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Abstract
Clonidine operates through agonism at the alpha-2A receptor, a specific subtype 
of the alpha-2-adrenergic receptor located predominantly in the prefrontal cortex. 
By inhibiting the release of norepinephrine, which is responsible for withdrawal 
symptoms, clonidine effectively addresses withdrawal-related conditions such 
as anxiety, hypertension, and tachycardia. The groundbreaking work by Gold et 
al. demonstrated clonidine’s ability to counteract the effects of locus coeruleus 
stimulation, reshaping the understanding of opioid withdrawal within the field. 
In the 1980s, the efficacy of clonidine in facilitating the transition to long-acting 
injectable naltrexone was confirmed for individuals motivated to overcome opioid 
use disorders (OUDs), including physicians and executives. Despite challenges with 
compliance, naltrexone offers sustained blockade of opioid receptors, reducing the 
risk of overdose, intoxication, and relapse in motivated patients in recovery. The 
development of clonidine and naltrexone as treatment modalities for OUDs, and 
potentially other addictions, including behavioral ones, underscores the potential for 
translating neurobiological advancements from preclinical models (bench) to clinical 
practice (bedside), ushering in innovative approaches to addiction treatment.
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1. Introduction
Clonidine is a well-researched molecule patented in 1961 
but was not used medically until 1966.1 Catapres is a brand 
name for clonidine, which is used to treat high blood 
pressure, as well as, off-label, attention deficit hyperactivity 
disorder (ADHD),2,3 withdrawal from substances such as 
opioids, alcohol and nicotine, menopausal flushing, and 
selected painful conditions.2,3 Administration of clonidine 
can be oral, transdermal, or by injection with an onset of 
action within 1  h. Most side-effects are reversible when 
withdrawn.4

To design a comprehensive review, our team searched 
PubMed, MEDLINE, Cochrane Library, and references 
from relevant articles for publications dating from June 1, 
2014, to August 1, 2020. We searched for the Medical Subject 
Headings terms “Opioid-Related Disorders,” or “Analgesics, 
Opioid” and “Substance Withdrawal Syndrome.” This 
work is worthy of a thorough review as current reviews 
of clonidine often overlook much of the laboratory and 
clinical discovery work focusing on 2014 – 2020.5

2. Pharmacokinetics and 
pharmacodynamics of clonidine
Importantly, clonidine crosses the blood-brain barrier.6 
Gold et al.7 demonstrated that clonidine’s molecular 
mechanism of action occurs due to its agonism at the 
alpha-2A receptor, a subtype of the alpha-2 adrenergic 
receptor, found primarily within the prefrontal cortex 

(PFC). Alpha-2A adrenergic receptors inhabit the 
presynaptic cleft of the neuron and, when activated by 
an agonist, inhibit downstream neurons. The stimulation 
of alpha-2 receptors arrests the secretion of the 
neurotransmitter norepinephrine (NE).

While usually not severe, common side effects of 
clonidine include dry mouth, dizziness, headaches, 
and sleepiness. However, in rare cases, severe adverse 
effects include heart arrhythmias, confusion, and even 
hallucinations. Clonidine should be avoided during 
pregnancy or breastfeeding because it crosses the placental 
barrier and is present in breast milk. Moreover, if abruptly 
stopped, withdrawal reactions could occur. Clonidine, first 
patented in 1961, was the 79th most commonly prescribed 
pharmacologic agent in the United States and by 2017, 
with over 10 million prescriptions.8

Following oral ingestion, the drug is absorbed into the 
bloodstream very promptly and almost completely, with 
peak concentrations in human plasma within 60 – 90 min.9 
It is important to emphasize that clonidine is lipid-soluble 
to some extent. The partition coefficient logarithm (log P) 
is equal to 1.6.10 It is well-known that the optimal log P 
for a drug to enter the central nervous system through the 
blood-brain barrier is 2.0.11

Approximately one-fifth of an oral dose will not be 
absorbed and is excreted in the feces, while under half of 
the absorbed dose will be metabolized by the hepatic tissue 
into inactive metabolites, with the rest excreted unchanged 
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by the kidneys. Moreover, the half-life of clonidine varies 
widely, between 6 and 23 h, depending on kidney function.11

2.1. The off-label use of clonidine to treat opioid 
withdrawal syndrome

The off-label use of clonidine to ease symptoms associated 
with abrupt withdrawal from long-term use of opioids, 
alcohol, benzodiazepines, and nicotine12,13 is the main topic 
of this review. Clonidine can alleviate opioid withdrawal 
symptoms by reducing the sympathetic nervous system 
response, including tachycardia, hypertension, sweating, 
hot and cold flashes, anxiety, and general restlessness. 
These sedating effects of clonidine may also aid smokers 
in quitting. However, side effects can include insomnia, 
exacerbating an already common feature of opioid 
withdrawal.14 Clonidine induces a reduction in blood 
pressure in both normotensive and hypertensive patients 
but may also induce hypotension and postural hypotension 
during opioid withdrawal. Notably, clonidine may also 
reduce the severity of neonatal abstinence syndrome 
for infants with maternal substance use disorder.15,16 
Although off-label clonidine has been replaced clinically 
by buprenorphine and other treatments,16 it may improve 
the Network Neurobehavioral Score in neonatal intensive 
care units for neonatal withdrawal syndrome.17

2.2. Better outcomes for impaired health 
professionals: Why?

Opioid use disorder (OUD) is common and generally 
untreated. Medications and medication-assisted recovery 
have gained support as it is evidence-based, safe, and 
useful.18 Nevertheless, most adults with OUD do not 
receive outpatient treatment to address their addiction 
and remain untreated.19 At present, outcomes for impaired 
health professionals20 and others with OUD are markedly 
different, even when receiving the same treatments. Relapse 
to OUD and treatment discontinuation are common 
among most patients but not among impaired physicians.21 
The fear of overdose, slip, or relapse, which can result 
in death, may differ due to the fear of losing licensure 
requirements as professional and mandated requirements 
to be drug-free.22 The treatment procedures, follow-up, and 
case management available to physicians through impaired 
health professional programs, including group therapy, 
caduceus meetings, medication, and particularly random 
urine testing, contribute to their successful recovery.22 
The usual goal of treatment for OUD is being alive and 
taking the opioid agonist or antagonist medication. Urine 
testing confirmed OUD outcomes for impaired physicians 
at 80%, with most tested drug-free and functioning at 
premorbid levels at 5-year follow-ups.23 These outcomes 
are significantly better than those reported for non-health 

professionals, who are rarely studied for at least 6 months. 
The characterization of OUD treatment outcomes includes 
treatment discontinuation, dropouts, relapses, overdoses, 
and numbers of hospital visits.24 Return to premorbid 
functioning socially, jobwise, and in other spheres are not 
investigated as thoroughly as it is for physicians. Physician 
outcomes focus on full recovery and return to work.25 Thus, 
OUD treatment tends to replace opioids with medications 
such as buprenorphine and methadone.

Physicians and other health professionals are likely 
to opt for detoxification from opioids and placement on 
long-acting injectable naltrexone.26 The frequent choice 
of clonidine may be related to licensure and drug-free 
job regulations. Clonidine’s choice may also relate to 
changes in perception and cognitive functioning felt on 
chronic opioids compared to the effects of detoxification 
and abstinence or detoxification and naltrexone. In the 
highest-risk group of physicians with OUDs, such as 
anesthesiologists, the decision to treat with naltrexone may 
be directed by the physician health program itself.27 In this 
case, clonidine may be incorporated in post-assessment 
detoxifications.

Clonidine is widely used today as an adjunct treatment 
for opioid withdrawal, OUD-related craving, and 
anxiety, and in the transition to naltrexone for treating 
physicians, executives, and other patients with OUDs.28 
The neurochemical mechanisms of clonidine, especially 
related to catecholaminergic activity involving NE and 
dopamine, provide promising treatments to reverse 
opioid-induced changes in the locus coeruleus (LC) and 
boost dopaminergic recruitment across this brain region 
to attenuate NE hyperactivity.28,29

Although the United States Food and Drug 
Administration (FDA) approved lofexidine,30 which has 
a higher affinity and specificity for alpha-2A adrenergic 
receptors, induces less hypotension and other serious 
side effects than clonidine, and does not reinforce opioid 
dependence, the high cost of lofexidine has kept clonidine 
ahead of lofexidine prescriptions for OUD detoxification.31

2.3. Opioid withdrawal: Clinical syndrome and 
pathophysiology

Despite effective treatment for opioid addiction, including 
buprenorphine (suboxone) and methadone, most patients 
still relapse into opioid misuse, often resulting in overdoses 
during these slips and relapses. Acute precipitants, such 
as stress, exposure to drug-associated cues, or the use of 
an initially small amount or priming dose of a drug, can 
trigger relapses, shorter lapses, and episodes of craving. 
Treatments that buffer the effects of these acute triggers 
might improve buprenorphine maintenance outcomes.

https://dx.doi.org/10.36922/itps.1918


Alpha-2A receptor agonist and addiction

INNOSC Theranostics and 
Pharmacological Sciences

Volume 7 Issue 3 (2024)	 4� doi: 10.36922/itps.1918

2.4. Definitions of withdrawal

Withdrawal from a substance is characterized in the 
Diagnostic and Statistical Manual for Mental Disorders, 
5th  edition (DSM-5), as “a substance-specific problematic 
behavioral change, with physiological and cognitive 
concomitants, that is due to the cessation of, or reduction 
in, heavy and prolonged substance use.” The International 
Classification of Diseases, 10th edition, defines withdrawal 
as “a group of symptoms of variable clustering and 
severity occurring on absolute or relative withdrawal 
of a psychoactive substance after persistent use of that 
substance.” The characteristic clinical signs of opioid 
withdrawal syndrome include hypertension, tachycardia, 
mydriasis, piloerection (goosebumps), lacrimation, 
rhinorrhea, yawning, insomnia, nausea, vomiting, and 
diarrhea.32 The progression of opioid withdrawal is 
primarily influenced by the half-life of the specific opioid 
involved. Opioids characterized by short half-lives, such 
as heroin (with a half-life of 3 – 5  h), prompt the onset 
of withdrawal symptoms within approximately 12 h after 
the last dose. Conversely, discontinuation of opioids with 
longer half-lives, such as methadone (with a half-life of 
up to 96 h), may lead to withdrawal symptoms emerging 
1 – 3 days following the last dose. Moreover, the duration 
of the withdrawal syndrome typically aligns with the half-
life of the opioid. For instance, heroin withdrawal typically 
spans 4 – 5 days, while methadone withdrawal can extend 
from 7 to 14 days and, in certain cases, persist for several 
weeks. Other than alpha-2 receptor agonists, other agents, 
such as pro-dopamine regulators, may be useful adjuncts 
to intervene in heightened NE activity during opioid 
withdrawal.

2.5. Development of the locus coeruleus 
noradrenergic hyperactivity theory

In 1977, Gold’s group tested clonidine in humans with 
OUD after opioid discontinuation and the emergence 
of withdrawal signs and symptoms as a test of the LC 
noradrenergic hyperactivity theory.33,34 These clinical 
scientists chose clonidine over other available alpha-2 
adrenergic agonists because clonidine was widely used 
worldwide and considered safe, effective, and approved by 
the FDA for hypertension. During that period, the WHO 
was concerned about any medication that reversed opioid 
withdrawal in laboratory investigations. In the experiments, 
clonidine acutely reversed opioid withdrawal, including 
neonatal opioid withdrawal distress, reduced naloxone-
precipitated withdrawal distress, facilitated rapid and 
ultra-rapid opioid detoxification, and provided an option 
for impaired health professionals and others interested 
in a drug-free treatment. Clonidine also improved the 
transition from opioid agonist to naltrexone and enhanced 

treatment outcome success rates for both naltrexone and 
buprenorphine.35-38

Gold’s group conducted a series of studies on LC 
stimulation and ablation in rodents at the College of 
Medicine, University of Florida, in the early 1970s, and 
later at Yale in the late 1970s and early 1980s. These studies 
led Gold and his associates to hypothesize that the nucleus 
LC might be responsible for some opioid withdrawal 
syndrome symptoms. They continued this work with 
rats and non-human primates at Yale in the Aghajanian 
and Redmond laboratories. Specifically, they stimulated 
the LC and produced hypertension, tachycardia, and 
other signs of opioid withdrawal, including piloerection 
(bristling) in animals that had never been exposed to 
opioids.39 This LC electrical stimulation produced signs, 
symptoms, and behaviors similar to those induced 
by the alpha-2 adrenergic antagonists yohimbine and 
piperoxane.40 They could reverse the effects of electrical 
stimulation with morphine, and this effect could be 
reversed again with the opioid antagonist naloxone.41 
Moreover, these researchers could reverse the effects 
of yohimbine and piperoxane with clonidine.42 They 
were also able to pre-empt the effects of these agents by 
lesioning the nucleus LC.39

As a known alpha-2 adrenergic receptor agonist, 
clonidine was first tested in rodents and non-human 
primates and ultimately in humans in cases of both 
precipitated and naturally occurring opioid withdrawal by 
Gold’s group in the 1970s. This work (Gold et al., 1982), 
recognized by the American Psychiatric Association with 
the Foundations Fund Annual Award and Prize, represents 
the first true translation of basic science into discoveries 
that help patients in psychiatry.43

2.6. Mechanisms in withdrawal symptomatology

The noradrenergic hyperactivity theory for opioid 
withdrawal changed the field in many ways.34,42 First, it 
provided the first neuroanatomy of opioid withdrawal, 
which could be tested, and identified the roles of 
alpha-2 adrenergic and opioid inputs. This allowed for 
a better understanding of both opioid and non-opioid 
treatments or withdrawal reversal methods. Second, it 
enabled physicians to explore and develop new opioid, 
mixed opioid, and non-opioid treatments, including 
pharmaceuticals and nutraceuticals.44,45-50 Third, it 
introduced a new class of treatments, such as lofexidine, 
guanfacine, and others, which use the same mechanism 
of action–alpha-2 adrenergic agonist stimulation and 
inhibition of the nucleus LC.31,43,51 These treatments could 
potentially exhibit better side effect profiles and other 
advantages.36,52
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2.7. Summary of empirical research

