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1. ABSTRACT

This review begins with a comprehensive model for opioid/opiate dependent individuals. The role
history of opioid dependence and treatmentin the United of reward genetic polymorphisms and the epigenetic
States. The focus is an evidence-based treatment modifications that lead to vulnerability to use and
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misuse of opiates/opioid to treat pain are reviewed.
The neurochemical mechanisms of acute opiate
withdrawal and opiate/opioid reward mechanisms are
explored with a goal of identifying specific treatment
targets. Alterations in functional brain connectivity
based on neurobiological mechanisms in heroin
dependence and abstinence are also reviewed. A
new clinical model an alternative to merely blocking
acute withdrawal symptoms as identified in the DSM
-5 is proposed. Genetic diagnosis at the onset of
detoxification, to determine risk stratification, and
identify polymorphic gene targets for pharmaceutical
and nutraceutical interventions, followed by the
simultaneous initiation of Medication Assisted Therapy
(MAT), to enable psychological extinction, and steady
pro-dopaminergic therapy with the goal of developing
“‘dopamine homeostasis” is recommended. The
objective of these interventions is to prevent future
relapse by treating all “Reward Deficiency Syndrome”
(RDS) behaviors and eventually make an addiction-
free life possible.

2. INTRODUCTION

This manuscript begins with the history of
the hardships caused by America’s affliction with
opioid use. This review offers a brief examination of
the past and current opioid epidemic in America. In
2014, data showed that more than 16,000 lives are
lost each year due to opioid-related overdoses. An
estimated two million people used prescription opioids
non-medically for the first time - nearly 5,500 people a
day - in 2010 alone (1). However, the primary goal is to
underscore the need to understand the neurobiological
underpinnings of acute opiate/opioid abstinence. So
that rather than treating withdrawal symptoms alone,
a new model has been developed that focuses on
addressing the lingering and long-term effects of these
potent, dangerous substances that kill many of our
young people every day. This model is the “Anti-Opiate
Dopamine Restoration” (AODR).

2.1. A discussion of the opioid epidemic in
America: past and present

America’s first opioid epidemic resulted from
the opium smoking habits of Chinese immigrants’ that
spread beyond their culture, aided by the extensive
use of morphine in the civil war. In 1898, the German
drug company, Bayer, introduced heroin into the United
States as non-habit-forming medicine that would cure
opium and morphine addiction (2). Over a hundred years
ago, America’s first drug czar, Dr. Hamilton Wright, was
the subject of an op-ed in the New York Times. Wright
revealed that per capita, Americans were the biggest
consumers of raw opium and opium-based products, in
the world. These products included morphine, heroin,
laudanum, over-the-counter medicines, and patented
drugs. His efforts lead to a series of Federal laws that
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restricted the importation, distribution, and prescription
of opiates and opioids; effectively ending the first
American opiate/opioid epidemic. In the 1960’s, many
of our military returning from Vietnam brought their
heroin addiction home with them. The growing number
of heroin addicts caused President Nixon to pass
legislation (The Narcotic Addict Treatment Act of 1974)
allowing Methadone Clinics to open across the country
to combat heroin abuse (2).

The birth of America’s current opiate/opioid
epidemic coincides with a pharmaceutical company’s
launch of a powerful new and highly addictive
painkiller in the late 1990’s. The concept that pain
should be considered a vital sign (3) was initiated in
the mid-1990s by the leadership of the American Pain
Society (4, 5) and mandated in January of 2001, by
the Joint Commission on Accreditation of Health Care
Organizations (JCAHO). An extensive educational
campaign required health care professionals to
assess pain level in all patients and provide treatment
(6). Physicians were encouraged by pharmaceutical
companies to prescribe narcotics — and they did -
enough to keep every single adult in America high for a
month. Opioid prescriptions nearly quadrupled in less
than fifteen years. Physicians prescribed responsible,
hard-working, non-drug abusing Americans opioids for
pain resulting from sports injuries and minor and major
surgeries. As they became addicted to Oxycodone; pain
clinics and infamous “pill mills” eventuated (7). Today
we find ourselves in a full blown opiate/opioid epidemic
that, if not addressed, will continue to expand. It is
imperative that this concern is structured appropriately.
To imply America has a heroin epidemic is insincere
and misrepresentative. We have included evidence
that portrays a nation hooked on opioid painkillers —
the most prescribed medication in America.

