose-

dependently increased, responding with the peak dose 
being 0.3 mg/kg (n = 3) for METH and 0.3 mg/kg (n = 1) 
or 1.0 mg/kg (n = 2) for cocaine (data not shown). The 
peak behavioral-stimulant doses for both METH and co-
caine determined from individual subjects were used for 
the imetit interaction studies. Imetit pretreatment (10 
mg/kg, i.m.) 30 min before saline administration did not 
significantly alter baseline responding ( fig. 2 ). Further-
more, imetit pretreatments (3–10 mg/kg, i.m.) had no sig-
nificant effect on the behavioral-stimulant effects of 
METH or cocaine ( fig. 2 ).

  Discussion 

 The purpose of the present study was to examine the 
effects of the H 3 R agonist imetit on the behavioral-stimu-
lant effects of METH and cocaine in both mice and mon-
keys. Imetit significantly attenuated METH-induced but 
not cocaine-induced locomotor activity in mice. In con-
trast, imetit had no significant effect on FI responding 
after METH or cocaine in monkeys. These results suggest 
a role of H 3 R in the behavioral-stimulant effects of METH, 
but not cocaine, in mice and no role in monkeys.

  Previous studies investigating the behavioral interac-
tions between H 3 R compounds and psychostimulants 
have provided conflicting results. H 3 R antagonists have 
been shown to attenuate METH- or amphetamine-in-
duced locomotor activity  [10–12] . However, in the present 
study, an H 3 R agonist also attenuated METH-induced lo-
comotor activity. Recently, imetit was shown to attenuate 
locomotor activity induced by either a D 1  or D 2  receptor 
agonist  [17] . Pretreatment with an H 3 R antagonist has 
been shown to either potentiate  [13, 14]  or have no effect 
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  Fig. 2.  Effects of imetit (0–10 mg/kg, i.m.) on the behavioral-stim-
ulant effects of METH ( a ) and cocaine ( b ) in squirrel monkeys
(n = 3) trained to respond under an FI schedule of stimulus ter-
mination. Data are expressed as mean  8  SEM percent control 
(saline) rate per component ( a ,  b ) or session ( c ). Different symbols 
represent different pretreatment doses of imetit. 



 Banks   /Manvich   /Bauzo   /Howell    Pharmacology 2009;83:164–169168

 [10]  on cocaine-induced increases in locomotor activity. 
Although there appeared to be a trend towards a dose-
dependent decrease in cocaine-induced activity in the 
early phase (0–30 min) of the monitoring period, overall, 
the present study found no significant effect of an H 3 R 
agonist on cocaine-induced locomotor activity. Whether 
the lack of a significant effect on cocaine-induced activ-
ity was a result of the study being underpowered or a true 
effect remains unknown. Moreover, the H 3 R agonist  (R) -
 � -methylhistamine had no significant effect on amphet-
amine-induced locomotor activity  [10] . In contrast, we 
found that pretreatment with imetit attenuated the 
METH-induced locomotor response. Differences be-
tween the results of the present study and those of 
Clapham and Kilpatrick  [10]  most likely reflect potency 
differences in the H 3 R agonists administered  [18] .

  A possible explanation for the differential response to 
imetit between METH and cocaine in mice, indepen-
dently of dopamine, could be related to histamine release. 
METH acutely increases extracellular levels of histamine 
in hypothalamic and striatal regions of rodents  [19, 20] . 
In contrast, methylphenidate, a monoamine uptake in-
hibitor, does not increase extracellular levels of histamine 
in the hypothalamus  [21] . H 3 R can function as autorecep-
tor, regulating the release of histamine  [22] . Activation of 
these H 3  autoreceptors should attenuate the release of
histamine. Thus, if the behavioral-stimulant effects of 
METH are mediated in part via histamine release, this 
could explain why imetit attenuated the locomotor re-
sponse to METH, but not cocaine.

  In contrast to the effects of imetit in mice, the present 
study found no effect of imetit on the behavioral-stimu-
lant effects of METH and cocaine in monkeys. One pos-
sible explanation is that H 3 R may not be involved in mod-
ulating METH- or cocaine-induced dopamine release 
and subsequent behavioral-stimulant effects. In vivo mi-
crodialysis studies examining the effects of H 3 R agonists 
on METH- and cocaine-induced dopamine release in 
monkeys would answer this question. Another explana-
tion, although there is currently no data to support this, 
might be that imetit is less efficacious in the monkey than 
the rodent. Unfortunately, higher doses of imetit could 
not be tested due to solubility issues. A third possibility 
could be due to methodological differences in the proce-
dures used for measuring the behavioral-stimulant ef-
fects of METH and cocaine in monkeys and mice. An 
operant behavioral procedure was used to assess the be-
havioral-stimulant effects in monkeys, while an activity 
procedure was used in mice. To the best of our knowl-
edge, there are no studies directly comparing the results 

of operant and activity behavioral procedures in assess-
ing the behavioral-stimulant effects of drugs in any spe-
cies, and thus we do not know whether one procedure is 
more or less sensitive.

  One limitation in interpreting the results of the pres-
ent study is the selectivity of imetit. For example, the car-
diovascular effects of imetit were blocked by cholinergic 
and serotonergic (5-HT 3 ) antagonists, but not histamin-
ergic (H 3 ) antagonists in anesthetized rats  [23] . Further-
more, the recent discovery of the histamine H 4  receptor 
has demonstrated that imetit may only be approximately 
10-fold selective for the H 3  versus the H 4  receptor  [24] . 
Thus, while imetit is one of the most potent H 3 R ago-
nists available  [18, 25] , further research with more selec-
tive compounds investigating the role of H 3 R in the be-
havioral-stimulant effects of METH and cocaine is war-
ranted.

  In conclusion, the results of the present study suggest 
a role of H 3 R in the behavioral-stimulant effects of METH, 
but not cocaine, in mice. In contrast to mice, there was 
no significant effect of the H 3 R agonist on the behavioral-
stimulant effects of METH or cocaine in squirrel mon-
keys. At present, there is not enough information on H 3 R 
and nonhuman primates to propose definitive mecha-
nisms.
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