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Abstract: The illicit use of the psychostimulant methamphetamine (METH) is a major concern, with overdose deaths increasing
substantially since the mid-2010s. One challenge to treating METH use disorder (MUD), as with other psychostimulant use
disorders, is that there are no available pharmacotherapies that can reduce cravings and help individuals achieve abstinence. The
purpose of the current review is to discuss the molecular targets that have been tested in assays measuring the physiological, the
cognitive, and the reinforcing effects of METH in both animals and humans. Several drugs show promise as potential pharma-
cotherapies for MUD when tested in animals, but fail to produce long-term changes in METH use in dependent individuals (eg,
modafinil, antipsychotic medications, baclofen). However, these drugs, plus medications like atomoxetine and varenicline, may be
better served as treatments to ameliorate the psychotomimetic effects of METH or to reverse METH-induced cognitive deficits.
Preclinical studies show that vesicular monoamine transporter 2 inhibitors, metabotropic glutamate receptor ligands, and trace
amine-associated receptor agonists are efficacious in attenuating the reinforcing effects of METH; however, clinical studies are
needed to determine if these drugs effectively treat MUD. In addition to screening these compounds in individuals with MUD,
potential future directions include increased emphasis on sex differences in preclinical studies and utilization of pharmacogenetic
approaches to determine if genetic variances are predictive of treatment outcomes. These future directions can help lead to better
interventions for treating MUD.
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Introduction

Methamphetamine (METH) is a synthetic and potent psychostimulant drug that increases attention and arousal,
suppresses appetite, and produces euphoria.' Although these effects are often reinforcing, METH can cause life-
threatening hyperthermia and heart arrythmias,*> and it can produce symptoms that mimic schizophrenia.®’ Another
major problem associated with METH is the development of tolerance with repeated administration and the
emergence of aversive withdrawal symptoms such as depressed mood and lethargy upon cessation of use.*'° Long-
term METH use can negatively impact one’s health,'' as individuals that use METH are at risk for dental problems
(“meth mouth”), heart disease, stroke, and contraction of a sexually transmitted infection (STID)."*'* Some of the
adverse health effects of METH are compounded by its manufacturing process. METH can be synthesized from
pseudoephedrine, a nasal decongestant, or from phenyl-2-propanone (P2P), a precursor to pseudoephedrine, using
hazardous chemicals like lye and camping fuel.'® Some clandestine labs now synthesize ephedrine and P2P using
commercially available materials, which introduces additional impurities,'” thus increasing the risk of adverse health
effects.

There are several routes of administration associated with METH: oral, intravenous, intranasal, and inhalation. When
ingested orally, peak subjective effects occur approximately 3 h after use; other routes of administration lead to rapid onset
of subjective effects, occurring less than 15 min when injected or used intranasally and occurring within 20 min when
smoked.'® Because METH is lipophilic, it quickly crosses the blood-brain barrier, where it can exert its psychoactive

effects.'” METH also enters most organs, with high concentrations observed in lungs, liver, and kidneys.”” METH is
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metabolized primary by the hepatic cytochrome P450 2D6 enzyme,”' leading to 4-hydroxymethamphetamine and amphe-
tamine (AMPH) as major metabolites,”*** before being eliminated from the body through urine.>* Compared to other
stimulants like cocaine, the half-life of METH is considerably longer, approximately 7—-12 h depending on the dose and the
route of administration,'®*>2

METH increases extracellular concentrations of the monoamine neurotransmitters dopamine, norepinephrine, and
serotonin via several mechanisms. METH is a vesicular monoamine transporter 2 (VMAT-2) reverser, causing mono-
amine concentrations to increase in the presynaptic terminal button of neurons.”® Depending on the dose used, METH
can reverse the direction of monoamine transporters, inhibit dopamine transporters, and/or inhibit the enzyme mono-
amine oxidase (MAO).”>** Regardless, excess monoamine levels in the cytoplasm are released into the synapse,
resulting in METH’s wide-ranging physiological and subjective effects.'® Increased dopaminergic activity in the
mesocorticolimbic pathway underlies the reinforcing effects of METH,?' although reduced dopamine release is observed
in brain regions associated with reward (eg, nucleus accumbens) after chronic use, which may explain why tolerance
develops to the reinforcing effects of METH.>?

