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and Marta Rodríguez-Arias

Abstract

When treating opioid addiction, multidisciplinary treatment is highly recom-
mended, but pharmacotherapy plays a key role. Although the ideal goal is to achieve 
complete abstinence, an elevated percentage of opioid addicts requires maintenance 
substitution therapy. In the first section of this chapter, we will focus on the cur-
rent pharmacological interventions to treat opioid addiction, such as methadone, 
buprenorphine, and naltrexone. Thanks to these medications, people are able to go 
back to their normal lives, by preventing withdrawal symptoms, reducing craving, 
and increasing their adherence to psychotherapy. In the second section, based on 
the evidence that addiction induces neuroadaptive changes in several neurotrans-
mission systems, we focus on the wide range of possible pharmacological develop-
ments at the preclinical and clinical levels, which in recent years have increased 
considerably.
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1. Introduction

Addiction is a chronic and multifactorial disorder characterized by compulsive 
drug seeking and use, despite its harmful consequences. Chronic opioid use induces 
profound molecular and behavioral changes, inducing long-lasting changes in 
brain plasticity [1]. During the use of the drug, reward and motivation circuits are 
modified, and new learning and memories are created in relation to the pleasurable 
effects of the drug and the context in which it is consumed [2]. These memories 
will later be responsible for the vulnerability to relapse even after a long period of 
withdrawal. In order to restructure these memories and avoid relapse and crav-
ing to opioids, the first recommended approach currently consists in combining 
psychotherapy with pharmacological substitution therapy [3]. Opioid addiction is 
currently a major medical and social problem, and its abuse and recreational use 
have been declared an epidemic in the USA [4, 5], with more than 90 people dying 
from an opioid overdose every day [6].

Opioids are highly addictive because they induce euphoria (positive reinforce-
ment) and the cessation of a chronic use produces dysphoria [7]. The non-medical 
opioid use is a major public health challenge, making opioids the second most used 
illicit drug in the USA [8].
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The use of opioids has increased 10- to 14-fold in the last 20 years, including 
those taken under supervision and recreational use [9].

In relation to this, opioids are one of the most commonly misused medica-
tions. Although it is usually prescribed to treat pain, its abuse has serious medical 
consequences. According to NIDA (National Institute on Drug Abuse, NIH), 
misuse of prescription drugs is defined as taking a medication in a manner or 
dose different than has been prescribed, either for a medical complaint, such as 
pain, or to feel euphoria [2]. The number of opioid prescriptions has increased 
significantly since the early 1990s [10], with this easier access to the drug being 
one of the reasons for the high prevalence of opioid misuse [9]. However, other 
factors can contribute to the problem, such as the lack of information about the 
addictive properties of prescription opioids, which are perceived as less harmful 
than illicit opioids [11, 12]. Regardless of the primary causes, there has been a 
dramatic increase in the number of treatment admissions for addictive disorders 
related to prescription opioids, as well as the associated overdose deaths in the 
past 15 years [8, 13, 14].

Pharmacological treatments are essential for initiating and sustaining effec-
tive patient-, public health, and system-level interventions to reduce opioid-
related morbidity and mortality [15]. In the specific case of opioid use disorders, 
pharmacotherapy is strongly recommended as a part of an integrated approach, 
also including psychosocial interventions, psychotherapy, or relapse prevention 
programs [16]. Until the 1960s, the opioid addiction treatment was only oriented 
towards abstinence, but then the potential action of methadone as a maintenance 
treatment for opioid addiction was evaluated [17]. Currently, although complete 
abstinence continues to be the best possible outcome, the most common option is 
life-long substitution therapy. While the currently approved medications improve 
the outcomes, relapse rates are still high, and pharmacotherapy is not effective in all 
patients [18].

The final goal of the treatment is to reduce the risk of illicit opioid use, over-
dose or infections, as well as the general improvement of the individuals’ quality 
of life [15]. The available pharmacological interventions prevent the appear-
ance of withdrawal symptoms and reduce craving, also increasing adherence 
to the psychotherapy. First, we will address the three different approved drugs 
on the market [19]. Although the rate of success, measured by maintenance of 
abstinence, has been greatly improved with the existing treatments, there is still 
room for further improvement. In a second part of this chapter, we will also refer 
to new treatments under development, both in preclinical models and in clini-
cal trials. These new drugs are focused on different neurotransmission systems, 
which are altered by the neuroadaptive changes induced during the addictive 
process.

2. Current approved pharmacological treatments for opioid addiction

2.1 Opioid agonist therapies

The great percentage of withdrawn patients who relapse into drug use [20] 
makes opioid maintenance therapy the first-line treatment in most cases. Ideal 
agents for substitution maintenance therapy are those with a high affinity for 
μ-type opioid receptors showing long-term action. Methadone and  buprenorphine, 
as potent and long-acting opioid agonists, are usually prescribed for opioid 
 substitution therapy, and both constitute the most effective treatments for opioid 
 dependence [21].
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2.1.1 Methadone

Methadone is a safe, efficient, and effective treatment for heroin addiction 
[22]. This μ-opioid receptor agonist was introduced in the USA by Eli Lilly and 
Company as an opioid analgesic in 1947. Methadone maintenance treatment began 
at the Rockefeller Hospital (1965) with the aim to develop an effective and long 
action pharmacotherapy that targeted opioid receptors. In these initial clinical 
trials, patients received safe doses (20–40 mg) once a day, and over time, the dose 
was adjusted to avoid withdrawal symptoms and reduce craving [17]. Since 1964, a 
great number of studies have documented the safety, efficacy, and effectiveness of 
methadone pharmacotherapy for heroin addiction [22].

The National Institutes of Health (NIH) at the end of the 1990s supported 
methadone maintenance pharmacotherapy for heroin addiction. Nowadays, half 
of the problematic opiate users are under maintenance treatment, with more 
than 60% receiving methadone [23]. Elevated retention rates with a noteworthy 
decrease of illicit opiate use have been observed under methadone maintenance 
treatment [24–27]. In addition, there are reductions of other associated prob-
lems such as intravenous drug use, crime [28–30], and improvement of social 
functioning [31]. Later studies reported that prolonged methadone maintenance 
normalized the immune system function in heroin addicts [32], as well as the 
altered stress response [33]. Methadone is also well suited with performance 
of complex cognitive tasks [34]. Regarding its efficacy, according to a recent 
Cochrane meta-analysis, methadone and buprenorphine appear to be equally 
effective [35].

Regardless of the positive effects of methadone, one of the main difficulties of 
methadone maintenance treatment is the stigma accompanying the methadone 
clinics. In order to solve this, maintenance programs aim to rehabilitate patients by 
reassigning addicts from a traditional clinic to a medical office for ongoing treat-
ment. The concept of medical maintenance carefully emulates the treatment of 
chronic diseases, such as insulin-dependent diabetes [32].

On the other hand, there are specific drug interactions of methadone [36], for 
example, the antituberculosis agent rifampin or the anticonvulsant phenytoin 
[37–39]. Methadone can also inhibit gonadotropin-releasing hormones, lower-
ing testosterone levels [40, 41]. Finally, another recognized effect of methadone 
is the QT prolongation [42]. Patients who undergo prolonged QT intervals must 
switch to a treatment with buprenorphine, which does not affect it [43]. Several 
countries, including Germany and Austria, have alternative treatments for opioid 
maintenance, such as Levomethadone (purified methadone) [44], which exerts its 
pharmacologic effects mainly via agonism of μ-opioid receptor.

2.1.2 Buprenorphine

Buprenorphine and the combination buprenorphine-naloxone were also intro-
duced as a possible treatment for opioid use disorder. This medication is character-
ized by a better side effect profile, lower abuse potential, and good availability when 
compared to methadone [3]. Buprenorphine is a μ-receptor partial agonist that 
can reduce opiate cravings, prevent opiate withdrawal, but at the same time blocks 
the effects of other more powerful opiates [45]. As partial agonist, buprenorphine 
presents a safety profile with respect to other μ-opioid-receptor agonists and 
can be more easily adjusted to the desired effect [46]. Although buprenorphine 
can be the first-line medication over methadone to treat opioid addiction, as it 
has considerable less abuse potential, its efficacy is limited when treating severe 
opioid use disorders. Due to the displacement of a stronger opioid by a weaker 



Opioids - From Analgesic Use to Addiction

4

one, buprenorphine can precipitate withdrawal symptoms [33, 47]. To increase the 
adherence to this treatment, patients should be at least in mild withdrawal [48].

