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Abstract

Subanesthetic ketamine offers promising potential for reducing harm in
individuals with cocaine use disorder (CUD). Research indicates that even a
single dose can lessen cravings and decrease drug-seeking behaviors, though
achieving long-term abstinence remains challenging. However, reduced
cocaine consumption itself is a meaningful outcome. Ketamine's potential
in reducing the harm of CUD is also supported by its mechanism of action in
the dopaminergic system, as it counters cocaine’s effect by interacting with
dopamine receptors, stabilizing brain-derived neurotrophic factor levels, and
modulating lateral habenula neuron bursting. In addition, concerns about
ketamine’s abuse potential are minimized when it is administered in a clinical
setting under professional supervision. This is supported by its success as a
treatment for depression, indicating that, with appropriate safeguards, ketamine
could be a valuable pharmacological strategy for harm reduction in CUD. When
developing ketamine as a CUD harm-reduction strategy, it is also important to
account for sex differences, which may affect patients’sensitivity to ketamine and
the potential for misuse. Although the promising effects of ketamine in treating
depression support its use for CUD, most studies have focused on depression
models, and additional research is needed to confirm safety and understand its
specific mechanisms in CUD. Nonetheless, subanesthetic ketamine is a promising
CUD intervention and should be further explored to provide an efficient and safe
solution for patients in need. This narrative review mainly elucidates the ongoing
research regarding ketamine’s mechanisms of action, pharmacology, and clinical
application potential in CUD.

Keywords: Cocaine use disorder; Ketamine; Dopamine; Nucleus accumbens; Ventral
tegmental area; N-methyl-D-aspartate receptor; a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor; Brain-derived neurotrophic factor

1. Introduction

Cocaine, the second most used illicit drug worldwide, remains a significant public
health concern.' According to the United Nations Office on Drugs and Crime, in 2020,
the number of past-year cocaine users reached over 20 million worldwide.? Like other
substance use disorders, cocaine use disorder (CUD) is a chronic condition represented
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by an inability to control drug seeking and intake despite
damaging consequences.’ The addictive property of
cocaine is associated with its ability to interact with the
mesolimbic pathway (Figure 1). This pathway includes
the ventral tegmental area (VTA) innervating the ventral
striatum, which includes nucleus accumbens (NAc), an
area important for forming and maintaining addiction-
related memory and contributes to relapse.* Most NAc
neurons are medium spiny neurons (MSN), which are
y-aminobutyric acid (GABA)ergic neurons classified by
the type of dopamine receptors they express. Although
signaling pathways of these two types of neurons are highly
complex, MSNs that express type 1 dopamine receptors
(D1-MSN) are classically associated with rewards.”” MSNs
that express type 2 dopamine receptors (D2-MSN) can lead
to decreased motivation and locomotion®’ (Figure 1).

Cocaine interacts with the mesolimbic pathway by
remodeling glutamatergic synapses, especially those in
D1-MSN, ' creating “silent synapses,” which areimmature
glutamatergic synapses that contain N-methyl-D-aspartate
receptors (NMDAR) but not o-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid receptors (AMPAR)."
NMDAR is a glutamate-gated calcium channel that
activates when AMPAR-induced depolarization displaces
a magnesium ion blocking it (Figure 2). Lacking AMPARs,
these “silent synapses” cannot be activated and thus are not
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Figure 1. The brain circuits involved in cocaine use disorder prominently
feature the ventral tegmental area (VTA), which plays a critical role in
motivation, sending dopaminergic projections to the prefrontal cortex
(PFC), nucleus accumbens (NAc), and lateral habenula (LHB). The NAc,
a vital hub in this network, receives glutamatergic inputs from areas such
as the PFC and basolateral amygdala (BLA). Subsequently, the NAc can
project GABAergic signals directly to the VTA or indirectly through the
ventral pallidum (VP). The direct pathway enhances cocaine-related
conditioning, whereas the indirect pathway serves to inhibit it. Recent
research suggests that both pathways can influence either reward or
aversion, depending on the stimulation patterns.® In addition, the LHB
sends direct excitatory projections to the VTA but can also inhibit VTA
dopaminergic neurons by activating the rostromedial tegmental nucleus,
which in turn delivers GABAergic signals to the VTA.**'>*
Abbreviations: DA: Dopamine; GABA: y-aminobutyric
MSN: Medium spiny neuron.

acid;

considered mature.'*'* During cocaine withdrawal, these
synapses mature quickly by recruiting AMPARSs, leading
to depolarization, NMDAR opening, calcium ion release,
and eventually long-term potentiation, thus promoting
addiction.*

