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Abstract
Psychostimulant abuse represents a psychiatric disorder and societal concern that has been largely
unamenable to therapeutic interventions. We have previously demonstrated that the 5-HT3
antagonist ondansetron or non-selective 5-HT2A/2C antagonist ketanserin administered 3.5 hours
following daily pergolide, a non-selective DA agonist, reverses previously established cocaine
sensitization. The present study was conducted to evaluate whether the same treatments or delayed
pairing of pergolide with the antidepressant mirtazapine can also reverse consolidated
methamphetamine (METH) behavioral sensitization. Sprague-Dawley rats received METH
infusion via osmotic minipumps (25 mg/kg/day, s.c.) for 7 days, with accompanying daily
injections of escalating METH doses (0–6 mg/kg, s.c.). This regimen takes into account the faster
elimination of METH in rats, and is designed to replicate plasma METH concentrations with
superimposed peak drug levels as observed during METH binging episodes in humans. Following
a 7-day METH withdrawal, ondansetron (0.2 mg/kg, s.c.), ketanserin (1.0 mg/kg, s.c.), or
mirtazapine (10 mg/kg, i.p.) was administered 3.5 hours after pergolide injections (0.1 mg/kg, s.c.,
qd) for 7 days. Behavioral sensitization as a model of METH abuse was assessed 14 days after the
combination treatment cessation (i.e., day 28 of METH withdrawal) through an acute challenge
with METH (0.5 mg/kg, i.p.). Pergolide combined with ondansetron or ketanserin reversed METH
behavioral sensitization, but pergolide-mirtazapine combination was ineffective. The role of
reactivation of addiction “circuit” by a non-selective DA agonist, and subsequent reconsolidation
blockade through 5-HT3 or 5-HT2 antagonism in reversal of METH sensitization and treatment of
METH addiction is discussed.
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Psychostimulant abuse and dependence continues to exert profound socioeconomic, legal
and medical problems throughout the world. According to a recent survey in the United
States (US), an estimated 49.4 million or 21.2 % of individuals aged 12 years or older had
used cocaine or methamphetamine (METH) during their lifetime, and 6.1 million and 2.7
million of these individuals used the two drugs in the previous year and month, respectively
[1]. Treatment program admissions in 2007 for persons with primary cocaine or METH
abuse accounted for 21 % of 1,817,517 total admissions [2], while psychostimulant-related
emergency department visits accounted for 33.9 % of visits due to illicit drug use in the US
[3]. Psychostimulant abuse as a detriment to society is highlighted by a report from the
National Drug Court Institute indicating that 35 – 50 % of the “Drug Court” participants
were primary psychostimulant abusers [4].

In spite of the above problems, there are no pharmacological treatments that have shown
consistent efficacy against chronic cocaine or METH abuse in controlled clinical trials. The
compounds tested in previous clinical trials include selective serotonin reuptake inhibitors
(e.g., fluoxetine), DA agonists (e.g., d-amphetamine, pergolide), DA antagonists (e.g.,
risperidone), γamino butyric acid agonists (e.g., gabapentin and baclofen), the analeptic
modafinil, an antidepressant with smoking cessation efficacy, bupropion, n-acetylcysteine,
and the antiepileptic topiramate [5,6]. To summarize, while more than two dozen
medications have been tested to date as monotherapies against psychostimulant abuse, only
a few have shown limited treatment efficacy in controlled clinical trials, and none are FDA-
approved for this indication.

We have previously demonstrated that behavioral sensitization to cocaine and associated
neurobiological changes, established by 5–7 daily cocaine injections (40 mg/kg/day) and
subsequent withdrawal period lasting 7–9 days, can be reversed by a 7-day combination
treatment with the non-selective DA agonist pergolide and 5-HT3 antagonist ondansetron
[7]. Interestingly, this combination is only effective when ondansetron is administered 3.5
hour after pergolide. Apart from pergolide, cocaine itself can also reverse cocaine
sensitization if it is again followed 3.5 h later by ondansetron, ketanserin (5-HT2 antagonist),
mianserin (5-HT2 antagonists), clozapine (an atypical antipsychotic with affinities to 5-HT2
and 5-HT3 receptors), or WIN51708 (neurokinin-1 antagonist) [8,9,10]. These findings
indicate a temporal requirement for the efficacy of combination treatments using a DA
agonist and a antagonist at selected neurotransmitter receptor subtypes.