To avoid diversion, buprenorphine is usually combined with the specific 
opioid antagonist, naloxone. In 2006, it was introduced in the European market 
as a sublingual combination tablet. Several works have established the efficacy 
of buprenorphine-naloxone as a maintenance medication [49–51] not only for 
prescription opioids but also for heroin addiction [52, 53]. Numerous meta-
analyses have determined that buprenorphine produces successful results in heroin 
dependence, with no deficiency with respect to being abstinent of illicit opioid 
use [54, 55]. However, methadone was found to be superior to buprenorphine in 
overall treatment retention [56]. Buprenorphine therapy not only improves the 
overall individuals’ quality of life but also decreases overcrowding in emergency 
departments [57, 58].

From a pharmacological point of view, buprenorphine has important advantages 
over methadone besides the lower risk of overdose [41, 59]. It is preferable for 
treatment of opioid dependence in those patients with HIV/AIDS [60, 61] and for 
pregnant opioid users [62]. On the other hand, when buprenorphine is combined 
with respiratory depressants, such as alcohol or benzodiazepines, it results in seda-
tion, coma, or even death [63]. Furthermore, patients who do not know about the 
pharmacology of buprenorphine and use additional opioids seeking a “high” are at 
risk of an overdose when the effects of buprenorphine wear off [55, 64, 65].

2.2 Opiate antagonist therapies

The antagonist therapy blocks or reduces a biological response by binding to 
and blocking a receptor rather than activating it like an agonist. Naloxone and 
naltrexone, the opioid antagonist treatments most accepted and commonly used, 
prevent and reverse opioid effects by mainly blocking the μ-opioid receptor. Both 
are employed for quick detoxification if there is an overdose and to prevent relapse 
[66]. Naloxone is a short-acting non-selective opioid antagonist that reverses an 
opioid overdose. Overdose is a common event for those who use opioids and is 
the leading cause of death in this population [67, 68]. It quickly crosses the blood-
brain barrier and can reverse morphine-induced respiratory depression within 
1–2 min [69].

Different studies support the effectiveness of community-based naloxone train-
ing and distribution programs in reducing overdose deaths [24, 70, 71]. Naloxone is 
considered a safe drug to use with little probability of complications, since it has no 
agonistic activity at the μ-opioid receptor [23]. Since opioid abuse has been declared 
an epidemic in the USA [4], naloxone has been made more accessible to the relatives 
of opioid users, which decreases potentially fatal overdoses around 30–40% [72, 73].

Naltrexone is an opioid receptor antagonist that blocks the euphoric and 
reinforcing effects of opioids consumption, being mainly used for detoxification 
programs [74–77]. However, the main disadvantage of the use of this antagonist is 
the low rate of adherence to this treatment, since less than 20% of patients continue 
opioid antagonist treatments after several months [78]. Nevertheless, with highly 
motivated patients or dependent people who cannot be included in the methadone 
program, naltrexone maintenance therapy can be proposed as a successful approach 
for treating opioid addiction [79]. Furthermore, it has the advantage of not gen-
erating tolerance and/or dependency [80]. In the last years, a new intra-muscular 
depot formulation of naltrexone has been approved, being useful in reducing the 
days-of-heroin-use and relapse rate compared with a placebo [81, 82]. This depot 
naltrexone is taken once monthly, and several studies have shown good outcomes 
compared to placebo in decreasing craving in naltrexone-treated patients [83]. 
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These extended-release naltrexone formulations address the compliance problems 
that are often found with oral administration [84]. However, a recent comparative 
study shows that the extended-release naltrexone presents more difficulties in 
terms of induction and ongoing care with respect to other buprenorphine products, 
such as the sublingual film of buprenorphine-naloxone [85].

Nevertheless, to date, the extended-release naltrexone is, together with metha-
done and buprenorphine, the most recommended pharmacotherapy for opioid use 
disorders, as it has shown superiority with respect to placebo treatment and coun-
seling [83, 86, 87].

3. New pharmacological therapies in development of opiate addiction

Drug addiction induces significant changes in numerous neurotransmission 
systems [1], which became new therapeutic targets to treat opioid addiction. 
Therefore, new pharmacological targets are constantly being developed to improve 
opiate addiction treatment. This second part of the review will offer an overview of 
the most promising agents under development and we will also discuss the recent 
advances in neuroinflammation and the pharmacogenetics field.

3.1 Drugs acting on opioid receptors

With the aim of increasing the efficacy and adherence of treatments, numer-
ous studies are testing new approaches to the currently approved medications. 
For example, the newest buprenorphine subdermal implant called probuphine 
[88], which was approved by the FDA in May 2016, is prescribed to those patients 
who have achieved a sustained clinical stability with low-to-moderate doses of a 
transmucosal buprenorphine-containing product.This implant guarantees non-
fluctuating blood levels of buprenorphine continuously for 6 months improving 
patient compliance [89].

There is growing interest in the slow-release oral morphine (SROM), as a poten-
tial effective candidate for maintenance treatment [90–92]. This medication is given 
once daily, and it suits those individuals who cannot tolerate methadone, respond 
poorly to other available treatments, or show a prolonged QT [93–95]. However, the 
last Cochrane meta-analysis reported that there is not enough evidence to confirm 
the effectiveness of SROM for opioid maintenance, as only three inconclusive stud-
ies exist [96].

Tramadol, a reuptake inhibitor of serotonin and norepinephrine, produces a 
metabolite that moderately acts as a μ-opioid receptor agonist [97]. Recent clinical tri-
als have demonstrated for tramadol the same level of treatment retention and opioid 
withdrawal symptom suppression as buprenorphine, suggesting that this is a promis-
ing and valuable medication [98, 99]. However, although it has been used in the 
management of acute withdrawal, its use for maintenance treatment as a harm reduc-
tion approach has not been assessed systematically. A recent pilot study of tramadol 
on long-term maintenance in patients with opioid use disorders showed that most of 
them were able to achieve and maintain abstinence for at least 6 months [100].

3.2 Dopaminergic compounds

It is well known that dopamine (DA) neurotransmission is a common mecha-
nism of drugs of abuse, although the use of DA compounds has not been success-
ful [22]. Numerous preclinical studies have tested the efficacy of different DA 
antagonists. Acute administration of the DA D3 receptor antagonist SB277011 
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reduces the reinforcing effects of different drugs of abuse and diminishes opiate 
withdrawal syndrome [101]. The well-known antipsychotics, aripiprazole (par-
tial DAD2 and 5HT1A agonist and a 5HT2A antagonist) and risperidone (atypical 
antipsychotic), block context-dependent induced relapse. Risperidone also inhib-
its reinstatement into heroin seeking due to environmental cues but fails to block 
relapse induced by priming doses [102]. In the same line, aripiprazole inhibits 
the conditioned place preference (CPP) induced by morphine [103]. An ongoing 
clinical trial is evaluating aripiprazole effects to prevent relapse to cocaine use in 
patients being treated with methadone, as they could return to cocaine consump-
tion, even when they are involved in a drug treatment program [104].

3.3 Glutamatergic compounds

Preclinical studies show that reinstatement of morphine CPP is mainly medi-
ated through glutamatergic neurotransmission [105]. NMDA receptors modulate 
nociceptive signals in conjunction with opioid receptors, and after continuous mor-
phine treatment, both receptors suffer a desensitization, which mediate analgesic 
tolerance [22]. Therefore, NMDA receptor antagonists can prevent the development 
of morphine tolerance. Ifenprodil, an NMDA antagonist, prevents the development, 
maintenance, and reinstatement of morphine-induced CPP, as well as reinstatement 
of heroin-seeking self-administration [106].

Another well-known NMDA antagonist is memantine. Animal and human 
studies have shown positive results in reducing opiate withdrawal and preventing 
relapse [107–109]. However, clinical trials have not found significant differences in 
treatment retention, heroin consumption, or craving with respect to placebo [110]. 
Although memantine administered in combination with naltrexone can improve 
the emerging symptoms during the early phase of treatment, this combination did 
not induce significant improvement in preventing relapse [111].

The nitric oxide synthase (NOS) is a neural retrograde messenger molecule 
involved in several opioid effects. It has been reported that NOS upregulation 
takes place during the development of opioid dependence [112] and its inhibition 
blocks opioid dependence [113, 114]. In addition, administration of NOS inhibitors 
diminishes the development of morphine-induced CPP [106].

3.4 GABA compounds

Baclofen is a GABA-B receptor agonist approved for spasticity treatment, and 
early preclinical studies suggested that it could promote abstinence from a variety 
of drugs of abuse [115], such as cocaine, ethanol, nicotine, and methamphet-
amine [116–119]. Baclofen also reduces morphine withdrawal signs in morphine-
dependent animals [120, 121] and disrupts reconsolidation of conditioned reward, 
facilitating the extinction of the morphine-induced CPP [122]. Assadi and cowork-
ers [123] performed a clinical trial to evaluate the possible benefit of baclofen in the 
maintenance treatment of opioid addicts and found that the baclofen group pre-
sented increased treatment retention being superior to placebo in terms of opiate 
withdrawal syndrome and depressive symptoms.

