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Even as prescription opioid dispensing rates have begun to decrease, the use of illicit
opioids such as heroin and fentanyl has increased. Thus, the end of the opioid epidemic
is not in sight, and treating patients that are addicted to opioids remains of utmost
importance. Currently, the primary pharmacotherapies used to treat opioid addiction
over the long term are the opioid antagonist naltrexone, the partial-agonist
buprenorphine, and the full agonist methadone. Naloxone is an antagonist used to
rapidly reverse opioid overdose. While these treatments are well-established and used
regularly, the gravity of the opioid epidemic necessitates that all possible avenues of
treatment be explored. Therefore, in this narrative review, we analyze current literature
regarding use of the alternative medications ketamine, noribogaine, and cannabinoids in
treating patients suffering from opioid use disorder. Beyond its use as an anesthetic,
ketamine has been shown to have many applications in several medical specialties. Of
particular interest to the subject at hand, ketamine is promising in treating individuals
addicted to opioids, alcohol, and cocaine. Therapeutically administered cannabinoids
have been proposed for the treatment of multiple illnesses. These include, but are not
limited to epilepsy, Parkinson’s disease, multiple sclerosis, chronic pain conditions,
anxiety disorders, and addiction. The cannabinoid dronabinol has been seen to have
varying effects. High doses appear to reduce withdrawal symptoms but this comes at the
expense of increased adverse side effects such as sedation and tachycardia. Noribogaine
is a weak MOR antagonist and relatively potent KOR agonist, which may explain the
clinical anti-addictive effects. More research should be done to assess the viability of
these medications for the treatment of OUD and withdrawal.

INTRODUCTION erence, between 1997 and 2007 the amount of milligram
of morphine per person in circulation increased by nearly
600% from 96 to 700 mg.! Between 1999 and 2011, opioid

Since the mid-1990s, the use of opioid agents in the United
overdose deaths nearly quadrupled from 1.4 to 5.4 deaths

States has grown at a rapid and unprecedented rate. For ref-
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per 100,000 people.2 In 2020 alone, over 68,000 people died
from opioid overdoses.3 Beyond the toll on human life, the
opioid crisis also presents a tremendous financial burden
on society. A Council of Economic Advisers report esti-
mated the annual cost of the opioid crisis in 2015 to be
a staggering $504 billion (2.8% of that year’s GDP).4 Ad-
diction to opiates, technically termed opioid use disorder
(OUD), is estimated to affect three million Americans at
present.>

The acute increase in opioid prescription, misuse, and
addiction has been described as the most severe public
health crisis in the history of the United States.® The prob-
lem has become the subject of much public discourse,
analysis, and state and federal policy.” Even as the pre-
scription opioid dispensing rate has begun to decrease, the
use of illicit opioids such as heroin and fentanyl has in-
creased.®8 Thus, the end of the opioid epidemic is not in
sight, and treating patients that are addicted to opioids is
of utmost importance at present. Currently, the primary
pharmacotherapies used to treat opioid addiction over the
long term are the opioid antagonist naltrexone, the partial-
agonist buprenorphine, and the full agonist methadone.
Naloxone is an antagonist used to rapidly reverse opioid
overdose.? While these treatments are well-established and
used regularly, the gravity of the opioid epidemic neces-
sitates that all possible avenues of treatment be explored.
Therefore, in this narrative review, we analyze current lit-
erature regarding the use of the alternative medications of
ketamine, noribogaine, and cannabinoids in treating pa-
tients suffering from OUD.

OPIOID USE DISORDER OVERVIEW

The origin of the opioid crisis is multifaceted. Following
the production of OxyContin in 1995, Purdue Pharma began
a prolonged campaign to encourage the use of opioids in
treating chronic, non-cancer pain.? Purdue Pharma encour-
aged the prescribing of opioids by providing free coupons
and promotional products for patients starting on these
products. For healthcare providers, on the other hand, the
company organized over 20,000 educational programs and
40 free-of-charge conferences.® Ultimately, Purdue Pharma
was fined billions of dollars for misconduct in the mar-
keting and sale of opioids and the company is to be dis-
solved into a public benefit corporation.10 Concurrent with
the promotion of opioids by pharmaceutical manufacturers,
medical societies in the United States began campaigning
for the increased utilization of opioids and for pain to be
classified as the “fifth vital sign.” For instance, the Amer-
ican Pain Society introduced this phrase in 1995 at the
group’s annual meeting.® Following this, the Veteran Af-
fairs system and Joint Commission also adopted pain mea-
surement as the fifth vital sign.!!