Since the 2010s, METH use has increased significantly throughout the world.>*>® More problematic is the increase in
methamphetamine use disorder (MUD) and corresponding increase in overdose deaths.** MUD, like other substance use
disorders (SUDs), is characterized by several criteria according to agencies like the American Psychiatric Association®’
and the International Classification of Diseases.*® Included in these criteria are using larger amounts of METH or using
METH for longer periods of time than intended; persistent desire or unsuccessful efforts to control METH use; spending
increasing amounts of time trying to obtain METH, use METH, and/or recover from METH’s effects; craving to use
METH; failing to fulfill other responsibilities due to METH use; continued use of METH despite negative consequences;
developing tolerance to METHs effects; and experiencing withdrawal symptoms upon cessation of use.>’ Recurrence of
substance use following abstinence (“relapse™) is another prominent feature of SUDs.*

The socioeconomic costs of MUD are high as lost productivity, increased crime and incarceration rates, and
premature mortality are consequences of the increasing popularity of this drug.**** As MUD rates continue to increase,
finding effective treatment strategies to help individuals reduce METH use is imperative, especially given that no
pharmacological treatments currently exist for MUD. The purpose of the current review is to discuss the pharmacological
treatments that have been screened in various assays related to METH dependence and MUD. The review is not limited
to clinical studies using METH-dependent individuals. Instead, results of preclinical studies and human studies involving
both dependent and nondependent individuals will be discussed to provide a comprehensive review of how certain
treatments may be effective in (1) reducing METH intake in individuals, (2) decreasing the likelihood of resuming
METH use following a treatment intervention, (3) ameliorating METH-induced cognitive impairments, and/or (4)
serving as a complimentary treatment for other interventions (eg, cognitive-behavioral therapy).

Methods for Screening the Efficacy of Potential Pharmacotherapies for
MUD

Animal research is valuable for screening potential pharmacotherapies to determine if they are (a) safe to administer and
(b) efficacious at attenuating the behavioral effects of METH. Additionally, animal research allows one to isolate the
neural mechanisms underlying treatment-induced alterations in METH’s rewarding properties. To this end, numerous
assays are used to study the neurobehavioral actions of potential pharmacotherapies.

Although tolerance develops to the rewarding properties of METH, individuals show behavioral sensitization
following repeated METH use. Particularly problematic is the emergence of stereotypies.** In humans, common METH-
induced stereotypies include excoriation, jaw clenching, and bruxism.***> Repeated METH exposure increases beha-
vioral sensitization and stereotypies in animals such as circling, biting, head bobbing, sniffing, and grooming.*¢>°
Preclinical studies are primarily used to determine if a potential pharmacotherapy attenuates METH-induced locomotor
sensitization and/or stereotypies. This research is valuable as behavioral sensitization is reported to be a risk factor for

future drug taking in animals.’' "
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Conditioned place preference (CPP) allows one to measure the conditioned rewarding effects of a stimulus such as
METH.>*% Although CPP can be measured in humans,56 no current studies exist in which METH was used. As such,
discussion of METH CPP is limited to animal subjects in the current review. In CPP, the potential pharmacotherapy can
be administered before each METH treatment to determine if acquisition of METH CPP can be blunted. Alternatively,
the putative pharmacotherapy can be administered before the posttest; this measures the ability of the treatment to
attenuate the expression of METH CPP. Detailed discussion of CPP as a tool for screening pharmacotherapies is detailed
elsewhere.’’

