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Abstract: Nalmefene hydrochloride was first discovered as an opioid antagonist derivative of naltrexone in 1975. It is among the 
most potent opioid antagonists currently on the market and is differentiated from naloxone and naltrexone by its partial agonist activity 
at the kappa-opioid receptor which may benefit in the treatment of alcohol use disorder. Oral nalmefene has been approved in the 
European Union for treatment of alcohol use disorder since 2013. As of 2023, nalmefene is available in the United States as an 
intranasal spray for reversal of opioid overdose but is not approved for alcohol or opioid use disorder as a maintenance treatment. The 
substantially longer half-life of nalmefene and 5-fold higher binding affinity to opioid receptors makes it a superior agent over 
naloxone in the reversal of high potency synthetic opioids like fentanyl and the emerging nitazenes. Nalmefene presents with 
a comparable side effect profile to other opioid antagonists and should be considered for further development as a maintenance 
treatment for opioid and other substance use disorders. 
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Introduction
Opioid use disorder (OUD) is characterized by an intense, reoccurring craving and uncontrollable desire to misuse 
opioids despite potential physical and psychological harm to the person using the substance.1 In 2019, approximately 
1.6 million individuals aged 12 years and older in the United States were reported to suffer from an opioid dependency.2 

Furthermore, an estimated 69,000 OUD overdose deaths were reported in 2020.2 OUD exerts a profound and adverse 
impact on one’s quality of life and increases potential risk factors for comorbidities, mental health disorders, and poor 
social and functional outcomes when left untreated.3 The global COVID-19 pandemic did worsen the OUD overdose rate 
primarily because of limited access to treatment facilities.4 In addition, a number of new psychoactive substances (NPS) 
have emerged in recent years, among them synthetic opioids that are more potent than fentanyl.5,6 The highest rate of 
fatality from NPS was from synthetic opioids, which may require many times the dose of naloxone available in 
emergency departments with limited resources.7,8 The numbers for OUD and opioid overdose deaths justify the term 
“opioid epidemic” used by both scientific and popular outlets and constitute a social and public health crisis that needs to 
be prioritized by implementing new prevention, treatment, and mitigation approaches, among them pharmacotherapy.

OUD medication-assisted treatment (MAT) can help reduce dependency and improve overall health. Current US Food 
and Drug Administration (FDA) therapies approved for OUD are buprenorphine, methadone, and naltrexone either alone 
or in combination.9 Methadone acts as a full agonist on the mu-opioid receptor (μOR), while buprenorphine functions as 
a partial agonist on the μOR. Both methadone and buprenorphine work to reduce cravings and alleviate withdrawal 
symptoms. Methadone was first approved for OUD MAT in 1972.10 Its effectiveness for OUD has been shown in several 
meta-analyses, while methadone also shows a lower potential for tolerance and dependence compared to other opioids 
likely based on its longer half-life and N-methyl-D-glutamate (NMDA) antagonist activity.11,12 Buprenorphine, alone or 
in combination with naloxone, was approved for OUD MAT in 2000 and can, similar to methadone, be associated with 
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adverse effects if mis- or abused.13 Because it is a partial agonist, buprenorphine in theory may be limited in causing fatal 
respiratory depression because of its ceiling effect. It appears that buprenorphine resulted in lower recidivism compared 
to methadone despite a lower percentage of those using buprenorphine could be maintained on the MAT compared to 
methadone overall.14 It appears that OUD MAT should be personalized based on the patient’s individual characteristics 
and preferences. While some patients respond better to methadone as a full μOR agonist, others may prefer the longer 
duration and partial agonist activity of buprenorphine.14 Naltrexone is a pure μOR antagonist that counteracts the effects 
of opioid utilization.15 Although naltrexone has gained recognition for its role in blocking the euphoric effects of opioid 
consumption and suppressing cravings, it is less frequently used in the treatment of OUD when compared to methadone 
and buprenorphine, largely due to its sustained presence of withdrawal symptoms even after longer discontinuation, low 
patient acceptance, and non-adherence.16 Furthermore, low dose naltrexone (LDN) is receiving increasing attention for 
its potential in managing chronic pain and inflammation.17 Naloxone is a non-selective, competitive opioid receptor 
antagonist that is commonly paired intravenously with buprenorphine or when buprenorphine is given orally to counter 
the euphoric effects and potential abuse of buprenorphine.18 As monotherapy, naloxone is ineffective for the maintenance 
treatment of OUD due to its short half-life; however, it is the primary treatment for opioid overdose and, due to its safety 
profile, is now available as an over-the-counter opioid intoxication reversal agent.19 Buprenorphine, methadone, and 
naltrexone are clinically proven, effective therapies in the management of OUD; however, they can pose financial 
challenges as well. In 2021, the US Department of Defense estimated the annual cost per individual for treatment in 
a certified opioid treatment program (OTP) would be approximately $5980, $6552, and $14,112, respectively, excluding 
psychosocial support.20 Nevertheless, there is an ongoing need to expand research and develop additional therapy options 
for the individualized treatment of OUD.

Alcohol Use Disorder (AUD) remains among the most prevalent use disorders in the US, globally accounting for 
more than 14.5 million people with an AUD diagnosis and 95,000 deaths in the US in 2019.21 The most common 
pharmacotherapeutic treatment approaches involve the use of enzyme inhibitors (disulfiram) to prevent the degradation 
of acetaldehyde, the toxic metabolite of ethanol. Acamprosate serves to reduce withdrawal and cravings for alcohol by 
reducing inhibitory GABAA mediated signaling and increasing excitatory glutamate mediated signaling.22 In addition, 
naltrexone is commonly used to reduce withdrawal and cravings from alcohol as it mediates GABA release upon 
antagonism at opioid receptors. However, most pharmacotherapies present with limitations and a high recidivism rate of 
up to 75% at one year following treatment initiation.23

Nalmefene hydrochloride is a potent mu-opioid receptor antagonist and partial kappa-opioid receptor agonist, 
primarily employed for the treatment of AUD in the European Union, averting the compulsive urge to consume 
alcohol.24 Nalmefene has demonstrated efficacy in reversing opioid intoxication, in addition to curbing cocaine 
cravings.25,26 Additional potential application for nalmefene hydrochloride is its potential to provide relief in chronic 
pain and facilitate behavioral modifications.16,27 This review will evaluate the prospective effectiveness of nalmefene 
hydrochloride as an alternative, long-term therapy for the treatment of OUD and AUD.