OPIOID USE DISORDER DEFINITION

The Diagnosis and Statistical Manual 5 (DSM-5) defines
OUD as the following: 1) taken in larger amounts or over a
longer period of time than intended, 2) persistent desire or

unsuccessful efforts to cut down or control use, 3) spends a
great deal of time in activities necessary to obtain the opi-
oid, 4) crabbing or a strong desire to use opioids, 5)use re-
sulting in a failure to fulfill major role obligations at work,
school or home, 6) continue use despite having persistent
or recurrent social or interpersonal problems caused or ex-
acerbated by the drug’s effects, 7) social, occupational or
recreational activities are given up or reduced because of
use, 8) recurrent use in situations where it is physically
hazardous, 9) continued use despite the knowledge of hav-
ing a persistent or recurrent physical or psychological prob-
lem that is probably to have been caused by or exacerbated
by opioids, 10) tolerance and 11) withdrawal.12

Tolerance is defined as experiencing one or more of the
following: 1) the need for markedly increased amounts of
opioids to either achieve intoxication or the desired effect
and/or a markedly diminished effect with continued use
of the same amount of opioid.12 Withdrawal is defined as
manifesting as one or more of the following: 1) the charac-
teristic opioid withdrawal syndrome and/or the same (or a
closely related) substance is taken to relieve or avoid with-
drawal symptoms.12

According to the DSM 5, the symptoms of opioid with-
drawal include excessive lacrimation, rhinorrhea, piloerec-
tion, diarrhea, nausea, vomiting, mydriasis, insomnia, and
autonomic hyperactivity. With chronic short-acting opi-
oids, withdrawal symptoms can present in as little as 4-12
hours. In contrast, long-acting opioid abuse typically pre-
sents withdrawal symptoms within 24-48 hours.!3 The
severity of OUD is based on the number of criteria that are
met. Mild is defined as having 2 or 3 of the criteria listed
above. Moderate is when 4 to 5 of the above criteria is met.
Severe is when 6 or more of the above criteria are present.!2

CAUSES

It has become evident that pain medications, specifically
opioids, are both necessary and justifiable in chronic pain
resistant to other treatment forms. However, the wide-
spread introduction of exogenous opioids has not come
without consequences. Substance use disorder, by defini-
tion, involves a constellation of symptoms that equate to
repeated periods of tolerance and withdrawal.l4 Concern-
ing opioids, patients are typically introduced to these med-
ications as a result of severe acute pain, chronic pain, or
by recreational use to achieve a sensation of euphoria or
to alleviate pain states. Currently, there are a few theories
that hypothesize the driving force behind addiction: one
involves the patient seeking pleasure, and the other con-
sists of the patient trying to avoid undesirable withdrawal
symptoms after starting the use of opioids for any variety
of reasons. One of these reasons could be that the medica-
tions were prescribed but then were stopped suddenly by a
provider, precipitating an unwanted withdrawal.

There are a few theories in the literature that highlight
where a person’s use which can result in addiction. The
first theory describes three phases that could lead to ad-
diction. These phases are the following: A) recreational,
sporadic use in which intake is mild to moderate, and the
user still enjoys other activities, B) sustained use in which
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drug intake is the main recreational activity, but the be-
havior is still primarily controlled, and C) full addiction
characterized by structural changes in reward-related areas
of the brain.!5 Phase three involves drug use being the
sole reward-based activity along with avoiding severe with-
drawal symptoms upon cessation of drug use.!5 This phase
also highlights the overriding of the brain’s salient system
where all attention is focused on the acquisition of the drug
as well as the drug’s use. The second theory explains that
withdrawal’s physical and psychological symptoms are so
immense that they outweigh the adverse effects of contin-
ued drug use.1€ It is important to note that as a person pro-
gresses from healthy use to addiction the use starts to be-
come out of their control. That is why abstinence may be an
option for many people and further highlights the impor-
tance of medical treatment and treatment options in gen-
eral.

PRESENTATION

A patient with OUD can present with a wide range of physi-
cal and psychiatric manifestations largely dependent on the
chronicity of use. When accurate history is unknown, at-
tention must also be paid to the possibility of opioid with-
drawal, which can be confused with other forms of intoxi-
cation.1” An acutely intoxicated patient classically presents
signs of CNS depression such as miotic pupils, yawning and
sedation, slurred speech, and decreased respiratory rate in
severe cases. It is important to note that a normal pupil ex-
amination does not rule out opioid overdose; many patients
have ingested other substances that can mask this presen-
tation.18:19 A patient with more severe CNS symptoms is
likely a relatively new user who has not developed tolerance
or a chronic user who has taken a larger dose than usual.

In contrast, a chronic user who has developed tolerance
may show no apparent signs of use or intoxication. OUD in
this subset of patients is typically discovered by urine drug
screen, careful interview, or in the case of withdrawal after
admission to the hospital. These patients frequently also
have socioeconomic compromises as well. This is particu-
larly true for chronic users who often have trouble main-
taining jobs and social relationships. In severe cases,
lifestyle may be affected to the point of illegal behavior
centered around obtaining money to purchase additional
drugs. As a healthcare professional evaluating a patient
who may be impacted by OUD, considering and evaluating
all avenues of downstream effects is paramount.