Self-administration uses operant conditioning principles to measure the direct reinforcing effects of a stimulus.®
There are numerous self-administration paradigms that model distinct aspects of addictive-like behaviors, including
short-access models (eg, < 3 h)’*°? and extended access models (eg, 6+ h).**®> Extended access to drug often leads to
escalation of drug intake, a defining trait of SUDs.*® Progressive ratio schedules measure the reinforcing efficacy of
METH by requiring the subject to emit more responses after each reinforcer delivery;®”®® a break point is calculated,
indicating the highest response ratio completed by the subject.®” Self-administration can be assessed in humans that are
not currently seeking treatment for their substance use.”®”!

Individuals with a SUD have access to numerous reinforcers that compete with substances like METH. Choice
procedures are useful for modeling preference for drug reinforcement over alternative reinforcers. In animal studies,
subjects respond on one manipulandum to earn a drug infusion and respond on a separate manipulandum to earn an
alternative reinforcer like food.”>”* Several methods can be used with human participants. Individuals can choose
between drug and placebo or drug and an alternative reinforcer such as money.”*’> Choice procedures can also be used to
compare preference for the same drug delivered via different routes of administration.”®

In addition to using self-administration procedures, clinical pharmacology studies often have individuals rate their
subjective experiences of a drug administered alone or in combination with a potential pharmacotherapy.”’ Subjective
effects of METH include perceived physiological changes (eg, feeling stimulated), and pleasurable/aversive feelings.
Clinical trials recruit individuals with a confirmed MUD, giving some of the participants the potential pharmacotherapy
while giving other participants a placebo.”® Variables such as drug-free urine samples and dropout rates are then
compared between the drug treatment and placebo groups.

Preclinical research often models recurrence of substance use with the reinstatement paradigm. Reinstatement can be
assessed with both CPP and drug self-administration following extinction training in which drug is no longer paired with
a specific environmental context (CPP) or delivered after completion of each response requirement (drug self-
administration).” ®* Incubation of craving is similar to the reinstatement paradigm, except that animals are not given
extinction training; instead, they are given a single extinction session followed by a period of forced abstinence in which
animals are kept in their home cage (eg, 30 days), followed by a second extinction session.®

Methodology for Literature Review

Between March and May 2024, multiple searches were conducted in PubMed, using combinations of terms, including
those for the potential pharmacotherapies discussed in this review; “methamphetamine” and “methamphetamine use
disorder” (including alterations to the word methamphetamine like “METH” and “methylamphetamine”); “withdrawal”;
“subjective effects”; “self-administration”; “progressive ratio”; “conditioned place preference” or “CPP”; “reinstate-
ment”; “incubation of craving”; “relapse”; “locomotor activity”; “stereotypy” or “stereotypies”. Literature reviews and
meta-analyses were excluded, and article titles and abstracts were screened for relevance. Additional articles were found

by reviewing the reference sections of articles found during the literature search.

Potential Pharmacotherapies for MUD

Numerous drugs have been screened in assays measuring the physiological, the cognitive, and/or the reinforcing/
rewarding effects of METH. Many of the drugs discussed below are already approved to treat other psychological
and/or physical conditions while some have been tested in animals only. The treatments reviewed in the current paper are
organized by their mechanism of action.
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Pharmacotherapies for Attention-Deficit/Hyperactivity Disorder (ADHD)
Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder characterized by increased hyperac-
tivity/impulsivity and/or inattention and is linked to hypoactive catecholamine neurotransmission.** The primary treat-
ment options are the psychostimulants d-AMPH and methylphenidate (MPH). Like METH, AMPH causes monoamines,
specifically the catecholamines norepinephrine and dopamine, to be released into the synapse through their respective
transporters, inhibits VMAT-2 functioning, and blocks activity of MAO; instead of reversing the flow of catecholamine
transporters, MPH inhibits the reuptake of dopamine and norepinephrine, but there is evidence that MPH leads to
a redistribution of VMAT-2.%