Results
Pharmacodynamics
The opioid receptor system plays a crucial role in the modulation of pain, behavior, and antinociception. The mu (μ), 
kappa (κ), and delta (δ) opioid receptors are G-protein coupled receptors expressed in the central nervous system that 
affect analgesia, mood stability, and reward pathways which ultimately can lead to an OUD. The agonism of the μOR 
primarily operates in pain management, mood enhancement, and the stimulation of central dopamine reward pathways 
resulting in the sensation of euphoria.28 Additionally, the chronic stimulation of the μOR affects the respiratory center in 
the central nervous system, resulting in a depression in both the rate and depth of breathing, potentially reaching 
a dangerously low level. The δOR signaling pathway predominately serves the function of producing analgesia.28 The 
activation of κOR not only enhances the analgesic response but it also modulates various behaviors such as depression 
and reward. According to animal studies, the repeated activation of κOR was found to diminish the reward-potentiating 
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impact of cocaine; however, the repeated stimulation was also associated with behavioral signs characteristic of 
depression-like responses.29,30

A preclinical study examined numerous compounds involved in opiate addiction at the μ, κ, and δ opioid receptors to 
quantify their binding affinity in efforts to evaluate potential opioid treatment therapies.31 Table 1 depicts the binding and 
inhibitory constants (Ki) of opioid receptor agonists and antagonists in Chinese hamster ovary (CHO) cells transfected 
with human opioid receptors. Morphine and fentanyl, opioid receptor agonists, exhibit high affinities primarily at the 
μOR. These drug therapies are frequently used for the relief of moderate-to-severe chronic pain, providing analgesic 
effects but also associated adverse events, including potential addiction and respiratory suppression when misused. 
Nalmefene and naltrexone, μOR antagonists, demonstrate greater affinities at the μ-opioid receptor compared to 
morphine, fentanyl, and its therapeutic counterparts and are utilized for the treatment of OUD. While naltrexone and 
naloxone are neutral antagonists that occupy but do not activate the opioid receptor, nalmefene acts as an inverse agonist, 
lowering the constitutive activity of opioid receptors below baseline.32 This suggests more efficient binding while 
reducing the likelihood of agonistic drug binding and receptor activation, thus, attenuating the effects of fentanyl and 
morphine. Antagonists for G-protein coupled receptors require approximately 60–90% target occupancy to elicit 
therapeutic effects in patients. An occupancy simulation in a PK/PD study demonstrated that a single administration 
of 20 mg nalmefene resulted in μOR occupancies of within or above 60–90% for up to 22–24 hours in 95% of the 
population.33 Several studies examined the μOR occupancy of various doses of naltrexone. Eight hours post- 
administration, 15 mg naltrexone occupied approximately 61% of the μ-opioid receptors, whereas 50 mg naltrexone 
achieved over 90% occupancy after about 49 hours.34,35 At the κ-opioid receptor, nalmefene acts as a high affinity partial 

Table 1 Binding Affinities (Ki) in nM of Therapeutic Agents at the Humanized μ/κ/δ-Opioid Receptors on Transfected 
Chinese Hamster Ovarian Cells.

Therapeutic Agents Mechanism of 
Action

Human μ in 
Transfected CHO 
[3H]DAMGO

Human δ in 
Transfected CHO 
[3H]DPDPE

Human κ in 
Transfected CHO 
[3H]U69,593

Buprenorphine μOR: Partial agonist 
δOR: Antagonist 

κOR: Antagonist

1.5 ± 0.8 4.5 ± 0.4 0.8 ± 0.05

Fentanyl μOR: Agonist 
δOR: Agonist 

κOR: Agonist

0.7 ± 0.3 152.7 ± 38.3 84.8 ± 19.4

Methadone μOR: Agonist 
δOR: Antagonist 

κOR: Agonist

0.6 ± 0.2 132.2 ± 10.7 323.5 ± 18.3

Morphine μOR: Agonist 
δOR: Agonist 

κOR: Agonist

1.1 ± 0.05 140 ± 1.5 46.8 ± 14.5

Naloxone μOR: Antagonist 
δOR: Antagonist 

κOR: Antagonist

1.4 ± 0.05 67.5 ± 40 2.5 ± 0.3

Nalmefene μOR: Antagonist 
δOR: Antagonist 

κOR: Partial agonist

0.3 ± 0.15 7.3 ± 3.6 0.3 ± 0.15

Naltrexone μOR: Antagonist 

δOR: Antagonist 

κOR: Antagonist

0.2 ± 0.0 10.8 ± 3.0 0.4 ± 0.1

Notes: Data from Meeting C on P of DD (U. S). S, Abuse NI on D. Problems of Drug Dependence: proceedings of the. Annual Scientific Meeting, the 
College on Problems of Drug Dependence, Inc [Internet]. U.S. Department of Health and Human Services, Public Health Service, National Institutes of 
Health, National Institute on Drug Abuse; 1997. Available from: https://books.google.com/books?id=hgj5eTyGTI4C.41 

Abbreviations: μOR, mu-opioid receptor; κOR, kappa-opioid receptor; δOR, delta-opioid receptor; DAMGO, [D-Ala2, N-MePhe4, Gly-ol]- 
enkephalin, selective µ-opioid receptor agonist; DPDPE, [D-Pen2,D-Pen5]- enkephalin, selective δ-receptor agonist; U69,593, selective κ-opioid 
receptor agonist.
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agonist, potentially instigating aversion towards addictive behaviors, particularly in the treatment of AUD.36 The 
activation of κOR potentially leads to heightened activation of the hypothalamic-pituitary-adrenal (HPA) axis through 
increased adrenocorticotropic hormone and cortisol secretion.37 Elevated cortisol levels have been associated with mood 
disorders and depression. In contrast, naltrexone has an antagonistic effect on the κOR, potentially modulating dysphoria 
by alleviating symptoms of anxiety and depression in opiate dependent individuals.30,38,39 Another opioid-like receptor, 
the orphanin FQ/nociception receptor, is known to be antagonized by naltrexone, while it is not known what effect 
nalmefene administration has.40 The nociception receptor mediates spinal analgesia similar to the µOR.