Despite decades of research, most treatments for CUD
rely on psychosocial interventions as there are currently
no Food and Drug Administration (FDA)-approved
pharmacological treatments.! However, ketamine, a non-
competitive NMDAR antagonist, has gained attention
as a promising pharmacological treatment for CUD.
Ketamine is a racemic mixture of two enantiomers, S and
R ketamine, with the S enantiomer (esketamine) being
more potent. While ketamine has been used as a general
anesthetic due to its dissociative effects, a subanesthetic
dose of esketamine has been approved to treat depression'
Although ketamine has a history of misuse as a recreational
drug,'”*® no overdose or fatality has been reported when
it is used in a therapeutic setting.'®" Recently, due to
ketamine’s antagonistic effect and the association between
depression and substance use disorders, there has been
a lot of interest in exploring its therapeutic potential in
treating various types of addictions.”

In this narrative review, we summarize the evidence
presented in both pre-clinical and clinical studies
illustrating ketamine’s effect in reducing cue-induced
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Figure 2. The intricate workings of NMDAR and AMPAR on post-
synaptic neurons. These two glutamate-gated ion channels, which allow
sodium or calcium to flow through when glutamate binds, are a testament
to the complexity of neuroscience. NMDAR, with its slower kinetic than
AMPAR’s due to magnesium ion blockage, is a fascinating subject of
study. Its activation can lead to downstream effects such as long-term
potentiation or depression through calcium ion activation of targets like
CAMKIL'*

Abbreviations: AMPAR: 0.-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid receptor; CAMKII: Calcium/calmodulin-dependent protein kinase II;
LTP: Long-term potentiation; NMDAR: N-methyl-D-aspartate receptor.

Volume 8 Issue 1 (2025)

33

doi: 10.36922/itps.4458


https://dx.doi.org/10.36922/itps.4458

INNOSC Theranostics and
Pharmacological Sciences

Ketamine for cocaine use disorder

craving and drug-seeking behaviors in cocaine users
while acknowledging its potential for misuse. In addition,
we review ketamine’s potential mechanisms and sex-
dependent differences in ketamine’s therapeutic effect.
Finally, we identify a barrier to developing interventions
for cocaine abuse as the expectation of abstinence.
Grounding the approval standards for pharmacological
interventions on more realistic patient-centered
outcomes®' would allow for the repurposing of ketamine
as an efficacious harm-reduction medication for CUD.

2, Pre-clinical studies on ketamine’s
effectiveness in reducing cocaine use

In pre-clinical settings, subanesthetic ketamine can
decrease cue-induced drug-seeking behaviors and lead to
changes in brain connectivity associated with increased
executive control. Fitzpatrick and Morrow* conducted
a study using a Pavlovian-conditioned approach to
investigate the effect of subanesthetic ketamine in rats,
focusing on two behaviors: sign-tracking and goal-tracking.
Sign tracker rats, who attribute motivation incentives to
reward cues, display increased drug-seeking behavior,
whereas goal tracker rats do not model addictive behavior.
Subanesthetic ketamine at 32 mg/kg dose decreased sign-
tracking behavior in sign-trackers without affecting goal-
tracking behavior in goal-trackers, with effects lasting
up to 48 h post-administration.”? This indicates that a
subanesthetic dose of ketamine reduced reward-seeking
behaviors in the rats that were most vulnerable to impaired
executive function related to addiction. Similarly, a study
on cocaine-exposed rhesus monkeys evaluated the effects
of subanesthetic ketamine on functional brain connectivity
and cocaine self-administration.” Ketamine treatment
at 48 h before cocaine self-administration reduced the
cocaine-induced decrease of functional brain connectivity
between brain regions involved in decision-making and
reward processing. A separate cohort of cocaine-exposed
rhesus monkeys exhibited reduced drug- and cue-induced
reinstatement following subanesthetic ketamine.” These
findings demonstrate ketamine’s ability to decrease drug
intake by modulating the interaction between different
brain areas.