Giving METH-dependent individuals AMPH or MPH is a form of substitution treatment.*® Substitution treatment is
already used for other drugs (eg, tobacco)®” and is an important component of harm reduction.*® Ideally, providing
METH-dependent individuals with a stimulant drug that can be taken in a safer manner than inhalation or injection can
help minimize the health risks associated with these routes of administration (eg, contraction of an STI from sharing
needles). However, caution is needed when providing individuals AMPH or MPH given that they have misuse potential
and can be diverted (eg, dissolved and then snorted or injected).®*-*°

AMPH blunts some of the subjective effects of METH,’” but results from animal studies are not as promising. Neither
AMPH nor MPH affect METH self-administration in monkeys,”'** while self-administration of MPH potentiates the
reinforcing effects of METH in rats.”” These findings suggest that individuals maintained on AMPH or MPH may self-
administer more METH to counteract the diminished subjective effects experienced during substitution treatment. Instead
of targeting both dopamine and noradrenergic systems, an alternative approach is to use atomoxetine, a selective
norepinephrine transporter inhibitor and non-stimulant treatment for ADHD. Although atomoxetine does not alter the
subjective effects of METH,’* it reduces METH craving and METH-positive urine samples in individuals receiving
methadone maintenance therapy.”” Preclinical studies assessing cocaine self-administration are encouraging as atomox-

etine decreases relapse-like behavior in rodents.”®”®

Modafinil

Modafinil is an anti-narcoleptic drug that acts as a weak dopamine transporter (DAT) inhibitor.”” Modafinil decreases
METH self-administration and attenuates drug-seeking behavior in rodents.'®*'%® These effects may not be completely
mediated by inhibition of DAT, as administration of the highly selective DAT inhibitor GBR 12909 potentiates METH-
induced increases in locomotor activity and reinstatement of METH seeking.'®*'%® Indeed, modafinil increases glutamate
and histamine levels and decreases GABA levels.'*® Drugs targeting the glutamatergic and GABAergic systems will be
discussed later in this review.

Modafinil somewhat blunts the positive subjective effects of METH and ameliorates METH-induced increases in
systolic blood pressure,'?”!%% but see'” but it does not significantly reduce choice for METH in a self-administration
paradigm nor reduce METH use, craving, attentional bias toward METH-paired stimuli, or severity of dependence in
METH-dependent individuals.'®”'"* There is some evidence that modafinil can be used in conjunction with cognitive-
behavioral therapy to reduce METH use.''* At the cellular level, modafinil protects against METH-induced neuroin-

115

flammation, dopamine toxicity, and cell death in the striatum, > which is consistent with the inhibited dopamine release

observed following selective blockade of DAT."'®!'” The neuroprotective effects of modafinil may account for its ability
to reverse working and verbal memory deficits observed in both METH-dependent individuals and rodents.''?!'#120
Modafinil also improves learning in an associative learning task in METH-dependent individuals and improves inhibitory

control in individuals with higher baseline rates of METH use.'*"-'*?

Antidepressant Drugs

The primary mechanism of action of antidepressants is to increase serotonin and norepinephrine levels. MAO inhibitors
(MAOISs) prevent the metabolism of monoamines.'*® Tricyclics/tetracyclics prevent the reuptake of serotonin/norepi-
nephrine, but they interact with multiple molecular targets (eg, histamine receptors, cholinergic receptors, adrenergic
receptors). Commonly prescribed today, selective serotonin reuptake inhibitors (SSRIs) and serotonin/norepinephrine
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reuptake inhibitors (SNRIs) also prevent the reuptake of norepinephrine and/or serotonin, but they have fewer “off-site”
targets.

Due to the side effect profile of MAOIs, with cardiovascular effects being particularly problematic, individuals treated
with MAOIs need to maintain a restrictive diet to avoid a life-threatening hypertensive crisis.'** As such, MAOIs are
rarely tested in individuals with MUD. Selegiline (ie, deprenyl), a MAO-B inhibitor, fails to attenuate the positive
subjective effects of METH, instead potentiating individuals’ self-reported “bad effects” following METH
administration.'*® This is somewhat concerning as aversive experiences, in conjunction with the dietary restrictions
associated with MAOIs, may lead to lower compliance in METH-dependent individuals.