Several behavioral and biochemical studies53 support 
Gold’s hypothesis that naloxone-precipitated withdrawal 
can be attenuated by targeting the LC. Subsequent 
studies demonstrated that clonidine reduced morphine 
withdrawal-induced increases in regional cerebral 
metabolic rates for glucose, irrespective of the distribution 
of alpha-2 adrenergic receptors. Clonidine acts primarily 
at the LC and central amygdala, and it may also have 
importance in other regions.54

Research conducted on non-human primates 
has revealed that the noradrenergic LC may play a 
role in various aspects of the brain’s alarm function, 
encompassing attentiveness, arousal, anxiety, fear, and 
terror, along with their physiological manifestations. 
These investigations involved comparing the outcomes of 
electrically stimulating the LC with minute electrodes to 
the effects induced by other agents or conditions capable 
of modulating LC activity. The findings suggested that 
endogenous morphine-like substances and opioids serve 
to inhibit the activation of the LC system, and the onset of 
opioid withdrawal syndrome arises from the reactivation 
of this LC-noradrenergic system.35 Clonidine, which 
suppressed noradrenergic LC activity in low doses, was 
therefore postulated to suppress opioid withdrawal signs 
and symptoms. Many signs of opioid withdrawal produced 
through electrical or chemical stimulation of the nucleus 
LC increase noradrenergic activity and the concentration 
of the noradrenergic metabolite 3-methoxy-4-hydroxy-
phenyl glycol within the brain. Clonidine, an alpha-2 
adrenergic agonist, can inhibit signs of opioid withdrawal 
in animals and humans.55

Clonidine likely attenuates opioid withdrawal 
syndrome due to the reduction of noradrenergic neuronal 
activity originating in the LC. However, alpha-2 adrenergic 
receptors located throughout the body and other 
mechanisms may also play a role. In a series of studies, 
Gold’s group explored the LC alpha-2 adrenergic receptor 
selectivity and the neuroanatomical and pharmacological 
anti-withdrawal action of clonidine (Table 1). Confirmation 
of this hypothesis in rats, monkeys, and human subjects 
has added to the understanding of the mechanisms of 
opioid action and withdrawal.

Moreover, a double-blind, placebo-controlled, and 
cross-over trial from Taylor et al.53 found that clonidine 
eliminated the symptomology of opioid withdrawal for 
240 – 360  min in 11 hospitalized OUD subjects. In the 
longer term, the same patients, in an open pilot study of 
the effects of clonidine taken for 1 week, also experienced 
the elimination of opioid abstinence symptoms. These data 
suggest that opioid withdrawal is due to increased neuronal 

activity in areas regulated by alpha-2 adrenergic and opioid 
receptors, like the LC. The early clinical studies, combined 
with more direct observations in rodents and non-human 
primate studies, are consistent with the hypothesis that 
in humans, brain NE systems become hyperactive during 
opioid withdrawal and that clonidine suppresses this 
hyperactivity of NE systems.29

3. Modern architectural analysis of 
treatment for OUD: Inducing “dopamine 
homeostasis” to treat protracted 
withdrawal
In the United States, a national opioid epidemic4 has 
prompted the recommendation of three FDA-approved 
medications for the prevention and treatment of OUD: 
methadone, buprenorphine, or naltrexone. There is ample 
evidence of their efficacy; however, these medications are 
under-prescribed.18 The objective here is to briefly review 
and synthesize data from the available medical literature 
on these FDA-approved medications and provide a 
framework to demonstrate the optimal approach for 
outpatient management of OUD.

Clonidine and lofexidine have improved and refined 
the medical approach to opioid withdrawal states while 
transitioning opioid-dependent adults to extended-release 
injection naltrexone.56 Opioid agonists like methadone, 
mixed agonists like buprenorphine, and the combination 
of buprenorphine with naltrexone and clonidine are now 
used to treat OUD.57 The authors assessed the efficacy of 
two outpatient opioid detoxification methods and relapse 
prevention in a trial transition induction to extended-
release (XR)-naltrexone. A  7-day detoxification regimen 
utilizing naltrexone with a single day of buprenorphine 
administration was followed by a gradual increase in 
oral naltrexone doses, supplemented with clonidine and 
other medications. Similarly, a buprenorphine-assisted 
detoxification protocol involved a 7-day tapering of 
buprenorphine, followed by a week-long interval before 
initiating XR-naltrexone, in accordance with official 
prescribing guidelines. The combination of naltrexone 
treatment and adjunctive clonidine facilitated complete 
withdrawal for 38 out of 40 methadone-dependent patients 
within a span of 4 – 5  days. Naltrexone dosing typically 
commenced at 1 mg/day and was incrementally raised to 
50 mg/day over a 4-day period for most patients. Clonidine 
administration helped mitigate the intensity of naltrexone-
induced withdrawal symptoms. Significant reductions 
in blood pressure were observed without instances of 
syncope, and although certain symptoms persisted, 
including anxiety, anorexia, insomnia, restlessness, and 
muscular aching, they were either substantially alleviated 
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Table 1. Key facts

Clonidine.
Locus coeruleus stimulation promotes the release of norepinephrine.
Reduces the severity of withdrawal from opioid use.
Narcotic replacement therapy

Methadone-synthetic opioid and buprenorphine (Subutex) are agonists.
Suboxone; buprenorphine/naloxone is an agonist/antagonist.
Buprenorphine and methadone maintenance are equally effective in retaining patients in substance abuse treatment and in reducing illicit opioid use.
Narcotic replacement therapies have high treatment compliance.
Reduce overdoses and Emergency Department treatment-seeking.
Subutex and suboxone induction and maintenance are available in outpatient or physician offices.

Disadvantages buprenorphine
Chronic blockade of opioid receptors has anti-reward effects, increasing relapse potential when coupled with a narcotic antagonist 
Does not activate the areas of the brain associated with relapse in some studies. 
Possible lack of effectiveness in patients who require high methadone doses. 
Locks people into addiction and also causes a “zombie” like effect.
There is evidence of potential suicide ideation and accompanied depression. 
Even in the injectable form of delivery, there is poor compliance.

Naltrexone
Naltrexone is an opioid antagonist.
Provides chronic opioid receptor blockade and prevents overdose and opioid intoxication.
Agonists are better at this than antagonists unless in mandated impaired physician programs with monitors.
The main issue with naltrexone is poor compliance, but it can be assisted with Pro-dopamine regulation like KB220 variants or other modalities like rTMS.

Positive effects of treatment
All forms of treatment are significantly less costly and more effective than no treatment.
Reduction or abstinence in illicit opioid use. 
Reduction in the severity of withdrawal from opioid use. 
Retention in treatment for persons enrolled in opioid withdrawal or opioid cessation programs.

Harm reduction
Summary Points 

• �The adverse effects of OUD include (fatal overdose, infectious disease transmission, elevated health care costs, public disorder, and crime) and the 
available treatments.

• The alpha-2-adrenergic receptor a subtype of the alpha-2-adrenergic receptor secretes norepinephrine (NE). 
• NE causes the symptoms of withdrawal. 
• Withdrawal-symptoms include hypertension, tachycardia, and anxiety.
• Clonidine is a molecular agonist of the alpha-2A receptor.
• Gold et al.[7] found that clonidine can reverse the effects of locus coeruleus stimulation. 
• This noradrenergic hypothesis for opioid withdrawal changed the field. 
• �Successful comprehensive treatment programs that used clonidine to transition to long-acting injectable naltrexone for impaired physicians and 

other very motivated patients with OUDs were confirmed in the 1980s.
• �The naltrexone, despite poor compliance, provides chronic opioid receptor blockade that prevents overdose, opioid intoxication, and subsequent 

re-addiction in recovered in motivated patients. 
• �The development of clonidine and naltrexone as treatment agents for OUD demonstrates that neurobiological advances could be translated from 

rodents to non-human primates to man into new effective clinical approaches.
• �The traditional narcotic substitution therapies, like methadone maintenance, provide agonistic activity but do not target or block delta or mu 

receptors. The combination treatment of narcotic antagonism and mu receptor agonist therapy (even at minimal doses of naloxone) seems 
parsimonious but may induce anti-reward 

• �Clinical studies indicate that buprenorphine maintenance is as effective as methadone but less cardiac adverse effects maintenance in retaining 
patients in substance abuse treatment and in reducing illicit opioid use.

• �Clinical studies indicate that buprenorphine maintenance is as effective as methadone maintenance in retaining patients in substance abuse 
treatment and in reducing illicit opioid use. 

• �The negative effect on reward circuitry is that chronic blockade of opioid receptors, even with partial opioid agonist action, may ultimately block 
dopaminergic activity, causing anti-reward effects and increasing relapse potential.

• �Based on initial results with large populations receiving D2 agonist therapy with KB220, a safe, non-addicting, natural dopaminergic receptor 
agonist that potentially up-regulates instead of down-regulating dopaminergic receptors could be a co-therapy for long-term treatment to prevent 
relapse rather than the combination of buprenorphine/naloxone alone.

• �Futuristic frontline modalities should include genetic addiction risk testing, which could lead to precision medicine by matching polymorphisms in 
risk alleles with medications or nutraceuticals.  

Abbreviations: rTMS: repetitive transcranial magnetic stimulation; OUD: Opioid use disorder.
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or resolved entirely by the time of discharge. The use of 
clonidine for opioid detoxification may pave the way for 
naltrexone maintenance in many clinical settings and 
might also succeed with patients receiving methadone 
doses up to 50 mg/day.56

This development of clonidine and naltrexone as a 
treatment for opioid addiction demonstrates the translation 
of neurobiological advances into new and effective 
clinical approaches. Naltrexone provides a chronic opioid 
receptor blockade, which prevents opioid intoxication and 
subsequent re-addiction in recovery. This sequential use 
of naltrexone for opioid receptor blockade, in conjunction 
with clonidine to treat withdrawal symptomatology during 
rehabilitation, represents a viable and effective treatment 
for opioid addiction in motivated patients.

3.1. Summary of the clonidine/naltrexone approach 
to opioid withdrawal

Gold et al.58 summarized experiences with the clonidine/
naltrexone approach in motivated OUD patients. 
Clonidine hydrochloride, an alpha-adrenergic agonist, is a 
non-opioid medication that, when used in detoxification 
from opioids, exhibits rapid suppression of the signs and 
symptoms associated with opioid withdrawal. Studies 
have demonstrated that clonidine is useful in detoxifying 
for withdrawal from methadone maintenance patients, 
achieving zero dosage in <14  days with a high success 
rate, compared to the usual 3 – 6  months. In a clinical 
investigation, clonidine suppressed opioid withdrawal 
symptomatology in patients on doses of up to 75  mg of 
methadone daily, and shorter-acting narcotics withdrawn 
in less than a week. To prevent relapse, post-detoxification 
counseling and the use of the narcotic antagonist, 
naltrexone, are recommended.37

Clonidine’s ability to reverse opioid withdrawal 
syndrome in acute withdrawal and anti-craving studies 
supported the NE hypothesis and suggested a new use for 
clonidine.32,55,59-63 The effectiveness of lofexidine provided 
further validation for the noradrenaline (NA) hypothesis. 
Clonidine has been demonstrated to be a potent emergency 
intervention for acute opioid withdrawal, facilitating 
detoxification from methadone, heroin, and other opioids. 
By reversing cognitive, affective, and physiological 
manifestations of withdrawal, clonidine not only alleviates 
immediate symptoms but also maintain suppression of 
their reoccurrence when administered over a period of 
10 – 14 days within a detoxification regimen.55,59

Clonidine appears most appropriate for clinical 
application as a transitional intervention bridging opioid 
dependence and naltrexone therapy. A  10-day outpatient 
detoxification regimen involving clonidine has proven 

highly successful in enabling patients to cease opioid use 
abruptly and maintain abstinence long enough to commence 
naltrexone treatment. However, the sedative and hypotensive 
side effects associated with clonidine have constrained its 
clinical utility, particularly among outpatients, prompting 
exploration into alternative alpha-2 noradrenergic agonists 
that may offer similar anti-withdrawal efficacy without 
the undesirable side effects of clonidine. Initial outpatient 
evaluations of lofexidine, a structural analog of clonidine, 
suggest that it could be equally effective for opioid 
detoxification and potentially more suitable for outpatient 
management if it lacks the sedation and hypotension 
occasionally observed with clonidine.64

Blum et al.65 developed a protocol that included the 
neuronutrient KB220Z and other anti-withdrawal agents, 
such as clonidine, to investigate initial detoxification 
from OUD in treatment centers, with particularly heavily 
dependent OUD subjects. Among the 17 subjects in the 
study, only three were administered buprenorphine/
naloxone (Bup/Nx) alongside KB220Z. Initially, in this 
pilot phase, five patients received 6  days of KB220Z at a 
dosage of 2 oz twice daily before meals, in conjunction 
with clonidine, benzodiazepines, and other adjunctive 
medications such as gabapentin to manage nausea and 
sleep disturbances. Subsequently, the second protocol 
involved 12 patients receiving a higher dose of 4 oz every 
6 h for 6 days. Only three individuals experienced relapse 
within the initial 2 weeks, while the remaining 14 subjects 
remained on KB220Z without requiring additional Bup/
Nx for periods ranging from 120 to 214 days.