An effective add-on therapy combined with methadone or buprenorphine is pre-
gabalin and gabapentin, which are approved for treatment of epilepsy, neuropathic 
pain, or fibromyalgia [124]. These medications do not act directly on GABA recep-
tors or transporters [125] but modulate the α2-delta subunit of calcium channels, 
preventing the release of neurotransmitters like glutamate [126]. Both medications 
prevent opioid tolerance and dependence and reduce withdrawal symptoms in 
humans and preclinical models [127–129].
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3.5 Cholinergic compounds

Numerous studies have demonstrated that the cholinergic system is also impli-
cated in opioid addiction, as chronic morphine administration is associated with 
changes in gene expression in the cholinergic system, and it increases cholinergic 
neurons in the laterodorsal tegmental nucleus. Administration of nicotinic antago-
nists reduces withdrawal symptoms in rodents [130], which suggests that nicotine 
receptors might be a potential pharmacotherapeutic target for opioid detoxifica-
tion. Furthermore, a relatively recent study evaluated the role of the α4β2 nicotinic 
receptors as a potential therapeutic target to treat morphine dependence [131]. A 
recent clinical trial has evaluated the effects of varenicline, a α4β2 partial agonist 
and α7 full agonist, usually employed for smoking cessation. Varenicline was effec-
tive in opioid detoxification patients, as opioid withdrawal scores decrease with 
respect to those patients receiving a placebo [131].

Cholinesterase inhibitors, currently used to treat Alzheimer’s disease, including 
donepezil, rivastigmine, and galantamine, increase cholinergic activity and can 
be potential therapeutic targets in opioid abuse and dependence treatments [132]. 
Preclinical models have demonstrated that these cholinesterase inhibitors pre-
vented morphine tolerance and attenuated the acquisition and expression  
of morphine CPP [133].

3.6 Cannabinoid compounds

There are many studies suggesting the potential action of the endocannabinoid 
system in opioid dependence [134, 135]. Cannabidiol is a natural active metabolite 
of the Cannabis sativa plant, which is currently being explored for its potential 
anti-addiction properties [135]. It is the second most abundant cannabinoid pres-
ent in the plant [136], and interestingly, it does not bind directly to cannabinoid 
receptors but acts as an inverse agonist at both types CB1 and CB2 [137]. Regarding 
this, cannabidiol has been shown to attenuate the cue-induced reinstatement of 
heroin seeking [138] and reduces the rewarding properties of morphine in rodents 
[139]. There is currently a clinical trial examining the effects of cannabidiol on 
drug craving in abstinent heroin-dependent subjects (ClinicalTrial.Gov identifier: 
NCT02539823). In addition, cannabidiol, when combined with a potent opioid like 
fentanyl, is well tolerated, confirming that cannabidiol would be safe in the case of 
a relapse in abstinent heroin abusers [140].

3.7 Neuroinflammation

The neuroimmune response is an important but relatively poorly understood 
process in the development of drug addiction. Research is now setting up oppor-
tunities for the development of new pharmacotherapies targeting neuroimmune 
dysfunction. Opioids induce direct and indirect adaptations in the peripheral and 
central immune systems [141] with a clear relationship between opioid dependence 
and inflammatory processes [142]. Opioids, such as morphine and heroin, act 
directly on macrophages and lymphocytes, which produce changes in the CNS, 
resulting in neurotoxicity [143–145]. Preclinical models show that chronic mor-
phine treatment increases proinflammatory cytokine levels and overactivates the 
glia [146, 147]. The consequences include dendrite atrophy, abnormal neurogenesis, 
and neurodegeneration [148]. To sum up, opioids act to generate the release of pro-
inflammatory cytokines, which induce the activation of the inflammatory response, 
and finally, this response induces changes in the architecture and functioning of 
the brain. Neuroinflammation derived from opioid consumption is implicated in 
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tolerance and dependence processes based on results obtained in animal models 
[149–151]. Anti-inflammatory cytokines, such as the IL-10, which are well toler-
ated and safe in other inflammatory diseases, could be used as pharmacotherapy 
in addiction [152]. For example, gabapentin upregulates the anti-inflammatory 
cytokine IL-10 in rats [128], thus reducing inflammation. Ibudilast prevents glial 
cell activation, inhibiting production of proinflammatory cytokines (IL1β, IL-6, 
TNF-α), and increases the secretion of anti-inflammatory mediators like IL-10 
[153]. Clinical trials are currently evaluating if this medication, or other glial activa-
tion inhibitors, can prevent opioid withdrawal symptoms [154].

On the other hand, peroxisome proliferator-activated receptors (PPARs) medi-
ate anti-inflammatory and neuroprotective processes [155]. Specifically, PPARγ is 
strongly implicated in reward processing and motivation [156], as they are located 
in VTA DA neurons and modulate DA release [157], which suggests its potential role 
in addiction. Currently, preclinical studies have tested the PPAR-γ agonist piogli-
tazone, an anti-inflammatory medication, as a treatment for opioid dependence, 
attenuating morphine withdrawal syndrome in rats [158].

3.8 Pharmacogenetics and epigenetics

Pharmacogenetics focuses on selecting the most adequate treatment for 
specific patients, based on their genetic profile and thereby increasing the thera-
peutic action of the medication. Its goal is the discovery of gene interactions that 
increase the success rate of treatments [22]. There are variants of gene-encoding 
proteins implicated in opioid pharmacokinetics and pharmacodynamics that 
make the patient respond better or worse to a specific treatment. Most studies 
focus on genes related to the therapeutic response to methadone and buprenor-
phine [159]. For example, two gene interactions are determinant for the response 
to methadone. First, there is the ABCB1, the gene encoding the P-glycoprotein 
efflux transporter, of which methadone is a substrate. People with variants of 
this gene (subjects with a wild-type and 61A haplotype combination or homo-
zygous for the 61A) show lower methadone requirements. On the other hand, 
people with the variant 118A/A in μ-opioid receptor 1 gene (MOR1) show higher 
methadone requirements [160]. Regarding buprenorphine, the frequency of 
the gene polymorphism (SLC6A3/DAT1) allele 10 in the DA transporter is much 
higher in non-responder individuals [161]. These studies reveal the relevance of 
considering genetic variants when considering treatments with methadone or 
buprenorphine.

Currently, it is known that it is not only the polymorphisms that we inherit but 
also how they are expressed, what really matters in genetics. Epigenetics studies the 
reversible modifications to chromatin and their potent effects on gene expression 
regulation. Biochemical modifications, such as DNA methylation, histone modifica-
tion, or micro-RNA expression, can change the pattern of the cell’s gene expression 
[162]. Consequently, such epigenetic changes can modify drug efficacy and its 
adverse effects, being necessary to take them into account in clinical pharmacol-
ogy [163]. Currently, the role of epigenetics in personalized pharmacotherapy has 
been under-explored [164]. This field of research has increased scientific interest 
in the last years, as changes in DNA methylation or histone modifications alter gene 
expression, which affects reward, craving, and relapse [165]. For example, in opiate 
addiction, several changes have been reported in the μ-opioid receptor 1 (OPRM1) 
gene expression due to the hypermethylation of this gene’s promoter [166, 167]. 
Increased DNA methylation can be a predisposing factor for the vulnerability to 
heroin addiction or it can be a consequence of it. This is a new and exciting unex-
plored field that could offer promising results in future years.
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4. Conclusion and future directions

Opioid addiction is a chronic relapsing brain disease, being a major medical and 
social problem. In the past 12 years, several countries are suffering a rise in opioid 
consumption, not only in its recreative use but also in opioid prescriptions and 
related misuse and abuse [5]. The high rate of relapse observed in opioid addicts 
forces the use of maintenance therapy with substitution opiates to reduce damage 
and to avoid the consumption of illegal opioids, such as heroin. Although the cur-
rently approved pharmacotherapies for opioid addiction are effective and encour-
age patients to stay in treatment, there is still much room for improvement [168]. 
Methadone, buprenorphine, and extended-release naltrexone are currently the 
most effective treatments to attenuate the illicit intake of opioids and, together with 
psychosocial therapy, constitute the best combination to succeed in the treatment 
[18]. The number of new pharmacological targets is constantly increasing, but fre-
quently, initially promising preclinical studies result in failure in the clinical trials. 
However, we should be optimistic, since great advances have been made in recent 
years, but much remains to be improved in a disease as important and complex as 
opiate addiction.

Acknowledgements

This work was supported by Ministerio de Economía y Competitividad 
(MINECO), Dirección General de Investigación PSI2014-51847-R and PSI2017-
83023-R. Instituto de Salud Carlos III, Red de Trastornos Adictivos (RTA) 
RD12/0028/0005 y RD16/0017/0007 and Unión Europea, Fondos FEDER “una 
manera de hacer Europa.” We wish to thank Guillermo Chulia for his English 
language editing.