The tricyclic antidepressant imipramine increases treatment retention rates, but it does not significantly alter drug
craving, self-reported use frequency, or drug-positive urine samples in stimulant-dependent individuals.'*® One important
consideration is that most of the participants in this study were dependent on cocaine (151 out of 183 participants), with
the rest (32/183) being dependent on METH. Similar results are obtained when a sample of METH-dependent individuals
is used: increased treatment retention but no effects on drug craving or frequency of METH use.'?” Preclinical research
demonstrates that desipramine increases dopamine release following METH administration while decreasing dopamine
levels following administration of other amphetamines.'*® Additionally, imipramine, as well as clomipramine, potentiates
METH-induced stereotypies in rats.'**'* These preclinical findings may provide an account for the inability of
imipramine to reduce the reinforcing effects of METH in dependent individuals.

In contrast to tricyclics, tetracyclics block METH-induced increases in locomotor activity and locomotor sensitization
in animals."*"""* The tetracyclic antidepressant maprotiline reduces METH-induced stereotypies in rodents.'?
Mirtazapine, when administered after a conditioning session, prevents the expression of METH CPP,"** and decreases
cue-induced reinstatement in rats.'*>> Mirtazapine also decreases METH use in individuals with MUD,"**"*” including

cisgender men and transgender women who have sex with men,'*¢

although it is ineffective in facilitating retention in
a METH withdrawal program.'*® This latter finding suggests that mirtazapine may not be beneficial for individuals
actively going through withdrawal. Like MAOIs, using tetracyclic medications for long-term treatment of MUD is
challenging given their side-effect profile. As tricyclic and tetracyclic antidepressants have multiple mechanisms of
action, individuals can experience a wide range of side effects, including dry mouth, urinary difficulties, weight gain,
drowsiness, and headaches.'*”

Similar to tetracyclics, SSRIs differentially alter locomotor responses to METH. Citalopram exacerbates locomotor

activity following METH administration,'*°

with this effect appearing to be influenced by increased dopamine, but not
serotonin, depletion in the nigrostriatal pathway.'*' However, fluoxetine and paroxetine attenuate METH-induced
locomotor sensitization,'**'** and they decrease METH CPP.'**'** Clinical trials with sertraline show that SSRIs can
be contraindicated for individuals with MUD, as individuals treated with sertraline alone have lower treatment retention

. . . 145,14
rates, experience more adverse events, and increase their METH use.'*>'4¢

Concerning SNRIs, duloxetine ameliorates METH-induced cognitive deficits,'*”"'*® and venlafaxine blocks reinstate-
ment of METH CPP.'*’ Clinical trials have not tested the efficacy of SNRIs for the treatment of METH dependence,
although trials for cocaine dependence have largely been unsuccessful.'”* > but see.'>*'>*

Bupropion is a dual-purpose medication, prescribed to treat both depressive disorders and nicotine dependence;
compared to other antidepressant drug classes, bupropion is unique in that it inhibits dopamine and norepinephrine
transporters and upregulates VMAT-2 expression.'> The ability of bupropion to inhibit reuptake of dopamine and to
target VMAT-2 may make it a promising pharmacotherapy for MUD. To this end, bupropion blunts the positive
137 Unfortunately,

suggesting that long-term bupropion treatment may
161

subjective effects of METH,'*® and it decreases METH self-administration in monkeys.’" but see
bupropion also decreases self-administration of sucrose in rats,'>* %
lead to increased anhedonia in individuals. Indeed, anhedonia is observed in healthy individuals given bupropion.