Due to the inclusion of standard detoxification agents, 
definitive conclusions regarding the effects of KB220Z 
cannot be drawn. However, the fact that only three out 
of 17 subjects needed Bup/Nx is notable. If corroborated 
by larger, more comprehensive studies, this opioid/opioid 
detoxification approach could offer a novel strategy 
for managing withdrawal without relying on addictive 
opioids. Combining alpha-2 agonist therapy with KB220Z, 
a pro-dopamine regulator, may emerge as a frontline 
option alongside other treatment modalities. Notably, 
neuroimaging studies comparing KB220Z and placebo 
have demonstrated robust and specific blood oxygen level-
dependent dopamine activation in animal models66 and 
abstinent heroin addicts,67 suggesting putative induction 
of “dopamine homeostasis.”

Previously, Blum et al. published several articles 
arguing against the long-term utilization of opioid agonists 
such as methadone and buprenorphine, except for harm 
reduction, but did not favor their prophylaxis use.66-90

In terms of post-withdrawal treatment options, many 
articles discuss opioid agonists and narcotic antagonism, 
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including alpha-2 stimulation with agents such as 
clonidine and lofexidine. While some of these articles 
may be somewhat cryptic, they expand understanding 
of this important topic.60-62,91,92 Other important novel 
therapeutic modalities include repetitive transcranial 
magnetic stimulation,93-101 exercise,102-107 and precision 
addiction management, which couples genetic addiction 
risk testing67,69,73,73,76-79,81,82,88,89,108-113 with pro-dopamine 
regulation.65,72,72,82,111-121

4. Long-term use of opioid agonists 
engendering antireward
Physicians treat opioid-dependent patients with an 
office-based maintenance program using buprenorphine, 
a partial mu-opioid receptor agonist. Basic science 
predicted122 and clinical experiences have confirmed 
that buprenorphine effectively controls opioid 
withdrawal in OUD treatment, especially in fentanyl 
use disorders. Patients often prefer opioid replacement 
with detoxification and abstinence or detoxification 
and naltrexone. Buprenorphine is more effective than 
abstinence or placebo for managing opioid addiction; 
however, if high doses are needed, it may not be superior 
to methadone. Treatment phases include induction, 
stabilization, and maintenance. The treatment outcome 
is comparable to lower doses of methadone. However, 
the current “standard of care” necessitates the initiation 
of buprenorphine therapy at the onset of withdrawal 
symptoms, adjusted to address symptoms and craving 
severity. The advantages of buprenorphine include some 
reversal of anhedonia, good availability for office use, and 
somewhat lower abuse potential. Disadvantages include 
lack of effectiveness and high cost in patients who would 
require high methadone doses.

However, as a cautionary note, while short-term therapy 
with buprenorphine appears very appropriate, this may not 
be the case for prolonged maintenance therapy. The Bup/Nx 
combination has acute benefits for the treatment of heroin 
use disorder (HUD) but not for relapse prevention and 
may increase the probability of relapse.123-125 Specifically, 
opioid agonists, such as methadone and buprenorphine, 
are clinically effective in reducing withdrawal and 
craving during heroin detoxification but fail to reduce the 
likelihood of relapse after detoxification.

Neuroimaging studies have significantly enhanced 
our comprehension of why methadone or buprenorphine 
often fall short in reducing the likelihood of relapse. These 
findings, widely recognized for their reliability, shed light 
on the neurobiological mechanisms underlying relapse 
and aid in the development of more effective therapeutic 
strategies. Mei et al.126 conducted research investigating 

the immediate impacts of buprenorphine on neurological 
responses to cues associated with heroin. The functional 
magnetic resonance imaging (fMRI) investigation 
provided insights into the neurobiological mechanisms 
underlying addiction and relapse, as well as the therapeutic 
effects of buprenorphine. While under the influence of 
buprenorphine, neurological responses to cues associated 
with heroin diminished notably in regions including the 
amygdala, hippocampus, ventral tegmental area, and 
thalamus. However, no significant changes were observed 
in the ventral striatum, orbital-prefrontal-parietal cortices, 
or the cingulate gyrus. This absence of response in the 
cingulate gyrus underscores its partial role in the process 
of relapse.

Neuropsychological and functional neuroimaging 
evidence converges to indicate that the dorsal anterior 
cingulate cortex (dACC) is dysfunctional in substance 
abuse. Yücel et al.127 investigated the biochemical and 
physiological properties of the dACC. Using fMRI 
and proton magnetic resonance spectroscopy (1H-
MRS), researchers investigated the biochemistry and 
physiological activity of the dorsal anterior cingulate cortex 
(dACC) during a behavioral control task in 24 individuals 
with opioid dependence. This group was compared to 24 
gender-, intelligence-, age-, and performance-matched 
healthy subjects. While both groups exhibited comparable 
levels of activation in the dACC during the task, the 
opioid-dependent group showed heightened task-related 
activation in frontal, parietal, and cerebellar regions, 
alongside reductions in concentrations of N-acetyl 
aspartate and glutamate/glutamine in the dACC. Moreover, 
the opioid-dependent group failed to demonstrate the 
anticipated correlations between dACC activation and 
behavioral measures of cognitive control. These findings 
suggest that long-term opioid dependence may result in 
biochemical and physiological abnormalities in the dACC.

Individuals with OUD may necessitate increased 
activation of the frontoparietal and cerebellar networks 
involved in behavioral regulation to achieve normal levels 
of task performance and behavioral control. Tailoring 
treatment to the specific needs of patients who are most 
susceptible to the effects of chronic opioid administration 
appears prudent. In addition, Mei et al.126 observed an 
unaltered fMRI response to heroin-related cues in various 
brain regions, including the ventral striatum, orbital, 
parietal, lateral, and PFC, indicating a lack of modulation 
by buprenorphine. This lack of buprenorphine effect on 
these key brain regions linked to relapse may explain its 
limited therapeutic effects on relapse.128 For a review of 
the effects of opioid agonists on dACC function, see Lin 
et al.,129 who found positive effects on emotional reactivity 
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but not reward activity in treatment-resistant mid-  and 
late-life depression. Verdejo-García et al.130 demonstrated 
a beneficial role of high-dose methadone on dACC 
biochemistry and linked elevated myoinositol levels to 
depressive symptoms following buprenorphine treatment. 
Seah et al.,131 showed in a small sample (N = 4) that 
group-level analyses revealed buprenorphine significantly 
activated brain regions, including the thalamus, striatum, 
frontal, and cingulate cortices, compared to a saline vehicle 
in awake non-human primates. It is noteworthy that 
animal studies involving the incubation of cocaine craving 
have indicated that a novel target for withdrawal is the 
GluR2-lacking AMPA receptors in the ventral striatum.132 
This notion has received support in humans, whereby 
Hermann et al.133 revealed a positive correlation between 
glutamate levels and previous withdrawals, and an increase 
in glutamate/glutamine with age in contrast to a decrease 
in controls, indicating a destabilization of the glutamate 
system in opioid-dependent patients and supporting the 
glutamate hypothesis of addiction.

There are several limitations to the long-term utilization 
of methadone and buprenorphine (with and without 
naloxone) and their associated side effects.90,109,134-137 
Moreover, Chalhoub and Kalivas138 reviewed the 
limitations and challenges of the current maintenance and 
medication-assisted withdrawal strategies commonly used 
to treat OUD. Using animal models of opioid addiction, 
they noted the roles of endocannabinoid, orexin, and 
glutamatergic signaling in the expression and maintenance 
of addiction-like behaviors and suggested these systems as 
potential targets to expand therapeutic options for treating 
OUD. One important aspect related to the effects of chronic 
buprenorphine use concerns brain glucose metabolism. 
Walsh et al.139 compared the effect of buprenorphine to 
a placebo and found that buprenorphine significantly 
reduced the cerebral glucose metabolism rate and regional 
cerebral metabolic rate for glucose in 19 of 22 bilateral and 
four midline regions by up to 32%.

4.1. Locus coeruleus: Beyond drug withdrawal

The locus coeruleus is a compact nucleus situated deep 
within the brainstem, serving as a pivotal hub for the 
extensive noradrenergic neurotransmitter system of 
the brain. The seminal work of Dahlströem and Fuxe140 
in 1964, which unveiled the presence of monoamine-
containing neurons in the central nervous system, laid 
the foundation for subsequent systematic investigations 
into the structure and functionality of the LC. Recent 
research has harnessed an impressive array of advanced 
neuroscience techniques to delve into and understand 
the intricacies of this enigmatic nucleus, unearthing novel 
layers of organization and function, particularly pertaining 

to human behavior. Although all neurons within the LC 
receive inputs associated with autonomic arousal, subsets 
of these neurons can encode distinct cognitive processes, 
potentially through more specialized inputs originating 
from forebrain regions. As highlighted by Poe et al.,141 
the LC exhibits specific patterns, diversity in receptor 
distributions, and innervation of target areas, suggesting 
that stimulation (activation) of the LC can exert more 
nuanced influences on target networks than previously 
thought.

4.2. Stress

Stressors activate the locus coeruleus-NA (LC-NA) system 
through corticotropin-releasing factor (CRF), leading to 
an inclination toward high-tonic activity in LC neurons 
while reducing their responsiveness to discrete stimuli.142 
Chemogenetic LC activation might mimic acute stress, 
increasing brain-wide functional connectivity, especially 
in salience and amygdala networks. Moreover, activation 
initiates reduced exploratory and enhanced anxiogenic 
behavior.143 Interestingly, enkephalin-containing axon 
terminals converge on some of the same LC dendrites as 
CRF-containing axon terminals.144 Furthermore, these 
enkephalin-type neurons have opposing effects on LC 
discharge during stress,145 implying that enkephalin 
afferents to the LC (acting at mu-opioid receptors) are 
part of the stress coping and recovery from the opioid 
system.146 Importantly, gender is a determinant of LC 
sensitivity to stress. In animals, the LC neurons of females 
are more sensitive to CRF and less sensitive to enkephalin 
than males.147 Indeed, Brady et al.148 recommended 
that the higher prevalence of stress-induced psychiatric 
disorders in females may be partly due to the molecular 
effects of sex hormones. The interaction of CRF and other 
neurotransmitters like dopamine may yield anti-stress 
effects due to the blocking effect on NE. This interaction 
may have particular relevance for both substance and non-
substance behavioral addictions.

4.3. Summary

Clonidine has played a pivotal role in the history of 
addiction medicine for many reasons. It was the first 
medication-assisted treatment (MAT) to be discovered 
and translated from science to practical use in rats, 
monkeys, and humans. The discovery of clonidine’s anti-
opioid withdrawal efficacy resulted from understanding 
LC hyperactivity or release from LC chronic opioid 
inhibition.42 Kleber et al.37 demonstrated that clonidine 
is the first non-opioid medication to reverse opioid 
withdrawal. Clonidine reduced detoxification distress to 
the point that naltrexone149 became a viable alternative to 
methadone and, ultimately, buprenorphine.
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Today’s treatment of OUDs often begins with an overdose 
intervention in an emergency or hospital department, 
followed by a rapid transition to buprenorphine. Although 
treatment algorithms for OUD have been well described,18 
they are often one-size-fits-all. Many patients not engaged 
in this transition from active use to treatment are lost to 
follow-up, drop out, or continue receiving buprenorphine 
or methadone for years. Some patients who want to 
detoxify or switch to monthly naltrexone injections can 
benefit from using non-opioid medications, such as 
clonidine or lofexidine, to treat withdrawal symptoms. 
Non-opioid treatment options are essential for physicians 
and those at risk for OUDs. Clonidine is important in 
the transition of physicians from OUDs to naltrexone 
and the transition of thousands of patients maintained 
on methadone and buprenorphine to naltrexone. MAT 
discontinuation is an important overdose risk factor, and 
clinicians often recommend naltrexone after long-term 
agonist maintenance for OUDs. Clonidine may have 
additional roles in reducing withdrawal distress from other 
drug cravings during MAT maintenance and in neonates.

An intriguing concept is that receptor tolerance entails 
the enhancement of receptor regulation mechanisms, such 
as desensitization and internalization. Furthermore, as 
suggested by Christie,150 the adaptations leading to cellular 
tolerance are multifaceted, involving several significant 
processes, including upregulation of cAMP/PKA and 
cAMP response element-binding signaling, as well as 
mitogen-activated protein kinase cascades in opioid-
sensitive neurons. These mechanisms have implications 
not only for tolerance and withdrawal but also for synaptic 
plasticity during cycles of intoxication and withdrawal. 
Such adaptations could potentially impact the likelihood 
of relapse.

It is also important to point out that some early 
experiments suggested that the LC might not be a 
primary site for opioid-induced withdrawal. However, a 
complete lesion of catecholaminergic nerve cell bodies in 
the LC, achieved by intracerebroventricular injection of 
6-hydroxydopamine, resulted in the total abolition of SS14-
specific binding in the structure. Specifically bound [125I]
[Tyr0],D-Trp8]SS14 and TH+ cell density overlapped with 
SS14. Furthermore, it is known that tyrosine hydroxylase 
is the rate-limiting enzyme involved in the synthesis 
of catecholamines, especially dopamine. Gagne et al.151 
revealed that somatostatin binding sites are uniformly 
localized on all noradrenergic neurons of the LC. There is 
abundant evidence supporting the role of catecholamines, 
especially in opioid-induced withdrawal and LC.152

The shift to long-term or perpetual use of powerful and 
addictive opioids such as buprenorphine and methadone 

is a logical response to an OUD crisis and opioid overdose 
epidemic. Detoxification and abstinence are associated 
with more deaths, overdoses, and medical problems. It 
is of interest that the combination of clonidine and long-
acting naltrexone maybe as effective and comparable in 
some cases to just using buprenorphine alone, to detoxify 
patients for opioid treatment (X:  BOT). However, work 
be Lee et al. in an attempt to determine the potential 
effectiveness of naltrexone versus buprenorphine did not 
provide definitive results. As suggested by Lee et al.153 except 
for health and other professionals, successful outcomes 
are not generally the case. This prompts the question: 
What are the logical short-  and longer-term outcomes 
to be achieved for OUD patients? Typically, a positive 
OUD outcome is defined by not dying, attending clinics 
to receive opioid maintenance medication, or avoiding 
overdoses and emergency room visits. In physicians, 
outcomes are distinctly different, focusing on returning 
to full premorbid function. These include negative urine 
tests, attending Caduceus meetings, following a detailed 
psychosocial post-evaluation treatment plan, and 
achieving positive social, job return-performance, and 
spouse-partner ratings.