Conflict of interest

None.



10

Opioids - From Analgesic Use to Addiction

References

[1] Koob GF, Le Moal M. Addiction and 
the brain antireward system. Annual 
Review of Psychology. 2008;59:29-53

[2] National Institutes on Drug Abuse. 
Misuse of Prescription Drugs. Available 
from: https://www.drugabuse.gov/
publications/research-reports/misuse-
prescription-drugs [Accessed: 12 June 
2018]

[3] Li X, Shorter D, Kosten TR. 
Buprenorphine in the treatment of 
opioid addiction: Opportunities, 
challenges and strategies. Expert 
Opinion in Pharmacotherapy. 
2014;15(15):2263-2275

[4] Paulozzi L, Franklin G, 
Kerlikowske RG, Jones CM, Ghiya 
N, Popovic T. CDC grand rounds: 
Prescription drug overdose—A US 
epidemic. Morbidity and Mortality 
Weekly. 2012;61(1):10

[5] Shipton EA, Shipton EE, Shipton AJ. 
A review of the opioid epidemic: What 
do we do about it? Pain and therapy. 
2018;7(1):23-36

[6] CDC. Drug overdose deaths in the 
United States continue to increase 
in 2015. Atlanta (GA): Centers for 
Disease Control and Prevention; 2016. 
Available from: https://www.cdc.gov/
drugoverdose/epidemic/index.html 
[Accessed: 10 June 2018]

[7] Kolodny A, Courtwright DT, Hwang 
CS, Kreiner P, Eadie JL, Clark TW, et al. 
The prescription opioid and heroin 
crisis: A public health approach to an 
epidemic of addiction. Annual Review 
of Public Health. 2015;36:559-574

[8] Substance Abuse and Mental Health 
Services Administration, Center for 
Behavioral Health Statistics and Quality. 
Treatment Episode Data Set (TEDS): 
2003-2013. National Admissions to 

Substance Abuse Treatment Services. 
2015. Available from: http://www.
samhsa.gov/data/sites/default/
files/2013_Treatment_Episode_Data_
Set_National/20-1-3_Treatment_
Episode_Data_Set_National.pdf 
[Accessed: 12 June 2018]

[9] Manchikanti L, Fellows B, Ailinani 
H, Pampati V. Therapeutic use, abuse, 
and nonmedical use of opioids: A 
ten-year perspective. Pain Physician. 
2010;13(5):401-435

[10] Centers for Disease Control 
and Prevention (CDC). Vital signs: 
Overdoses of prescription opioid pain 
relievers–United States, 1999-2008. 
Morbidity and Mortality Weekly Report. 
2011;60(43):1487-1492

[11] Daniulaityte R, Falck R, Carlson 
RG. “I’m not afraid of those ones 
just ‘cause they’ve been prescribed”: 
Perceptions of risk among illicit 
users of pharmaceutical opioids. The 
International Journal on Drug Policy. 
2012;23(5):374-384

[12] Webster PC. Oxycodone class 
action lawsuit filed. Canadian 
Medical Association Journal. 
2012;184(7):E345-E346

[13] Jones CM, McAninch JK. Emergency 
department visits and overdose 
deaths from combined use of opioids 
and benzodiazepines. American 
Journal of Preventive Medicine. 
2015;49(4):493-501

[14] Rudd RA, Aleshire N, Zibbell 
JE, Gladden RM. Increases in drug 
and opioid overdose deaths—United 
States, 2000-2014. MMWR. Morbidity 
and Mortality Weekly Report. 
2016;64(50-51):1378-1382

[15] Bratberg JP. Opioids, naloxone, and 
beyond: The intersection of medication 



11

Present and Future Pharmacological Treatments for Opioid Addiction
DOI: http://dx.doi.org/10.5772/intechopen.82443

safety, public health, and pharmacy. 
Journal of the American Pharmacists 
Association. 2017;57(2):S5-S7

[16] Dematteis M, Auriacombe M, 
D’Agnone O, Somaini L, Szerman N, 
Littlewood R, et al. Recommendations 
for buprenorphine and methadone 
therapy in opioid use disorder: 
A European consensus. Expert 
Opinion on Pharmacotherapy. 
2017;18(18):1987-1999

[17] Dole VP, Nyswander ME, Kreek MJ. 
Narcotic blockade. Archives of Internal 
Medicine. 1966;118(4):304-309

[18] Volkow ND, Collins FS. The role of 
science in addressing the opioid crisis. 
New England Journal of Medicine. 
2017;377(4):391-394

[19] Bisaga A, Mannelli P, Sullivan 
MA, Vosburg SK, Compton P, Woody 
GE, et al. Antagonists in the medical 
management of opioid use disorders: 
Historical and existing treatment 
strategies. The American Journal on 
Addictions. 2018;27(3):177-187

[20] Amato L, Davoli M, Minozzi S, 
Ferroni E, Ali R, Ferri M. Methadone 
at tapered doses for the management of 
opioid withdrawal. Cochrane Database 
of Systematic Reviews. 2013;2:1-70. 
Artical No: CD003409

[21] Rodríguez-Arias M, Aguilar 
MA, Miñarro J. Therapies in early 
development for the treatment 
of opiate addiction. Expert 
Opinion on Investigational Drugs. 
2015;24:1459-1472

[22] van Dorp EL, Yassen A, Dahan A. 
Naloxone treatment in opioid 
addiction: The risks and benefits. 
Expert Opinion on Drug Safety. 
2007;6(2):125-132

[23] European Monitoring Centre for 
Drugs and Drug Addiction. (2017). 

European drug report 2017: trends and 
developments. Lisbon: EMCDDA; 2017

[24] Kreek DM. Rationale for 
maintenance pharmacotherapy of opiate 
dependence. Research Publications-
Association for Research in Nervous and 
Mental Disease. 1992;70:205-230

[25] Kreek MJ. Medical safety, side 
effects and toxicity of methadone. In: 
Proceedings of the Fourth National 
Conference on Methadone Treatment. . 
New York: National Association for the 
Prevention of Addiction to Narcotics. 
2007. pp. 171-174

[26] Kreek MJ. Medical safety and 
side effects of methadone in tolerant 
individuals. JAMA. 1973;223(6):665-668

[27] Kreek MJ. Using methadone 
effectively: Achieving goals by 
application of laboratory, clinical, and 
evaluation research and by development 
of innovative programs. In: Pickens R, 
Leukefeld C, Schuster CR, editors. 
Improving Drug Abuse Treatment. 
National Institute on Drug Abuse 
Research Monograph 106. Washington, 
DC: Supt. of Docs., U.S. Govt. Print. 
Off.; 1991. pp. 245-266

[28] Gottheil E, Sterling RC, Weinstein 
SP. Diminished illicit drug use as a 
consequence of long-term methadone 
maintenance. Journal of Addictive 
Diseases. 1993;12(4):45-57

[29] Kleber HD. Methadone maintenance 
4 decades later: Thousands of lives 
saved but still controversial. Journal 
of the American Medical Association. 
2008;300(19):2303-2305

[30] Metzger DS, Woody GE, McLellan 
AT, O’brien CP, Druley P, Navaline H, 
et al. Human immunodeficiency virus 
seroconversion among intravenous 
drug users in-and out-of-treatment: 
An 18-month prospective follow-up. 
Journal of Acquired Immune Deficiency 
Syndromes. 1993;6:1049-1049



Opioids - From Analgesic Use to Addiction

12

[31] Novick DM, Salsitz EA, Joseph 
H, Kreek MJ. Methadone medical 
maintenance: An early 21st-century 
perspective. Journal of Addictive 
Diseases. 2015;34(2-3):226-237

[32] Novick T, Liu Y, Alvanzo A, 
Zonderman AB, Evans MK, Crews 
DC. Lifetime cocaine and opiate 
use and chronic kidney disease. 
American Journal of Nephrology. 
2016;44(6):447-453

[33] Kreek MJ. Methadone-related opioid 
agonist pharmacotherapy for heroin 
addiction: History, recent molecular 
and neurochemical research and future 
in mainstream medicine. Annals of 
the New York Academy of Sciences. 
2000;909(1):186-216

[34] Specka M, Finkbeiner T, Lodemann 
E, Leifert K, Kluwig J, Gastpar 
M. Cognitive-motor performance 
of methadone-maintained patients. 
European Addiction Research. 
2000;6(1):8-19

[35] Nielsen S, Larance B, Degenhardt L, 
Gowing L, Kehler C, Lintzeris N. Opioid 
agonist treatment for pharmaceutical 
opioid dependent people. Cochrane 
Database of Systematic Reviews. 
2016;(5):1-65. Artical No: CD011117

[36] Cushman P, Kreek MJ, Gordis E. 
Ethanol and methadone in man: A 
possible drug interaction. Drug & 
Alcohol Dependence. 1978;3(1):35-42

[37] Kreek MJ, Garfield JW, Gutjahr 
CL, Giusti LM. Rifampin-induced 
methadone withdrawal. New 
England Journal of Medicine. 
1976;294(20):1104-1106

[38] Kreek MJ. Opioid interactions 
with alcohol. Advances in Alcohol & 
Substance Abuse. 1984;3(4):35-46

[39] Tong TG, Pond SM, Kreek MJ, 
Jaffery NF, Benowitz NL. Phenytoin-
induced methadone withdrawal. 