Bupropion can also lead to significant adverse events, including tachycardia, seizures, and suicidal ideations.'¢*'*

VMAT-2 Inhibitors

Studies examining the efficacy of VMAT-2-selective drugs have been limited to animals. The plant-derived lobeline
decreases METH self-administration and METH-induced stereotypies in rodents.'®>'®® Because lobeline is not entirely

Substance Abuse and Rehabilitation 2024:15 https: 129

Dove:


https://www.dovepress.com
https://www.dovepress.com

Yates Dove

selective for VMAT-2,'%7 lobelane, an analog of lobeline, was next tested.'®%1%% Like lobeline, lobelane decreases METH
self-administration in rats, but tolerance develops following repeated lobelane treatment.'’® Lobelane analogs now show
promise in reducing dependence-like behavior in rodents, as they decrease METH self-administration, reinstatement of
METH seeking, METH CPP, and METH-induced hyperactivity, with no tolerance observed following repeated

administration.!”''"7

Altering Tyrosine Levels
Tyrosine is a non-essential amino acid synthesized from phenylalanine that serves as a vital precursor to dopamine.
Decreasing tyrosine levels or preventing the conversion of tyrosine to L-DOPA (1-3,4-dihydroxyphenylalanine; immedi-

178

ate precursor to dopamine) limits METH-induced increases in dopamine release, *° thus diminishing the reinforcing

effects of METH. Administration of the tyrosine hydroxylase inhibitor alpha-methyl-p-tyrosine protects against METH’s

1797182 and attenuates METH-induced dopamine depletion.'®*'3% Only one study has

neurotoxic and hyperthermic effects,
examined the effects of tyrosine depletion on METH effects in humans, with subjective effects and METH-induced
mania decreasing following tyrosine depletion.'®® There is evidence that tyrosine depletion decreases cue- and drug-
induced craving for cocaine, but fails to affect cocaine self-administration in non-dependent cocaine users.'®® One major

concern associated with tyrosine depletion is increased apathy and decreased contentment.'®’

Monoaminergic Receptor Ligands

By limiting tyrosine activity, dopamine is not the only neurotransmitter that is decreased; norepinephrine levels decrease
following alpha-methyl-p-tyrosine administration,'®® most likely because dopamine is the direct precursor of
norepinephrine.'® Instead of targeting monoamine synthesis or metabolism, one approach is to use monoaminergic
receptor ligands to block the effects of METH in individuals.

Each monoaminergic system has its own receptor types, with all but one coupled to a G protein (ie, metabotropic
receptor).'”'%? Dopamine D;-like (D, and Ds) receptors, all three noradrenergic beta receptor subtypes (1-3), and
serotonin 5-HT,, 5-HT¢, and 5-HT; receptors are Gg-coupled, leading to increased adenyl cyclase activity in the neuron,
resulting in increased neuronal excitation.'”®'** Noradrenergic alpha-1 and serotonin 5-HT, receptors are also excitatory,
but they are coupled to a G, protein, which activates a different intracellular signaling pathway involving phospholipase
C and protein kinases.' %192 Dopamine D,-like (D,, D5, and D), noradrenergic alpha-2, and serotonin 5-HT; and 5-HTs
receptors are inhibitory. Stimulation of these receptors leads to decreased activity of adenyl cyclase.'**'*? Finally, the 5-
HT; receptor is ionotropic, consisting of five subunits surrounding an ion channel. When a ligand binds to the receptor, the
ion channel opens, allowing sodium ions to enter the neuron.'*?

Buspirone

Buspirone is an anxiolytic that acts as a partial agonist at serotonin 5-HT; 5 receptors and as an antagonist at dopamine
D»-like receptors.'*® Buspirone decreases reinstatement of METH seeking in rats,'** but it fails to alter choice of METH
over food in monkeys and fails to affect the subjective or the reinforcing effects of intranasal METH in humans.'>'%¢ In
fact, buspirone increases some positive subjective effects of oral METH.'®” These results raise concerns about the use of
buspirone as a treatment for MUD.