While extensive research is required, it is necessary 
to revisit the issues of depression, suicide, and despair 
associated with chronic iatrogenic opioid administration 
using MATs. Treatment without a focus on recovery 
and without addressing “dopamine homeostasis” may 
contribute to a revolving door, where many patients with 
OUD relapse and overdose, repeatedly receiving the same 
treatment without long-term success.70,154

5. Locus coeruleus therapeutics: 
Applications to other areas – behavioral 
addictions
As discussed in the current article, dysfunction of the LC-NA 
system affects many neuropsychiatric and neurological 
diseases, including opioid and other drug withdrawal 
symptomatology, Parkinson’s disease, depression, anxiety, 
post-traumatic stress disorder, ADHD, and Alzheimer’s 
disease. It has become evident that even in cases where the 
LC is not directly involved in the disorder, manipulating 
LC activity could improve health outcomes. Disruption 
of the feedback loop supporting the dysfunction could 
re-establish a healthy physiological response, moving 
the patient toward normal daily activity.141 There are 
selective NA reuptake inhibitors, such as atomoxetine, 
used for opioid withdrawal.155 NA agonistic agents are 
used for ADHD,156 and for Parkinson’s disease, the alpha-2 
adrenergic receptor antagonist lofexidine157 is used for 
cognitive dysfunction158,159 and reboxetine for depression.160 
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Emerging evidence suggests the possibility of minimally 
invasive procedures for manipulating the LC, such as 
regulating the circuit from the suprachiasmatic nucleus to 
the LC through a relay in the dorsomedial hypothalamus.161 
Another potential method is transcutaneous vagus nerve 
stimulation, a non-invasive procedure reported to possess 
positive effects on psychiatric and neurological disorders, 
such as depression.162

Despite the potential benefits, noradrenergic 
compounds are not frequently administered as a frontline 
therapeutic modality. NA dysfunction contributes to many 
aspects of brain disorders, but many human clinical trials 
have not distinguished specific NA effects from dopamine 
effects. Indeed, more is known about the specific effects of 
dopamine and associated neuron degeneration and other 
physiological and psychiatric effects.163

To investigate the involvement of the noradrenergic 
system in pathological gambling (PG), Pallanti et al.164 
measured the neuroendocrine growth hormone (GH) 
response to the alpha-2 adrenergic receptor agonist 
clonidine and placebo in PG individuals and controls. One 
hypothesized mechanism, as proposed by these authors, is 
that clonidine’s net effects entail reducing neurotransmission 
by suppressing LC activity and stimulating GH secretion 
through activation of post-synaptic alpha-2 adrenergic 
receptors in the hypothalamus. The area under the curve 
for GH response to clonidine was found to be significantly 
lower in the PG group compared to controls. Notably, 
individuals with PG exhibited significantly blunted GH 
responses relative to controls at 120 and 150  min post-
clonidine administration. These findings support the 
notion that the diminished sensitivity of post-synaptic 
alpha-2 receptors may be linked to elevated noradrenergic 
secretion in PG. This peripheral noradrenergic dysfunction 
aligns with attenuated corticofrontal noradrenergic 
function observed in positron emission tomography (PET) 
studies of PG.17

In an interesting study, Saddichha et al.165 demonstrated 
that clonidine was effective in reducing compulsive soap 
eating, known as sapophagia, but not feeding behavior, 
suggesting an effect on compulsive behavior rather than on 
eating disorders. Another study by Cazala166 demonstrated 
that clonidine specifically stimulates alpha-noradrenergic 
receptors and has two distinct effects on intracranial self-
stimulation (ICSS) behavior: it acutely depresses ventral 
hypothalamic ICSS at low doses, while it causes a discrete 
increase in dorsal ICSS. In addition, evidence indicates that 
chronic clonidine administration affects conflict behavior 
in rats, increasing punished responding in the conflict 
test. The authors suggest that clonidine may have some 
potential as an anti-panic drug.167 Experiments in Blum’s 

laboratory clearly pointed out that a reduction in serotonin 
levels in the brains of rodents resulted in an enhanced fear 
reaction, potentially implicating clonidine in serotonergic 
transmission.168

Some researchers consider smoking behavior, not 
just nicotine dependence, to be related to oral fixation 
and potentially a behavioral addiction.169 Moreover, 
combined data from nine double-blind placebo-controlled 
trials (N = 813) revealed that the smoking quit rate with 
clonidine was significantly greater than with placebo. 
Moreover, the in-depth analysis suggested that clonidine 
potentiates the effect of individual behavior therapy and 
may be more beneficial for female smokers compared to 
male smokers.170 Current standards of care for medically 
supervised withdrawal include treatments with mu-opioid 
receptor agonists such as methadone, partial agonists like 
buprenorphine, and alpha-2 adrenergic receptor agonists 
such as clonidine and lofexidine. Newer agents also utilize 
these pharmacological mechanisms, including tramadol 
for mu-opioid receptor agonism and tizanidine for alpha-2 
agonism.5 To explore the initiation of detoxification 
in individuals addicted to opioids/opioids, Blum’s 
laboratory developed a protocol for use in treatment 
centers, particularly for heavily dependent opioid/
opioid subjects.171,172 Moreover, future research endeavors 
encompass managing withdrawal while stabilizing patients 
with OUD on extended-release naltrexone, transitioning 
patients from methadone to buprenorphine for OUD 
treatment, and tapering opioids in patients with chronic, 
non-cancer pain. However, compliance remains a challenge 
that could potentially be addressed through the addition of 
a pro-dopamine regulator.173

6. Limitations
While this article takes a narrative approach rather than a 
systematic review, we acknowledge the potential for bias 
in our overall perspective on this topic. It is important 
to recognize that some studies present alternative views, 
suggesting that regions proximal to the LC, such as the 
periaqueductal gray, as well as other brain structures 
independent of the LC noradrenergic system, may play 
a more significant role in the manifestation of opioid 
withdrawal syndrome.174

In a study by Christie,174 intracellular recordings of 
membrane potassium current were conducted from rat LC 
in vitro. The researchers observed tolerance to the opioid-
induced increase in potassium conductance, with a more 
pronounced effect observed for normorphine compared to 
[Met5]enkephalin and [D-Ala2,MePhe4,Gly5-ol]enkephalin. 
Experiments using the irreversible receptor blocker beta-
chlornaltrexamine indicated that normorphine exhibited 
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lower intrinsic efficacy than [Met5]enkephalin and 
[D-Ala2, MePhe4, Gly5-ol]enkephalin. This adaptation 
was not attributed to any changes in the properties of the 
potassium conductance mediated by mu-receptors, as both 
full and partial agonists at alpha-2 adrenergic receptors, 
which are linked to the same potassium conductance, 
remained unchanged in their effectiveness. In addition, 
no association was found between this adaptation and any 
alterations in the affinity of mu-receptors for the antagonist 
naloxone.

We believe that other sites besides the LC are certainly 
involved in opioid-induced withdrawal. However, the 
preponderance of available literature supports the role of 
the LC, as evidenced by a plethora of clinical data, with 
at least 80 articles suggestive of the LC’s role in opioid 
withdrawal.175

7. Conclusion
To assist the readership’s comprehension, a summary 
schematic is provided (Figure  1). Clonidine operates 
through agonism at the alpha-2A receptor, a subtype of the 
alpha-2 adrenergic receptor predominantly located within 
the PFC. In the PFC, it inhibits the release of NE, which 
is implicated in withdrawal symptoms. Consequently, 
clonidine is effective in alleviating withdrawal-related 
anxiety, hypertension, and tachycardia. Gold et al. 
demonstrated the ability of clonidine to reverse the effects 
of LC stimulation, thereby propelling the noradrenergic 
hypothesis for opioid withdrawal into the forefront 
of research. In the 1980s, the efficacy of clonidine in 
facilitating the transition to long-acting injectable 
naltrexone was confirmed for physicians, executives, 

Figure 1. A summary schematic of this review 
Abbreviations: ADHD: Attention deficit hyperactivity disorder; OUD: Opioid use disorder.
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and other motivated individuals with OUDs. Despite its 
challenges with compliance, naltrexone offers sustained 
blockade of opioid receptors, mitigating the risk of 
overdose, intoxication, and subsequent re-addiction 
in motivated patients. The development of clonidine 
and naltrexone as treatment modalities for OUDs, as 
well as other addictions, underscores the potential for 
translating neurobiological advancements from rodent 
models (bench) to non-human primates and ultimately to 
humans (bedside), leading to novel and efficacious clinical 
interventions (Table 1).

Acknowledgments
The authors appreciate the expert edits of Margaret A. 
Madigan.

Funding
The study is supported by The Pharmacotherapies for 
Alcohol and Substance Abuse (PASA) Consortium (grant 
no.: AS170014-A6).

Conflict of interest
Dr.  Blum is the inventor of GARS® and Pro-dopamine 
Regulation (KB220Z™). There are no other conflicts of 
interest.

Author contributions
Conceptualization: All authors
Writing – original draft: All authors
Writing – review & drafting: All authors

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Availability of data
Not applicable.

References
1.	 Neil MJ. Clonidine: Clinical pharmacology and 

therapeutic use in pain management. Curr Clin Pharmacol. 
2011;6(4):280-287.

	 doi: 10.2174/157488411798375886

2.	 Clonidine Monograph for Professionals. Available from: 
https://www.drugs.com/monograph/clonidine.html [Last 
accessed on 2023 Sep 22].

3.	 Yasaei R, Saadabadi A. Clonidine. Treasure Island, FL: 
StatPearls Publishing; 2023.

4.	 Bolliger L, Stevens H. From opioid pain management 
to opioid crisis in the USA: How can public-private 
partnerships help? Front Med (Lausanne). 2019;6:106.

	 doi: 10.3389/fmed.2019.00106

5.	 Srivastava AB, Mariani JJ, Levin FR. New directions 
in the treatment of opioid withdrawal. Lancet. 
2020;395(10241):1938-1948.

	 doi: 10.1016/S0140-6736(20)30852-7

6.	 Ziegenhorn AA, Roepke S, Schommer NC, et al. Clonidine 
improves hyperarousal in borderline personality disorder 
with or without comorbid posttraumatic stress disorder: 
A randomized, double-blind, placebo-controlled trial. J Clin 
Psychopharmacol. 2009;29(2):170-173.

	 doi: 10.1097/JCP.0b013e31819a4bae

7.	 Gold MS, Pottash AC, Extein IL, Kleber HD. Neuroanatomical 
sites of action of clonidine in opioid withdrawal: The locus 
coeruleus connection. Prog Clin Biol Res. 1981;71:285-298.

8.	 Kane SP. Phar, BCPS. Clonidine. Available from: https://
clincalc.com/drugstats/drugs/clonidine [Last accessed on 
2023 Sep 22].

9.	 Khan ZP, Ferguson CN, Jones RM. Alpha-2 and imidazoline 
receptor agonists. Their pharmacology and therapeutic role. 
Anaesthesia. 1999;54(2):146-165.

	 doi: 10.1046/j.1365-2044.1999.00659.xwsx

10.	 Foye WO. Foye’s Principles of Medicinal Chemistry. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2008.

11.	 Pajouhesh H, Lenz GR. Medicinal chemical properties 
of successful central nervous system drugs. NeuroRx. 
2005;2(4):541-553.

	 doi: 10.1602/neurorx.2.4.541

12.	 Fitzgerald PJ. Elevated norepinephrine may be a unifying 
etiological factor in the abuse of a broad range of substances: 
Alcohol, nicotine, marijuana, heroin, cocaine, and caffeine. 
Subst Abuse. 2013;7:171-183.

	 doi: 10.4137/SART.S13019

13.	 Glassman AH, Jackson WK, Walsh BT, Roose SP, Rosenfeld 
B. Cigarette craving, smoking withdrawal, and clonidine. 
Science. 1984;226(4676):864-866.

	 doi: 10.1126/science.6387913

14.	 Giannini AJ, Extein I, Gold MS, Pottash AL, Castellani S. 
Clonidine in mania. Drug Dev Res. 1983;3(1):101-103.

15.	 Streetz VN, Gildon BL, Thompson DF. Role of clonidine in 
neonatal abstinence syndrome: A  systematic review. Ann 
Pharmacother. 2016;50(4):301-310.

	 doi: 10.1177/1060028015626438

16.	 Disher T, Gullickson C, Singh B, et al. Pharmacological 
treatments for neonatal abstinence syndrome: A systematic 
review and network meta-analysis. JAMA Pediatr. 

https://dx.doi.org/10.36922/itps.1918
http://dx.doi.org/10.2174/157488411798375886
http://dx.doi.org/10.3389/fmed.2019.00106
http://dx.doi.org/10.1016/S0140-6736(20)30852-7
http://dx.doi.org/10.1097/JCP.0b013e31819a4bae
http://dx.doi.org/10.1046/j.1365-2044.1999.00659.xwsx
http://dx.doi.org/10.1602/neurorx.2.4.541
http://dx.doi.org/10.4137/SART.S13019
http://dx.doi.org/10.1126/science.6387913
http://dx.doi.org/10.1177/1060028015626438