An opioid is defined as an artificial narcotic
that is not derivative of opium. Opiates are analgesic
alkaloid compounds found naturally in the opium
poppy plant; Papaver somniferum. One main source
fueling America’s opiate/opioid epidemic that continues
to expand its boundaries is the overprescribing of
addictive opioid painkillers. The number of newborns
in the US in neonatal intensive care units who are
addicted to opiates and opioids (prescription and illicit)
nearly quadrupled from 2004 through 2013 and still
continues to rise (8). Every day in America, 2,500 youth
(ages 12 to 17 years) abuse an opioid prescription
painkiller for the first time and 46 people die from an
overdose. Twice as many people die from prescription
painkillers than from heroin (9). There were 47,055
lethal drug overdoses in 2014 making drug overdose
as the leading cause of accidental death in the US.
In 2014, opioid addiction was already an epidemic,
with 18,893 deaths from overdose of prescription pain
relievers, and 10,574 deaths from heroin addiction
(6). Almost 50% of chronic opioid users took only
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short-acting — rather than longer-acting medications
— hence, increasing their risk for addiction. Anywhere
from 45-75% of heroin addicts surveyed said they were
first addicted to opiate/opioid painkillers then moved
on to heroin (6). Quoting from the Journal of American
Medical Association Psychiatry (JAMA Psychiatry),
2014; “Although the “high” produced by heroin was
described as a significant factor in its selection, it was
often used because it was more readily accessible and
much less expensive than prescription opioids” (6).
Although Americans make up only 4.6. % of the world’s
population, they consume over 80% of the global opioid
supply, 99% of the global hydrocodone supply, as well
as two-thirds of the world’s illegal drugs (6).

2.2. Facts from the Centers for Disease Control
and Prevention (CDC) about the Opioid Epidemic

» Starting in 1999, the amount of prescription
painkillers prescribed and sold in the U.S.
has almost quadrupled (an estimated 272%)
to nearly 207 million in 2013 (10).

» These staggering numbers reveal that enough
prescription painkillers were prescribed to
medicate each American adult every four
hours for an entire month (11).

» The CDC also found that there has NOT been
a drastic change in the magnitude of pain that
Americans report within this particular time

frame (11).
» Several states report issues with for-profit,
high-volume pain management clinics

(so-called “pill mills”) that overprescribe
painkillers to those who do not require them
medically to the CDC (12).

» The CDC has observed that overprescribing
increases abuse and overdose fatalities (10).

» The CDC estimates that 43,982 drug-
poisoning deaths occurred in 2013; 16,235
(45 people daily) drug-poisoning deaths
involved opioids (prescription painkillers)
alone; 8,257 (23 people daily) drug-poisoning
deaths involved heroin alone, and 1,342
deaths involved both opioid analgesics and
heroin (13).

In short, Americans, who have not reported
additional pain during the 14-year period beginning
in 1999 and ending in 2013, were prescribed by their
physicians approximately 300% more prescription
opiate/opioid painkillers than required. Recent studies
have observed a trend of moving from the opiate/
opioid painkillers that initiated the addiction, to more
available and less costly heroin —, a detail that evidently
designates prescription opiate/opioid painkillers as a
gateway drug to heroin use (13).

Indeed, to believe we can end America’s
opiate/opioid epidemic by prescribing more opioids,
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specifically ~ methadone, buprenorphine,  and
combinations with narcotic antagonists like Naloxone
(Suboxone, and Zubsolv), seems counterintuitive.
Based on the amassed and unbiased empirical data,
it seems parsimonious that guidelines regarding
addiction treatment will not stop this epidemic if we
do not initially turn off the running tap. Wright's work
played a major role in terminating America’s first
opiate/opioid epidemic. However, fragmentation of
vital parts of the Harrison Narcotics Act (HNA) of 1914
as recommended by recent drug/addiction treatment
policy plans can have major negative results that
cannot be overlooked. To be clear, measures required
to bring this opiate/opioid epidemic to its end entail
more than satisfying short term treatment goals while
the serious and avoidable long-term consequences of
addiction are ignored.