The above agonist/antagonist combination treatment is based on a hypothesis that repeated
induction of aversive responses during psychostimulant withdrawal (“crash”), rather than the
positive drug rewarding effects, plays a key role in long-term maintenance of relapse
vulnerability in chronic psychostimulant abuse (Koob and Le Moal, 2001;[7, 10, 12] Zhang
et al 2007). Acute (“hours”) or short-term (“days”) psychostimulant withdrawal is often
associated clinically with dysphoria, anhedonia, anergia and other depressive symptoms [18]
Ellinwood and Lee, 1989; Foltin and Fishman 1997; Newton et al 2004), and the intensity of
these symptoms is a strong predictor of poor treatment response (Kampman et al 2001).
Adminsitration of the daily agonist (e.g., cocaine or pergolide as a “cocaine substitute”) in
our combination treatment regimen is designed to “therapeutically” induce an acute agonist
withdrawal state. A 5-HT3, 5-HT2 or NK1 antagonist given 3.5 h after the agonist is
hypothesized to attenuate withdrawal-associated aversive responses, and consequently

Bhatia et al. Page 2

Behav Brain Res. Author manuscript; available in PMC 2012 September 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



interfere with neurobiological processes underlying long-term maintenance of
psychostimulant abuse [7, see ref. 9 for further discussion of the time interval between
agonist and antagonist administration]. It is noted that pergolide is not only a direct agonist
at D1/D2 receptors, but also a partial 5-HT2 agonist [11]. This pharmacological profile
partially matches the mixed indirect DA/5-HT agonist profile of psychostimulants, and,
thus, is likely to reproduce a “psychostimulant-like” neurochemical sequella with a
subsequent pharmacologic acute withdrawal state. Based on these considerations, the
present study assessed whether ondansetron, ketanserin, or the antidepressant mirtazapine
(antagonist at both 5-HT3 and 5-HT2 receptors) administered 3.5 hours after pergolide can
also reverse previously established METH behavioral sensitization.

Male Sprague-Dawley rats, initially weighing 275–300 g (Charles River, Raleigh, NC), were
acclimated to the vivarium on a 12 hour light/dark cycle (lights on 0700–1900 hrs) for 7
days prior to treatment. They were housed in pairs until the start of METH pretreatment
(individual housing thereafter), and had free-access to food and water in accordance with the
“Guide for Care and Use of Laboratory Animals”[13] All experimental procedures were
conducted under a protocol approved by the Duke Institutional Animal Care and Use
Committee.

Fig. 1 presents the overview of the timeline for METH sensitization and combination
treatments. Osmotic minipumps (model 2ML1; Alza Corporation, Palo Alto, CA) were
filled with either saline (0.9 %) or (+)-METH hydrochloride dissolved in saline at
concentrations to provide continuous 25 mg/kg/day dosing (based on the body weight at the
time of surgery). The pumps were primed by warming in a water bath at 37 °C for 4 hours
prior to implantation. Animals were shaved on the back and injected locally with 0.2 ml
lidocaine at the dorsal midline incision site. They were then anesthetized with
methoxyflurane or isoflurane, and implanted with a single primed minipump [14]. The
incision site was closed with metal surgical autoclips.

In addition to continuous infusion, animals in the METH treatment group were also injected
daily with escalating doses of METH (0, 1, 2, 4, 6, 6 and 6 mg/kg, s.c. on METH infusion
days 1–7), while those in the saline infusion group were injected daily with saline (1 ml/kg,
s.c.). Importantly, METH has a much shorter half-life in rats than in humans (15–70 min vs.
6–24 hrs; [15]. The METH miniPump + Escalating Dosing (MPED) regimen used in this
study was designed to replicate in rats the sustained METH plasma concentrations and
superimposed drug concentration spiking in human METH abusers in binging episodes.
Pumps were removed using the same surgical procedures after 7 days, and the residual
volume of METH was measured to verify the total drug amount delivered through infusion.
Animals were subsequently withdrawn for 7 days to allow for the establishment of METH
sensitization in MPED-pretreated animals.