Alpha-2A receptor agonist and addiction

INNOSC Theranostics and 
Pharmacological Sciences

Volume 7 Issue 3 (2024)	 14� doi: 10.36922/itps.1918

2019;173(3):234-243.

	 doi: 10.1001/jamapediatrics.2018.5044

17.	 Lester BM, Tronick EZ, LaGasse L, et al. The maternal 
lifestyle study: Effects of substance exposure during 
pregnancy on neurodevelopmental outcome in 1-month-
old infants. Pediatrics. 2002;110(6):1182-1192.

	 doi: 10.1542/peds.110.6.1182

18.	 Oesterle TS, Thusius NJ, Rummans TA, Gold MS. 
Medication-assisted treatment for opioid-use disorder. 
Mayo Clin Proc. 2019;94(10):2072-2086.

	 doi: 10.1016/j.mayocp.2019.03.029

19.	 Rhee TG, Rosenheck RA. Use of drug treatment services 
among adults with opioid use disorder: Rates, patterns, and 
correlates. Psychiatr Serv. 2019;70(11):992-999.

	 doi: 10.1176/appi.ps.201900163

20.	 McLellan AT, Skipper GS, Campbell M, DuPont RL. Five 
year outcomes in a cohort study of physicians treated 
for substance use disorders in the United States. BMJ. 
2008;337:a2038.

	 doi: 10.1136/bmj.a2038

21.	 DuPont RL, McLellan AT, White WL, Merlo LJ, Gold  MS. 
Setting the standard for recovery: Physicians’ health 
programs. J Subst Abuse Treat. 2009;36(2):159-171.

	 doi: 10.1016/j.jsat.2008.01.004

22.	 Merlo LJ, Campbell MD, Skipper GE, Shea CL, DuPont RL. 
Outcomes for physicians with opioid dependence treated 
without agonist pharmacotherapy in physician health 
programs. J Subst Abuse Treat. 2016;64:47-54.

	 doi: 10.1016/j.jsat.2016.02.004

23.	 Buhl A, Oreskovich MR, Meredith CW, Campbell MD, 
Dupont RL. Prognosis for the recovery of surgeons from 
chemical dependency: A 5-year outcome study. Arch Surg. 
2011;146(11):1286-1291.

	 doi: 10.1001/archsurg.2011.271

24.	 Bell J, Strang J. Medication treatment of opioid use disorder. 
Biol Psychiatry. 2020;87(1):82-88.

	 doi: 10.1016/j.biopsych.2019.06.020

25.	 Merlo LJ, Gold MS. Prescription opioid abuse and 
dependence among physicians: Hypotheses and treatment. 
Harv Rev Psychiatry. 2008;16(3):181-194.

	 doi: 10.1080/10673220802160316

26.	 Merlo LJ, Greene WM. Physician views regarding substance 
use-related participation in a state physician health program. 
Am J Addict. 2010;19(6):529-533.

	 doi: 10.1111/j.1521-0391.2010.00088.x

27.	 Merlo LJ, Greene WM, Pomm R. Mandatory naltrexone 
treatment prevents relapse among opioid-dependent 

anesthesiologists returning to practice. J  Addict Med. 
2011;5(4):279-283.

	 doi: 10.1097/ADM.0b013e31821852a0

28.	 Gold MS, Kleber HD. A  rationale for opioid withdrawal 
symptomatology. Drug Alcohol Depend. 1979;4(5):419-424.

	 doi: 10.1016/0376-8716(79)90074-7

29.	 Roth RH, Elsworth JD, Redmond DE Jr. Clonidine 
suppression of noradrenergic hyperactivity during morphine 
withdrawal by clonidine: Biochemical studies in rodents and 
primates. J Clin Psychiatry. 1982;43(6 Pt 2):42-46.

30.	 Gold MS, Pottash AC, Sweeney DR, Extein I, Annitto WJ. 
Opioid detoxification with lofexidine. Drug Alcohol Depend. 
1981;8(4):307-315.

	 doi: 10.1016/0376-8716(81)90040-5

31.	 Pergolizzi JV Jr., Annabi H, Gharibo C, LeQuang JA. The 
role of lofexidine in management of opioid withdrawal. Pain 
Ther. 2019;8(1):67-78.

	 doi: 10.1007/s40122-018-0108-7

32.	 Kosten TR, O’Connor PG. Management of drug and alcohol 
withdrawal. N Engl J Med. 2003;348(18):1786-1795.

	 doi: 10.1056/NEJMra020617

33.	 Zornetzer SF, Gold MS. The locus coeruleus: Its possible role 
in memory consolidation. Physiol Behav. 1976;16(3):331-336.

	 doi: 10.1016/0031-9384(76)90140-2

34.	 Gold MS, Redmond DE Jr., Kleber HD. Clonidine 
blocks acute opioid-withdrawal symptoms. Lancet. 
1978;2(8090):599-602.

	 doi: 10.1016/s0140-6736(78)92823-4

35.	 Gold MS, Dackis CA. The Discovery of Clonidine’s Action 
in Opioid Withdrawal. Munich: Catapressan, Arsneimittel-
Forschung; 1983. p. 155-175.

36.	 Gold MS. Opioid addiction and the locus coeruleus. The 
clinical utility of clonidine, naltrexone, methadone, and 
buprenorphine. Psychiatr Clin North Am. 1993;16(1):61-73.

37.	 Kleber HD, Gold MS, Riordan CE. The use of clonidine in 
detoxification from opioids. Bull Narc. 1980;32(2):1-10.

38.	 Gold MS, Roehrich H. Treatment of opioid withdrawal with 
clonidine. ISI Atlas of Science. Pharmacology. 1987;1741:29-32.

39.	 Gold MS, De R. Pharmacological activation and inhibition of 
noradrenergic activity after specific behaviors in nonhuman 
primates. Soc Neurosci. 1977;3(783):250.

40.	 De R, Hwang Y, Gold MS. Anxiety: The locus coeruleus 
connection. Soc Neurosci. 1977;3.

41.	 Redmond DE, Gold MS, Huang YH. Enkephalin Acts to 
Inhibit Locus Coeruleus Mediated Behaviors. In: Society for 
Neuroscience Abstracts; 1978. p. 4.

42.	 Gold MS, Redmond DE Jr., Kleber HD. Noradrenergic 

https://dx.doi.org/10.36922/itps.1918
http://dx.doi.org/10.1001/jamapediatrics.2018.5044
http://dx.doi.org/10.1542/peds.110.6.1182
http://dx.doi.org/10.1016/j.mayocp.2019.03.029
http://dx.doi.org/10.1176/appi.ps.201900163
http://dx.doi.org/10.1136/bmj.a2038
http://dx.doi.org/10.1016/j.jsat.2008.01.004
http://dx.doi.org/10.1016/j.jsat.2016.02.004
http://dx.doi.org/10.1001/archsurg.2011.271
http://dx.doi.org/10.1016/j.biopsych.2019.06.020
http://dx.doi.org/10.1080/10673220802160316
http://dx.doi.org/10.1111/j.1521-0391.2010.00088.x
http://dx.doi.org/10.1097/ADM.0b013e31821852a0
http://dx.doi.org/10.1016/0376-8716(79)90074-7
http://dx.doi.org/10.1016/0376-8716(81)90040-5
http://dx.doi.org/10.1007/s40122-018-0108-7
http://dx.doi.org/10.1056/NEJMra020617
http://dx.doi.org/10.1016/0031-9384(76)90140-2
http://dx.doi.org/10.1016/s0140-6736(78)92823-4


Alpha-2A receptor agonist and addiction

INNOSC Theranostics and 
Pharmacological Sciences

Volume 7 Issue 3 (2024)	 15� doi: 10.36922/itps.1918

hyperactivity in opioid withdrawal supported by 
clonidine reversal of opioid withdrawal. Am J Psychiatry. 
1979;136(1):100-102.

	 doi: 10.1176/ajp.136.1.100

43.	 Redmond DE Jr. Boehringer Ingelheim International 
GmbH, Assignee. Method of Eliminating Opioid Withdrawal 
Symptoms with Clonidine in Humans. United States Patent 
US 4,312,878; 1982.

44.	 Blum K, Wallace JE. Effects of catecholamine synthesis 
inhibition on ethanol-induced withdrawal symptoms in 
mice. Br J Pharmacol. 1974;51(1):109-111.

	 doi: 10.1111/j.1476-5381.1974.tb09640.x

45.	 Blum K, Eubanks JD, Wallace JE, Schwertner H, 
Morgan   WW. Possible role of tetrahydroisoquinoline 
alkaloids in postalcohol intoxication states. Ann N Y Acad 
Sci. 1976;273:234-246.

	 doi: 10.1111/j.1749-6632.1976.tb52887.x

46.	 Blum K, Eubanks JD, Wallace JE, Schwertner HA. 
Suppression of ethanol withdrawal by dopamine. 
Experientia. 1976;32(4):493-495.

	 doi: 10.1007/BF01920816

47.	 Blum K, Eubanks JD, Wiggins B, Wallace JE. Morphine 
withdrawal reactions in male and female mice. Am J Drug 
Alcohol Abuse. 1976;3(2):363-368.

	 doi: 10.3109/00952997609077204

48.	 Blum K, Wallace JE, Schwerter HA, Eubanks JD. Morphine 
suppression of ethanol withdrawal in mice. Experientia. 
1976;32(1):79-82.

	 doi: 10.1007/BF01932634

49.	 Blum K, Wallace JE, Schwertner HA, Eubanks JD. 
Enhancement of ethanol-induced withdrawal convulsions 
by blockade of 5-hydroxytryptamine receptors. J  Pharm 
Pharmacol. 1976;28(11):832-835.

	 doi: 10.1111/j.2042-7158.1976.tb04066.x

50.	 Blum K, Briggs AH, DeLallo L. Clonidine enhancement of 
ethanol withdrawal in mice. Subst Alcohol Actions Misuse. 
1983;4(1):59-63.

51.	 Gold MS, Pottash AC, Sweeney DR, Extein I, Annitto WJ. 
Lofexidine blocks acute opioid withdrawal. NIDA Res 
Monogr. 1982;41:264-268.

52.	 Washton AM, Pottash AC, Gold MS. Naltrexone in addicted 
business executives and physicians. J  Clin Psychiatry. 
1984;45(9 Pt 2):39-41.

53.	 Taylor JR, Elsworth JD, Garcia EJ, Grant SJ, Roth RH, 
Redmond DE Jr. Clonidine infusions into the locus 
coeruleus attenuate behavioral and neurochemical 
changes associated with naloxone-precipitated withdrawal. 
Psychopharmacology (Berl). 1988;96(1):121-134.

	 doi: 10.1007/BF02431544

54.	 Kimes AS, Bell JA, London ED. Clonidine attenuates 
increased brain glucose metabolism during naloxone-
precipitated morphine withdrawal. Neuroscience. 
1990;34(3):633-644.

	 doi: 10.1016/0306-4522(90)90170-9

55.	 Gold MS, Kleber HD. Clinical utility of clonidine in opioid 
withdrawal: A  study of 100  patients. Prog Clin Biol Res. 
1981;71:299-306.

56.	 Washton AM, Resnick RB. Outpatient opioid detoxification 
with clonidine. J Clin Psychiatry. 1982;43(6 Pt 2):39-41.

57.	 Sullivan M, Bisaga A, Pavlicova M, et al. Long-acting 
injectable naltrexone induction: A  randomized trial of 
outpatient opioid detoxification with naltrexone versus 
buprenorphine. Am J Psychiatry. 2017;174(5):459-467.

	 doi: 10.1176/appi.ajp.2016.16050548

58.	 Gold MS, Dackis CA, Washton AM. The sequential use of 
clonidine and naltrexone in the treatment of opioid addicts. 
Adv Alcohol Subst Abuse. 1984;3(3):19-39.

	 doi: 10.1300/J251v03n03_03

59.	 Charney DS, Heninger GR, Kleber HD. The combined use 
of clonidine and naltrexone as a rapid, safe, and effective 
treatment of abrupt withdrawal from methadone. Am J 
Psychiatry. 1986;143(7):831-837.

	 doi: 10.1176/ajp.143.7.831

60.	 Gowing L, Farrell MF, Ali R, White JM. Alpha2-adrenergic 
agonists for the management of opioid withdrawal. Cochrane 
Database Syst Rev. 2014;(3):CD002024.

	 doi: 10.1002/14651858.CD002024.pub4. Update in: 
Cochrane Database Syst Rev. 2016;(5):CD002024

61.	 Kowalczyk WJ, Moran LM, Bertz JW, et al. Using 
ecological momentary assessment to examine the 
relationship between craving and affect with opioid use 
in a clinical trial of clonidine as an adjunct medication 
to buprenorphine treatment. Am J Drug Alcohol Abuse. 
2018;44(5):502-511.

	 doi: 10.1080/00952990.2018.1454933

62.	 Kowalczyk WJ, Phillips KA, Jobes ML, et al. clonidine 
maintenance prolongs opioid abstinence and decouples 
stress from craving in daily life: A  randomized controlled 
trial with ecological momentary assessment. Am J Psychiatry. 
2015;172(8):760-767.

	 doi: 10.1176/appi.ajp.2014.14081014

63.	 Kosten TR, Baxter LE. Review article: Effective management 
of opioid withdrawal symptoms: A  gateway to opioid 
dependence treatment. Am J Addict. 2019;28(2):55-62.