3. Clinical studies on ketamine’s
effectiveness in reducing cocaine use

Although clinical studies provide relevant models of
substance abuse behaviors, their findings may not
always translate directly to human subjects. Nonetheless,
many clinical research results were consistent with that
of the pre-clinical studies. In an observational study,
Gao et al.”® used artificial intelligence, validated by

specialists, to identify ketamine as the best candidate
for reducing the harm of CUD. They then assessed
ketamine’s therapeutic effects retrospectively using data
from a de-identified patient database. Compared to
cohorts who received other antidepressants or anesthesia
medications, cohorts that received ketamine had a
higher CUD remission rate.” Prospective clinical studies
also support subanesthetic ketamine’s effectiveness in
decreasing craving and drug-seeking behaviors. In a
2013 clinical trial, Dakwar et al.* evaluated the effect
of subanesthetic ketamine in eight non-treatment-
seeking cocaine-dependent participants. A single
ketamine infusion significantly increased motivation to
quit and reduced cue-induced craving, demonstrating
ketamine’s potential to motivate behavioral change.
The same investigators later explored whether a single
subanesthetic dose of ketamine could disrupt cocaine
self-administration in a cohort of 20 cocaine-dependent
individuals disinterested in abstinence.” After infusions
of subanesthetic doses of ketamine, participants chose
between immediate cocaine self-administration and
delayed monetary rewards. Remarkably, a single
ketamine dose also significantly decreased cocaine
self-administration. A hallmark feature of substance
use disorders is a persistent desire to use the drug such
that it becomes the only goal of the affected individual’s
life.! The fact that a single subanesthetic dose of
ketamine enabled non-treatment-seeking subjects to
choose money over cocaine is a testament to ketamine’s
potential as a CUD harm-reduction therapy.

4. Abuse potential of ketamine

Due to its history of recreational misuse, ketamine
as a treatment for CUD may raise concerns about
abuse potential and adverse effects.” Ketamine use for
recreational purposes has increased in recent years,
as reflected by a significant rise in ketamine-related
seizures from 2012 to 2019.” However, ketamine differs
from substances such as cocaine in that ketamine does
not modulate synaptic plasticity in the same way.*® Both
clinical and pre-clinical studies suggest low abuse potential
at subanesthetic doses of ketamine. For instance, a study
found that daily ketamine doses of 2.5 and 5 mg/kg over
6 days failed to evoke a conditioned place preference in
rats.” In addition, although the S enantiomer of ketamine
has a more substantial behavioral effect and is responsible
for ketamine’s abuse potential,***' most clinical trials
use a racemic mixture of ketamine to improve CUD
outcomes. Because substance abuse is greatly context-
dependent, when subanesthetic ketamine is administered
in professionally controlled settings, ketamine’s abuse risk
is minimized by effective monitoring and administration
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in medical contexts.'”* Dakwar et al.** reported that
high and low subanesthetic doses of ketamine could be
safely given under controlled conditions to participants
with CUD who do not engage in ketamine misuse. In
addition, the repurposing of subanesthetic ketamine
for treatment-resistant depression (TRD) illustrates the
feasibility of employing ketamine as a CUD intervention.
The nasal spray Spravato, composed of the S-ketamine
enantiomer, was approved by the FDA as a treatment for
TRD in 2019.* Spravato is accessible through a controlled
distribution program in the United States and Canada,
which requires direct supervision and monitoring by
a certified health-care professional for at least 2 h post-
dose.? The same distribution model can be utilized for
the treatment of CUD with subanesthetic ketamine to
ensure cocaine-dependent individuals can safely receive
medical care.

Although research shows that administering
subanesthetic doses of ketamine should be safe in clinical
settings, ketamine misuse can still cause unpleasant
side effects and pose health risks.”® Ten to twenty
percent of ketamine users experience the emergence
phenomenon, which is a collection of symptoms
including hallucinations, delirium, euphoria, and paucity
of speech.’® Ketamine can also cause changes in heart rate
and blood pressure, posing risks for users with a history
of myocardial infarction or hypertension.”® Nonetheless,
the side effects of ketamine are both a curse and a blessing
when considering its potential as a pharmacotherapy.
Subanesthetic doses of ketamine might also cause a range
of psychoactive effects, some of which might appear like
“spiritual” experiences. They might assist in individuals’
transition from one lifestyle to another guided by ethical
values.”* Dakwar et al*® performed two more clinical
trials to investigate whether these effects contribute to the
decrease in cocaine-seeking behavior. In 2014, the group
recruited eight participants with CUD. The exposure
group received two ketamine infusions of different
doses separated by 48 h, and another group received the
positive control lorazepam.® In a 2019 follow-up study,
the researchers examined 20 participants over three
6-day hospitalization sessions. Participants received
either ketamine or positive control during the second
and third hospitalization sessions. Both studies found
that mystical effects mediated ketamine’s effectiveness
in reducing cocaine-seeking behavior, though the 2019
study also noted that these effects might reflect individual
sensitivity to ketamine rather than its therapeutic impact
alone.*® Thus, some of ketamine’s psychiatric side effects
of ketamine might even be the underlying mechanism of
its ability to improve CUD remission.