PATHOPHYSIOLOGY

Opioids bind to and activate three specific G-protein cou-
pled receptors: mu, kappa, and delta, which are spread
throughout the CNS, skin, and gastrointestinal tract. While
each of these receptors has a similar physiologic effect on
the CNS, it has been observed that each subtype has unique
products and a specific distribution within the brain.20
Delta opioid receptors (DORs) are located in the basal gan-
glia and activation is associated with anxiolytic effects.
Kappa opioid receptors (KORs) are typically localized to
the hypothalamus, periaqueductal gray. They are known to

cause dysphoria but also cause sedation, which has been
suggested as a possible cause of individuals using opioids to
resolve negative psychological feelings.21:22 Mu opioid re-
ceptors (MORs) were the first subtype to be discovered and
play a significant role in the reward system and develop-
ment of addiction. MORs are located in several parts of the
brain, such as the cerebral cortex, thalamus, and periaque-
ductal gray, and are primarily responsible for the eupho-
ria associated with opioids. Upon binding of an opioid ag-
onist to the MOR, there is a subsequent decrease in cAMP
and decreased activation of protein kinase A (PKA). This re-
sults in decreased norepinephrine release and autonomic
hypoactivity, which manifests as hypotension, reduced res-
piratory rate, and sedation. When a habituated system is
suddenly deprived of an agonist, there is a relative increase
in cAMP and PKA, resulting in an increased release of nor-
epinephrine, which materializes as lacrimation, diaphore-
sis, tachycardia, and mydriasis - classic symptoms of opioid
withdrawal.!323 Additionally, recent studies have shown
that many clinical manifestations of opioid withdrawal and
tolerance are potentiated by endothelin-A (ET,) and thus
relieved by ET,, antagonists.2*

MORs localized to the ventral tegmental area (VTA) play
an essential role in the mesolimbic dopaminergic reward
system and the development of addiction. Upon binding
of opioids to MORs in the VTA, there is an increase in
dopamine release in the nucleus accumbens (NAc) and ba-
solateral amygdala, which is associated with pleasure and
a sense of contentment. The mesolimbic pathway is af-
fected by both endogenous and exogenous opioids.2> When
an individual participates in activities such as eating, exer-
cise, or sexual activity, the brain releases endogenous opi-
oids that activate this pathway and associate the behavior
with a reward. This pathway is hacked by exogenous opi-
oids, which generally results in increased dopamine con-
centration relative to what is seen with a natural response.
This release is supraphysiologic. Over time, neuronal struc-
ture and signaling adaptations occur, and tolerance devel-
ops, which manifests clinically as an increased craving for
exogenous opioids and less reliance on natural rewards to
achieve satisfaction. In OUD, the normal inhibitory func-
tion of the prefrontal cortex is compromised, and mesolim-
bic pathway homeostasis is lost.26:27 This was what was in-
duced as the high jacking of the salient system in a prior
section of his manuscript.

OPIOID USE DISORDER CURRENT TREATMENT

Before the 1960s the treatment of addiction, and opioid
addiction, in particular, was largely inadequate for mean-
ingful pharmacological therapy. At the time, the mainstay
of treatment was federally funded “farms” in which pa-
tients were given morphine followed by six months of absti-
nence from working on the farm. This was largely ineffec-
tive as many patients relapsed soon after returning home.
This therapy was replaced in 1965 with the introduction of
highly regulated administration of long-acting opioid ag-
onists that were expected to decrease feelings of eupho-
ria while concurrently avoiding the effects of withdrawal.28
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Recently, partial opioid agonists such as buprenorphine and
opioid antagonists such as naltrexone have also been ap-
proved for the treatment of OUD. This section will discuss
the various currently accepted forms of OUD treatment.

WITHDRAWAL

Medically supervised withdrawal is the first step in com-
plete opioid cessation. However, relapse usually follows this
if the patient does not subsequently begin maintenance
therapy. First-line treatment is typically with buprenor-
phine which is preferred over methadone due to the lower
risk of lethal overdose. However, buprenorphine must be
given after the first signs of withdrawal occur. In contrast,
methadone can be given before withdrawal but carries a
higher side effect burden.2? Alpha-2 agonists such as cloni-
dine and lofexidine are also used to treat opioid withdrawal.
Rather than being used as primary therapy, these medica-
tions are typically used in addition to buprenorphine or
methadone to alleviate autonomic side effects.30

METHADONE

The answer to the worsening opioid epidemic came with
the introduction of the long-acting opioid agonist known as
methadone which the FDA approved in 1972. Initial stud-
ies began trials with methadone under the hypothesis that
a long-acting opioid administered in a scheduled fashion
would occupy the opioid receptor, thus decreasing euphoria
and eliminating the dreaded withdrawal effects; the so-
called “narcotic hunger” would be diminished. When cou-
pled with a rehabilitation program, methadone mainte-
nance therapy programs (MMTPs) decreased opioid
dependence and remain an effective opioid addiction ther-
apy today.20

Although effective and widely used, there are several
challenges with the use of methadone. One of the most
significant barriers is patient compliance and dosing. With
most classic MMTPs, dosing must start at around 30 mg/
day and slowly be titrated up to 80-150 mg/day, which
is considerably higher than what is used to treat chronic
pain. Gradually increasing the daily dose at a rate of 10-20
mg/week allows the patient to develop a sufficient “block-
ade” against short-acting opioids and prevent withdrawal
effects. However, this comes at the cost of patients having
to visit clinics 6-7 times/week initially, which creates a
barrier to compliance.?2 In addition to barriers to compli-
ance, side effects are also a concern. QT prolongation with
subsequent Torsade de Points and respiratory depression
secondary to overdose are both significant concerns with
methadone treatment.31,32