The policy proposals for drug addiction
treatment feature federal financial assistance to
states that provide plans that recommend Medication-
Assisted Treatment (MAT). MAT is the use of U.S. Food
and Drug Administration (FDA) approved medications
— most of which are opioids — for the treatment of
opiate/opioid addiction. The two primary opioids used
to treat opiate/opioid addiction are methadone and
buprenorphine. Buprenorphine is approximately 50
times more potent than morphine. Through media
reports, the published drug/addiction policy plans
include a component allowing for greater availability
and use of buprenorphine/naloxone combinations
(Suboxone/Zubsolve) in addiction treatment. This plan
lacks detail and can have unintended consequences
that in practice, are likely to fail to have the desired
effect.

Some of the narcotics mentioned above that
have FDA approval for use in opiate/opioid addiction
treatment are habit-forming, addictive just like any
other opiate or opioid, potentially just as deadly and
subject to the same abuse as any other prescription
or illicit narcotic (14, 15). While the effects of MAT
may not be optimal, they are very useful in the short-
term to reduce harm but must be utilized with care.
In 2010, Methadone was responsible for 31.4.% of
overdose fatalities reported in thirteen states (16).
Methadone has a longer half-life than heroin and can
stay in the system up to 59 hours compared to heroin
up to 6 hours. Users are tempted to take another
dose if they cannot feel the previous dose, and the
methadone accumulates to toxic levels. According
to the CDC, in the United States, there were 41,502
mortalities in 2012 due to drug poisoning, which
included 16,007 opioid deaths and 5,925 heroin
deaths (17). The difference between the number
who died from an accidental overdose of methadone,
and the number who died from heroin is 643 people.
Despite the empirical data that clearly shows a pattern
of increased deaths directly attributed to methadone
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and the slim margin between methadone deaths and
heroin deaths, —deaths, we were told methadone
would prevent — the FDA-approved MAT narcotic is
still prescribed. Methadone is widely available and
considered safe by the FDA for treating opiate/opioid
addicts with opiates/opioids (16).

Deaths attributed to Buprenorphine/Subutex/
Suboxone/Zubsolve are harder to track. According to
the Drug Abuse Warning Network (DAWN), 21,483
emergency department visits were estimated to be
were associated with nonmedical use of buprenorphine
in 2011.The American Association of Poison Control
Centers Annual Report indicated that 3,625 case
and three deaths involving toxic exposure from
buprenorphine were recorded in U.S. poison centers
2011 (18).

In America’s first MAT program, albeit it
was not called that in late 1800’s and early 1900’s,
physicians prescribed heroin from their offices —
promoted by the German manufacturer, Bayer, as a
“cure for opium and morphine addictions” (2). From
this history the lesson is that adding more opiates/
opioids into an already over-served market with lax
oversight mechanisms in place, no matter how well
intended, has the potential to extend America’s second
opiate/opioid epidemic into perpetuity.

The FDA approved pharmaceutical agents
either reduce cravings or suppress the pleasurable
effects of drugs. While these agents have helped
many patients over the years, they have not
adequately prevented cravings and relapse. This
fact is highlighted by the recent findings that used
data from the sophisticated Comprehensive Analysis
of Reported Drugs (CARD). The study revealed a
significant lack; of “compliance” with many treatment
medications and “abstinence” from psychoactive
drug use, in both inpatient and outpatient treatment
settings (19).

The short-term use of MAT, possibly, from
detoxification to less than 12 months, especially,
opiate substitution therapy like Methadone or
Buprenorphine/Naloxone (Suboxone/Zubsolve) may
have substantial benefits regarding harm reduction
and preventing unwanted opiate/opioid withdrawal.
Moreover, these potent narcotics can contribute to
patient stability, provide an opportunity to initiate
treatment, and for workforce reinstatement, and
productivity. The neuropharmacology of MAT relies on
the action of blocking dopamine and leads to acute
prevention of use of the individuals’ drug of choice
due to “psychological extinction.” Why use if the thrill
is gone? This mechanism of action involving reduced
dopamine function alone is not an efficient or cost-
effective way to combat America’s second opiate/
opioid epidemic.
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Recently, in the states of Massachusetts
and Ohio, members of Congress from both the
Democratic and Republican parties have developed
very comprehensive bills to assist in the reduction of
harm including opiate/opioid overdoses, especially
to minors. These bills seem to be on the right track
and should help. However, more in-depth knowledge
must be provided to lawmakers by the scientific
community, regarding the neuroscience of addiction
medicine to create change in the current landscape.
With this detailed summary of the current opiate/opioid
epidemic in the United Sates in mind, and given the
need to curtail the current loss of lives, this article will
focus on the neurobiological mechanisms involved in
acute opiate/opioid abstinence and long-term relapse
prevention.