Annals of Internal Medicine. 
1981;94(3):349-351

[40] Bliesener N, Albrecht S, Schwager 
A, Weckbecker K, Lichtermann D, 
Klingmuller D. Plasma testosterone 
and sexual function in men receiving 
buprenorphine maintenance for 
opioid dependence. The Journal of 
Clinical Endocrinology & Metabolism. 
2005;90(1):203-206

[41] Hallinan R, Byrne A, Agho K, 
McMahon C, Tynan P, Attia J. Erectile 
dysfunction in men receiving 
methadone and buprenorphine 
maintenance treatment. The Journal of 
Sexual Medicine. 2008;5(3):684-692

[42] Justo D, Gal-Oz A, Paran Y, Goldin 
Y, Zeltser D. Methadone-associated 
Torsades de Pointes (polymorphic 
ventricular tachycardia) in opioid-
dependent patients. Addiction. 
2006;101(9):1333-1338

[43] Katchman AN, McGroary KA, 
Kilborn MJ, Kornick CA, Manfredi PL, 
Woosley RL, et al. Influence of opioid 
agonists on cardiac human ether-a-go-
go-related gene K+ currents. Journal 
of Pharmacology and Experimental 
Therapeutics. 2002;303(2):688-694

[44] Ullmann R. Opiate maintenance 
treatment in primary health care in 
Germany. Heroin Addiction and Related 
Clinical Problems. 2010;12(4):53-56

[45] Johnson RE, Jaffe JH, Fudala PJ. A 
controlled trial of buprenorphine 
treatment for opioid dependence. 
JAMA. 1992;267(20):2750-2755

[46] Dahan A, Yassen A, Bijl H, 
Romberg R, Sarton E, Teppema L, et al. 
Comparison of the respiratory effects of 
intravenous buprenorphine and fentanyl 
in humans and rats. British Journal of 
Anaesthesia. 2005;94(6):825-834

[47] Mauger S, Fraser R, Gill K. Utilizing 
buprenorphine–naloxone to treat illicit 



13

Present and Future Pharmacological Treatments for Opioid Addiction
DOI: http://dx.doi.org/10.5772/intechopen.82443

and prescription-opioid dependence. 
Neuropsychiatric Disease and 
Treatment. 2014;10:587

[48] Kraus ML, Alford DP, Kotz MM, 
Levounis P, Mandell TW, Meyer M, 
et al. Statement of the American Society 
of addiction medicine consensus panel 
on the use of buprenorphine in office-
based treatment of opioid addiction. 
Journal of Addiction Medicine. 
2011;5(4):254-263

[49] Correia CJ, Walsh SL, Bigelow 
GE, Strain EC. Effects associated 
with double-blind omission of 
buprenorphine/naloxone over a 
98-h period. Psychopharmacology. 
2006;189(3):297-306

[50] Bart G. Maintenance medication 
for opiate addiction: The foundation of 
recovery. Journal of Addictive Diseases. 
2012;31(3):207-225

[51] Thomas CP, Fullerton CA, Kim M, 
Montejano L, Lyman DR, Dougherty 
RH, et al. Medication-assisted treatment 
with buprenorphine: Assessing 
the evidence. Psychiatric Services. 
2014;65(2):158-170

[52] Kakko J, Svanborg KD, Kreek MJ, 
Heilig M. 1-year retention and social 
function after buprenorphine-assisted 
relapse prevention treatment for heroin 
dependence in Sweden: A randomised, 
placebo-controlled trial. The Lancet. 
2013;361(9358):662-668

[53] Weiss RD, Potter JS, Fiellin DA, 
Byrne M, Connery HS, Dickinson W, 
et al. Adjunctive counseling during brief 
and extended buprenorphine-naloxone 
treatment for prescription opioid 
dependence: A 2-phase randomized 
controlled trial. Archives of General 
Psychiatry. 2011;68(12):1238-1246

[54] Amato L, Davoli M, Perucci CA, 
Ferri M, Faggiano F, Mattick RP. An 
overview of systematic reviews of the 
effectiveness of opiate maintenance 

therapies: Available evidence to 
inform clinical practice and research. 
Journal of Substance Abuse Treatment. 
2005;28(4):321-329

[55] Mattick RP, Kimber J, Breen C, 
Davoli M. Buprenorphine maintenance 
versus placebo or methadone 
maintenance for opioid dependence. 
Cochrane Database of Systematic 
Reviews. 2008;2(2):1-48

[56] Minozzi S, Amato L, Bellisario 
C, Ferri M, Davoli M. Maintenance 
agonist treatments for opiate-dependent 
pregnant women. Cochrane Database of 
Systematic Reviews. 2013;(12). Artical 
No: CD006318

[57] Parran TV, Adelman CA, Merkin 
B, Pagano ME, Defranco R, Ionescu 
RA, et al. Long-term outcomes of 
office-based buprenorphine/naloxone 
maintenance therapy. Drug & Alcohol 
Dependence. 2010;106(1):56-60

[58] Schwarz R, Zelenev A, Bruce 
RD, Altice FL. Retention on 
buprenorphine treatment reduces 
emergency department utilization, 
but not hospitalization, among 
treatment-seeking patients with opioid 
dependence. Journal of Substance Abuse 
Treatment. 2012;43(4):451-457

[59] Bukten A, Skurtveit S, Gossop M, 
Waal H, Stangeland P, Havnes I, et al. 
Engagement with opioid maintenance 
treatment and reductions in crime: A 
longitudinal national cohort study. 
Addiction. 2012;107(2):393-399

[60] Douglas R, Moody DE, Chodkowski 
D, Andrews L, Fang WB, Morrison J, 
et al. Pharmacokinetic interactions 
between buprenorphine/naloxone and 
raltegravir in subjects receiving chronic 
buprenorphine/naloxone treatment. 
The American Journal of Drug and 
Alcohol Abuse. 2013;39(2):80-85

[61] Gruber VA, Rainey PM, Moody DE, 
Morse GD, Ma Q, Prathikanti S, et al. 



Opioids - From Analgesic Use to Addiction

14

Interactions between buprenorphine 
and the protease inhibitors darunavir-
ritonavir and fosamprenavir-ritonavir. 
Clinical Infectious Diseases. 
2011;54(3):414-423

[62] Soyka M. Buprenorphine use in 
pregnant opioid users: A critical review. 
CNS Drugs. 2012;27(8):653-662

[63] Kumar R, Saadabadi A. 
Buprenorphine. In StatPearls. Treasure 
Island (FL): StatPearls Publishing LLC. 
2017

[64] Mégarbane B, Hreiche R, Pirnay 
S, Marie N, Baud FJ. Does high-dose 
buprenorphine cause respiratory 
depression? Toxicological Reviews. 
2006;25(2):79-85

[65] Whelan PJ, Remski 
K. Buprenorphine vs methadone 
treatment: A review of evidence in 
both developed and developing worlds. 
Journal of Neurosciences in Rural 
Practice. 2012;3(1):45

[66] O’Connor PG, Fiellin DA. 
Pharmacologic treatment of heroin-
dependent patients. Annals of Internal 
Medicine. 2000;133(1):4

[67] Martin WR. Naloxone. Annals of 
Internal Medicine. 1976;85:765-768

[68] Degenhardt L, Bucello C, Mathers 
B, Briegleb C, Ali H, Hickman M, 
et al. Mortality among regular or 
dependent users of heroin and other 
opioids: A systematic review and meta-
analysis of cohort studies. Addiction. 
2011;106(1):32-51

[69] Ngai SH, Berkowitz BA, 
Yang JC, Hempstead J, Spector S. 
Pharmacokinetics of naloxone in 
rats and in man: Basis for its potency 
and short duration of action. 
Anesthesiology, 1976;44(5):398-401

[70] Clark AK, Wilder CM, Winstanley 
EL. A systematic review of community 

opioid overdose prevention and 
naloxone distribution programs. 
Journal of Addiction Medicine. 
2014;8(3):153-163