Despite the obstacles involved in methadone therapy,
the treatment has proven to improve several outcomes in
compliant patients. Decreased death rates, intravenous
drug use, reduction in crime, and even reductions in HIV
have been noted since the early stages of MMTPs.20

BUPRENORPHINE

Buprenorphine is a synthetic, partial opioid agonist that
has become increasingly popular in recent years. In theory,
buprenorphine has several advantages over methadone
largely due to its unique pharmacologic characteristics.
Buprenorphine has a relatively weak activity but a high
affinity for the MOR, which results in decreased “euphoria”
and mitigation of withdrawal symptoms while retaining a
receptor blocking effect. To deter OUD patients from inject-
ing buprenorphine, buprenorphine can be prescribed as a
combination with naloxone, a potent MOR antagonist, to
mitigate the euphoric effects of the buprenorphine when
injected. When considering two of the significant measures
of effectiveness, retention in treatment and reduction of
opioid use, buprenorphine was superior to placebo in reten-
tion in treatment in all dose categories but only superior
concerning the reduction of service in the high dose treat-
ment category.32 Buprenorphine is effective in treatment
retention at all doses and suppressing opioid use at high
doses.

NALTREXONE

Naltrexone is a MOR antagonist and partial KOR agonist
that has been FDA approved for use in OUD. Initially, nal-
trexone was administered as a tablet, but a sustained-re-
lease depot injection has also been approved. As an opioid
receptor antagonist, one of the main concerns is eliciting
adverse withdrawal symptoms in opioid-tolerant patients.
Before administration, patients must be abstinent from
opioid agonists for a minimum of 5-7 days which is difficult
for many patients to achieve without medical intervention.
While the naltrexone depot injection is relatively new, pre-
liminary studies have not shown a significant improvement
in retention in treatment or opioid use compared to ago-
nists.33 It has been hypothesized that naltrexone may be a
promising treatment option for patients with a milder form
of OUD.

ALTERNATIVE MEDICATIONS
KETAMINE

Beginning in the 1950s, the drug phencyclidine (PCP) was
widely synthesized and utilized as a dissociative anes-
thetic.34 Because of its severe psychodysleptic side effects
(delusions, hallucinations, and “out-of-body” experiences)
and a high potential for abuse, PCP was pulled from the
market in 1978. Beginning in the 1970s, PCP’s derivative
ketamine gradually took its place as a clinical anesthetic.3>
Like PCP, ketamine produces dissociative and psy-
chodysleptic effects, but it does so to a far lesser extent
and has the advantage of maintaining hemodynamic sta-
bility.36 Even so, the unique side effects of ketamine have
led to it being used primarily as a veterinary anesthetic.
Presently, its use in humans is typically relegated to spe-
cialized anesthetic cases such as pediatrics, burn victims,
and hemodynamically compromised patients.3"-38 However,
far less potent and shorter-acting than its parent drug PCP,
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ketamine is still abused recreationally. Its recreational ef-
fects are commonly described as a sensation of “melting”
into the environment, weightlessness, out-of-body experi-
ences, and visions.3?

Upon intravascular administration, ketamine quickly
reaches target receptors in less than a minute. When ad-
ministered intramuscularly, ketamine retains a high
bioavailability of 93%.3% Ketamine is metabolized by the
liver enzymes CYP2B6 and CYP3A4, mainly to the active
metabolite norketamine, before being excreted in the feces
and urine.3%40 Ketamine’s primary dissociative anesthetic
and analgesic effects are thought to be mediated via the
non-competitive antagonism of open NMDA receptors.41,42
It decreases the duration and frequency of ion conduction
by occupying the site either inside the Ca2* pore itself or
within the hydrophobic portion of the receptor.3* Apart
from NMDA receptors, ketamine has also been character-
ized as interacting to a lesser extent with monoaminergic,
cholinergic, and opioid receptors. The uptake of serotonin,
norepinephrine, and dopamine is inhibited to some extent
by ketamine, though what role this plays in its clinical
effects is still under discussion.*3> While ketamine blocks
nicotinic receptors, this is thought to play little part in se-
dating or immobilizing effects. However, it may be con-
nected to analgesic effects.44 Ketamine’s action at p-, &-,
and k-opioid receptors are thought to play a part in anal-
gesia.45 Besides anesthetic and analgesic effects, ketamine
raises blood pressure and heart rate, very mildly depresses
respiration, and produces psychodysleptic’s effects in a
dose-dependent fashion.3446

Beyond its use as an anesthetic, ketamine has been
shown to have many applications in several medical spe-
cialties. For example, ketamine is commonly used as an
analgesic. For acute pain management, adding ketamine to
opioids has been shown to lessen respiratory depression
and prevent hyperalgesia.l? It has also been influential in
treating chronic pain, though its use as a stand-alone drug
in non-treatment resistant patients is controversial.l8 Sev-
eral studies have indicated that ketamine is a rapid-acting
and effective treatment in the management of treatment-
resistant depression and suicidal ideation.47-49 Studies
have even shown that ketamine may be a promising drug
for the treatment of certain forms of cancer.5%,>! Of partic-
ular interest to the subject at hand, ketamine is promising
in treating individuals addicted to opioids, alcohol, and co-
caine.52-54