Antipsychotic Medications
Historically used to treat psychiatric conditions like schizophrenia, antipsychotic medications exert their effects by acting
as dopamine D, receptor antagonists, with atypical antipsychotics also acting as serotonin, specifically 5-HT,,, and
noradrenergic receptor antagonists.'”® Some antipsychotics, such as aripiprazole, act as partial agonists at dopamine D,-
like receptors and 5-HT, 5 receptors in addition to antagonizing 5-HT,, receptors.'”’

Antipsychotics decrease METH-induced hyperactivity and block locomotor sensitization following repeated METH
administration;”***!" but see.’'? The atypical antipsychotic risperidone increases METH self-administration in
monkeys.">” Aripiprazole produces biphasic effects when a fixed ratio schedule is used, decreasing self-administration

when lower doses of METH are used, but increasing self-administration when a higher dose of METH is used.”'* The
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increased self-administration observed in monkeys and in rats may not necessarily indicate that antipsychotics increases
the reinforcing effects of METH; instead, animals may increase their responding to achieve a hedonic set point that is
similar to when pretreated with vehicle. When a progressive ratio schedule is used, aripiprazole decreases the reinforcing
efficacy of METH.?"?

Neither haloperidol nor risperidone blunt METH’s stimulant effects in humans;*'* yet, individuals maintained on
risperidone decrease their use of METH,*'>*'® but these results are somewhat difficult to interpret due to the small
number of individuals that completed treatment (eg, only 12 of 53 participants completed an 8-week treatment of
risperidone injections).'® Aripiprazole blunts some positive subjective effects of METH and decreases METH self-

administration in non-dependent individuals,>'”'® but it fails to decrease METH use in dependent individuals.*****' As

aripiprazole increases treatment retention,”?'

it may be better served as a treatment given in addition to non-
pharmacological-based interventions. However, evidence indicates that individuals given antipsychotics “off-label”
may develop a hypersensitive dopaminergic system, which can increase drug cravings and worsen stimulant use
disorder.”**

One benefit of antipsychotics is they ameliorate the psychotomimetic-like effects of METH. Antipsychotics block
behavioral disturbances in rodents that model schizophrenia-like behavior (eg, prepulse inhibition deficits) and abolish
METH-induced self-injurious behavior in mice.****** Clinically, antipsychotics reduce METH-induced psychosis and
sedate individuals experiencing METH toxicity.”?****>*! Related to METH toxicity, antipsychotics may be useful for

reversing METH-induced hyperthermia.>*

Dopamine Receptor Ligands

As dopaminergic dysfunction in the mesocorticolimbic pathway is heavily implicated in SUDs,?** blocking dopamine
receptors represents a potential mechanism for attenuating the physiological and/or the reinforcing effects of METH. The
mixed dopamine receptor antagonist levo-tetrahydropalmatine decreases METH self-administration and METH-induced
reinstatement.”** The protective effects of levo-tetrahydropalmatine appear to be driven by blockade of D,-like receptors,
as D;-like, but not D,-like, receptor antagonists decrease METH self-administration and reinstatement of METH-seeking
behavior.'%>2*>23° However, both D,-like and D,-like antagonists block METH-induced hyperactivity and stereotypies,
as well as the development of behavioral sensitization following repeated METH administration, 3209224237241
Likewise, blocking either dopamine D;-like or D,-like receptors attenuates the acquisition and the expression of
METH CPP in rodents,**>*® although some work shows that D,-like receptors are uninvolved in the acquisition of
METH CPP.>**-*® Another seemingly paradoxical finding is that while a dopamine D, receptor partial agonist decreases
METH-induced hyperactivity,”®” D,-like agonists increase METH seeking in a reinstatement model.**’

Dopamine D;-like and D,-like receptors have complex interactions with one another in striatal pathways. Projections
from striatal D,-containing medium spiny neurons (MSNs) to D;-cont