After 7 days of withdrawal, saline and MPED groups were divided into three combination
treatment groups (Fig. 1). For ondansetron or ketanserin experiments, groups were given
daily injections for 7 days of dimethyl sulfoxide (DMSO)/saline (D/S), pergolide/saline (P/
S), or pergolide/antagonist (P/O or P/K) combinations. For the mirtazapine treatment
experiment, DMSO/mirtazapine (D/m) combination was used instead of pergolide/saline
treatment to directly compare the effects of mirtazapine monotherapy and pergolide/
mirtazapine (P/m) combination (see Table 1 for treatment groups and group designations).
For all reversal treatments, DMSO (1 ml/kg, s.c.) or pergolide (0.1 mg/kg, s.c.; Sigma,
St.Louis, MO) was injected 3.5 hours before saline or antagonist administration
(ondansetron, 0.2 mg/kg, s.c.; ketanserin, 1.0 mg/kg, s.c.; mirtazapine, 4 mg/ml suspension
in saline, 10 mg/kg, i.p.). Ondansetron or ketanserin monotherapy was not used in the
present study as we previously found that these antagonists exerted minimal efficacy in
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reversing previously established cocaine sensitization or progressive-ratio self-
administration. [9].

On day 28 of METH withdrawal (i.e., 14 days after reversal treatment), behavioral responses
to acute METH challenge were determined in the home cages (28 × 18 × 12 cm). Prior to
behavioral assessment, rats were acclimated overnight in the test room under normal lighting
conditions. The rat cages were placed in Opto-Varimex photo-beam monitors (8 × 8 beams;
Columbus Instruments, Columbus, OH), and baseline activity was monitored for 15 min.
Animals were subsequently injected with 0.5 mg/kg METH (i.p.) and the number of photo-
beam breaks (locomotor activity) was recorded every 5 min. For behavioral ratings,
behaviors were evaluated by a blind observer at 5-min intervals using the Ellinwood and
Balster rating scale [16].

The ondansetron and ketanserin experiments were conducted in parallel; hence, results for
the S-D/S, S-P/S, M-D/S and M-P/S groups in these studies were combined with their
respective treatment groups (Table 1). The resulting locomotor and behavioral rating data
sets (8 experimental groups) consisting of the above 4 groups and S-P/O, M-P/O, S-P/K and
M-P/K groups were collapsed over the 60-min after METH injection (i.e., cumulative
scores). The cumulative locomotor data were analyzed using one-way analysis of variance
(ANOVA), followed by individual group comparisons using post-hoc Newman-Keul’s test
(Sigmastat, Systat Software, San Jose, CA). Since the Ellinwood and Balster rating scores
are of the ordinal-scale type, the cumulative scores were analyzed with non-parametric
Kruskal-Wallis test, followed by Dunn’s pair-wise test. Results from the mirtazapine
experiment underwent similar analyses. The locomotor data were presented as means and
standard errors of the mean, while the behavioral rating scores were presented as medians
and 25–75 % confidence intervals.

Similar to our previous results [e.g., 7, 9], no group differences were observed during the
15-min recordings of baseline locomotor activity or rating scores (data not shown). This
finding indicates minimal residual effects of the earlier combination treatments on these
behavioral measures. A one-way ANOVA on locomotor activity revealed significant
treatment effects [F(7,136) = 4.57, p < 0.001; Fig. 2A]. Newman-Keul’s pair-wise
comparisons for the main treatment effects revealed that M-D/S rats had significantly higher
locomotor activity levels over the 60-min period following acute METH challenge than S-D/
S group (*p < 0.008), indicating locomotor sensitization on day 28 of withdrawal from
MPED. Combined pergolide/antagonists treatment reversed locomotor sensitization as the
M-P/O and M-P/K groups showed significantly reduced sensitivity to acute METH
challenge compared to M-D/S group (*p < 0.001 and *p < 0.003, respectively), and were not
statistically different from the S-D/S control group. In contrast to combination treatment
groups, locomotor activity levels in the pergolide monotherapy (M-P/S) group were not
significantly different from either the sensitized M-D/S or any other experimental groups,
suggesting lack of efficacy of pergolide monotherapy. These results indicate that established
METH locomotor sensitization can be reversed by combinations of pergolide with a 5-HT3
or 5-HT2 antagonist (ondansetron or ketanserin, respectively) but not with pergolide alone.