[71] McDonald R, Strang J. Are take-
home naloxone programmes effective? 
Systematic review utilizing application 
of the Bradford Hill criteria. Addiction. 
2016;111(7):1177-1187

[72] Walley AY, Xuan Z, Hackman 
HH, Quinn E, Doe-Simkins M, 
Sorensen-Alawad A, et al. Opioid 
overdose rates and implementation 
of overdose education and nasal 
naloxone distribution in Massachusetts: 
Interrupted time series analysis. BMJ. 
2013;346:f174

[73] Horton M, McDonald R, Green 
TC, Nielsen S, Strang J, Degenhardt L, 
et al. A mapping review of take-home 
naloxone for people released from 
correctional settings. International 
Journal of Drug Policy. 2017;46:7-16

[74] Gonzalez JP, Brogden RN 
Naltrexone. Drugs. 1988;35(3): 
192-213

[75] Johansson BA, Berglund M, 
Lindgren A. Efficacy of maintenance 
treatment with naltrexone for opioid 
dependence: A meta-analytical review. 
Addiction. 2006;101(4):491-503

[76] Kosten TR, Kreek MJ, Ragunath J, 
Kleber HD. A preliminary study of beta 
endorphin during chronic naltrexone 
maintenance treatment in ex-opiate 
addicts. Life Sciences. 1986;39(1):55-59

[77] Kosten TR, Kreek MJ, 
Ragunath J, Kleber HD. Cortisol 
levels during chronic naltrexone 
maintenance treatment in ex-opiate 
addicts. Biological Psychiatry. 
1986;21(2):217-220

[78] Gonzalez G, Oliveto A, Kosten TR. 
Treatment of heroin (diamorphine) 
addiction. Drugs. 2002;62(9):1331-1343



15

Present and Future Pharmacological Treatments for Opioid Addiction
DOI: http://dx.doi.org/10.5772/intechopen.82443

[79] Gold CG, Cullen DJ, Gonzales 
S, Houtmeyers D, Dwyer MJ. Rapid 
opioid detoxification during general 
anesthesia a review of 20 patients. 
Anesthesiology: The Journal of the 
American Society of Anesthesiologists. 
1999;91(6):1639-1639

[80] Bhargava HN. The effects of 
naltrexone on the development of 
physical dependence on morphine. 
European Journal of Pharmacology. 
1978;50(3):193-202

[81] Kunøe N, Lobmaier P, Vederhus 
JK, Hjerkinn B, Hegstad S, Gossop M, 
et al. Retention in naltrexone implant 
treatment for opioid dependence. 
Drug & Alcohol Dependence. 
2010;111(1):166-169

[82] Hulse GK, Morris N, Arnold-Reed 
D, Tait RJ. Improving clinical outcomes 
in treating heroin dependence: 
Randomized, controlled trial of oral or 
implant naltrexone. Archives of General 
Psychiatry. 2009;66(10):1108-1115

[83] Krupitsky E, Nunes EV, Ling W, 
Illeperuma A, Gastfriend DR, Silverman 
BL. Injectable extended-release 
naltrexone for opioid dependence: 
A double-blind, placebo-controlled, 
multicentre randomised trial. Lancet. 
2011;377:1506-1513

[84] Ndegwa S, Pant S, Pohar S, 
Mierzwinski-Urban M. Injectable 
extended-release naltrexone to treat 
opioid use disorder. In: CADTH Issues in 
Emerging Health Technologies. Ottawa 
(ON): Canadian Agency for Drugs and 
Technologies in Health. 2017;163

[85] Lee JD, Nunes EV Jr, Novo P, 
Bachrach K, Bailey GL, Bhatt S, 
et al. Comparative effectiveness of 
extended-release naltrexone versus 
buprenorphine-naloxone for opioid 
relapse prevention (X: BOT): A 
multicentre, open-label, randomised 
controlled trial. The Lancet. 
2018;391(10118):309-318

[86] Mattick RP, Breen C, Kimber J, 
Davoli M. Methadone maintenance 
therapy versus no opioid replacement 
therapy for opioid dependence. 
Cochrane Database of Systematic 
Reviews. 2009;3:CD002209

[87] Lee JD, Friedmann PD, Kinlock 
TW, et al. Extended-release 
naltrexone to prevent opioid relapse 
in criminal justice offenders. The 
New England Journal of Medicine. 
2016;374:1232-1242

[88] Itzoe M, Guarnieri M. New 
developments in managing opioid 
addiction: Impact of a subdermal 
buprenorphine implant. Drug Design, 
Development and Therapy. 2017;11:1429

[89] Smith L, Mosley J, Johnson J, Nasri 
M. Probuphine (buprenorphine) 
subdermal implants for the treatment of 
opioid-dependent patients. Pharmacy 
and Therapeutics. 2017;42(8):505-508

[90] Eder H, Jagsch R, Kraigher 
D, Primorac A, Ebner N, Fischer 
G. Comparative study of the 
effectiveness of slow-release 
morphine and methadone for opioid 
maintenance therapy. Addiction. 
2005;100(8):1101-1109

[91] Kraigher D, Jagsch R, Gombas W, 
Ortner R, Eder H, Primorac A, et al. 
Use of slow-release oral morphine for 
the treatment of opioid dependence. 
European Addiction Research. 
2008;11(3):145-151

[92] Kastelic A, Dubajic G, Strbad 
E. Slow-release oral morphine for 
maintenance treatment of opioid 
addicts intolerant to methadone or with 
inadequate withdrawal suppression. 
Addiction. 2008;103(11):1837-1846

[93] Walton G, Nolan S, Sutherland 
C, Ahamad K. Sustained release 
oral morphine as an alternative to 
methadone for the treatment of opioid-
use disorder post Torsades de Pointes 



Opioids - From Analgesic Use to Addiction

16

cardiac arrest. BMJ case reports. 2015. 
bcr2015210239

[94] Hammig R, Kohler W, Bonorden-
Kleij K, et al. Safety and tolerability 
of slow-release oral morphine versus 
methadone in the treatment of opioid 
dependence. Journal of Substance Abuse 
Treatment. 2014;47:275-281

[95] Beck T, Haasen C, Verthein U, 
Walcher S, Schuler C, Backmund 
M, et al. Maintenance treatment 
for opioid dependence with slow-
release oral morphine: A randomized 
cross-over, non-inferiority study 
versus methadone. Addiction. 
2014;109(4):617-626

[96] Ferri M, Minozzi S, Bo A, Amato 
L. Slow-release oral morphine as 
maintenance therapy for opioid 
dependence. Cochrane Database of 
Systematic Reviews. 2013;(6): pp 1-30. 
Artical No: CD009879

[97] Gillen C, Hurand M, Kobelt 
DJ, Wnendt S. Affinity, potency 
and efficacy of tramadol and its 
metabolites at the cloned human 
μ-opioid receptor. Naunyn-
Schmiedeberg’s Archives of 
Pharmacology. 2000;362(2):116-121

[98] Lofwall MR, Babalonis S, Nuzzo 
PA, Siegel A, Campbell C, Walsh L. 
Efficacy of extended-release tramadol 
for treatment of prescription opioid 
withdrawal: A two-phase randomized 
controlled trial. Drug and Alcohol 
Dependence. 2013;133(1):188-197

[99] Dunn KE, Tompkins DA, Bigelow 
GE, Strain EC. Efficacy of tramadol 
extended-release for opioid withdrawal: 
A randomized clinical trial. JAMA 
Psychiatry. 2017;74(9):885-893

[100] Sarkar S, Lal R, Varshney M, 
Balhara YPS. Tramadol for maintenance 
in opioid dependence: A retrospective 
chart review. Journal of Opioid 
Management. 2017;13(5):329-334

[101] Heidbreder C. Rationale in 
support of the use of selective 
dopamine D3 receptor antagonists 
for the pharmacotherapeutic 
management of substance use disorders. 
Naunyn-Schmiedebergs Archives of 
Pharmacology. 2013;386:167-176

[102] Lai M, Chen W, Zhu H, Zhou 
X, Liu H, Zhang F, et al. Low dose 
risperidone attenuates cue-induced 
but not heroin-induced reinstatement 
of heroin seeking in an animal model 
of relapse. International Journal 
of Neuropsychopharmcology. 
2013;16:1569-1575

[103] Almeida-Santos AF, Gobira PH, 
Souza DP, Ferreira RC, Romero TR, 
Duarte ID, et al. The antipsychotic 
aripiprazole selectively prevents the 
stimulant and rewarding effects of 
morphine in mice. European Journal of 
Pharmacology. 2014;742:139-144

[104] Moran LM, Phillips KA, Kowalczyk 
WJ, Ghitza UE, Agage DA, Epstein 
DH, et al. Aripiprazole for cocaine 
abstinence: A randomized-controlled 
trial with ecological momentary 
assessment. Behavioural Pharmacology. 
2017;28(1):63-73