A meta-analysis conducted to determine serious adverse events associated with the use of nalmefene in patients with 
substance abuse and impulse control disorders reported three long-term (24–48 weeks) randomized controlled trials that 
revealed psychiatric adverse events in 24 of the 1144 total participants (2.1%) across all three studies; however, no 
evidence of increased odds of overall psychiatric adverse events in the nalmefene group compared with the placebo 
group was present.42–45 Patients taking nalmefene were 3.22 times more likely to discontinue therapy due to transient 
side effects compared to placebo. Patients frequently encounter adverse effects such as nausea, dizziness, headache, and 
insomnia, contributing to early withdrawals from clinical studies and suboptimal adherence. Adverse events of nalmefene 
administration in opioid-dependent patients include mood changes, restlessness, nausea, vomiting, headache and 
dizziness.46 In clinical studies involving patients with OUD, reported side effects of naltrexone included nausea, 
vomiting, decreased appetite, low energy, and difficulty sleeping.47 Naltrexone has not been conclusively associated 
with cases of clinically apparent liver injury; however, close monitoring is recommended for patients with moderate-to- 
severe hepatic impairment.48 Interestingly, oral nalmefene does not exhibit dose-dependent hepatotoxicity, eliminating 
the need for dosing adjustments.49

Methadone serves as a full agonist at the μ and κ-opioid receptors and functions as an antagonist at the δ-opioid 
receptor. Methadone consists of both S and R-enantiomers, with R-methadone displaying high selectivity for the μ-opioid 
receptor and minimal affinity for the κ and δ-opioid receptors.50 In contrast to standard μOR agonists, methadone exhibits 
a diminished sense of euphoria upon oral administration, thereby reducing the intensity of cravings and withdrawal 
symptoms.51 Furthermore, the internalization and recycling of the μ-opioid receptor contributes to reduced opioid 
tolerance during long-term treatment.52 The non-opioid activities of methadone, such as N-methyl-D-aspartate 
(NMDA) receptor antagonism and the inhibition of serotonin and norepinephrine reuptake, have the potential to mitigate 
the development of desensitization associated with prolonged treatment but may not be of significant clinical impact at 
therapeutic concentrations.53,54 Chronic methadone exposure, leading to an excessive opioid receptor activity, can result 
in various toxic effects including respiratory suppression, cardiotoxicity characterized by bradycardia, QTc prolongation, 
and torsades de pointes (TdP), sensorineural hearing loss, and hypoglycemia.55

Buprenorphine is a partial agonist with a strong affinity for the μ-opioid receptor, provoking a stimulatory response.56 

However, in the presence of a full agonist, buprenorphine acts as a functional antagonist, attenuating the effects generated 
by full agonists. Its low intrinsic activity at the μ-opioid receptor elicits a ceiling effect at higher doses, resembling 
a dose-dependent bell curve. This limits agonistic responses, decreasing the likelihood of abuse and the development of 
physical dependence. Buprenorphine exhibits a strong antagonistic affinity for the κOR, potentially mitigating dysphoric 
sensations akin to the effects observed with naltrexone.39,57 Several FDA approved formulations for OUD incorporate 
naloxone in conjunction with buprenorphine to reduce the risk of parenteral diversion and misuse of buprenorphine’s 
characteristic agonistic properties.56 In addition, there are several active metabolites of buprenorphine that interact with 
opioid receptors.58 Among them are norbuprenorphine and various glucuronides which also present with binding affinity 
at opioid receptors and the nociception receptor which is considered a target for opioids.

Naloxone, a high affinity μ-opioid receptor antagonist, quickly occupies the μOR and diminishes the stimulatory 
euphoric effects commonly induced by buprenorphine when administered intravenously. Yet, conflicting literature 
indicates that buprenorphine ultimately displaces naloxone resulting in a delayed euphoric experience, rendering the 
addition of naloxone ineffective.59,60 Severe complications associated with buprenorphine include central nervous system 
depression, hypotension, QTc prolongation, and lower seizure threshold. Less severe adverse events include nausea, 
dizziness, headache, and dry mouth.61 Furthermore, the active metabolite, norbuprenorphine, has been observed to 
penetrate the placental barrier in rats, consequently resulting in the reduction of myelinated axons, nerve growth factor, 
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and the emergence of depression-like behavioral features in the exposed offspring, underscoring the importance for 
studying the impact of perinatal buprenorphine administration on humans.41,58

Naltrexone, buprenorphine, and nalmefene therapies can induce precipitated withdrawal when administered in the 
presence of a full μ-opioid agonist. Precipitated withdrawal occurs when the elevated binding affinities of buprenorphine, 
naltrexone, and nalmefene displace the full agonists, resulting in a rapid reduction in the μ-receptor activation from full to 
partial.62 It is characterized by the sudden onset of symptoms such as autonomic instability, seizures, body aches, nausea, 
and vomiting. Naltrexone therapies recommend that patients undergo a 7–10-day opioid wash-out period prior to 
initiation to prevent precipitated withdrawal.63 In contrast, before beginning buprenorphine therapy, an individual should 
wait until moderate withdrawal symptoms are present or at least 6–12 h after the last opioid administration. The amount 
of time from last use to moderate withdrawal varies depending on half-life of the opioid. When transitioning from 
methadone to buprenorphine, it is essential to gradually reduce the methadone dose to less than 30 mg. Additionally, the 
patient must wait at least 72 hours after the last methadone dose to prevent precipitated withdrawal. Individuals using 
naltrexone and nalmefene should wait until withdrawal symptoms are no longer present or receive smaller doses due to 
their characteristically high affinity for the μ-opioid receptor. However, nalmefene may present with distinct differences 
in precipitating withdrawal to naltrexone or naloxone given that it acts as an inverse agonist and may thus present with 
more severe adverse effects. There are currently no recommendations for the induction of nalmefene. During the 
induction period, it is crucial to closely monitor patients and titrate doses to suit the individual needs of the patient for 
all drug therapies.