A new “anti-opiate dopamine restoration
model” (AODR), is proposed. Instead of merely
blocking withdrawal symptoms, for example, with
clonidine in combination with buprenorphine/naloxone,
the preferred modality would be, a gentile non-opioid
dopaminergic agonist-like therapy initiated early in
recovery (at detoxification). Our proposed AODR
model is based on known mechanisms involved in
both glutaminergic and dopaminergic pharmacology,
that could lead to the development of “dopamine
homeostasis” in the long-term to treat opiate/opioid
use or misuse and to reduce future relapse.

2.3. Importance of preclinical models of addiction

The pathophysiology and etiology of addiction
or Reward Deficiency Syndrome (RDS) despite a
plethora of well-researched studies, especially in the
pre-clinical arena, remains only partially understood.
According to a recent review by Aude Belin-Rauscent
and associates (20), one particular reason has to
do with the gap between these pre-clinical models
of addiction and the clinical criteria for the disorder
as espoused by DSM-5. These authors provide an
interesting and clear understanding of how after 50
years of research, the newest models may scientifically
reduce the gap and provide the field with a better
window into the fascinating function of the brain. While
this is true, we must point out that some research,
early on, did indeed help frame our understanding of
acute opiate withdrawal mechanisms and, in fact, the
science is still utilized as a valid treatment modality.
With due respect for many others, the preclinical work
of Blum’s group coupled with the clinical work of Gold’s
group reveals how pre-clinical neuroscience can meet
clinical science to assist those in recovery.

In earlier reviews, Gold et al. (21) encouraged
the continued use of “magic bullets,” including clonidine
and possibly buprenorphine, to offset the “opiate drive
state,” incorporated into a continuing recovery model.
The goals were to recover the brain’s homeostasis in a
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sober state and to maintain concurrently the necessary
drive for novel methods to accomplish and support a
pleasurable existence. Along these lines, early work of
Blum and in collaboration with others (22-24), proposed
the “endorphin deficiency theory” for both alcohol and
opiates. Accordingly, Gold et al. (25-27) suggested
that in addicts, endorphin deficiency (possibly genetic)
could exist prior to opiate use. They also proposed
that the abuse of potent exogenous endorphinomentic
compounds may cause an endorphin-abnormality
and that dopamine is involved in withdrawal from
opiates(28). Moreover, Gold et al. (29) suggested the
idea that endogenous peptides physiologically provided
normal inhibitory tone at the locus coeruleus and during
opiate withdrawal and that attenuation of this inhibitory
mechanism, due to reduced endogenous peptides,
leads to norepinephrine-induced hyperactivity.
Other earlier work by Blum and associates revealed
shared mechanisms between alcohol and opiate
withdrawal (30-35), potentially through the opiate-like
effects of isoquinolines, which provided the basis for
understanding the role of dopamine in acute opiate
abstinence (36).

Most importantly, there is protracted
withdrawal during abstinence following chronic
morphine dependence, which may be persistent.
Kaufling and Aston—Jones (37) have provided clear
evidence to reveal these adaptations involving Ventral
Tegmental Area (VTA) dopamine neurons in rodent
models. The adaptations involved in opiate withdrawal
are linked to an altered responsiveness of mesolimbic
dopaminergic neurons, a loss of dopamine cell
responsively and subsequent behavioral changes.
Also, Kaufling and Aston—Jones (37) ) point out that
GABAergic neurons in the tail of the VTA (tVTA), called
the Rostromedial Tegmental Nucleus, are central to
behavioral responses to opiates. They found that VTA
dopamine neurons, but not tVTA GABAergic neurons,
are tolerant to morphine after two weeks of withdrawal.
Moreover, optogenetic stimulation of tVTA neurons
inhibited VTA dopamine neurons similarly in opiate-
naive and long-term withdrawn rats. Interestingly, tVTA
inactivation increased VTA dopamine activity in opiate-
naive rats, but not in withdrawn rats, resembling the
opiate tolerance effect in dopamine cells. This work
suggests that although inhibitory control of dopamine
neurons by tVTA is maintained during protracted
withdrawal, the capacity for disinhibitory control is
impaired. Furthermore, they found that morphine
withdrawal is reduced both in tVTA neural activity and
tonic glutamatergic input to VTA dopamine neurons
(37). This latter finding suggests that alterations in
glutamate and GABA feedback motivate the evident
tolerance of VTA dopamine neurons to opiates
following long-lasting contact. It is important to realize
that protracted abstinence from morphine, for example,
leads to inhibition by tVTA, but not disinhibition.
Dopamine cells following chronic opiate exposure
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may add to continuous negative affective states during
withdrawal. Simply put, there will be less dopamine in
the long-term, less well-being, and the need to induce
“dopamine homeostasis.”