	 doi: 10.1111/ajad.12862

64.	 Rehman SU, Maqsood MH, Bajwa H, Tameez Ud Din A, 

https://dx.doi.org/10.36922/itps.1918
http://dx.doi.org/10.1176/ajp.136.1.100
http://dx.doi.org/10.1111/j.1476-5381.1974.tb09640.x
http://dx.doi.org/10.1111/j.1749-6632.1976.tb52887.x
http://dx.doi.org/10.1007/BF01920816
http://dx.doi.org/10.3109/00952997609077204
http://dx.doi.org/10.1007/BF01932634
http://dx.doi.org/10.1111/j.2042-7158.1976.tb04066.x
http://dx.doi.org/10.1007/BF02431544
http://dx.doi.org/10.1016/0306-4522(90)90170-9
http://dx.doi.org/10.1176/appi.ajp.2016.16050548
http://dx.doi.org/10.1300/J251v03n03_03
http://dx.doi.org/10.1176/ajp.143.7.831
http://dx.doi.org/10.1002/14651858.CD002024.pub4.
http://dx.doi.org/10.1080/00952990.2018.1454933
http://dx.doi.org/10.1176/appi.ajp.2014.14081014
http://dx.doi.org/10.1111/ajad.12862


Alpha-2A receptor agonist and addiction

INNOSC Theranostics and 
Pharmacological Sciences

Volume 7 Issue 3 (2024)	 16� doi: 10.36922/itps.1918

Malik MN. Clinical efficacy and safety profile of lofexidine 
hydrochloride in treating opioid withdrawal symptoms: 
A review of literature. Cureus. 2019;11(6):e4827.

	 doi: 10.7759/cureus.4827

65.	 Blum K, Badgaiyan RD, Braverman ER, et al. Hypothesizing 
that, a pro-dopamine regulator (KB220Z) should optimize, 
but not hyper-activate the activity of trace amine-
associated receptor 1 (TAAR-1) and induce anti-craving of 
psychostimulants in the long-term. J  Reward Defic Syndr 
Addict Sci. 2016;2(1):14-21.

	 doi: 10.17756/jrdsas.2016-023

66.	 Febo M, Blum K, Badgaiyan RD, et al. Dopamine 
homeostasis: Brain functional connectivity in reward 
deficiency syndrome. Front Biosci (Landmark Ed). 
2017;22(4):669-691.

	 doi: 10.2741/4509

67.	 Blum K, Liu Y, Wang W, et al. rsfMRI effects of KB220Z™ on 
neural pathways in reward circuitry of abstinent genotyped 
heroin addicts. Postgrad Med. 2015;127(2):232-241.

	 doi: 10.1080/00325481.2015.994879

68.	 Blum K, Baron D. Opioid substitution therapy: Achieving 
harm reduction while searching for a prophylactic solution. 
Curr Pharm Biotechnol. 2019;20(3):180-182.

	 doi: 10.2174/138920102003190422150527

69.	 Blum K, Baron D, Hauser M, et al. Americas’ opioid/
psychostimulant epidemic would benefit from general 
population early identification of genetic addiction risk 
especially in children of alcoholics (COAs). J  Syst Integr 
Neurosci. 2019;5(2):1-3.

70.	 Downs BW, Blum K, Baron D, et al. Death by opioids: 
Are there non-addictive scientific solutions? J Syst Integr 
Neurosci. 2019;5.

	 doi: 10.15761/JSIN.1000211

71.	 Blum K, Febo M, Badgaiyan RD, et al. Common 
neurogenetic diagnosis and meso-limbic manipulation 
of hypodopaminergic function in reward deficiency 
syndrome (RDS): Changing the recovery landscape. Curr 
Neuropharmacol. 2017;15(1):184-194.

	 doi: 10.2174/1570159x13666160512150918

72.	 Blum K, Febo M, Fried L, et al. Pro-dopamine 
regulator  -  (KB220) to balance brain reward circuitry in 
reward deficiency syndrome (RDS). J  Reward Defic Syndr 
Addict Sci. 2017;3(1):3-13.

73.	 Blum K, Gold MS, Jacobs W, et al. Neurogenetics of acute and 
chronic opioid/opioid abstinence: treating symptoms and the 
cause. Front Biosci (Landmark Ed). 2017;22(8):1247-1288.

	 doi: 10.2741/4544

74.	 Baron D, Blum K, Chen A, Gold M, Badgaiyan RD. 
Conceptualizing addiction from an osteopathic 

perspective: Dopamine homeostasis. J Am Osteopath Assoc. 
2018;118(2):115-118.

	 doi: 10.7556/jaoa.2018.026

75.	 Febo M, Blum K, Badgaiyan RD, et al. Enhanced functional 
connectivity and volume between cognitive and reward 
centers of naïve rodent brain produced by pro-dopaminergic 
agent KB220Z. PLoS One. 2017;12(4):e0174774.

	 doi: 10.1371/journal.pone.0174774

76.	 Blum K, Chen ALC, Thanos PK, et al. Genetic addiction 
risk score (GARS)™, a predictor of vulnerability to opioid 
dependence. Front Biosci (Elite Ed). 2018;10(1):175-196.

	 doi: 10.2741/e816

77.	 Blum K, Gold M, Modestino EJ, et al. Would induction 
of dopamine homeostasis via coupling genetic addiction 
risk score (GARS®) and pro-dopamine regulation benefit 
benzodiazepine use disorder (BUD)? J Syst Integr Neurosci. 
2018;4.

	 doi: 10.15761/JSIN.1000196

78.	 Blum K, Gondré-Lewis MC, Baron D, et al. Introducing 
precision addiction management of reward deficiency 
syndrome, the construct that underpins all addictive 
behaviors. Front Psychiatry. 2018;9:548.

	 doi: 10.3389/fpsyt.2018.00548

79.	 Blum K, Lott L, Siwicki D, et al. Genetic Addiction Risk 
Score (GARS™) as a predictor of substance use disorder: 
Identifying predisposition not diagnosis. Curr Trends Med 
Diagn Methods. 2018;1(1).

	 doi: 10.29011/CTMDM-101.100001

80.	 Blum K, Modestino EJ, Badgaiyan RD, et al. Analysis of 
evidence for the combination of pro-dopamine regulator 
(KB220PAM) and naltrexone to prevent opioid use disorder 
relapse. EC Psychol Psychiatr. 2018;7(8):564-579.

81.	 Blum K, Modestino EJ, Gondre-Lewis M, et al. The 
benefits of genetic addiction risk score (GARS™) testing 
in substance use disorder (SUD). Int J Genom Data Min. 
2018;2018(1):115.

	 doi: 10.29014/IJGD-115.000015

82.	 Blum K, Modestino EJ, Neary J, et al. Promoting precision 
addiction management (PAM) to combat the global opioid 
crisis. Biomed J Sci Tech Res. 2018;2(2):1-4.

	 doi: 10.26717/BJSTR.2018.02.000738

83.	 Blum K, Baron D, Lott L, et al. In search of reward deficiency 
syndrome (RDS)-free controls: The “Holy Grail” in genetic 
addiction risk testing. Curr Psychopharmacol. 2020;9(1):7-21.

84.	 Blum K, Baron D, McLaughlin T, Gold MS. Molecular 
neurological correlates of endorphinergic/dopaminergic 
mechanisms in reward circuitry linked to endorphinergic 
deficiency syndrome (EDS). J Neurol Sci. 2020;411:116733.

https://dx.doi.org/10.36922/itps.1918
http://dx.doi.org/10.7759/cureus.4827
http://dx.doi.org/10.17756/jrdsas.2016-023
http://dx.doi.org/10.2741/4509
http://dx.doi.org/10.1080/00325481.2015.994879
http://dx.doi.org/10.2174/138920102003190422150527
http://dx.doi.org/10.15761/JSIN.1000211
http://dx.doi.org/10.2174/1570159x13666160512150918
http://dx.doi.org/10.2741/4544
http://dx.doi.org/10.7556/jaoa.2018.026
http://dx.doi.org/10.1371/journal.pone.0174774
http://dx.doi.org/10.2741/e816
http://dx.doi.org/10.15761/JSIN.1000196
http://dx.doi.org/10.3389/fpsyt.2018.00548
http://dx.doi.org/10.29011/CTMDM-101.100001
http://dx.doi.org/10.29014/IJGD-115.000015
http://dx.doi.org/10.26717/BJSTR.2018.02.000738


Alpha-2A receptor agonist and addiction

INNOSC Theranostics and 
Pharmacological Sciences

Volume 7 Issue 3 (2024)	 17� doi: 10.36922/itps.1918

	 doi: 10.1016/j.jns.2020.116733

85.	 Gold MS, Badgaiyan RD, Blum K. A shared molecular and 
genetic basis for food and drug addiction: Overcoming 
hypodopaminergic trait/state by incorporating dopamine 
agonistic therapy in psychiatry. Psychiatr Clin North Am. 
2015;38(3):419-462.

	 doi: 10.1016/j.psc.2015.05.011

86.	 Blum K, Gold MS. Neuro-chemical activation of brain 
reward meso-limbic circuitry is associated with relapse 
prevention and drug hunger: A hypothesis. Med Hypotheses. 
2011;76(4):576-584.

	 doi: 10.1016/j.mehy.2011.01.005

87.	 Blum K, Liu Y, Shriner R, Gold MS. Reward circuitry 
dopaminergic activation regulates food and drug craving 
behavior. Curr Pharm Des. 2011;17(12):1158-1167.

	 doi: 10.2174/138161211795656819

88.	 Blum K, Oscar-Berman M, Blum SH, et al. Can genetic 
testing coupled with enhanced dopaminergic activation 
reduce recidivism rates in the workers compensation legacy 
cases? J Alcohol Drug Depend. 2014;2(3):161.

	 doi: 10.4172/2329-6488.1000161

89.	 Blum K, Oscar-Berman M, Demetrovics Z, Barh D, Gold  MS. 
Genetic addiction risk score (GARS): Molecular neurogenetic 
evidence for predisposition to Reward Deficiency Syndrome 
(RDS). Mol Neurobiol. 2014;50(3):765-796.

	 doi: 10.1007/s12035-014-8726-5

90.	 Blum K, Oscar-Berman M, Jacobs W, McLaughlin T, 
Gold MS. buprenorphine response as a function of 
neurogenetic polymorphic antecedents: Can dopamine 
genes affect clinical outcomes in reward deficiency syndrome 
(RDS)? J Addict Res Ther. 2014;5:1000185.

	 doi: 10.4172/2155-6105.1000185

91.	 Sibai M, Mishlen K, Nunes EV, Levin FR, Mariani   JJ, 
Bisaga   A. A  week-long outpatient induction onto 
XR-naltrexone in patients with opioid use disorder. Am J 
Drug Alcohol Abuse. 2020;46(3):289-296.

	 doi: 10.1080/00952990.2019.1700265

92.	 Gowing L, Ali R, White JM, Mbewe D. Buprenorphine for 
managing opioid withdrawal. Cochrane Database Syst Rev. 
2017;2(2):CD002025.

	 doi: 10.1002/14651858.CD002025.pub5

93.	 Makani R, Pradhan B, Shah U, Parikh T. Role of repetitive 
transcranial magnetic stimulation (rTMS) in treatment of 
addiction and related disorders: a systematic review. Curr 
Drug Abuse Rev. 2017;10(1):31-43.

	 doi: 10.2174/1874473710666171129225914

94.	 Dunlop K, Hanlon CA, Downar J. Noninvasive brain 
stimulation treatments for addiction and major depression. 

Ann N Y Acad Sci. 2017;1394(1):31-54.

	 doi: 10.1111/nyas.12985

95.	 Lefaucheur JP, André-Obadia N, Antal A, et al. Evidence-
based guidelines on the therapeutic use of repetitive 
transcranial magnetic stimulation (rTMS). Clin 
Neurophysiol. 2014;125(11):2150-2206.

	 doi: 10.1016/j.clinph.2014.05.021

96.	 Diana M, Raij T, Melis M, Nummenmaa A, Leggio L, Bonci A. 
Rehabilitating the addicted brain with transcranial magnetic 
stimulation. Nat Rev Neurosci. 2017;18(11):685-693.

	 doi: 10.1038/nrn.2017.113

97.	 Ekhtiari H, Tavakoli H, Addolorato G, et al. Transcranial 
electrical and magnetic stimulation (tES and TMS) for 
addiction medicine: A consensus paper on the present state 
of the science and the road ahead. Neurosci Biobehav Rev. 
2019;104:118-140.

	 doi: 10.1016/j.neubiorev.2019.06.007

98.	 Zhang JJQ, Fong KNK, Ouyang RG, Siu AMH, Kranz GS. 
Effects of repetitive transcranial magnetic stimulation 
(rTMS) on craving and substance consumption in patients 
with substance dependence: A systematic review and meta-
analysis. Addiction. 2019;114(12):2137-2149.

	 doi: 10.1111/add.14753

99.	 Coles AS, Kozak K, George TP. A review of brain stimulation 
methods to treat substance use disorders. Am J Addict. 
2018;27(2):71-91.

	 doi: 10.1111/ajad.12674

100.	Salling MC, Martinez D. Brain stimulation in addiction. 
Neuropsychopharmacology. 2016;41(12):2798-2809.

	 doi: 10.1038/npp.2016.80.