5. Potential mechanisms behind ketamine’s
harm-reduction effect

Despite the clinical and pre-clinical evidence pointing to
ketamine’s potential in care for CUD, the mechanisms
behind its therapeutic effects remain contentious. One
possible mechanism might be implicated in ketamine’s
effectiveness in treating depression, as clinical studies
have been investigating anti-depressants’ potential in
treating substance use disorder.”*” The co-occurrence of
major depressive disorder (MDD) and substance abuse
is common,*®* and cocaine use itself can also induce
depression during periods of heavy drug use.***!

In addition, studies find that both cocaine-induced
depression and independent MDD are associated with
substance use relapse in both rats and humans.*"*? Thus,
this bidirectional relationship — where cocaine can trigger
depression, and depression can hinder remission from
use — underscores the importance of addressing both
conditions simultaneously. Given that depression, CUD,
and ketamine all modulate overlapping neurological
pathways, ketamine may be particularly well-suited for
treating CUD by targeting these shared mechanisms.

5.1. Ketamine directly modulates the dopaminergic
system

One possible mechanism is that ketamine modulates the
monoamine systems that are involved in both cocaine
addiction and depression. Cocaine withdrawal often
triggers depressive symptoms, which, unlike MDD,
temporarily improve with cocaine use and respond
poorly to selective serotonin reuptake inhibitors.”® The
association between cocaine and depression is due to
cocaine’s mechanism of action. Cocaine works by binding
to the dopamine transporters (DAT) responsible for the
reuptake of dopamine and by upregulating D1 dopamine
receptors (D1Rs), which have stimulatory effects and are
often involved in compulsive drug intake.***> Both actions
can lead to an increase in dopamine signaling.*

When cocaine use stops, there is an acute decrease in
striatal dopamine levels* and a reduction of dopamine
receptor 2 (D2R) signaling in the ventral striatum due to
reduced D2R sensitivity.** Such reduction is also seen in
independent depressive disorder, which is associated with
a decrease in several monoamines, including serotonin
and dopamine.® In addition, long-term cocaine users will
develop tolerance, leading to increased DAT density and
reduced dopaminergic (DAergic) signaling,*** thereby
reinforcing cocaine use.

Ketamine, which also affects the DAergic system, may
potentially reverse cocaine’s effect. Studies found that
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ketamine increases the firing rate of DAergic neurons in the
VTA for up to 24 h post-injection,” potentially due to its
ability to activate D1R*** by inhibiting several microRNAs
in the medial prefrontal cortex (mPFC).*** This can correct
the low dopamine level and depressive symptoms seen
during cocaine withdrawal, as activating DIR contributes
to ketamine’s antidepressant effect by promoting
spinogenesis and dendritic plasticity.® Consistent with
this finding, ketamine-induced behavior sensitization is
abolished by a D2R antagonist, suggesting ketamine may
activate D2R as well.® This supports ketamine’s treatment
potential for CUD, as the activation of D2-MSN in NAc
suppresses cocaine self-administration.®*’

Interestingly, another study found that neither ketamine
nor its metabolite showed any antagonist/agonist effect
on DIR or D2R. Instead, ketamine’s effect on dopamine
is mediated by its effect on AMPA and NMDA receptors
on VTA DAergic neurons.”** It has been shown that acute
ketamine administration increases DAergic neuron firing
by amplifying AMPA transmission, whereas AMPAR
antagonists abolish this effect.**® Consistently, chronic
ketamine administration led to an increase in AMPAR but
not NMDAR density, pointing to ketamine’s direct impact
on AMPARs.®

Despite ketamine’s therapeutic potential, there is still
concern about its abuse risk, especially as it activates
DIR, increases DAergic neuron activity, and inhibits
DAT similarly to cocaine.®** However, ketamine does not
induce the same drug-evoked synaptic plasticity, especially
at a subanesthetic dose. This is because synaptic plasticity
generally requires NMDAR activation for excitatory
synapse potentiation onto VTA DAergic neurons, while
ketamine blocks NMDARs. In addition, ketamine’s fast
off-kinetic profile prevents prolonged dopamine increases
that would otherwise promote synaptic plasticity.”® Thus,
despite its similarity with other addictive substances,
ketamine’s mechanism of action suggests a lower abuse
potential. Nonetheless, more research needs to be done to
elucidate the best method to take advantage of ketamine’s
therapeutic effect in clinical settings.