CANNABINOIDS

Cannabis sativa has been utilized for medicinal, religious,
and recreational purposes for over three millennia. It was
initially introduced to Western medicine in the 19th cen-
tury, but its use stagnated due to difficulties obtaining con-
sistent dosages of medical preparations.>5 In the 20th cen-
tury, cannabis became the most popular recreational drug
in the Western world.56 Recreational use of cannabis prod-
ucts is associated with psychotropic effects, such as re-
laxation, euphoria, tiredness, and time distortion.>7 Less
desirable results can include paranoia, increased risk of
psychotic disorders, and cardiovascular disease.>7>8

Since the 1990s, interest in the medicinal use of
cannabis has been reignited. This is partly due to the iso-
lation and study of a group of compounds within cannabis,
called cannabinoids. The most important of these are
A-tetrahydrocannabinol (THC) and cannabidiol (CBD).>?
Notably, the human body has been found to have two
cannabinoid receptors distributed throughout it: the pri-
marily CNS and PNS-located CB; receptors and the immune
principally tissue-located CB, receptors.%0 Therapeutically
administered cannabinoids have been proposed for the
treatment of multiple illnesses. These include, but are not
limited to epilepsy, Parkinson’s disease, multiple sclerosis,
chronic pain conditions, anxiety disorders, and addic-
tion.56,59,61-63

Recreational cannabis is commonly smoked. However,
due to the undesirable respiratory side-effects associated
with smoking, vaporization may be used as an alternative
with minimal pharmacokinetic differences.®4 The bioavail-
ability of inhaled THC ranges from 10-35%, and that of CBD
is 31%.65 Cannabinoids may also be given via oromucosal,
oral, rectal, and transdermal administration with various
levels of bioavailability and distribution.%¢ Highly lipophilic
cannabinoids tend to distribute rapidly to the adipose tis-
sue, brain, and other organs.%” Their predominant mode of
metabolism is through hepatic CYP 450 isozymes, followed
by fecal and urinary excretion.68:69 The primary effects of
cannabinoids are thought to be mediated through a cascade
of events stimulated by interactions with CB; receptors and
CB, receptors.6:70

NORIBOGAINE

Noribogaine is the primary metabolite of ibogaine, a psy-
choactive alkaloid isolated from Tabernathe iboga. Ibogaine
undergoes extensive first-pass metabolism in the liver and
gastrointestinal tract and is primarily metabolized via O-
demethylation by CYP2Dé6. Although never approved for
the use of addiction treatment in the United States, early
trials of ibogaine showed promising results in the treat-
ment of opioid abuse. It was discovered that ibogaine had
a relatively short half-life of about 140 minutes but dis-
played anti-addictive properties for almost 24 hours. It was
later found that the extended effects were due to noribo-
gaine.”! The resulting metabolite has a longer half-life, ex-
cellent blood-brain permeability, and complex effects on
many neurotransmitter systems. Additionally, compared to
ibogaine in preclinical rodent trials, noribogaine showed
many of the same anti-addictive results but lacked the
tremors and side effects seen with ibogaine.”? Collectively,
these features make noribogaine a good candidate for clin-
ical development.

Noribogaine is a potent serotonin reuptake inhibitor, a
relatively weak NMDA antagonist, and has activity at the
MOR and KOR. Notably, noribogaine binds to opioid recep-
tors with greater affinity than ibogaine. Regarding use in
opioid addiction, noribogaine has a unique and potentially
helpful interaction with opioid receptors. Noribogaine is a
weak MOR antagonist and relatively potent KOR agonist,
which may explain the clinical anti-addictive effects. Re-
cent studies have taken this a step further and focused on
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the little interaction of noribogaine with other modula-
tors such as B-arrestin. In a normal state, arrestins interact
with GPCRs in a regulatory manner and function to neg-
atively regulate signal transduction. The previously men-
tioned studies have established that noribogaine activates
the KOR GPCR signaling pathway with slightly less efficacy
than dynorphin A, an endogenous KOR agonist.

In contrast, noribogaine activates the KOR B-arrestin
with significantly less efficacy than dynorphin A; in this
case, noribogaine is effectively acting as an agonist of the
GPRC pathway and antagonist of the B-arrestin pathway.”!
The typical adverse effects such as dysphoria and anhedo-
nia have been thought to result from the B-arrestin path-
way.’3 It is hypothesized that this unique, biased KOR ag-
onist/antagonist pharmacology coupled with weak MOR
antagonism may allow noribogaine to have analgesic and
anti-addictive properties without the side-effect profile
typical to other KOR agonists.