Pharmacokinetics
Buprenorphine is a highly lipophilic drug available in numerous formulations including buccal film, transdermal films/ 
patches, intramuscular (IM) injection, subcutaneous (SQ) injection, sublingual tablet, implant, and intravenous (IV) 
administration.64 The onset of buprenorphine varies from 15 minutes to 17 hours, depending on the dosage form and 
strength, with intravenous administration being most rapid and transdermal administration being the slowest.65,66 FDA- 
approved formulations for OUD encompass sublingual tablets, SQ injections, and the recently approved subdermal 
implant (Table 2). Transmucosal buprenorphine has a relatively high bioavailability (46–63%) reaching peak plasma 
concentrations within 40 minutes to 3.5 hours; however, the ingestion of liquids after administration reduces the 
bioavailability by 23–37%.67 The average half-life of buprenorphine spans from 31 to 36.5 hours following sublingual 
administration. Most recently, the subdermal implantable buprenorphine formulation provides long-term stable plasma 
concentrations for the duration of 6 months, eliminating the frequent dosing of transmucosal administration.68 Peak 
plasma concentrations are reached within 12–24 hours after implantation with a steady concentration attained in 3–8 
weeks.68 Buprenorphine undergoes extensive metabolism in the liver by N-dealkylation via cytochrome P450 enzyme 
CYP3A4 to norbuprenorphine. Norbuprenorphine is an active metabolite that is present in peak plasma concentrations 
comparable to or exceeding those of buprenorphine, with a half-life that surpasses that of buprenorphine.69 In animal 
models, norbuprenorphine causes significantly marked respiratory depression (x10 fold) and has little analgesic effect 
(x0.02 fold) compared to buprenorphine.70,71 Furthermore, treatment should be monitored closely when taken in 
conjunction with CYP3A4 inducers and inhibitors, as they can potentially lead to hazardous decreases or increases in 
plasma concentrations of buprenorphine. Buprenorphine is additionally formulated with naloxone and available in 
transmucosal dosage forms (Table 2). When combined with naloxone, buprenorphine maintains it pharmacokinetic 
profile without undergoing any changes in its characteristics. Naloxone has a low oral bioavailability of approximately 
10% and is largely ineffective in oral combination products. Given the extensive hepatic metabolism of buprenorphine, 
renal adjustment is not required; nevertheless, individuals with moderate-to-severe hepatic impairment should refrain 
from subcutaneous injections and the subdermal implant.72,73 Transmucosal dosage forms should be initiated at lower 
doses and slowly titrated up.67

Methadone is available as a lipophilic hydrochloride salt in oral, IV, IM, SQ, epidural, and intrathecal formulation 
(Table 2). The onset of methadone ranges from approximately 15 minutes for intravenous formulations to 2 hours for oral 
formulations.104 For OUD, methadone is accessible in both oral liquid and tablet formulations, achieving peak plasma 
concentrations within 1 and 7.5 hours, respectively. Methadone has a high bioavailability of >80% and an extended half- 
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life ranging from 8 to 59 hours.91,92,104 Methadone undergoes metabolism via N-demethylation mediated primarily by 
CYP2B6 and CYP3A4, producing the inactive metabolite 2-ethyl-1,5-dimethyl-3,3-diphenylpyrrolidine (EDDP).105 The 
CYP2B6 gene exhibits high variability; individuals carrying the CYP2B6*6 polymorphism metabolize methadone 
insufficiently, resulting in elevated plasma concentrations compared to those with the wild-type gene.106 Moreover, 
medications acting as CYP3A4 inducers and inhibitors pose potential risks and require close monitoring for interactions 
with methadone. Given that methadone undergoes hepatic metabolism, renal dosing adjustments are not generally 
required; however, caution should be exercised administering in patients with end-stage renal disease.

Naltrexone is available in oral and parenteral formulations. Extended-release IM naltrexone is currently the only 
formulation approved for the management of OUD (Table 2). Extended-release naltrexone (XR-NTX) requires monthly 
dosing with initial transient peak concentrations occurring within 2 hours following the gluteal injection, followed by 
a second peak observed approximately 2–3 days later.63 XR-NTX has an elimination half-life (t1/2) ranging from 5 to 10 
days after administration. Oral naltrexone reaches peak concentrations in approximately 1 hour; however, it typically 
requires daily dosing due to a short half-ife (t1/2) of approximately 4 hours.101 Naltrexone undergoes extensive hepatic 
metabolism mediated by dihydrodiol dehydrogenase, a cytosolic family of enzymes, to the main active metabolite, 6-β- 
naltrexol. While a weaker antagonist than naltrexone, 6-β-naltrexol may play a role in the prolonged duration of action 
seen with naltrexone, given that plasma concentrations of the metabolite are consistently higher. A pharmacokinetic study 
revealed 1 hour following a 100 mg dose of oral naltrexone, the mean peak plasma concentrations of naltrexone and 6-β- 

Table 2 Route, Cmax, Tmax, t1/2, Vd, and Systemic CL of Therapeutic Opioid Receptor Agents

Therapeutic 
Agent

Route Cmax  

(ng/mL)
Tmax (h) t1/2 Vd (L) Systemic CL 

(L/h)
References

Buprenorphine SQ 4–11.81 24 3–60 d ND ND [72,73]
Buccal 0.17–1.43 0.81–3.0 19.01–48 h 5598 711.9 [67]
SL 1.25–2.65 0.67–3.5 31–36.5 h 6750 210.4 [74,75]