5.2. Ketamine modulates lateral habenula (LHb)
neuron bursting

Another mechanism through which ketamine can alleviate
depressive symptoms is by blocking neuronal bursting
activity in the LHb. The LHb is associated with negative
reward processing, as it stimulates the rostromedial
tegmental nucleus, which inhibits VTA DAergic neurons
(Figure 1).** Based on their activity, LHb neurons
could be categorized as: silent, tonic-firing, and burst-
firing.® Several studies found that, in animal models of

depression, potassium channels in astrocytes near LHb are
upregulated, leading to hyperpolarization. This change in
membrane potential can lead to LHb bursting, a pattern
dependent on the activation of NMDAR.***" This type of
bursting increases the likelihood that action potentials will
reach the downstream synaptic target, thus enhancing the
inhibitory effect of LHb on midbrain DAergic neurons.®

In a mouse model, optogenetically inducing this
bursting pattern in LHb neurons can lead to depressive-like
symptoms whereas blocking NMDAR rescued depressive-
like symptoms.** Consistent with these findings, Ma et al.®
reported that systemic ketamine injection significantly
reduced bursting neurons in mice brain slices just 1-h
post-injection, with effects lasting up to 24 h. Although
these studies are mostly done using depression models,
cocaine’s ability to induce depressive symptoms through
similar pathways underscores ketamine’s potential in
treating CUD. A study found that cocaine administration
increased the phosphorylation at S845 of GluA1l, a subunit
of AMPAR in the LHb.” Phosphorylation at this position
can increase AMPAR insertion on the cell surface and the
probability of channel opening, thus increasing the chance
of NMDAR activation.” Interestingly, although blocking
AMPAR did not decrease burst firing in LHb neurons,
increased AMPAR current or administration of AMPA
increased burst frequency.®® These findings suggest that
cocaine may cause depressive symptoms by trafficking
AMPARSs to cell membranes, thus increasing LHb neuron
bursting activity. Ketamine can then target this process by
blocking the downstream NMDAR to stop the bursting
of LHb neurons, thus assisting in CUD remission. These
studies demonstrate that ketamine may reverse the
depressive symptoms associated with CUD by preventing
LHb bursting.

5.3. Ketamine modulates brain-derived
neurotrophic factor (BDNF) levels

A third mechanism by which ketamine may aid in CUD
treatment is through its modulation of the BDNF level,
the most abundant neurotrophic factor in the nervous
system. By binding to its receptor tropomyosin kinase B
(TrkB), BDNF can modulate addiction-related neuronal
plasticity.”* Cocaine€’s effect on BDNF varies depending on
the stage of the addiction cycle.”>”* Research indicates that
serum or plasma BDNF levels increase with acute cocaine
use and during periods of cocaine abstinence but decrease
with prolonged cocaine use.””” This is consistent with the
co-occurrence between cocaine use and depression since
a decrease in BDNF is also associated with depression.*
Interestingly, during withdrawal, a high level of BDNF
is associated with cocaine craving, and cocaine-induced
depression has a higher BDNF level compared to primary
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MDD.”7#:82 Thus, instead of consistently up- or down-
regulating BDNF, cocaine appears to cause fluctuation in
BDNF levels that contribute to the addiction.”

Consistent with ketamine’s interaction with the
mesolimbic system, ketamine can also modulate BDNF,
which, along with TrkB, is expressed in the VTA-NAc
circuit.®® Several studies found that ketamine can increase
BDNF expression in various brain areas, an effect that can
last up to 30 days after a single infusion of ketamine.***
In clinical studies, higher plasma BDNF level is associated
with the anti-depressant effect of ketamine in patients.®*
Other studies also directly demonstrated BDNF’s
effectiveness in reducing cocaine consumption, as pre-
clinical research shows that a single injection of BDNF to
the dorsomedial prefrontal cortex and NAc can decrease
cocaine-seeking behavior.*® Notably, such effect is specific
to cocaine and no other natural awards such as sucrose
solution.?”® Together, this evidence suggests that ketamine
might facilitate CUD treatment by stabilizing the BNDF
level. Nonetheless, studies that specifically explore this
relationship should be conducted.