While pergolide monotherapy did not produce a robust reversal of behavioral sensitization,
the 7-day pergolide treatment in saline-pretreated animals (i.e., S-P/S group) tended to
increase the sensitivity to subsequent acute METH challenge (Fig. 2A). Thus, cumulative
60-min locomotor levels in this treatment group were not significantly different from those
in either the sensitized M-D/S or control S-D/S group. Delayed blockade of 5-HT2 receptors
with ketanserin given 3.5 hours after pergolide eliminated this tendency, as S-P/K group had
significantly reduced METH sensitivity as compared to M-D/S group (*p < 0.015). In
contrast, similar blockade of 5-HT3 receptors with ondansetron (S-P/O) exerted minimal
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effects on the sensitizing tendency of pergolide; S-P/O and M-D/S groups were statistically
indistinguishable. Although further studies are needed, these data together suggest that daily
pergolide injections alone may have a tendency to induce locomotor sensitization in saline-
pretreated (“naive”) animals, a trend which may be mediated by a 5-HT2-dependent, but 5-
HT3-independent mechanism.

Psychostimulant exposure can serve to restrict the behavioral repertoire of animals in the
open field, such that locomotor activity is replaced by stereotypy [16,17]. Therefore, in
addition to automated locomotor activity measurements, effects of METH-pretreatment and
combination reversal treatments were assessed with a behavioral rating scale [16]. A non-
parametric Kruskal-Wallis analysis behavioral ratings revealed significant effects of reversal
treatment [H(7) = 45.07, p < 0.001; Fig. 2B]. METH pretreated rats given DMSO/saline
treatment (M-D/S) exhibited significantly higher scores than those in the saline-pretreated
groups (S-D/S, S-P/S, S-P/O and S-P/K; *p < 0.01 - 0.05 by Dunn’s test). This behavioral
sensitization was reversed by either pergolide/ondansetron or pergolide/ketanserin
treatments as indicated by significantly-reduced behavioral ratings in M-P/O and M-P/K
groups compared to M-D/S group (*p < 0.01 for both comparisons). In contrast to those in
the combination treatments, METH-pretreated animals given pergolide alone (M-P/S) were
statistically indistinguishable from the sensitized M-D/S group and exhibited higher
behavioral rating scores than the M-P/K group (#p < 0.01). Furthermore, pergolide
monotherapy in “naive” animals (i.e., the S-P/S group) did not tend to increase the
behavioral rating scores in contrast to locomotor results (as noted above). The present results
demonstrate that established METH sensitization, as assessed by both locomotor activity
and behavioral ratings, can be consistently reversed when the animals are treated with a
combination of pergolide with either a 5-HT3 or 5-HT2 antagonist, but not with pergolide
alone.

In a separate series of experiments, efficacy of combined pergolide/mirtazapine (P/m)
treatment in reversing established METH-sensitization was determined. Instead of pergolide,
mirtazapine alone served as the monotherapy control. Significant treatment group
differences were observed for locomotor activity following acute METH challenge on day
28 of withdrawal [F(5,56) = 3.710, p < 0.006; Fig. 2C], Newman-Keul’s test revealed that
all three METH-pretreated groups (M-D/S, M-D/m and M-P/m) had significantly higher
activity levels than the three saline pretreated groups (*p < 0.05 for all comparisons).
Locomotor activity levels within the three S-D/S, S-D/m, and S-P/m groups or those within
the M-D/S, M-D/m, and M-P/m groups were not different.

Similar to locomotor activity, results from a Kruskal-Wallis test revealed overall group
differences for the behavioral rating scores [H(5) = 23.102, p < 0.001; Fig. 2D]. The M-D/S
group again exhibited significantly greater rating scores than the S-D/S, S-D/m and S-P/m
groups (i.e., sensitization; *p < 0.05, Dunn’s test). METH-pretreated animals given
mirtazapine alone or pergolide/mirtazapine combination (M-D/m or M-P/m) were not
statistically distinguishable from the three saline-pretreated or M-D/S animals. These results
demonstrate that, in contrast to combinations of pergolide with ondansetron or ketanserin,
the antidepressant mirtazapine, either alone or in combination with pergolide, fails to exert
robust and consistent reversal efficacy on established METH sensitization.