Implant 0.5–1 12–24 24–48 h ND ND [68,76,77]

IV 19.3–137.7 ND 1.2–7.2 h 97–334.9 54.1–77.4 [64,66,78,79]

Buprenorphine + 

Naloxone

SL Buprenorphine Buprenorphine Buprenorphine Buprenorphine Buprenorphine [80]

0.780–2.58 1.5 30.75–31.94 h ND ND

Naloxone Naloxone Naloxone Naloxone Naloxone

51.3–135. 0.75 5.15–7.65 h ND ND

Fentanyl IV 1.46 0.17 3–18.03 h 420–833 42–53 [81,82]

Oral 0.2–2.7 0.16–2 2.6–19 h 280 42–53 [83–87]
Transdermal 0.38–3.36 20–72 3–27 h 833 3–80 [81,88]

Methadone IV 0.29 ~ 0.1 23 h ~ 251 7.42 [89,90]

Oral 124–1255 1–7.5 8–59 h 70–560 1.4–126 [91,92]
Morphine IV 33–40 0.16–0.3 1.5–4.5 h 70–329 60–84 [93–95]

Oral 7.35–78 0.9–10 2–15 h 70–420 84–126 [93,95–98]

Nalmefene IV 3.7–5.8 ~ 2.3 ~ 10.8 h ~ 602 ~ 67 [33,99]
Oral 16.5 ~ 1.5 ~ 12.5 h ~ 3200 ~ 169 [33,100]

Naltrexone Extended 

Release IM

25–28 ● 2 h  

(first peak)
● 2–3 d  

(second 

peak)

5–10 d ~ 1350 ~ 210 [101,102]

Oral 8.6 1 4 h ND ~ 94 [101,103]

Notes: Cmax = maximum observed plasma drug concentration; Tmax = time to maximum plasma drug concentration; t1/2 = elimination half-life; Vd = volume of distribution; 
CL = clearance. 
Abbreviations: IM, intramuscular; IN, intranasal; IV, intravenous; SL, sublingual; SQ, subcutaneous; ND, not determined or reported.
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naltrexol were 43.6 ± 29.9 and 87.2 ± 25.0 ng/L, respectively.107 However, animal studies have indicated that 6-β- 
naltrexol is 0.02 to 0.04 as potent as naltrexone as an active inhibitor, with minimal effects lasting 4 to 9 times longer. 
The mean elimination half-life (t1/2) for 6-β-naltrexol is approximately 13 hours. Administering intramuscularly 
circumvents first-pass metabolism, altering the exposure ratio of 6-β-naltrexol to naltrexone compared to oral adminis
tration, resulting in a similar mean elimination half-life as the parent compound (5–10 days).63 Dosing adjustments in 
patients with renal and hepatic impairment is not required for the administration in oral and IM naltrexone and patients 
should be monitored closely.108

Nalmefene is presently accessible in the US in intramuscular (IM) and intranasal (IN) formulations, while various 
countries offer oral dosage forms for the treatment of AUD. The oral formulation exhibits a bioavailability of 40–50% 
and a prolonged elimination half-life (t1/2) of 12.5 hours.100 The intravenous dosage form demonstrates a comparable 
half-life of approximately 10.8 hours.99 Nalmefene undergoes extensive liver metabolism, primarily through glucuronide 
conjugation, yielding inactive metabolites (Table 2). It demonstrates minimal pharmacokinetic variations between 
genders, across age groups, and among ethnicities. There does appear to be a minor influence of body size on the 
clearance of nalmefene. Additionally, clearance is reduced by approximately 28% in patients with mild-to-moderate 
hepatic dysfunction.99 Dosage adjustments are not required in individuals with moderate-to-severe renal insufficiency as 
well. A clinical investigation explored the pharmacokinetic profile in individuals with end-stage renal disease, revealing 
a reduction in systemic clearance and an increase in volume of distribution when compared to those with normal renal 
function.109 These two characteristics counterbalanced one another, leading to a plasma time concentration and clinical 
response that did not show significant differences when compared to healthy individuals. Nonetheless, close monitoring 
is recommended when using nalmefene.

The half-life of nalmefene following oral administration is approximately 3 times as long as naltrexone and double of 
naloxone. Given the longer half-life of fentanyl derivatives, nitazene opioids, and other new psychoactive substances that 
activate opioid receptors,5 nalmefene administration is less likely to result in rebound respiratory depression than the 
current use of naloxone.

Current Therapeutic Uses of Nalmefene
Alcohol Use Disorder
Preclinical studies on the application of opioid antagonists for the treatment of AUD began in the 1980s, revealing the 
potential indirect inhibition of opioid receptors by aliphatic alcohols, such as ethanol.110,111 In 1994, the FDA approved 
the use of oral naltrexone in the treatment of AUD, guided by the results of two randomized controlled trials that 
supported its efficacy and safety.112,113 Following that, in 2006, the FDA granted approval for a long-acting injectable 
formulation, eliminating the necessity for daily dosing.24 Simultaneously, as advancements were made with naltrexone, 
researchers sought to understand another selective opioid antagonist, nalmefene, for the treatment of AUD.