To further comprehend the neurobiological
mechanisms that predispose people to addictive
behaviors, a brief review of existing pre-clinical
models of addiction seems warranted. Interestingly,
when scientists initiated their study of addiction during
the 1930s, drug addicted persons were considered
morally weak and unable to control their will, but today,
with the advent of new techniques that help explore
the addicted brain, and psychiatric genetics including
epigenetic adaptations, these views have drastically
changed. In fact, the initial finding of the association
of the dopamine D2 receptor gene (DRD2) Taq A1
allele and severe alcoholism reversed the opinion of
Americans in 1990 (38). A Gallup poll showed that
before the finding, less than half of the Americans
polled still believed that alcoholism was due to a lack
of moral fabric, but after the genetic finding, over 56%
of Americans believed that alcoholism and possibly
other addictions were biologically-based.

It is well-known that abusable substances
exert their reinforcing effects through activation of
the mesolimbic dopamine system (39), where they
“hijack” synaptic plasticity processes (40, 41) such
as long-term potentiation or long-term depression
(42, 43). They also trigger various between-systems,
neuroadaptations (44, 45), and changes in gene
transcription and function, partly mediated by
epigenetic adaptations (46-52). These adaptations
occur in some brain systems, including the Nucleus
Accumbens (NAc) (53), amygdala (54), dorsal striatum
(55-59), and prefrontal cortex (60-63), with effects
on inhibitory control through glutaminergic/GABA
mechanisms and stress reaction (64, 65).

Understanding relapse and drug
reinstatement have been the subject of investigation
since the late 1960s and early 1970’s. A basic
tenet is that it is believed one approach involving
“psychological extinction” is indeed useful and
significant in reducing relapse. This idea is based on
the removal of the very thing that induces motivation to
reuse and causes the reinforcing effects of the drug.
It is very well accepted that by attenuating the acute
impact of dopamine via some biological mechanisms,
motivation to use will be reduced. These mechanisms
include, but are not limited to, biosynthesis, storage,
catabolism, and neuronal release, receptor blockade,
blocking reabsorption through transporters, low blood—
brain barrier penetration, and altering gene expression
through epigenetic adaptations, among others. It is
noteworthy that over many years, some relevant pre-
clinical models that have attempted to understand
relapse to “reward deficiency” (66), emerged and
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have been reviewed in the literature (61, 64, 65, 67-
79). In fact, the current FDA-approved MATs favor this
approach that, although not optimal, has success in
many patients (80-82).

Over the last decade, much effort has been
devoted globally to the development of preclinical models
that independently address psychological constructs
and related clinical criteria of addiction, as defined in the
Diagnostic and Statistical Manual (DSM)-5 and older
versions. The following aspects of the addiction process
should be considered as the focus of research. The
protracted seeking responses, as observed in heroin
addicts (83, 84), these impulses are controlled by stimuli
in the environment (possibly epigenetic) and eventually
become compulsive. After prolonged exposure to the
drug (certainly beyond early withdrawal symptoms) and
especially in some vulnerable individuals, addiction may
be a life-long issue, due to genetic polymorphisms of
reward genes (85).

Along these lines, Zou et al. (84) using
functional Magnetic Resonance Imaging (fMRI),
showed that 30 heroin-addicted subjects with three
years of abstinence compared to healthy controls had
weaker connections between reward processing parts
of the brain and the areas associated with motor skills.
Moreover, some of the subjects showed potential for
healing thereby reducing the risk for relapse. This work
demonstrates that the brain might heal following heroin
insult, and indicates that treatment should be continued
for at least three years. However, Zou et al. (84) did not
test for genetic reward gene polymorphisms. Certainly
formal genetic testing will help the clinician decide
the length of potential treatments. Needless to say,
treatment of heroin addiction should go beyond the
typical detoxification period whereby only withdrawal
symptoms are addressed. In America today, many
of our adolescents, as well as adults, are sent to
recovery for self-help programs with increased risk
for relapse due to undiagnosed genetic polymorphism
but without any further long —term neuroscience-
based treatment (83).