One limitation of the clinical studies mentioned above
is that most measured plasma BDNF as a proxy for brain
BDNF levels. This is because BDNF crosses the blood-
brain barrier easily, and there is a high correlation between
plasma and cerebral spinal fluid concentration in BDNE.76
However, BDNF’s effects vary across brain regions. For
example, increased VTA BDNF expression enhances
cocaine seeking, but injection into the dorsomedial
prefrontal cortex attenuates CUD relapse.®**® Thus, while
plasma or serum BDNF is the best choice for clinical
studies, pre-clinical studies can further elucidate the brain
area where BDNF acts to facilitate ketamine’s therapeutic
effect on CUD.

6. Sex differences in response to ketamine

While plenty of evidence illustrates ketamine’s potential
effectiveness in treating CUD, pre-clinical studies also
suggest that there might be a difference in ketamine’s harm-
reduction effect in males versus females. For instance,
ketamine rescued social isolation-induced decreases in
mPFC spine density in male but not female rats.”’ In
addition, continuous administration of a subanesthetic
dose of ketamine resulted in antidepressant effects in male
rats but anxiety- and depressive-like behavior in female
rats.”

6.1. Which hormones are responsible for these sex-
dependent differences?

Although evidence points to a sex-dependent response
to ketamine, studies differ on which sex hormone causes

this difference. Multiple pre-clinical studies showed that
females are more sensitive to ketamine at a lower dose,”
and its effect is estrogen-dependent but not testosterone-
dependent.” For instance, in response to ketamine, there
is a significant increase in BDNF levels in female depressed
rats compared to male ones.” Specifically, proestrus, but
not diestrus, female C57BL/6 mice exhibited enhanced
sensitivity to a very low dose of ketamine (1.5 mg/kg),
possibly due to estradiol’s effect on synaptic plasticity.”
These studies seem to point to estrogen as the reason
behind females” heightened sensitivity to ketamine.

However, several other studies that investigated the
pharmacokinetics of ketamine found the male hormones to
be responsible for the sex-dependent differences. Highland
et al.”” found that, compared to male rats, female CD-1 rats
have a higher plasma level of a ketamine metabolite at
10 and 30 min after ketamine injection. This metabolite,
hydroxynorketamine, is responsible for the antidepressant
effect of ketamine. On the other hand, male rats have a
higher plasma level of unmetabolized ketamine. While
ovariectomy did not eliminate the difference between
female and male ketamine metabolism, orchidectomy did,
suggesting that testosterone may play a role in ketamine
metabolism.” This is inconsistent with another study by
Saland et al.,94 which found that female Sprague-Dawley
rats have higher ketamine plasma levels 30 min post-
injection. Yet, since Saland et al.** did not find a difference
between proestrus and postestrus rats, both studies
agreed that female hormones do not play a role in the sex-
dependent difference in ketamine pharmacokinetics. In
addition, studies found that ketamine might exert its effect
partially through interacting with mu-opioid receptors,
and this effect was only significant in male rats.”*® This
opioid-dependent effect is reversed by orchiectomy,
suggesting that testosterone plays a role in the ketamine
effect.® This is consistent with a study that showed
concurrently administering naltrexone, a mu-opioid
receptor antagonist, with ketamine in a female human
subject did not block ketamine effects.!® Thus, these
studies suggest that testosterone could either be driving
the observed sex differences in ketamine sensitivity or that
males are more sensitive to ketamine, directly opposing the
studies mentioned in the previous paragraph.

6.2. Sex- and age-dependent differences in
ketamine’s abuse potential

In addition to its therapeutic effect, ketamine’s abuse
potential may also be sex-dependent. A study found
that female rats exhibit higher locomotor sensitization
to repeated antidepressant doses of ketamine,* with this
effect occurring at a lower dose in female rats than in
male rats.””! Locomotor sensitization is the increased

Volume 8 Issue 1 (2025)

37

doi: 10.36922/itps.4458


https://dx.doi.org/10.36922/itps.4458

INNOSC Theranostics and
Pharmacological Sciences

Ketamine for cocaine use disorder

behavioral response in rodents to repeated exposure
to psychostimulant drugs, and it shares features with
addiction in humans.'”>'”® Thus, these studies suggest that
females are at a higher risk of ketamine abuse compared
to males.

However, studies have also shown that, at a higher
dose (20 mg/kg), ketamine administration in juvenile
male rats increased the preference for cocaine during
adulthood. This effect was not observed in female rats at
any age, suggesting that males might be at a higher risk for
ketamine-related drug abuse potential.'® Another study
investigating ketamine’s abuse potential at 80 mg/kg found
female Sprague-Dawley rats across all ages produced
high locomotor activity, whereas only preweaning male
Sprague-Dawley rats showed a similar response, with adult
and adolescent males displaying less activity.'®

One reason for the discrepancy in research results might
be that different strains of rats may respond differently
to ketamine.'” Taken together, these results suggest that
both age and sex need to be considered when exploring
ketamine’s potential side effects.