The administration of nalmefene utilizes its binding affinity for the μ, κ, and δ opioid receptors (ORs) to diminish the 
reinforcing effects of alcohol consumption.114 In pre-clinical animal trials, the antagonism of nalmefene on the μOR and 
δOR resulted in the suppression of alcohol self-administration in alcohol non-dependent and dependent rats. In 
comparison to naltrexone, which is currently approved in the US for AUD, nalmefene significantly attenuated alcohol 
self-administration to a greater extent in alcohol-dependent animals when administered at the same dose. The partial 
agonism of nalmefene on the κOR potentially contributed to suppressing self-administration in alcohol-dependent rats 
when compared to naltrexone.36 This is attributed to nalmefene’s, potential to enhance the aversive effects of the 
compensatory upregulated dynorphin/κ opioid receptor system on the μOR, resulting from prolonged alcohol 
intake.115,116 In contrast, naltrexone exhibits a comparable μOR affinity; however, it demonstrates a much lower affinity 
for κOR and δOR in both rats and humans. To better correlate nalmefene’s pharmacology at opioid receptors to its 
clinical relevance in AUD, a human study utilized positron emission tomography imaging that revealed μOR occupancy 
of 87% to 100% three hours after both single and multiple oral administrations of nalmefene hydrochloride, each at 
a clinically effective dose of 20 mg.117

Approved in the European Union (EU) in 2013, oral nalmefene hydrochloride (Selincro) is available for the as-needed 
use of alcohol consumption reduction in alcohol-dependent individuals who have a high drinking risk level consisting of 
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a total pure ethanol consumption of >60 g/day in men or >40 g/day in women.118 Each tablet contains 21.9 mg of 
nalmefene hydrochloride dihydrate, equivalent to 18 mg nalmefene; the tablet is instructed for as-needed use, with 
a recommended limit of one tablet per day.100

The approval of oral nalmefene in the EU was based on three randomized, double-blind, multinational European 
trials. Two of the trials, ESENSE 1 and ESENSE 2, investigated the efficacy of oral nalmefene compared to placebo over 
a six-month period.43,44 The third clinical trial, SENSE, evaluated its safety and effectiveness over the duration of 
one year.119 In all three trials, as-needed oral nalmefene therapy was supplemented with motivational and adherence- 
enhancing interventions. Merging the findings from the ESENSE 1 and 2 trial for the specified target population (ie, 
patients with a high drinking risk level during selection and randomization) indicated that as-needed nalmefene treatment 
versus placebo led to a significant mean reduction of 3.2 heavy drinking days per month and a mean reduction of 14.3 g/ 
day monthly alcohol consumption.45 In the SENSE trial, identical efficacy endpoints (reductions in number of heavy 
drinking days and total alcohol consumption) were assessed, alongside an evaluation of the safety and tolerability of 
nalmefene over the course of 13 months.45 Upon analysis of the target population (ie, patients who had at least a high 
drinking risk level), the use of as-needed nalmefene therapy resulted in a significant mean reduction of 3.6 heavy 
drinking days and a mean reduction of 17.3 g/day monthly alcohol consumption in comparison with the placebo.45 This 
affirmed the potential efficacy of oral nalmefene in reducing alcohol intake when compared to placebo in heavy drinking 
populations; nonetheless, significant criticism on its approval has occurred due to the limited supporting evidence of 
effectiveness when compared to active AUD medications (ie, naltrexone, disulfiram, acamprosate, etc.).120 Although the 
numbers needed to treat have not been established for nalmefene as they have been for naltrexone (NNT=20), the 
numbers needed to harm are lower for nalmefene (NNH=12 vs NNH=48 for naltrexone).22

Across all three clinical trials, frequent adverse events included nausea, insomnia, and dizziness, with symptoms 
ranging from mild to moderate in severity.43,44,119 Additionally, nalmefene was associated with more adverse events and 
trial dropouts in comparison to placebo. Throughout the trials, there were no clinically significant alterations or 
differences between nalmefene and placebo regarding vital signs, bodyweight, ECG recordings, or notable shifts in the 
occurrence of clinically significant laboratory findings, except for the reduction of ALT and γ-glutamyl transferase levels. 
Oral as needed, nalmefene for the reduction of alcohol intake is contraindicated in cases of severe renal or hepatic 
impairment, use of opioid analgesics, suspected recent use of opioids, current or recent opioid addiction, acute symptoms 
of opioid withdrawal, and recent history of acute alcohol withdrawal symptoms.

Opioid Overdose Treatment
Opioid-induced respiratory depression is driven by the overstimulation of μOR during an opioid overdose.121 

Consequently, hypoxia resulting from respiratory depression has the potential to lead to fatalities or significant health 
complications in non-fatal overdoses. The extended potencies and half-lives of synthetic opioids have increased the 
complexity of reversing the symptoms of opioid overdose, enhancing the necessity for a more potent opioid antagonist 
with a longer half-life than the currently used antagonist, naloxone. A preclinical animal study indicated mice required 
a 10-fold higher dose of naloxone to reverse the respiratory depressant effects of fentanyl compared to morphine when 
administered at equipotent doses.122 A pre-clinical study compared the efficacy of nalmefene (9.4 −150 μg/kg, IM) and 
naloxone (150 μg/kg, IM) in reversing carfentanil-induced loss of righting reflex and respiratory depression in an 
overdose simulation involving rats.123 Upon intravenous administration of carfentanil (10 μg/kg), nalmefene doses 
ranging from 9.4 to 18.8 μg/kg exhibited a reduction in the duration of loss of righting reflex comparable to that 
achieved with naloxone 150 μg/kg. Furthermore, radioligand binding techniques utilizing μOR from non-human primate 
brain revealed nalmefene and naltrexone possess a 4.8 and 5.6-fold increased potency than naloxone, respectively.31 

However, the findings from preclinical data have not yet translated into clinically significant therapeutic outcomes. 
A randomized, double blind multicenter study compared the efficacy of nalmefene and naloxone in 156 patients admitted 
to the Emergency Department suspected of an opioid overdose.124 Patients were administered a maximum of 4 doses of 
either nalmefene (1 mg or 2 mg) or naloxone (2 mg) intravenously every 5 minutes as needed; however, most patients 
required a single dose of the received treatment. Opioid positive patients (~43%) exhibited rapidly improved respiratory 
rates and no statistically significant differences in efficacy or withdrawal outcomes were observed between the treatment 
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groups. It is important to highlight that the consumed opioids were unknown, and the study was conducted during a time 
when overdoses from synthetic opioids were not common. The primary attribute of nalmefene hydrochloride in 
countering opioid overdose is its extended half-life in comparison to naloxone. This feature has valuable implications, 
including the potential for reduced continuous patient surveillance and potentiality reducing re-administration due to its 
extensive antagonistic duration across synthetic opioid agonists with prolonged half-lives, like fentanyl. In 1995, 
nalmefene hydrochloride, marketed as Revex, gained its initial approval in the US market for parenteral administration. 
Revex was primarily aimed at managing the outcomes of opioid overdose in clinical settings; however, injectable 
nalmefene exhibits a slower onset of action, taking 5–15 minutes compared to naloxone’s 1–2 minutes, which may prove 
problematic if used as the first agent in emergency circumstances of acute severe respiratory depression (Table 3). In 
2008, the 0.1 mg base/mL and 1.0 mg base/mL Revex formulations were removed from the market for reasons unrelated 
to safety or efficacy.125 On June 21, 2022, in response to the rise of overdose deaths, the demand drastically grew for an 
opioid overdose reversal agent capable of treating the effects of long-lasting synthetic opioids; one manufacturer 
announced the generic availability of nalmefene hydrochloride injection in 2 mg/2 mL vials for use by medical 
professionals.126