[105] Portugal GS, Al-Hasani R, Fakira 
AK, Gonzalez-Romero JL, Melyan 
Z, McCall JG, et al. Hippocampal 
long-term potentiation is disrupted 
during expression and extinction 
but is restored after reinstatement of 
morphine place preference. The Journal 
of Neuroscience. 2014;34(2):527-538

[106] Ma YY, Yu P, Guo CY, Cui CL.  
Effects of ifenprodil on morphine-
induced conditioned place preference 
and spatial learning and memory 
in rats. Neurochemical Research. 
2011;36(3):383-391

[107] Harris AC, Rothwell PE, 
Gewirtz JC. Effects of the NMDA 
receptor antagonist memantine on 
the expression and development of 



17

Present and Future Pharmacological Treatments for Opioid Addiction
DOI: http://dx.doi.org/10.5772/intechopen.82443

acute opiate dependence as assessed 
by withdrawal-potentiated startle and 
hyperalgesia. Psychopharmacology. 
2008;196(4):649-660

[108] Popik P, Skolnick P. The NMDA 
antagonist memantine blocks the 
expression and maintenance of 
morphine dependence. Pharmacology 
Biochemistry and Behavior. 
1996;53(4):791-797

[109] Bisaga A, Comer SD, Ward 
AS, Popik P, Kleber HD, Fischman 
MW. The NMDA antagonist memantine 
attenuates the expression of opioid 
physical dependence in humans. 
Psychopharmacology. 2001;157(1):1-10

[110] Bisaga A, Sullivan MA, Cheng 
WY, Carpenter KM, Mariani JJ, Levin 
FR, et al. A placebo controlled trial 
of memantine as an adjunct to oral 
naltrexone for opioid dependence. 
Drug and Alcohol Dependence. 
2011;119(1-2):e23-e29

[111] Bisaga A, Sullivan MA, Glass A, 
Mishlen K, Carpenter KM, Mariani 
JJ, et al. A placebo-controlled trial of 
memantine as an adjunct to injectable 
extended release naltrexone for opioid 
dependence. Journal of Substance Abuse 
Treatment. 2014;46:546-552

[112] Cuellar B, Fernández AP, Lizasoain 
I, Moro MA, Lorenzo P, Bentura 
ML, et al. Up-regulation of neuronal 
NO synthase immunoreactivity in 
opiate dependence and withdrawal. 
Psychopharmacology. 2000;148:66-73

[113] Kolesnikov YA, Pick CG, Ciszewska 
G, Pasternak GW. Blockade of tolerance 
to morphine but not to kappa opioids 
by a nitric oxide synthase inhibitor. 
Proceedings of the National Academy 
of Sciences of the United States of 
America. 1993;90:5162-5166

[114] Leza JC, Lizasoain I, Cuellar B, 
Moro MA, Lorenzo P. Correlation 
between brain nitric oxide synthase 

activity and opiate withdrawal. 
Naunyn-Schmiedeberg’s Archives of 
Pharmacology. 1996;353:349-354

[115] Cousins MS, Roberts DC, de Wit 
H. GABAB receptor agonists for the 
treatment of drug addiction: A review 
of recent findings. Drug and Alcohol 
Dependence. 2002;65(3):209-220

[116] Brebner K, Phelan R, Roberts 
DC. Effect of baclofen on cocaine 
self-administration in rats reinforced 
under fixed-ratio 1 and progressive-
ratio schedules. Psychopharmacology. 
2000;148:314-321

[117] Colombo G, Agabio R, Carai 
MA, Lobina C, Pani M, Reali R, et al. 
Ability of baclofen in reducing alcohol 
intake and withdrawal severity: 
I. Preclinical evidence. Alcoholism: 
Clinical and Experimental Research. 
2000;24:58-66

[118] Fattore L, Cossu G, Martellotta 
MC, Fratta W. Baclofen antagonizes 
intravenous self-administration of 
nicotine in mice and rats. Alcohol and 
Alcoholism. 2002;37:495-498

[119] Ranaldi R, Poeggel K. Baclofen 
decreases methamphetamine self-
administration in rats. Neuroreport. 
2002;13:1107-1110

[120] Bexis S, Ong J, White J. Attenuation 
of morphine withdrawal signs by the 
GABA(B) receptor agonist baclofen. Life 
Sciences. 2001;70:395-401

[121] Zarrindast MR, Mousa-Ahmadi 
E. Effects of GABAergic system 
on naloxone-induced jumping 
in morphine-dependent mice. 
European Journal of Pharmacology. 
1999;381:129-133

[122] Meng S, Quan W, Qi X, Su 
Z, Yang S. Effect of baclofen on 
morphine-induced conditioned place 
preference, extinction, and stress-
induced reinstatement in chronically 



Opioids - From Analgesic Use to Addiction

18

stressed mice. Psychopharmacology. 
2014;231:27-36

[123] Assadi SM, Radgoodarzi R, 
Ahmadi-Abhari SA. Baclofen for 
maintenance treatment of opioid 
dependence: A randomized double-
blind placebo-controlled clinical trial 
[ISRCTN32121581]. BMC Psychiatry. 
2003;3(1):16

[124] Pitkänen A, Kharatishvili I, 
Narkilahti S, Lukasiuk K, Nissinen 
J. Administration of diazepam during 
status epilepticus reduces development 
and severity of epilepsy in rat. Epilepsy 
Research. 2005;63:27-42

[125] Cheng JK, Lee SZ, Yang JR, 
Wang CH, Liao YY, Chen CC, 
et al. Does gabapentin act as an 
agonist at native GABA B receptors? 
Journal of Biomedical Science. 
2004;11(3):346-355

[126] Cunningham MO, Woodhall 
GL, Thompson SE, Dooley DJ, Jones 
RS. Dual effects of gabapentin and 
pregabalin on glutamate release at 
rat entorhinal synapses in vitro. 
European Journal of Neuroscience. 
2004;20(6):1566-1576

[127] Hasanein P, Shakeri S. Pregabalin 
role in inhibition of morphine analgesic 
tolerance and physical dependency in 
rats. European Journal of Pharmacology. 
2014;742:113-117

[128] Bao YH, Zhou QH, Chen R, Xu 
H, Zeng L, Zhang X, et al. Gabapentin 
attenuates morphine tolerance 
through interleukin-10. Neuroreport. 
2014;25(2):71-76

[129] Sanders NC, Mancino MJ, Gentry 
WB, Guise JB, Bickel WK, Thostenson J,  
et al. Randomized, placebo-controlled 
pilot trial of gabapentin during an 
outpatient, buprenorphine-assisted 
detoxification procedure. Experimental 
and Clinical Psychopharmacology. 
2013;21(4):294-302

[130] Muldoon PP, Jackson KJ, Perez E, 
Harenza JL, Molas S, Rais B, et al. The 
α3β4* nicotinic ACh receptor subtype 
mediates physical dependence to 
morphine: Mouse and human studies. 
British Journal of Pharmacology. 
2014;171(16):3845-3857

[131] Hooten WM, Warner 
DO. Varenicline for opioid withdrawal 
in patients with chronic pain: A 
randomized, single-blinded, placebo 
controlled pilot trial. Addictive 
Behaviors. 2015;42:69-72

[132] Sharifipour M, Izadpanah E, 
Nikkhoo B, Zare S, Abdolmaleki 
A, Hassanzadeh K, et al. A new 
pharmacological role for donepezil: 
Attenuation of morphine-induced 
tolerance and apoptosis in rat central 
nervous system. Journal of Biomedical 
Science. 2014;21(1):6

[133] Gawel K, Labuz K, Jenda M, 
Silberring J, Kotlinska JH. Influence 
of cholinesterase inhibitors, donepezil 
and rivastigmine on the acquisition, 
expression, and reinstatement of 
morphine-induced conditioned place 
preference in rats. Behavioural Brain 
Research. 2014;268:169-176

[134] Scavone JL, Sterling RC, Van 
Bockstaele EJ. Cannabinoid and 
opioid interactions: Implications for 
opiate dependence and withdrawal. 
Neuroscience. 2013;248:637-654

[135] Hurd YL, Yoon M, Manini AF, 
Hernandez S, Olmedo R, Ostman M, 
et al. Early phase in the development of 
cannabidiol as a treatment for addiction: 
Opioid relapse takes initial center stage. 
Neurotherapeutics. 2015;12(4):807-815

[136] Mechoulam R, Peters M, Murillo-
Rodriguez E, Hanus LO. Cannabidiol—
Recent advances. Chemistry & 
Biodiversity. 2007;4:1678-1692

[137] Thomas A, Baillie GL, Phillips AM, 
et al. Cannabidiol displays unexpectedly 