101.	Song S, Zilverstand A, Gui W, Li HJ, Zhou X. Effects of 
single session versus multi-session non-invasive brain 
stimulation on craving and consumption in individuals with 
drug addiction, eating disorders or obesity: A meta-analysis. 
Brain Stimul. 2019;12(3):606-618.

	 doi: 10.1016/j.brs.2018.12.975

102.	Robison LS, Alessi L, Thanos PK. Chronic forced exercise 
inhibits stress-induced reinstatement of cocaine conditioned 
place preference. Behav Brain Res. 2018;353:176-184.

	 doi: 10.1016/j.bbr.2018.07.009

103.	Swenson S, Blum K, McLaughlin T, Gold MS, Thanos PK. 
The therapeutic potential of exercise for neuropsychiatric 
diseases: A review. J Neurol Sci. 2020;412:116763.

	 doi: 10.1016/j.jns.2020.116763

104.	Swenson S, Hamilton J, Robison L, Thanos PK. Chronic 
aerobic exercise: Lack of effect on brain CB1 receptor levels 
in adult rats. Life Sci. 2019;230:84-88.

	 doi: 10.1016/j.lfs.2019.05.058

https://dx.doi.org/10.36922/itps.1918
http://dx.doi.org/10.1016/j.jns.2020.116733
http://dx.doi.org/10.1016/j.psc.2015.05.011
http://dx.doi.org/10.1016/j.mehy.2011.01.005
http://dx.doi.org/10.2174/138161211795656819
http://dx.doi.org/10.4172/2329-6488.1000161
http://dx.doi.org/10.1007/s12035-014-8726-5
http://dx.doi.org/10.4172/2155-6105.1000185
http://dx.doi.org/10.1080/00952990.2019.1700265
http://dx.doi.org/10.1002/14651858.CD002025.pub5
http://dx.doi.org/10.2174/1874473710666171129225914
http://dx.doi.org/10.1111/nyas.12985
http://dx.doi.org/10.1016/j.clinph.2014.05.021
http://dx.doi.org/10.1038/nrn.2017.113
http://dx.doi.org/10.1016/j.neubiorev.2019.06.007
http://dx.doi.org/10.1111/add.14753
http://dx.doi.org/10.1111/ajad.12674
http://dx.doi.org/10.1038/npp.2016.80.
http://dx.doi.org/10.1016/j.brs.2018.12.975
http://dx.doi.org/10.1016/j.bbr.2018.07.009
http://dx.doi.org/10.1016/j.jns.2020.116763
http://dx.doi.org/10.1016/j.lfs.2019.05.058


Alpha-2A receptor agonist and addiction

INNOSC Theranostics and 
Pharmacological Sciences

Volume 7 Issue 3 (2024)	 18� doi: 10.36922/itps.1918

105.	 Thanos PK, Hamilton J, O’Rourke JR, et al. Dopamine D2 gene 
expression interacts with environmental enrichment to impact 
lifespan and behavior. Oncotarget. 2016;7(15):19111-19123.

	 doi: 10.18632/oncotarget.8088

106.	Thanos PK, Stamos J, Robison LS, et al. Daily treadmill 
exercise attenuates cocaine cue-induced reinstatement and 
cocaine induced locomotor response but increases cocaine-
primed reinstatement. Behav Brain Res. 2013;239:8-14.

	 doi: 10.1016/j.bbr.2012.10.035

107.	Rahman N, Mihalkovic A, Geary O, Haffey R, Hamilton  J, 
Thanos PK. Chronic aerobic exercise: Autoradiographic 
assessment of GABA(a) and mu-opioid receptor binding in 
adult rats. Pharmacol Biochem Behav. 2020;196:172980.

	 doi: 10.1016/j.pbb.2020.172980

108.	Blum K, Oscar-Berman M, Dinubile N, et al. Coupling 
genetic addiction risk score (GARS) with electrotherapy: 
Fighting iatrogenic opioid dependence. J  Addict Res Ther. 
2013;4(163):1000163.

	 doi: 10.4172/2155-6105.1000163

109.	Blum K, Oscar-Berman M, Femino J, et al. Withdrawal from 
buprenorphine/naloxone and maintenance with a natural 
dopaminergic agonist: A cautionary note. J Addict Res Ther. 
2013;4(2).

	 doi: 10.4172/2155-6105.1000146

110.	Blum K, Badgaiyan RD, Agan G, et al. Molecular genetic 
testing in reward deficiency syndrome (RDS): Facts and 
fiction. J Reward Defic Syndr. 2015;1(1):65-68.

	 doi: 10.17756/jrds.2015-009

111.	Blum K, Thanos PK, Wang GJ, et al. The food and drug 
addiction epidemic: Targeting dopamine homeostasis. Curr 
Pharm Des. 2018;23(39):6050-6061.

	 doi: 10.2174/1381612823666170823101713

112.	Blum K, Bowirrat A, Baron D, et al. Biotechnical 
development of genetic addiction risk score (GARS) and 
selective evidence for inclusion of polymorphic allelic risk 
in substance use disorder (SUD). J  Syst Integr Neurosci. 
2020;6(2).

	 doi: 10.15761/JSIN.1000221

113.	Fried L, Modestino EJ, Siwicki D, et al. Hypodopaminergia 
and “precision behavioral management” (PBM): It is 
a generational family affair. Curr Pharm Biotechnol. 
2020;21(6):528-541.

	 doi: 10.2174/1389201021666191210112108

114.	McLaughlin T, Blum K, Steinberg B, et al. Pro-dopamine 
regulator, KB220Z, attenuates hoarding and shopping 
behavior in a female, diagnosed with SUD and ADHD. 
J Behav Addict. 2018;7(1):192-203.

	 doi: 10.1556/2006.6.2017.081

115.	McLaughlin T, Febo M, Badgaiyan RD, et al. KB220Z™ a 
pro-dopamine regulator associated with the protracted, 
alleviation of terrifying lucid dreams. Can we infer 
neuroplasticity-induced changes in the reward circuit? J 
Reward Defic Syndr Addict Sci. 2016;2(1):3-13.

	 doi: 10.17756/jrdsas.2016-022

116.	McLaughlin T, Han D, Nicholson J, et al. Improvement of 
long-term memory access with a pro-dopamine regulator 
in an elderly male: Are we targeting dopamine tone? J Syst 
Integr Neurosci. 2017;3(3).

	 doi: 10.15761/JSIN.1000165

117.	 Blum K, Gondré-Lewis MC, Modestino EJ, et al. 
Understanding the scientific basis of post-traumatic stress 
disorder (PTSD): Precision behavioral management overrides 
stigmatization. Mol Neurobiol. 2019;56(11):7836-7850.

	 doi: 10.1007/s12035-019-1600-8

118.	Blum K, Marcelo F, Dushaj K, Fried L, Badgaiyan RD. 
“Pro-dopamine regulation (KB220Z™)” as a long-term 
therapeutic modality to overcome reduced resting state 
dopamine tone in opioid/opioid epidemic in America. J Syst 
Integr Neurosci. 2016;2(3):162-165.

	 doi: 10.15761/JSIN.1000129

119.	Blum K, Downs BW, Dushaj K, et al. The benefits of 
customized dna directed nutrition to balance the brain 
reward circuitry and reduce addictive behaviors. Precis Med 
(Bangalore). 2016;1(1):18-33.

120.	Solanki N, Abijo T, Galvao C, Darius P, Blum K, Gondré-
Lewis MC. Administration of a putative pro-dopamine 
regulator, a neuronutrient, mitigates alcohol intake in 
alcohol-preferring rats. Behav Brain Res. 2020;385:112563.

	 doi: 10.1016/j.bbr.2020.112563

121.	Steinberg B, Blum K, McLaughlin T, et al. Low-resolution 
electromagnetic tomography (LORETA) of changed 
brain function provoked by pro-dopamine regulator 
(KB220z) in one adult ADHD case. Open J Clin Med Case 
Rep. 2016;2(11):1121.

122.	Bruijnzeel AW, Marcinkiewcz C, Isaac S, et al. The 
effects of buprenorphine on fentanyl withdrawal in rats. 
Psychopharmacology (Berl). 2007;191(4):931-941.

	 doi: 10.1007/s00213-006-0670-2

123.	Dackis C, O’Brien C. Neurobiology of addiction: 
Treatment and public policy ramifications. Nat Neurosci. 
2005;8(11):1431-1436.

	 doi: 10.1038/nn1105-1431

124.	O’Brien CP. Anti-craving medications for relapse prevention: 
A  possible new class of psychoactive medications. Am J 
Psychiatry. 2005;162(8):1423-1431.

	 doi: 10.1176/appi.ajp.162.8.1423

125.	Heidbreder CA, Hagan JJ. Novel pharmacotherapeutic 

https://dx.doi.org/10.36922/itps.1918
http://dx.doi.org/10.18632/oncotarget.8088
http://dx.doi.org/10.1016/j.bbr.2012.10.035
http://dx.doi.org/10.1016/j.pbb.2020.172980
http://dx.doi.org/10.4172/2155-6105.1000163
http://dx.doi.org/10.4172/2155-6105.1000146
http://dx.doi.org/10.17756/jrds.2015-009
http://dx.doi.org/10.2174/1381612823666170823101713
http://dx.doi.org/10.15761/JSIN.1000221
http://dx.doi.org/10.2174/1389201021666191210112108
http://dx.doi.org/10.1556/2006.6.2017.081
http://dx.doi.org/10.17756/jrdsas.2016-022
http://dx.doi.org/10.15761/JSIN.1000165
http://dx.doi.org/10.1007/s12035-019-1600-8
http://dx.doi.org/10.15761/JSIN.1000129
http://dx.doi.org/10.1016/j.bbr.2020.112563
http://dx.doi.org/10.1007/s00213-006-0670-2
http://dx.doi.org/10.1038/nn1105-1431
http://dx.doi.org/10.1176/appi.ajp.162.8.1423


Alpha-2A receptor agonist and addiction

INNOSC Theranostics and 
Pharmacological Sciences

Volume 7 Issue 3 (2024)	 19� doi: 10.36922/itps.1918

approaches for the treatment of drug addiction and craving. 
Curr Opin Pharmacol. 2005;5(1):107-118.

	 doi: 10.1016/j.coph.2004.08.013

126.	Mei W, Zhang JX, Xiao Z. Acute effects of sublingual 
buprenorphine on brain responses to heroin-related cues 
in early-abstinent heroin addicts: An uncontrolled trial. 
Neuroscience. 2010;170(3):808-815.

	 doi: 10.1016/j.neuroscience.2010.07.033

127.	Yücel M, Lubman DI, Harrison BJ, et al. A  combined 
spectroscopic and functional MRI investigation of the 
dorsal anterior cingulate region in opioid addiction. Mol 
Psychiatry. 2007;12(7):611, 691-702.

	 doi: 10.1038/sj.mp.4001955

128.	De Ridder D, Vanneste S, Kovacs S, Sunaert S, Dom G. 
Transient alcohol craving suppression by rTMS of dorsal 
anterior cingulate: An fMRI and LORETA EEG study. 
Neurosci Lett. 2011;496(1):5-10.

	 doi: 10.1016/j.neulet.2011.03.074

129.	Lin C, Karim HT, Pecina M, et al. Low-dose augmentation 
with buprenorphine increases emotional reactivity but not 
reward activity in treatment resistant mid-  and late-life 
depression. Neuroimage Clin. 2019;21:101679.

	 doi: 10.1016/j.nicl.2019.101679

130.	 Verdejo-García A, Lubman DI, Roffel K, et al. 
Cingulate biochemistry in heroin users on substitution 
pharmacotherapy. Aust N Z J Psychiatry. 2013;47(3):244-249.

	 doi: 10.1177/0004867412463088

131.	Seah S, Asad AB, Baumgartner R, et al. Investigation of 
cross-species translatability of pharmacological MRI in 
awake nonhuman primate  -  a buprenorphine challenge 
study. PLoS One. 2014;9(10):e110432.

	 doi: 10.1371/journal.pone.0110432

132.	Nestler EJ. Reinforcement and addictive disorders. In: 
Molecular Neuropharmacology: A  Foundation for Clinical 
Neuroscience. United States: McGraw Hill; 2009.

133.	Hermann D, Frischknecht U, Heinrich M, et al. MR 
spectroscopy in opioid maintenance therapy: Association of 
glutamate with the number of previous withdrawals in the 
anterior cingulate cortex. Addict Biol. 2012;17(3):659-667.

	 doi: 10.1111/j.1369-1600.2010.00290.x

134.	Edwards D, Roy AK 3rd, Boyett B, et al. Addiction by 
any other name is still addiction: Embracing molecular 
neurogenetic/epigenetic basis of reward deficiency. J Addict 
Sci. 2020;6(1):1-4.

135.	Blum K, Chen TJ, Bailey J, et al. Can the chronic 
administration of the combination of buprenorphine and 
naloxone block dopaminergic activity be causing anti-reward 
and relapse potential? Mol Neurobiol. 2011;44(3):250-268.

	 doi: 10.1007/s12035-011-8206-0

136.	Hill E, Han D, Dumouchel P, et al. Long term Suboxone™ 
emotional reactivity as measured by automatic detection in 
speech. PLoS One. 2013;8(7):e69043.

	 doi: 10.1371/journal.pone.0069043. Erratum in: PLoS One. 
2013;8(8).

	 doi: 10.1371/annotation/be0b3a26-c1bc-4d92-98c1-c516acc8dcf2

137.	 Bisaga A, Mannelli P, Sullivan MA, et al. Antagonists in the 
medical management of opioid use disorders: Historical and 
existing treatment strategies. Am J Addict. 2018;27(3):177-187.

	 doi: 10.1111/ajad.12711

138.	Chalhoub RM, Kalivas PW. Non-opioid treatments for 
opioid use disorder: Rationales and data to date. Drugs. 
2020;80(15):1509-1524.

	 doi: 10.1007/s40265-020-01373-1

139.	Walsh SL, Gilson SF, Jasinski DR, et al. Buprenorphine 
reduces cerebral glucose metabolism in polydrug abusers. 
Neuropsychopharmacology. 1994;10(3):157-170.

	 doi: 10.1038/npp.1994.18

140.	Dahlstroem A, Fuxe K. Evidence for the existence of 
monoamine-containing neurons in the central nervous 
system. I. Demonstration of monoamines in the cell 
bodies of brain stem neurons. Acta Physiol Scand Suppl. 
1964;Suppl 232:1-55.