Behavioral sensitization is progressive and enduring augmentation of locomotor and
stereotyped behaviors upon repeated intermittent administration of a psychostimulant (e.g.,
METH) is considered as a model of progressive intensification of psychostimulant craving
observed in human abusers [18,19]. As noted in the introduction, acute withdrawal from
such psychostimulant exposure in human abusers is often associated with symptoms of
anhedonia, anergia, depression, and anxiety [20,21]. The intensity of these aversive
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withdrawal symptoms is a strong predictor of poor treatment response and is also correlated
with the increased subjective “high” induced by subsequent psychostimulant challenge
[22,23]. In animal studies, a spectrum of analogous behavioral and biochemical stress
measures (e.g., ultrasound vocalization and elevated corticosteroid levels, respectively) have
been reported for cocaine withdrawal [24,25,26,27,28]. Koob and Le Moal [12] have
similarly suggested that aversive “allosteric dysregulation” during repeated acute cocaine
withdrawal may contribute to the maintenance of long-term cocaine sensitization and abuse.

The present study demonstrates that combinations of the DA agonist pergolide with either
the 5-HT3 antagonist ondansetron or 5-HT2 antagonist ketanserin given 3.5 hours later
normalize the behavioral responsivity to METH challenge in previously-sensitized animals.
Since all experimental groups exhibited similar baseline locomotor activity levels or
behavioral rating scores before METH challenge, the normal METH responsivity in the M-
P/O or M-P/K groups is likely to represent a true reversal of previously-established
sensitization, rather than non-specific behavioral inhibition (e.g., lethargy) induced by
earlier combination treatment . In our earlier studies, we also showed that combined
pergolide/ondansetron treatment also reverses cocaine sensitization [7] and attenuates
METH-induced reinstatement of METH self-administration [29]. 5-HT3-dependent neural
processes have been implicated in various aversive responses such as anxiety, psychosis,
nociception, and cognitive function [30]. Ondansetron and other 5-HT3 antagonists are
clinically used as antiemetic agents for “anti-aversive” effects [31]. With respect to drugs of
abuse, ondansetron has been used to treat alcohol withdrawal with some success [32]. Also,
drugs with 5-HT2 antagonistic efficacy have been used in the treatment of anxiety disorders,
obsessive compulsive disorder and major depression [33,34,35]. As stressful aversive
symptoms occur during acute agonist withdrawal, appropriately-timed administration of a 5-
HT3 or 5-HT2 antagonist (e.g., 3.5 hours after agonist) may provide a means to attenuate or
eliminate these aversive responses, thereby providing a way to disassociate previously-
established relationships between long-term sensitization/abuse dynamics and the acute
aversive withdrawal effects of DA agonists. While the localization of the pharmacological
action of the combination treatment awaits additional investigation, the prefrontal cortex
(PFC) may be a major site of action. Thus, this brain area plays a key modulatory role in
consolidated psychostimulant sensitization and self-administration as well as various
aversive responses [7,29,36,37], and distinct distribution of 5-HT2A and 5-HT3 receptors on
the prefrontal pyramidal and interneurons have been demonstrated [38].