19

Present and Future Pharmacological Treatments for Opioid Addiction
DOI: http://dx.doi.org/10.5772/intechopen.82443

high potency as an antagonist of CB1 
and CB2 receptor agonists in vitro. 
British Journal of Pharmacology. 
2007;150:613-623

[138] Ren Y, Whittard J, Higuera-Matas 
A, Morris CV, Hurd YL. Cannabidiol, 
a nonpsychotropic component of 
cannabis, inhibits cue-induced 
heroin seeking and normalizes 
discrete mesolimbic neuronal 
disturbances. Journal of Neuroscience. 
2009;29(47):14764-14769

[139] Katsidoni V, Anagnostou I, 
Panagis G. Cannabidiol inhibits the 
reward-facilitating effect of morphine: 
Involvement of 5-HT1A receptors in the 
dorsal raphe nucleus. Addiction Biology. 
2013;18:286-296

[140] Manini AF, Yiannoulos G, 
Bergamaschi MM, Hernandez S, 
Olmedo R, Barnes AJ, et al. Safety and 
pharmacokinetics of oral cannabidiol 
when administered concomitantly 
with intravenous fentanyl in humans. 
Journal of Addiction Medicine. 
2015;9(3):204

[141] Harricharan R, Abboussi 
O, Daniels WM. Addiction: A 
dysregulation of satiety and 
inflammatory processes. Progress in 
Brain Research. 2017;235:65-91

[142] Coller JK, Hutchinson 
MR. Implications of central immune 
signaling caused by drugs of abuse: 
Mechanisms, mediators and new 
therapeutic approaches for prediction 
and treatment of drug dependence. 
Pharmacology & Therapeutics. 
2012;134(2):219-245

[143] Cunha-Oliveira T, Rego AC, 
Garrido J, Borges F, Macedo T, Oliveira 
CR. Neurotoxicity of heroin–cocaine 
combinations in rat cortical neurons. 
Toxicology. 2010;276(1):11-17

[144] Fecho K, Maslonek KA, Dykstra 
LA, Lysle DT. Assessment of the 

involvement of central nervous system 
and peripheral opioid receptors 
in the immunomodulatory effects 
of acute morphine treatment in 
rats. The Journal of Pharmacology 
and Experimental Therapeutics. 
1996;276(2):626-636

[145] McCarthy L, Wetzel M, Sliker 
JK, Eisenstein TK, Rogers TJ. Opioids, 
opioid receptors, and the immune 
response. Drug and Alcohol 
Dependence. 2001;62(2):111-123

[146] Raghavendra V, Tanga F, DeLeo 
JA. Inhibition of microglial activation 
attenuates the development but not 
existing hypersensitivity in a rat 
model of neuropathy. The Journal 
of Pharmacology and Experimental 
Therapeutics. 2003;306(2):624-630

[147] Chen SL, Tao PL, Chu CH, Chen 
SH, Wu HE, Tseng LF, et al. Low-dose 
memantine attenuated morphine 
addictive behavior through its anti-
inflammation and neurotrophic effects 
in rats. Journal of Neuroimmune 
Pharmacology. 2012;37(4):393-398

[148] Eisch AJ, Barrot M, Schad 
CA, Self DW, Nestler EJ. Opiates 
inhibit neurogenesis in the adult 
rat hippocampus. Proceedings of 
the National Academy of Sciences 
of the United States of America. 
2000;97(13):7579-7584

[149] Campbell LA, Avdoshina V, 
Rozzi S, Mocchetti I. CCL5 and 
cytokine expression in the rat brain: 
Differential modulation by chronic 
morphine and morphine withdrawal. 
Brain, Behaviour and Immunity. 
2013;34:130-140

[150] Theberge FR, Li X, Kambhampati 
S, Pickens CL, Laurent RS, Bossert 
JM, et al. Effect of chronic delivery 
of the toll-like receptor 4 antagonist 
(+)-naltrexone on incubation of 
heroin craving. Biological Psychiatry. 
2013;73(8):729-737



Opioids - From Analgesic Use to Addiction

20

[151] Mattioli TA, Leduc-Pessah H, 
Skelhorne-Gross G, Nicol CJ, Milne 
B, Trang T, et al. Toll-like receptor 4 
mutant and null mice retain morphine-
induced tolerance, hyperalgesia, and 
physical dependence. PLoS One. 
2014;9(5):e97361

[152] Yamagata T, Ichinose M. Agents 
against cytokine synthesis or receptors. 
European Journal of Pharmacology. 
2006;533(1):289-301

[153] Mizuno T, Kurotani T, Komatsu 
Y, Kawanokuchi J, Kato H, Mitsuma 
N, et al. Neuroprotective role of 
phosphodiesterase inhibitor ibudilast on 
neuronal cell death induced by activated 
microglia. Neuropharmacology. 
2004;6(3):404-411

[154] Cooper ZD, Johnson KW, Pavlicova 
M, Glass A, Vosburg SK, Sullivan 
MA, et al. The effects of ibudilast, a 
glial activation inhibitor, on opioid 
withdrawal symptoms in opioid 
dependent volunteers. Addiction 
Biology. 2016;21(4):895-903

[155] Ray LA, Roche DJ, Heinzerling 
K, Shoptaw S. Opportunities for the 
development of neuroimmune therapies 
in addiction. International Review of 
Neurobiology. 2014;118:381-401

[156] de Guglielmo G, Melis M, De Luca 
MA, Kallupi M, Li HW, Niswender K, 
et al. PPAR gamma activation attenuates 
opioid consumption and modulates 
mesolimbic dopamine transmission. 
Neuropsychopharmacology. 
2015;40:927-937

[157] Melis M, Carta S, Fattore L, Tolu S, 
Yasar S, Goldberg SR, et al. Peroxisome 
proliferator-activated receptors-alpha 
modulate dopamine cell activity 
through nicotinic receptors. Biological 
Psychiatry. 2010;68(3):256-264

[158] Ghavimi H, Azarfardian A, 
Maleki-Dizaji N, Hassanzadeh K, 
Ghanbarzadeh S, Charkhpour M. 

Acute administration of pioglitazone 
attenuates morphine withdrawal 
syndrome in rat: A novel role 
of pioglitazone. Drug Research. 
2015;65:113-118

[159] Crist RC, Clarke TK, Ang A, 
Ambrose-Lanci LM, Lohoff FW, 
Saxon AJ, et al. An intronic variant in 
OPRD1 predicts treatment outcome 
for opioid dependence in African-
Americans. Neuropsychopharmacology. 
2013;38:2003-2010

[160] Barratt DT, Coller JK, Hallinan 
R, Byrne A, White JM, Foster DJ, 
et al. ABCB1 haplotype and OPRM1 
118A>G genotype interaction in 
methadone maintenance treatment 
pharmacogenetics. Pharmacogenomics 
and Personalized Medicine. 
2012;5:53-62

[161] Gerra G, Somaini L, Leonardi C, 
Cortese E, Maremmani I, Manfredini 
M, et al. Association between gene 
variants and response to buprenorphine 
maintenance treatment. Psychiatry 
Research. 2014;215:202-207

[162] Brockmöller J, Tzvetkov 
MV. Pharmacogenetics: Data, concepts 
and tools to improve drug discovery 
and drug treatment. European 
Journal of Clinical Pharmacology. 
2008;64(2):133-157

[163] Dolinoy DC. Epigenetic gene 
regulation: Early environmental 
exposures. Pharmacogenomics. 
2007;8:5-10

[164] Kronfol MM, Dozmorov MG, 
Huang R, Slattum PW, McClay JL. The 
role of epigenomics in personalized 
medicine. Expert Review of Precision 
Medicine and Drug Development. 
2017;2(1):33-45

[165] Nielsen DA, Utrankar A, Reyes JA, 
Simons DD, Kosten TR. Epigenetics of 
drug abuse: Predisposition or response. 
Pharmacogenomics. 2012;13:1149-1160



21

Present and Future Pharmacological Treatments for Opioid Addiction
DOI: http://dx.doi.org/10.5772/intechopen.82443

[166] Nielsen DA, Hamon S, Yuferov 
V, Jackson C, Ho A, Ott J, et al. Ethnic 
diversity of DNA methylation in the 
OPRM1 promoter region in lymphocytes 
of heroin addicts. Human Genetics. 
2010;127:639-649

[167] Chorbov VM, Todorov AA, 
Lynskey MT, Cicero TJ. Elevated levels 
of DNA methylation at the OPRM1 
promoter in blood and sperm from 
male opioid addicts. Journal of Opioid 
Management. 2011;7:258-264

[168] Modesto-Lowe V, Swiezbin K, 
Chaplin M, Hoefer G. Use and misuse 
of opioid agonists in opioid addiction. 
Cleveland Clinic Journal of Medicine. 
2017;84(5):377-384