CLINICAL STUDIES
KETAMINE

Despite the promising effects of LSD, the illegality of the
drug has led researchers to favor other potential psyche-
delic therapies since Savage and McCabe’s paper was pub-
lished in 1973. Another potential therapy is ketamine, a
general anesthetic that can elicit a psychedelic experience
in smaller doses. A 2002 study in Russia compared the ef-
fects of a high, psychedelic dose of ketamine with a low,
non-psychedelic amount.” In this double-blind, random-
ized controlled trial, 70 detoxified heroin-addicted patients
were randomly assigned to either the treatment, high-dose
group (2.0 mg/kg) or the control, low-dose group (0.2 mg/
kg). Patients and clinical evaluators were unaware of the
dose assigned to each participant. In addition, the control
group was given an amount that would not bring about a
whole psychedelic experience. Still, it would induce some
pharmacological effects, thus serving as an “active placebo”
and preserving the double-blind nature of the study.”4 Each
patient received ten hours of psychotherapy to prepare
them for their psychedelic experience. Patients then un-
derwent one ketamine session, lasting from 1.5 to 2 hours.
Psychotherapy was also provided during the session. Pa-
tients received further psychotherapy after their ketamine
session to help integrate the experience into their lives
and allow them to use the occasion to confront their drug
use. Psychiatrists collected follow-up data monthly for 24
months after the ketamine-assisted psychotherapy (KPT)
session. Participants in the high-dose group showed sta-
tistically significantly higher rates of abstinence and lower
rates of relapse than those in the low-dose group from
the first month and the subsequent 23 months. Both high
and low dose groups had statistically significant decreases
in craving for heroin, anhedonia, anxiety, and depression.
Both groups also displayed a high internal locus of control
and an increased understanding of the meaning and pur-
pose of one’s life. Of note, none of the participants experi-
enced psychiatric complications or became addicted to ket-
amine following the session. While both high and low-dose

treatments were associated with decreases in craving for
heroin, the high-dose treatment proved significantly more
effective in maintaining abstinence. The high-dose treat-
ment also achieved a higher rate of abstinence than con-
ventional treatment programs for heroin addiction in Rus-
sia.

As a follow-up to the previous study, the same research
team conducted a similar study focusing on the effect of
repeated treatments of ketamine-assisted psychotherapy
(KPT).52 This study compared a three-session KPT regimen
with a single session in people with heroin addiction. Fifty-
nine participants were randomly assigned to either a three
KPT session group or a control, single KPT session group.
Both groups received a psychedelic high-dose administra-
tion of ketamine (2.0 mg/kg). Both groups also received
psychotherapy before, during, and after ketamine admin-
istration. Before the first administration, all patients re-
ceived five hours of psychotherapy. All patients received
monthly one-hour sessions of addiction counseling one and
two months following the first KPT session. Participants
in the multiple KPT group also received one hour of psy-
chotherapy following their second and third sessions. Fol-
low-up was conducted with all patients one month after
their final treatment and then at three-month intervals for
the remainder of the year. Kaplan-Meier survival analy-
sis was used to evaluate abstinence rates between the two
groups. This revealed that the multiple KPT group had a
statistically higher rate of abstinence throughout the year
of follow-up, with 13 of 26 participants (50%) remaining
abstinent as compared to 6 of 27 participants (22.2%) in the
single KPT group. Craving for heroin, anxiety, and depres-
sion were significantly reduced in both groups; there was
no significant difference between the multiple and single
KPT groups. The results of this study suggest that various
treatments with ketamine-assisted psychotherapy are more
beneficial in preventing opioid relapse than a single ses-
sion.>2

IBOGAINE

A 1999 paper by Alper et al. recounts 33 cases from
1962-1993 of patients with heroin-dependence treated with
ibogaine who were experiencing withdrawal.”> These pa-
tients were instructed to ingest their last food, liquids,
heroin, or other substances 8-10 hours before ibogaine ad-
ministration. Treatments were then provided in an informal
setting in a hotel room or apartment with one or more co-
authors present for at least the first 48 hours post-treat-
ment. Withdrawal symptoms were monitored by the co-
authors, who had extensive experience observing opioid
withdrawal reactions. 25 of the 33 participants (76%) had
no signs or symptoms of opioid withdrawal at 24 and 48
hours and did not seek to obtain opioids for at least 72
hours following ibogaine administration.”> Many of the pa-
tients were already experiencing mild withdrawal symp-
toms at the time of the first ibogaine dosage. Relief of with-
drawal symptoms typically occurred within 1-3 hours of
ibogaine administration. Only one of the 33 subjects had
clear signs and symptoms of opioid withdrawal. It was sus-
pected that the ibogaine dosage administered in this case
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was not sufficient. One patient also suffered a fatal out-
come, dying of respiratory arrest approximately 19 hours
after ibogaine treatment. The forensic pathological exami-
nation could not determine a definitive cause of death, but
the patient may have used opioids following ibogaine ad-
ministration. There is evidence that ibogaine strengthens
the effects of opioids, which could have led to the patient’s
respiratory arrest. While the informal setting of these ob-
servations and the lack of an objective rating system for
opioid withdrawal symptoms limits the conclusiveness of
this study, it can be assumed that ibogaine administration
did attenuate the symptoms of opioid withdrawal.”>