6.3. Implication for developing ketamine as CUD
harm-reduction strategy

The pre-clinical research results mentioned above highlight
the importance of continuing to explore the sex-dependent
effect of ketamine. This is especially important since cocaine
addiction is also sex-dependent, with females being more
likely to progress through the addiction cycle, and cocaine-
seeking behavior correlates with female sex hormone
levels.'”1% However, it is also important to recognize that
the biological differences between humans and rats may
render pre-clinical research results less beneficial when
developing ketamine as a treatment.

Clinical research did not seem to find that humans
exhibit sex-dependent responses to ketamine. One clinical
study that investigated ketamine’s antidepressant effect
found that, although there was no significant difference
in ketamine’s treatment response in males versus females,
females reported more headache and nausea as ketamine’s
side effect. However, the difference between the male
versus female side effects was not significant.!” In addition,
a 2022 systematic review of 27 clinical studies published
from 2012 to 2020 found no significant sex difference in
response to ketamine treatment.''

The discrepancy between the conclusions of the rat
and human studies might be due to the size limitation
in most clinical trials. While the biological differences
between rats and humans should not be overlooked, there
is a need for larger trial clinical studies exploring how
sex hormones influence response to ketamine therapy

in humans. In addition, since most studies of ketamine
explore its antidepressant effect, it would be beneficial
to specifically study female versus male responses to
ketamine’s therapeutic effect on CUD.

7. Abstinence or use reduction as primary
goal of pharmaceutical intervention of CUD

While evidence suggests that ketamine may reduce
cocaine use, research on whether subanesthetic ketamine
can lead to long-term abstinence generated mixed
results. Dakwar et al.** measured cocaine use behavior a
month after ketamine treatment and found that a mere
two of the eight participants achieved urine-confirmed
abstinence at follow-up. However, the same group
performed a more extensive study with 55 patients who
received a single ketamine infusion or midazolam during
5 days of hospitalization. Each participant also attended
daily sessions of mindfulness-based relapse prevention
(MBRP)."" After the 1% week, the participants received
4 weekly sessions of MBRPs. Six months later, a follow-up
interview is conducted through telephone to assess cocaine
use. This study found that ketamine is associated with
lower levels of cocaine use, craving, and time to relapse.
A significantly greater proportion of people remained
abstinent during the 6-month interview. This study shows
the potential of using ketamine as a pharmacotherapy
in conjunction with behavioral therapy to treat CUD.'!
However, future studies with larger, more diverse samples
and objective evaluations of cocaine use at 6 months
are needed to assess the effectiveness of subanesthetic
ketamine better.

Although abstinence is often the primary goal in CUD
interventions, recent research confirms that reducing
cocaine use can be considered a viable treatment outcome
for cocaine-dependent individuals.!'? For instance, Amin-
Esmaeili et al'*® analyzed data from 13 randomized
controlled clinical trials on pharmacological interventions
for cocaine or methamphetamine use disorder. They found
that individuals who reduced their use frequency from
high to low experienced improvements in drug-related
symptoms, cravings, and comorbid depression scores.
Notably, a significant portion of these individuals tested
negative for drugs in urine tests 1 month later, indicating
that reduced use can improve quality of life and support
further reductions.

Similarly, Roos et al.""* used data from seven randomized
controlled trials for CUD to evaluate the clinical utility of
reduction in cocaine use frequency as a non-abstinence
endpoint. The investigators separated participants into
three levels at baseline and end-of-treatment (EOT):
Abstinence, low frequency, and high frequency. In general,
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individuals who reached the low-frequency level at EOT
had similar outcomes as those who reduced to abstinence
and significantly better outcomes than those who remained
at the high-frequency level. Specifically, at 12-month
follow-up, participants with at least one level of reduction at
EOT displayed fewer psychological problems, employment
issues, and cocaine use days. This study demonstrates that
cocaine use reduction can improve overall well-being
in the long term. Considering these results, reduced use
should become an acceptable treatment objective in CUD
interventions.