The critical development of nalmefene hydrochloride as an opioid overdose reversal agent occurred in May 2023 
when the FDA authorized the first nalmefene hydrochloride nasal spray, known as Opvee.129 This intranasal (IN) spray 
delivers a single dose of 2.7 mg of nalmefene and is tailored for use by adults and pediatric patients aged 12 and older in 
emergency, community settings to reverse opioid overdose.130 When properly administered, Opvee holds the potential to 
mitigate or reverse respiratory depression, sedation, and hypotension. The vital difference between IN nalmefene and the 
injectable form is its quicker onset of action, facilitated by the addition of dodecyl maltoside (DDM), an absorption 
enhancer that works through widening the tight junctions between epithelial cells.130,131 Incorporating DDM into the IN 
formulation expedites the reversal of respiratory depression within a 2.5-to-5-minute timeframe.130 In a pharmacokinetic 
study, the addition of 0.25% DDM to IN 3 mg nalmefene resulted in a reduction of the time to peak concentration from 2 
hours to 15 minutes and increased the peak plasma concentration by 2.2 fold when compared to IN 3 mg nalmefene alone 
(4.45 ng/mL vs 1.99 ng/mL).132 Additionally, IN nalmefene and DDM combination exhibited a peak plasma concentra
tion x2.9 fold higher than IM 1.5 mg nalmefene (4.45 ng/mL vs 1.53 ng/mL). Prior to these discoveries, Krieter et al 
undertook a similar study investigating the incorporation of 0.25% DDM into 4 mg naltrexone. The combination of 
naltrexone with DDM exhibited a rapid time to peak concentration, like IN nalmefene + DDM, with an increased peak 
plasma concentration. The distinguishing characteristic between the two DDM therapies lies in the significantly 
prolonged half-life of nalmefene + DDM (Table 3).

Reported adverse effects were primarily nasal discomfort, headache, and nausea.130 Additionally, the use of Opvee in 
opioid dependent individuals may result in opioid withdrawal characterized by body aches, diarrhea, tachycardia, and 
fever.115 The faster onset of action and the extended half-life of IN nalmefene are vital when deployed in community 
settings to counter the symptoms of opioid overdose linked to synthetic opioids with prolonged half-lives.

Other Uses
The potent affinity of nalmefene hydrochloride for central opioid receptors has prompted its experimental application in 
the prevention of postoperative hyperalgesia, reversal of conscious opioid sedation, and reduction of reoccurring harmful 

Table 3 Onset, Tmax, t1/2, and Cmax for Nalmefene Intramuscular, Nalmefene Intranasal, Naloxone Intranasal, and Naltrexone + 
DDM Intranasal

Therapeutic Opioid Overdose Reversal Agent Onset (min) Tmax (h) t1/2 (h) Cmax (ng/mL) References

Nalmefene, IM (2 mg / 2 mL) 5–15 0.33 (0.117–18.0) 10.60 1.50 [116]
Nalmefene + DDM, IN (2.7 mg) 2.5–5 0.27 (0.167–2.03) 11.40 4.45–9.75 [116,118]

Naloxone, IN (4 mg) (Narcan) 1–2 0.50 (0.17–1.00) 2.08 4.83 [127]

Naltrexone + DDM, IN (4 mg) ND 0.20 (0.1-0.3) 2.20 15.7 [128]

Notes: Cmax = maximum observed plasma drug concentration; Tmax = time to maximum plasma drug concentration; t1/2 = elimination half-life. 
Abbreviations: DDM, dodecyl maltoside; IM, intramuscular; IN, intranasal; ND, not determined or reported.
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behaviors. In a clinical study conducted by Jia et al, patients were intravenously administered either 0.20 μg/kg 
nalmefene, 0.50 μg/kg dexmedetomidine, 0.10 μg/kg nalmefene + 0.25 μg/kg dexmedetomidine, or placebo prior to 
receiving intraoperative 0.30 μg/kg/min remifentanil to investigate the efficacy of preoperative nalmefene administration 
in preventing remifentanil-induced hyperalgesia (RIH) during laparoscopic gynecological surgery.133 Nalmefene pre
vented RIH but did not reduce the onset of post-operative pain. However, the administration of pre-anesthetic nalmefene 
(0.10 μg/kg) in combination with dexmedetomidine (0.25 μg/kg) effectively prevented RIH, minimized the development 
of post-operative pain, and decreased the requirement for additional analgesic application. Simultaneously, nalmefene 
counteracted adverse reactions associated with the sole administration of dexmedetomidine, such as intraoperative 
bradycardia, and contributed to a more rapid post-anesthesia recovery. In a randomized, double-blind trial, the efficacy 
of nalmefene in counteracting opioid-induced sedation was evaluated in patients undergoing outpatient procedures such 
as incisions and drainage of soft tissue abscess (Barsan). Patients were administered a dose of meperidine (75–310 mg) 
for analgesia during the procedure, followed by a 1 mg dose of either nalmefene, naloxone, or placebo and responses 
were observed over the period of 4 hours. The results indicated that nalmefene significantly reduced patient opioid- 
induced sedation in comparison to naloxone within 60–150 minutes following antagonist administration. A multicenter, 
double-blind trial explored the efficacy of nalmefene for pathological gambling at 15 outpatient psychiatric treatment 
centers over a 16-week duration.134 Patients were administered oral doses of either 25 mg/day, 50 mg/day, 100 mg/day 
nalmefene, or a placebo. In the final assessment, clinicians rated 59% of patients allocated to 25 mg/day of nalmefene 
were rated as “much improved” or “very much improved”, in comparison to 34% of those who received the placebo. 
Additionally, a daily dose of either 25 mg or 50 mg nalmefene produced a significantly improved outcome score (Yale- 
Brown Obsessive Compulsive Scale Modified for Pathological Gambling total score) compared with the placebo group. 
However, data correspond with the adverse reactions (nausea, insomnia, dizziness) associated with nalmefene, leading to 
the withdrawal of two-thirds of the participants primarily due to challenges managing these reactions when higher doses 
of 50 mg/day and 100 mg/day were administered. While these studies warrant further investigation and confirmation to 
ascertain significance, they have paved the way for understanding the impact and potential additional uses of nalmefene 
hydrochloride.