In contrast to ondansetron or ketanserin, the antidepressant mirtazapine was not effective in
reversing established METH sensitization when used alone or in a combination with
pergolide. Similar to the other two antagonists used in the present study, main reasons for
choosing mirtazapine were its clinical availability and its combined 5-HT3/5-HT2
antagonistic activity. Therefore, the lack of effect of the pergolide-mirtazapine combination
in reversing behavioral models of addiction herein was unexpected. There could be several
reasons for the minimal reversal efficacy. For example, mirtazapine increases extracellular
DA concentrations in the prefrontal cortex (PFC), especially within the dose range used in
the present study (e.g., 10 mg/kg, i.p.) [39,40]. Mirtazapine is a potent antagonist at both α2
adrenergic and 5-HT2C receptors [41], and the increases in the prefrontal DA concentrations
have been attributed to the blockade of these two receptor subtypes: (1) indirect
enhancement of local, 5-HT1A-dependent DA release via blockade of α2 heteroreceptors in
the PFC [39]; and (2) increases in the activity levels of the mesocortical DA neurons due to
blockade of 5-HT2C receptors in the ventral tegmental area [40]. When mirtazapine is given
3.5 hours after the DA agonist pergolide, subsequent increases in DA efflux may supplant
acute pergolide (DA agonist) withdrawal and thus prevent timely activation of “aversive
circuit” that could be subsequently targeted by 5-HT3 or 5-HT2 blockade. Whether or not a
combination treatment with lower doses of mirtazapine, which are not associated with
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increased prefrontal DA efflux, can provide intended sensitization-reversing efficacy is to be
investigated in future studies. It is noted that McDaid et al [42] recently reported that
mirtazapine monotherapy (5 mg/kg, i.p. × 15 days, starting 3 days after chronic
administration) could reduce behavioral sensitization following low-dose METH injections
(2.5 mg/kg, s.c., once a day × 5 days). While further studies are needed to elucidate
experimental factors that could account for this discrepancy, examples of such factors
include the METH dosing regimen (MPED vs. low-dose intermittent injections) and the
duration of METH withdrawal before commencement of mirtazapine treatment (7 days vs. 3
days) as well as the mirtazapine doses (10 mg/kg, i.p. vs. 5 mg/kg, i.p.).

In naive (saline-pretreated) animals, pergolide alone tended to induce cross sensitization to
METH following a 7-day treatment and 2 week withdrawal (i.e., S-P/S group). Notably, this
effect was prevented by the 5-HT2 antagonist ketanserin, but not the 5-HT3 antagonist
ondansetron. These results are consistent with a potential contribution of 5-HT2-dependent
mechanisms in psychostimulant sensitization [43]. Inconsistent treatment outcome for
pergolide monotherapy in clinical trials [44,45] could be partially due to the “mild
psychostimulant property” of pergolide and its tendency to induce sensitization through DA/
5-HT agonistic activity [11]. In a controlled clinical study, pergolide has been shown to
induce cocaine “craving” in abstinent cocaine abusers [46]. Thus, it may appropriately serve
as a psychostimulant “substitute” for induction of the acute psychostimulant withdrawal
state.