Supporting this perspective, the Substance Abuse and
Mental Health Service administration released an advisory
in 2023 encouraging “low barrier care,” which emphasizes
harm reduction by setting substance use reduction - not
abstinence - as a primary goal.'”® This is supported by
the U.S. FDA’s guidance stating that outcomes other than
total abstinence are acceptable endpoints for cocaine
addiction clinical trials.!’® While abstinence remains the
ideal goal, participants with high use at baseline may deem
abstinence as unattainable. The introduction of reduced
use as a primary goal could motivate cocaine-dependent
individuals to work gradually toward abstinence. Given its
potential to reduce cocaine use and the clinical validity of
reduction as an outcome, subanesthetic ketamine should be
regarded as a promising pharmacological option for CUD.

8. Ketamine versus other pharmacotherapy
as CUD harm-reduction strategy

At present, the standard treatment for CUD primarily
involves psychosocial treatments, which include cognitive
behavioral therapy, motivational interviewing, and group
drug counseling.!’” Although there are no current FDA-
approved therapeutical treatments for CUD, several
medications have been used for their off-label effects on
patients who do not respond well to psychosocial therapies.

For instance, topiramate, an anti-seizure medication
that activates GABA and decreases dopamine release, is
sometimes used at low doses to augment CUD psychosocial
treatment.'’!** Some studies find it more effective than a
placebo in reducing weekly cocaine use and suppressing
the reinforcing effects of cocaine.'”* However, conflicting
clinical trial results indicate that further research is needed
to confirm its effectiveness. Another option for patients
unresponsive to topiramate is long-acting amphetamines.
Although clinical trials did find them effective in reducing
cocaine use, most trials reported poor retention rates.
In addition, as a DAT inhibitor similar to cocaine,
amphetamine’s risk of misuse cannot be overlooked.'"”

Another medication, disulfiram, traditionally used
to treat alcohol dependence, has shown some efficacy

in increasing abstinence rates compared to a placebo.
However, it does not significantly affect the frequency or
amount of cocaine use compared to placebo, although it
does reduce the frequency of cocaine use when compared
to naltrexone.?>'?

Ketamine, however, has several potential advantages
for managing CUD. Like all other medications mentioned,
ketamine has been shown to reduce cocaine cravings and
promote abstinence in multiple clinical trials.'”” In the
meantime, its rapid antidepressant effects’®® may help
CUD patients cope with withdrawal-related depressive
symptoms, aiding in remission. In addition, ketamine
targets NMDARs to modulate the DAergic pathway,
offering an alternative for individuals unresponsive to other
treatments. Therefore, compared to other treatments often
associated with barriers such as stigma, addiction risk, and
limited accessibility,'® ketamine’s unique properties and
rapid action make it a promising alternative for reducing
the harm associated with CUD.

9, Conclusion

Subanesthetic ~ ketamine shows promise as a
pharmacological intervention for CUD. Growing evidence
highlights its ability to reduce cocaine consumption
in dependent individuals. Pre-clinical research has
demonstrated that a single subanesthetic dose of ketamine
can reduce cue-induced craving, suppress drug-seeking
behaviors, and increase executive control over reward-
based decision-making.?*' Furthermore, human subjects
exhibited decreased cocaine self-administration, craving,
and enhanced motivation to quit cocaine after a single
ketamine infusion.*"**

Although ketamine reduces cocaine misuse, there is
mixed evidence that subanesthetic ketamine leads to long-
term abstinence. However, recent findings suggest that a
reduction in cocaine consumption is as clinically significant
as achieving abstinence."'*'"* Thus, even if sobriety remains
the ultimate objective, reduced cocaine use should be
considered a valuable measure of improvement in CUD
treatment.

Despite ketamine’s potential for abuse, its context-
dependent nature allows for the safe administration of
subanesthetic ketamine to individuals with CUD under
the supervision of health-care professionals, similar to
the use of Spravato as depression therapy.'***'?* Before
integrating subanesthetic ketamine as a harm-reduction
strategy for CUD into clinical practice, additional research
must delineate ketamine’s mechanism of action against
cocaine. Current research suggests that ketamine may
alleviate CUD by modulating the dopaminergic system
by altering dopamine levels directly, increasing BDNF
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levels, or blocking LHB-bursting neurons. In addition,
pre-clinical research shows sex-dependent differences in
ketamine response, although the mechanism responsible
for this phenomenon is still unclear.

Despite the significant advancement in ketamine
research, most studies relied on anti-depressant animal
models. To explore ketamine’s full potential in treating
CUD, more clinical and pre-clinical studies should focus
specifically on ketamine’s mechanisms and effects using
a CUD model. In addition, future investigations should
also establish optimal dose and frequency schedules to
maximize patient safety and foster durable therapeutic
outcomes.'”
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