141.	 Poe GR, Foote S, Eschenko O, et al. Locus coeruleus: A new 
look at the blue spot. Nat Rev Neurosci. 2020;21(11):644-659.

	 doi: 10.1038/s41583-020-0360-9

142.	Valentino RJ, Van Bockstaele E. Convergent regulation of 
locus coeruleus activity as an adaptive response to stress. 
Eur J Pharmacol. 2008;583(2-3):194-203.

	 doi: 10.1016/j.ejphar.2007.11.062

143.	Chandler DJ, Waterhouse BD, Gao WJ. New perspectives on 
catecholaminergic regulation of executive circuits: Evidence 
for independent modulation of prefrontal functions by 
midbrain dopaminergic and noradrenergic neurons. Front 
Neural Circuits. 2014;8:53.

	 doi: 10.3389/fncir.2014.00053

144.	 Tjoumakaris SI, Rudoy C, Peoples J, Valentino RJ, Van Bockstaele 
EJ. Cellular interactions between axon terminals containing 
endogenous opioid peptides or corticotropin-releasing factor 
in the rat locus coeruleus and surrounding dorsal pontine 
tegmentum. J Comp Neurol. 2003;466(4):445-456.

	 doi: 10.1002/cne.10893

145.	 Valentino RJ, Wehby RG. Morphine effects on locus coeruleus 
neurons are dependent on the state of arousal and availability 
of external stimuli: Studies in anesthetized and unanesthetized 
rats. J Pharmacol Exp Ther. 1988;244(3):1178-1186.

146.	Curtis AL, Leiser SC, Snyder K, Valentino RJ. Predator stress 

https://dx.doi.org/10.36922/itps.1918
http://dx.doi.org/10.1016/j.coph.2004.08.013
http://dx.doi.org/10.1016/j.neuroscience.2010.07.033
http://dx.doi.org/10.1038/sj.mp.4001955
http://dx.doi.org/10.1016/j.neulet.2011.03.074
http://dx.doi.org/10.1016/j.nicl.2019.101679
http://dx.doi.org/10.1177/0004867412463088
http://dx.doi.org/10.1371/journal.pone.0110432
http://dx.doi.org/10.1111/j.1369-1600.2010.00290.x
http://dx.doi.org/10.1007/s12035-011-8206-0
http://dx.doi.org/10.1371/annotation/be0b3a26-c1bc-4d92-98c1-c516acc8dcf2
http://dx.doi.org/10.1111/ajad.12711
http://dx.doi.org/10.1007/s40265-020-01373-1
http://dx.doi.org/10.1038/npp.1994.18
http://dx.doi.org/10.1038/s41583-020-0360-9
http://dx.doi.org/10.1016/j.ejphar.2007.11.062
http://dx.doi.org/10.3389/fncir.2014.00053
http://dx.doi.org/10.1002/cne.10893


Alpha-2A receptor agonist and addiction

INNOSC Theranostics and 
Pharmacological Sciences

Volume 7 Issue 3 (2024)	 20� doi: 10.36922/itps.1918

engages corticotropin-releasing factor and opioid systems to 
alter the operating mode of locus coeruleus norepinephrine 
neurons. Neuropharmacology. 2012;62(4):1737-1745.

	 doi: 10.1016/j.neuropharm.2011.11.020

147.	Guajardo HM, Snyder K, Ho A, Valentino RJ. Sex differences 
in μ-opioid receptor regulation of the rat locus coeruleus and 
their cognitive consequences. Neuropsychopharmacology. 
2017;42(6):1295-1304.

	 doi: 10.1038/npp.2016.252

148.	Brady KT, Randall CL. Gender differences in substance use 
disorders. Psychiatr Clin North Am. 1999;22(2):241-252.

	 doi: 10.1016/s0193-953x(05)70074-5

149.	Srivastava AB, Gold MS. Naltrexone: A history and future 
directions. Cerebrum. 2018;2018:cer-13-18.

150.	Christie MJ. Cellular neuroadaptations to chronic opioids: 
Tolerance, withdrawal and addiction. Br J Pharmacol. 
2008;154(2):384-396.

	 doi: 10.1038/bjp.2008.100

151.	Gagne C, Moyse E, Kocher L, Bour H, Pujol JF. Light-
microscopic localization of somatostatin binding sites in the 
locus coeruleus of the rat. Brain Res. 1990;530(2):196-204.

	 doi: 10.1016/0006-8993(90)91283-m

152.	Williams JT, Christie MJ, Manzoni O. Cellular and synaptic 
adaptations mediating opioid dependence. Physiol Rev. 
2001;81(1):299-343.

	 doi: 10.1152/physrev.2001.81.1.299

153.	Lee JD, Nunes EV, Mpa PN, et al. NIDA clinical trials network 
CTN-0051, extended-release naltrexone vs. Buprenorphine 
for opioid treatment (X: BOT): Study design and rationale. 
Contemp Clin Trials. 2016;50:253-264.

	 doi: 10.1016/j.cct.2016.08.004

154.	Patterson Silver Wolf DA, Gold M. Treatment resistant 
opioid use disorder (TROUD): Definition, rationale, and 
recommendations. J Neurol Sci. 2020;411:116718.

	 doi: 10.1016/j.jns.2020.116718

155.	Doughty B, Morgenson D, Brooks T. Lofexidine: A  newly 
FDA-approved, nonopioid treatment for opioid withdrawal. 
Ann Pharmacother. 2019;53(7):746-753.

	 doi: 10.1177/1060028019828954

156.	Clemow DB, Bushe CJ. Atomoxetine in patients with 
ADHD: A  clinical and pharmacological review of the 
onset, trajectory, duration of response and implications for 
patients. J Psychopharmacol. 2015;29(12):1221-1230.

	 doi: 10.1177/0269881115602489

157.	Fukada K, Endo T, Yokoe M, Hamasaki T, Hazama T, 
Sakoda S. L-threo-3,4-dihydroxyphenylserine (L-DOPS) 
co-administered with entacapone improves freezing of gait 
in Parkinson’s disease. Med Hypotheses. 2013;80(2):209-212.

	 doi: 10.1016/j.mehy.2012.11.031

158.	Vonck K, Raedt R, Naulaerts J, et al. Vagus nerve 
stimulation…25  years later! What do we know about the 
effects on cognition? Neurosci Biobehav Rev. 2014;45:63-71.

	 doi: 10.1016/j.neubiorev.2014.05.005

159.	Berridge CW, Waterhouse BD. The locus coeruleus-
noradrenergic system: Modulation of behavioral state and 
state-dependent cognitive processes. Brain Res Brain Res 
Rev. 2003;42(1):33-84.

	 doi: 10.1016/s0165-0173(03)00143-7

160.	 Kosten TA, Galloway MP, Duman RS, Russell DS, D’Sa  C. 
Repeated unpredictable stress and antidepressants 
differentially regulate expression of the bcl-2 family of 
apoptotic genes in rat cortical, hippocampal, and limbic brain 
structures. Neuropsychopharmacology. 2008;33(7):1545-1558.

	 doi: 10.1038/sj.npp.1301527

161.	Aston-Jones G, Chen S, Zhu Y, Oshinsky ML. A  neural 
circuit for circadian regulation of arousal. Nat Neurosci. 
2001;4(7):732-738.

	 doi: 10.1038/89522

162.	Fang J, Rong P, Hong Y, et al. Transcutaneous vagus nerve 
stimulation modulates default mode network in major 
depressive disorder. Biol Psychiatry. 2016;79(4):266-273.

	 doi: 10.1016/j.biopsych.2015.03.025

163.	 Gold MS, Blum K, Febo M, et al. Molecular role of dopamine 
in anhedonia linked to reward deficiency syndrome (RDS) and 
anti- reward systems. Front Biosci (Schol Ed). 2018;10(2):309-325.

	 doi: 10.2741/s518

164.	Pallanti S, Bernardi S, Allen A, et al. Noradrenergic function 
in pathological gambling: blunted growth hormone response 
to clonidine. J Psychopharmacol. 2010;24(6):847-853.

	 doi: 10.1177/0269881108099419

165.	Saddichha S, Vibha P, Vishnuvardhan G. Sapophagia 
(Compulsive Soap Eating) and attention-deficit/
hyperactivity disorder in a child responsive to clonidine. 
J Clin Psychopharmacol. 2012;32(2):291.

	 doi: 10.1097/JCP.0b013e3182499ad2

166.	Cazala P. Effect of clonidine and phentolamine on self-
stimulation behavior in the dorsal and ventral regions of the 
lateral hypothalamus in mice. Psychopharmacology (Berl). 
1980;68(2):173-177.

	 doi: 10.1007/BF00432137

167.	Commissaris RL, Ellis DM, Hill TJ, Schefke DM, Becker CA, 
Fontana DJ. Chronic antidepressant and clonidine treatment 
effects on conflict behavior in the rat. Pharmacol Biochem 
Behav. 1990;37(1):167-176.

	 doi: 10.1016/0091-3057(90)90058-p

168.	Geller I, Blum K. The effects of 5-HTP on para-

https://dx.doi.org/10.36922/itps.1918
http://dx.doi.org/10.1016/j.neuropharm.2011.11.020
http://dx.doi.org/10.1038/npp.2016.252
http://dx.doi.org/10.1016/s0193-953x(05)70074-5
http://dx.doi.org/10.1038/bjp.2008.100
http://dx.doi.org/10.1016/0006-8993(90)91283-m
http://dx.doi.org/10.1152/physrev.2001.81.1.299
http://dx.doi.org/10.1016/j.cct.2016.08.004
http://dx.doi.org/10.1016/j.jns.2020.116718
http://dx.doi.org/10.1177/1060028019828954
http://dx.doi.org/10.1177/0269881115602489
http://dx.doi.org/10.1016/j.mehy.2012.11.031
http://dx.doi.org/10.1016/j.neubiorev.2014.05.005
http://dx.doi.org/10.1016/s0165-0173(03)00143-7
http://dx.doi.org/10.1038/sj.npp.1301527
http://dx.doi.org/10.1038/89522
http://dx.doi.org/10.1016/j.biopsych.2015.03.025
http://dx.doi.org/10.2741/s518
http://dx.doi.org/10.1177/0269881108099419
http://dx.doi.org/10.1097/JCP.0b013e3182499ad2
http://dx.doi.org/10.1007/BF00432137
http://dx.doi.org/10.1016/0091-3057(90)90058-p


Alpha-2A receptor agonist and addiction

INNOSC Theranostics and 
Pharmacological Sciences

Volume 7 Issue 3 (2024)	 21� doi: 10.36922/itps.1918

chlorophenylalanine (p-CPA) attenuation of “conflict” 
behavior. Eur J Pharmacol. 1970;9(3):319-324.

	 doi: 10.1016/0014-2999(70)90229-3

169.	Veilleux JC, Skinner KD. Smoking, food, and alcohol cues 
on subsequent behavior: A  qualitative systematic review. 
Clin Psychol Rev. 2015;36:13-27.

	 doi: 10.1016/j.cpr.2015.01.001

170.	Covey LS, Glassman AH. A meta-analysis of double-blind 
placebo-controlled trials of clonidine for smoking cessation. 
Br J Addict. 1991;86(8):991-998.

	 doi: 10.1111/j.1360-0443.1991.tb01860.x

171.	Blum K, Whitney D, Fried L, et al. Hypothesizing that a 
pro-dopaminergic regulator (KB220z™ Liquid Variant) can 
Induce “dopamine homeostasis” and provide adjunctive 
detoxification benefits in opioid/opioid dependence. Clin 
Med Rev Case Rep. 2016;3(8):125.

	 doi: 10.23937/2378-3656/1410125

172.	Blum K, Lott L, Baron D, Smith DE, Badgaiyan RD, 
Gold MS. Improving naltrexone compliance and outcomes 
with putative pro- dopamine regulator KB220, compared to 
treatment as usual. J Syst Integr Neurosci. 2020;7.

	 doi: 10.15761/JSIN.1000229

173.	Christie MJ, Williams JT, Osborne PB, Bellchambers CE. 
Where is the locus in opioid withdrawal? Trends Pharmacol 
Sci. 1997;18(4):134-140.

	 doi: 10.1016/s0165-6147(97)01045-6

174.	Christie MJ, Williams JT, North RA. Cellular mechanisms 
of opioid tolerance: Studies in single brain neurons. Mol 
Pharmacol. 1987;32(5):633-638.

175.	Colzato L, Elmers J, Xu X, Zhou Q, Hommel B, Beste C. 
Regaining control over opioid use? The potential application 
of auricular transcutaneous vagus nerve stimulation 
to improve opioid treatment in China. Addict Biol. 
2023;28(11):e13343.

	 doi: 10.1111/adb.13343

https://dx.doi.org/10.36922/itps.1918
http://dx.doi.org/10.1016/0014-2999(70)90229-3
http://dx.doi.org/10.1016/j.cpr.2015.01.001
http://dx.doi.org/10.1111/j.1360-0443.1991.tb01860.x
http://dx.doi.org/10.23937/2378-3656/1410125
http://dx.doi.org/10.15761/JSIN.1000229
http://dx.doi.org/10.1016/s0165-6147(97)01045-6
http://dx.doi.org/10.1111/adb.13343

	_Hlk156248263
	_Hlk156932311
	_Hlk156235568
	_Hlk153645748
	_Hlk156932945
	_Hlk157277789
	_Hlk63433367
	_Hlk63448793
	_Hlk63433572
	_Hlk63448845
	_Hlk63433622
	_Hlk63448534
	_Hlk62827379
	_Hlk63433669
	_Hlk63011355
	_Hlk63709870
	_Hlk63433969
	_Hlk63449230
	_Hlk63074108
	_Hlk63085194
	_Hlk63073215
	_Hlk63433865
	_Hlk63710453
	_Hlk63444287
	_Hlk63434160
	_Hlk62661469
	_Hlk63071903
	_Hlk63437160
	_Hlk63434365
	_Hlk63442891
	_Hlk63443015
	_Hlk63434591