Neurobiologically, established METH sensitization or abuse may be conceptualized as a
form of stable “memory” that has been induced and consolidated following chronic drug
administration and withdrawal. Similar to other forms of consolidated memory [47,48,49],
the consolidated “METH sensitization circuit” may remain stable and unresponsive to
disruption until it is reactivated by an exposure to METH (drug “tasting”), associated cues
(e.g., craving upon seeing drug paraphernalia) or therapeutic delivery of a METH
“substitute” such as pergolide. Once reactivated, the abuse circuit may become transiently
labile, and consequently could be disrupted by treatments interfering with its
reconsolidation. The time period of 3.5 hours after pergolide administration may represent
such a temporal window for ondansetron- or ketanserin-mediated reconsolidation blockade.
Notably, disruption of cue-induced psychostimulant self-administration or conditioned place
preference by protein synthesis inhibition during a similar time window (3–4 hours after cue
exposure) has been demonstrated [50]. Lastly, a recent human study [51] have reported that
disruption of reconsolidation of fear-conditioned memory can be also best achieved when
cues that interfere with reconsolidation is delivered ~3 hr after the reactivation cue. These
findings provide support for the concept of temporally-mediated therapeutic erasure of
dysfunctional memory. Taken together, these data provide a framework for continued
evaluation of combinatory treatments towards cessation of psychostimulant craving with
clinical studies currently ongoing.
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Fig. 1. Timeline for METH sensitization and combination treatments
Sprague-Dawley rats were treated with a 7-day saline or METH treatment regimens and
withdrawn for 7 days to establish long-term METH senstization. Subsequently, they were
adminstered ondansetron (0.2 mg/kg, s.c.), ketanserin (1.0 mg/kg, s.c.) or mirtazapine (10
mg/kg, i.p.) 3.5 hours after daily saline or pergolide (0.1 mg/kg, s.c.) injections for 7 days,
followed by a second withdrawal period lasting 14 days (see Table 1 for treatment groups
and their designations). On day 35 (i.e., METH withdrawal day 28), all animals were acutely
challenged with METH (0.5 mg/kg, i.p.) in their home cages, and ambulatory and behavioral
rating scores were quantified.
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Fig. 2. Effects of combined pergolide/ondansetron, pergolide/ketanserin and pergolide/
mirtazapine treatment on established behavioral sensitization
Cumulative locomotor data are of a “ratio-scale” data type, and, therefore, were analyzed
using parametric one-way analysis of variance (ANOVA) and post-hoc Newman-Keul’s
test. The behavioral rating scores, on the other hand, are of a “ordinal-scale” type, and were
analyzed with non-parametric Kruskal-Wallis test, followed by Dunn’s pair-wise test.
A) Locomotor activity data for pergolide/ketanserin and pergolide/ondansetron treatments:
METH-pretreated rats given DMSO/saline treatment (M-D/S) showed significantly higher
locomotor levels than S-D/S (*, p < 0.008) and S-P/K (*, p < 0.015) groups. Treatment with
combined pergolide/ondansetron (M-P/O) or pergolide/ketanserin (M-P/K) reversed
locomotor sensitization (*, p < 0.001 and p < 0.003, respectively). Pergolide monotherapy
(M-P/S) group was not significantly different from either the sensitized M-D/S or any other
experimental groups. S-P/S and S-P/O groups tended to show increases in locomotion
compared to S-D/S group, and were not different from the sensitized M-D/S group. Data
presented as means ± SEM. Number of animals: S-D/S (15), S-P/S (21), S-P/O (13), S-P/K
(10), M-D/S (27), M-P/S (26), M-P/O (17) and M-P/K (15).
B) Behavioral Ratings for pergolide/ketanserin and pergolide/ondansetron treatments:
METH pretreated rats given DMSO/saline treatment (M-D/S) exhibited significantly higher
scores than those in the saline-pretreated groups (S-D/S, S-P/S, S-P/O and S-P/K; *p < 0.01
- 0.05, Dunn’s test). Pergolide/ondansetron (M-P/O) or pergolide/ketanserin (M-P/K)
treatment reversed locomotor sensitization (*p < 0.01 for both comparisons vs. M-D/S
group). In contrast, M-P/S group was statistically indistinguishable from the sensitized M-D/
S group and exhibited higher behavioral rating scores than M-P/K group (#, p < 0.01). Data
presented as medians with range from 25–75%. Number of animals: S-D/S (17), S-P/S (21),
S-P/O (16), S-P/K (10), M-D/S (27), M-P/S (26), M-P/O (19) and M-P/K (15).
C) Locomotor activity data for pergolide/mirtazapine treatment: Newman-Keul’s test
revealed that all three MPED-pretreated groups (M-D/S, M-D/m, and M-P/m) had higher
activity levels than the S-D/S, S-D/m and S-P/m groups with no differences among the three
saline or METH pretreated groups (*p < 0.05 for all indicated comparisons). Data presented
as means ±SEM. Number of animals: S-D/S (10), S-D/m (9), S-P/m (9), D-D/S (12), M-D/m
(10) and M-P/m (12).
D) Behavioral Ratings for pergolide/mirtazapine treatment: M-D/S animals were
significantly different from S-D/S, S-D/m and S-P/m animals (*p < 0.05) but not from M-D/
m or M-P/m animals. The M-D/M and M-P/m group were also not different from any of the
three saline-pretreated groups. Data presented as medians with range from 25–75%. Number
of animals: S-D/S (10), S-D/m (10), S-P/m (10), D-D/S (12), M-D/m (10) and M-P/m (12).
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Table 1

Reversal Treatment Designations for Experimental Groups

Saline groups Reversal treatmenta MPED groups Reversal treatmenta

S-D/S DMSO + saline M-D/S DMSO + saline

S-P/S Pergolide + saline M-P/S Pergolide + saline

S-P/Ob Pergolide + ondansetron M-P/O Pergolide + ondansetron

S-P/Kc Pergolide + ketanserin M-P/K Pergolide + ketanserin

S-D/S DMSO + saline M-D/S DMSO + saline

S-D/m DMSO + mirtazapine M-D/m DMSO + mirtazapine

S-P/m Pergolide + mirtazapine M-P/m Pergolide + mirtazapine

a
The second drug injection was given 3.5 hours after the first one.

b and c
Combination treatment group for the ondansetron and ketanserin experiments, respectively. DMSO, Dimethylsulfoxide
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