An observational study published in 2018 further vali-
dated the potential of ibogaine in treating opioid use dis-
order.”6 This study followed up with patients treated with
ibogaine at two private clinics in Baja, California, Mexico.
Thirty patients were initially enrolled in the study; these
patients averaged 29.0 * 3.2 days of opioid use over the pre-
vious 30 days and used at least one opioid for an average
of 5.2 = 3.0 consecutive years. Patients were stabilized on
a short-acting opioid for two to three days before receiving
ibogaine. Subjects were instructed to abstain from opioid
use overnight before administration of ibogaine. A “test”
dose of ibogaine (3 mg/kg) was given when participants be-
gan to exhibit three or more signs of opioid withdrawal. A
larger, “flood” dose of ibogaine was administered 2 to 12
hours after the test dose. “Booster” doses were also occa-
sionally given if withdrawal symptoms re-emerged. Evalua-
tion of response to ibogaine was conducted using the Sub-
jective Opioid Withdrawal Scale (SOWS) and the Addiction
Severity Index (ASI), Lite Version. SOWS is used to quantify
subjective feelings of opioid withdrawal. SOWS data was
recorded pre-treatment and within the first few days post-
treatment. The average time between baseline and repeat
SOWS evaluation was 76.5 * 30 hours. The average SOWS
score pre-treatment was 31.0 * 11.6 compared to 14.0 £ 9.8
post-treatment, a mean reduction of 17.0 + 12.5 points (t
=7.07, df =26, p < .001).76

This effect is similar to that seen in methadone treat-
ment of opioid withdrawal.”? ASI evaluation was done pre-
treatment and at 1, 3, 6, 9, and 12 months post-treatment.
This assessment records values in seven distinct areas: drug
use, alcohol use, family/social, employment, legal, medical,
and psychiatric status.”8 The scores in each area can be
combined into an ASI Composite score (ASIC). Statistically
significant decreases in ASIC scores, indicating improve-
ment from baseline, were seen at all post-treatment time
points in the drug use, family/social status, and legal status
categories. 50% of subjects reported no opioid use in the
previous 30 days at one-month post-treatment and 33% re-
ported complete abstinence over the previous 30 days at
three months post-treatment. This is compared to 18% ab-
stinence at four weeks following treatment with buprenor-
phine and 26% abstinence at six weeks following
methadone, according to systematic reviews conducted in
2015 and 2013, respectively.”9,80

Participants in the study frequently stated that they
found the psychedelic experience associated with ibogaine
beneficial in addition to the cessation of opioid withdrawal

symptoms.’® A common theme was visions of past life ex-
periences accompanied by a feeling of remorse about prior
drug use. Some participants also experienced an interval
of decreased drug-craving following ibogaine treatment in
which they felt that they were able to achieve stability in
their lives that helped them from relapsing.

Another study further reinforced the anti-addictive
properties and blood-brain permeability of noribogaine
while also evaluating the liability burden in rodents. The
study showed that administration of noribogaine improved
symptoms of naloxone-induced withdrawal in opioid-de-
pendent mice. Measured objectively, there was an 88% de-
crease in the global opiate withdrawal score. Other portions
of the study sought to test the blood-brain permeability
further and evaluate for abuse liability. Results of the study
indicated a high blood-brain penetration with a brain/blood
ratio of 7. Abuse liability was assessed using a place par-
adigm; rats treated with noribogaine did not show a place
preference, suggesting any reward-based stimulus associ-
ated with administration.8!

DRONABINOL

It has been noted as far back as 1976 that cannabinoids may
reduce the severity of opioid withdrawal and several other
preclinical studies have supported this finding.82-85 Dron-
abinol, a synthetic form of THC, has become a popular po-
tential therapy for opioid use disorder in recent years. A
2015 double-blind, placebo-controlled trial examined the
effect of dronabinol administration on naltrexone-assisted
opioid cessation.8¢ Naltrexone is one of the traditional
treatments for OUD, but its use may be associated with sig-
nificant withdrawal symptoms, as it is an opioid receptor
antagonist. It was hypothesized that using dronabinol
would reduce withdrawal symptoms during the initial stage
of naltrexone treatment.

Study participants were admitted to an inpatient re-
search unit for an eight-day stay consisting of opioid detox-
ification and XR-naltrexone induction. Subjects were stabi-
lized on buprenorphine on Day 2 before undergoing opioid
washout on days 3 and 4. Increasing doses of naltrexone
were given on Days 5-7, followed by an injection of XR-
naltrexone on Day 8. Patients were discharged on Day 9.
Participants were randomized to receive either dronabinol
or placebo in addition to other medications.3¢ Forty pa-
tients were given 30 mg dronabinol, while 20 were given
a placebo. After discharge, patients received an additional
eight weeks of outpatient treatment, attending the clinic
thrice weekly. Dronabinol or placebo was continued outpa-
tient for five weeks. A further injection of XR-naltrexone
was given at four weeks. The severity of opioid withdrawal
was assessed using the SOWS. Patients presented on Day 1
with low to moderate levels of withdrawal severity with no
significant difference between treatment groups.8¢

Overall, observed withdrawal scores were higher in the
placebo group (26.5) than in the dronabinol group (16.7)
(p = 0.005).86 This difference appeared to be mainly at-
tributable to differential effects in the pre-naltrexone stage
of treatment. On Days 2-4, before the induction of nal-
trexone therapy, a significant difference in observed with-
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drawal symptoms was observed, with a difference of 11.34
(p = 0.003). Withdrawal scores for the two groups became
more similar after the start of naltrexone therapy, with a
difference of 6.69 and no statistical significance seen (p
= 0.13).86 Despite this apparent difference between Days
2-4 and Days 5-8, no difference was noted when the SOWS
scores of these two time periods were compared.