Discussion
Buprenorphine has emerged as a popular option in clinical practice for treatment of OUD due to its patient acceptability, 
diminished risk of overdose (ceiling effect), and a low potential for abuse potential; nevertheless, it is essential to 
consider its various disadvantages.62 Daily dosing and long-term treatment are essential for effectively managing OUD 
with buprenorphine.135,136 A 2008 Cochrane systematic review and meta-analysis compared the treatment retention and 
suppression of illicit opiate use of buprenorphine and methadone.137 Buprenorphine did not have any advantages in terms 
of treatment retention and was less effective at suppressing illicit opioid use when administered at similar doses to 
methadone.138,139 The implantable formulation was designed for convenient administration, aiming to decrease potential 
diversion and ensure consistent dose concentrations. However, the insertion and removal of the implant require a trained 
professional, and the need for multiple implants (ranging from 1 to 5) to alleviate cravings and withdrawal symptoms 
may be uncomfortable and financially burdensome for the patient.140

Methadone is an FDA approved OUD therapy that necessitates daily dosing as well. Similar to buprenorphine, 
numerous states require daily treatment restricted to only specialized clinics, potentially negatively impacting 
adherence.137,138 Due to the preferred safety profile of buprenorphine, methadone is often reserved for individuals 
who do not respond to buprenorphine therapy. Methadone poses a higher risk of misuse and diversion and is more 
hazardous at high doses, leading to significantly increased effects of respiratory depression and euphoric sensations in 
comparison to buprenorphine. The coadministration of respiratory depressants, such as alcohol and benzodiazepines, can 
lead to severe respiratory suppression when using methadone.

Naltrexone is an FDA approved OUD therapy as an alternative for individuals who prefer not to use an opioid 
agonist, like buprenorphine and methadone. Due to naltrexone being an opioid antagonist, there is no risk for potential 
abuse or physical dependence and hence does not require tight regulation compared to buprenorphine and methadone.141 

However, the only formulation available for OUD management is the long acting monthly injectable that, due to its high 
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monthly cost, may pose a challenge for patient accessibility. The once-a-month dosing schedule of extended-release 
naltrexone (XR-NTX) allows for convenient administration.

Nalmefene potentially may be used as an as-needed oral maintenance alternative for the treatment of OUD or used 
daily in conjunction with buprenorphine. Coformulation of buprenorphine and nalmefene may potentially counteract the 
adverse events of one another leading to a superior formulation. Antagonism of the κ-opioid receptor leads to decreased 
spinal analgesia, dysphoria, miosis, and diuresis through inhibition of anti-diuretic hormone release.142 Additionally, the 
μ-antagonistic property of nalmefene diminishes the primary concern regarding buprenorphine diversion in transmucosal 
formulations. The prolonged half-life of naltrexone, in contrast to naloxone, has the potential to significantly diminish the 
risk of delayed euphoric effects when intravenously diverted. Furthermore, nalmefene lacks the analgesic properties that 
are provided by buprenorphine. This characteristic might enhance induction rates and adherence when compared to the 
use of nalmefene as monotherapy for OUD. The concurrent use of buprenorphine and nalmefene has the potential to 
substantially enhance the effectiveness of OUD treatment, leading to improved retention, negative urinalyses, and 
reduced dysphoria, mood symptoms, and cravings. It could represent an alternative strategy tailored to the specific 
requirements of individuals grappling with OUD, and there should be encouragement for both a systematic review of 
nalmefene for OUD and clinical studies involving the use of a nalmefene and buprenorphine formulation.

Conclusion
Nalmefene hydrochloride is a potent opioid receptor antagonist with unique pharmacological properties that distinguish it 
from other treatment options for OUD. Its partial agonist activity at κ-opioid receptors, high potency, and long half-life 
provide a differential effect profile that can benefit in the clinical treatment of substance use disorders, in particular if 
opioid agonist treatment is not feasible or cannot achieve the desired outcome alone. Its successful use in the treatment of 
AUD is indicative of benefits for OUD given the overlapping pharmacology at opioid and dopamine receptors. The 
introduction of nalmefene to reverse opioid overdoses comes at a critical time as fentanyl, nitazenes, and other potent 
illicit opioids require higher doses and longer-acting opioid antagonists to prevent an immediate or delayed fatality. With 
the current focus on naloxone in opioid overdose reversal, other options should be available not only for immediate 
mitigation but also in maintenance therapy given that a majority of patients on low to moderate dose buprenorphine 
maintenance continue to use illicit opioids.137 Nalmefene presents with a longer half-life and higher binding affinity at 
opioid receptors thus providing first responders and clinicians with a better option to reverse and stabilize a patient in 
acute overdose and at risk of a fatal outcome. Further clinical trials with nalmefene are warranted to establish its safety 
and efficacy in the maintenance treatment of opioid and other substance use disorders.
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