While the effect of dronabinol on withdrawal symptoms
was the primary objective of this study, a secondary goal
was to determine if dronabinol would increase patient re-
tention in treatment. Analysis showed no significant differ-
ence in the completion of 8 weeks of naltrexone treatment
between the two groups (66% in the dronabinol group, 55%
in the placebo group; p = 0.23).86 The most common ad-
verse effects seen in the study were insomnia, nausea/vom-
iting, diarrhea, mood changes, and fatigue/drowsiness.
These effects were likely due to naltrexone-related pro-
longed withdrawal, and no difference was seen between
treatment groups. This suggests that dronabinol may only
be effective at relieving acute opioid withdrawal and not
protracted withdrawal or naltrexone-induced withdrawal.
Dronabinol was well-tolerated, as indicated by the similar
number of adverse effects among treatment groups. Addi-
tionally, there were identical requests to decrease dosage in
control and treatment groups.

Another study examined the effects of dronabinol alone
on opioid withdrawal compared to oxycodone and
placebo.87 Subject participants were self-reported users of
short-acting opiates on > 21 of the past 30 days. The study
was conducted at a residential research facility at the Uni-
versity of Kentucky. After admission to the research facility,
patients were stabilized on oral oxycodone. After at least
five days of stabilization, seven double-blind experimental
sessions were conducted, each separated by at least 72
hours. Patients were given placebo, oxycodone (30 or 60
mg), or dronabinol (5, 10, 20, or 40 mg). After the first two
subjects to receive dronabinol 40 mg developed tachycardia
and anxiety, this dose was lowered to 30 mg. Results of this
study showed a reliable attenuation of opioid withdrawal
symptoms by oxycodone. Higher doses (20 and 30 mg) of
dronabinol showed some efficacy in attenuating withdrawal
symptoms; however, it was much less effective than oxy-
codone.87 High-dose dronabinol was associated with with-
drawal scores 34-48% lower than placebo, compared with
a 62-70% decrease on oxycodone.87 Lower doses (5 and 10
mg) of dronabinol showed minimal efficacy in suppress-
ing withdrawal. Higher doses of dronabinol were associated
with tachycardia (107.6 bpm with 20 mg, 112.6 bpm with
30 mg) and psychoactive effects. Dronabinol also increased
subjective “drug effect,” “high,” “sedation,” and “bad ef-
fects” as compared to placebo. Dronabinol 20 mg did, how-
ever, reduce the “desire for opiates.”®” Limitations of this
study include a small sample size, with only 12 participants
involved. The author of this study concluded that dron-
abinol is not a very effective treatment for opioid with-
drawal due to its modest effect and association with signif-
icant tachycardia.8” These adjuvant agents are summarized
in Table 1.

5 &

Table 1. Adjuvant agents, efficacy and disadvantages
in opioid abuse patients.

Agent Efficacy Disadvantages
Ketamine Increased rates of Possible
abstinence; negative
decreased opioid psychedelic
craving, anxiety experience
Ibogaine Decreased opioid lllegal, QT
withdrawal prolongation
symptoms; increased
rates of abstinence
Dronabinol Variable effects, with Tachycardia,
high doses resulting sedation
in moderate
decreasesin
withdrawal
symptoms
CONCLUSION

The opioid epidemic is one of the most pressing public
health crises the United States has ever faced. The crisis
presents a multifaceted burden on human lives, relation-
ships, and the economy. Preventing the development of
opioid addiction via primary prevention measures such as
provider education and more cautious prescription is desir-
able. However, even since the magnitude of the crisis has
been recognized and actions such as these have begun to be
implemented, the use of illicit street drugs such as fentanyl
and heroin has continued to rise. Overdose deaths continue
to increase every year. It is thus imperative that tertiary
treatment measures for patients suffering from OUD con-
tinue to be explored and refined.

Current tertiary treatment typically revolves around us-
ing a variety of opioid receptor agonists, partial-agonists,
and antagonists. Beyond these standard medications used
for OUD, alternative medications can be effective in some
instances. Ketamine has effectively decreased opioid crav-
ings both by itself and when used in conjunction with psy-
chotherapy. The primary negatives of ketamine as a therapy
revolve around potential psychodysleptic experiences. Ibo-
gaine has been shown to decrease withdrawal symptoms
and increase abstinence rates. The primary downsides of
ibogaine are visual disturbances and QT prolongation,
which would necessitate routine cardiac monitoring. Fi-
nally, the cannabinoid dronabinol has been seen to have
varying effects. High doses appear to reduce withdrawal
symptoms. This high dosing comes at the expense of in-
creased adverse side effects such as sedation and tachy-
cardia. As is apparent, there are potentially both benefits
and risks of using these alternative medications in treating
OUD. Further research certainly needs to be performed to
determine how to maximize the efficacy and minimize un-
wanted side effects of these medications in treating pa-
tients suffering from opioid addiction.
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