Importantly, the next generation of pre-
clinical models must focus on uncovering the
pathophysiological substrates of addiction and its
associated endophenotypes of vulnerability. Utilizing
modern neuroimaging techniques as well as a
better analysis of genetic risk including epigenetic
adaptations, the opiate/opioid dependent individual
will be better served by the clinical community. A
coherent translational approach is required to identify
the functional significance of the specific behavioral,
cognitive, or genetic correlates of the vulnerability to
switch from volitional drug use to compulsive drug-
seeking behaviors. An approach, which integrates
cognitive neuroscience and employs both animal
studies and correlational approaches in humans;
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such as, genome-wide and candidate polymorphism
analysis, is needed to help refine the unraveling of
the complex etiology of addiction. If this could be
accomplished, the next generation of preclinical
models of all RDS behaviors will provide evidence-
based support for clinical criteria and treatment.

3. POTENTIAL THERAPEUTIC TARGETS

Many potential therapeutic targets are
emerging, and a brief review of some neurochemical
pathways seems parsimonious. These pathways
include the serotonergic, endorphinergic,
glutaminergic, and dopaminergic. However, based
on current knowledge, we are proposing that a gentle
induction of “dopamine homeostasis,” instead of
blocking dopamine, is tantamount to successful long-
term treatment as well as relapse prevention in the
heroin or opiate/opioid dependent person (85-87).
According to Li et al. (87), compared with heroin non-
relapsers, those who do relapse exhibit considerably
higher cue-induced craving, and this brain reaction
was seen mainly on fMRI of the bilateral nucleus
accumbens/subcallosal cortex and cerebellum.
Moreover, the difference in desire positively correlated
with the initiation of cue-induced craving, as seen in
the nucleus accumbens/subcallosal cortex of patients.
These results indicate that in heroin-dependent
persons seeking treatment, higher cue-induced
cravings, and increased activation in those particular
areas may be linked to reward/craving and memory
recovery functions. Most importantly, these responses
may predict relapse and represent important targets for
the development of new treatment for heroin addiction,
possibly via regulation of brain dopaminergic function,
which we refer to here as the AODR model.

For the distinct role of any individual neuro-
pathway to be fully appreciated, it is important to
evoke the concept of the “Brain Reward Cascade” first
developed by Blum & Kozlowski (88) as previously
indicated by Bozarth & Wise (89). In the Bozarth
and Wise article, they correctly suggest that heroin
reward is dependent on a dopaminergic substrate,
and the cascade intimates the various interactions
of some neurotransmitters leading to NAc dopamine
release. Over the years following these discoveries
many reiterations have been developed and recently
supported by the outstanding work of Morales’ group
at the National Institute on Drug Abuse (NIDA) (90)
(see Figure 1).

This review presents a snapshot of the
neurogenetic and epigenetic adaptations that
change neurotransmitter pathways in Opiate/Opioid
Dependence. Although limited, the evidence presented
here has been selected for consideration due to its
relevance to the development of potential Opiate/
Opioid therapeutic targets.
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Figure 1. This is an illustration of the Brain Reward Cascade. The cascade begins with the release of serotonin, at the hypothalamus, which stimulates
enkephalin. The enkephalin, then, inhibits GABA at the substantia nigra, which, in turn, regulates the amount of dopamine released at the nucleus
accumbens (or “reward site”). The dopamine originates in the VTA. Various receptors (including 5HT2a receptors, y-opiate receptors, GABAA receptors,
GABAB receptors, and dopamine receptors) are utilized in the reward cascade. Recent evidence demonstrates the role of the dorsal raphe nuclei in this

cascade (91). Reproduced with permission from (86).

3.1. Serotonergic system

Most recently, Mdiller & Homberg (91)
reviewed the role of the serotonergic system, in the
establishment of drug use-associated behaviors
and the transition and maintenance of addiction.
Their study examined the following drugs: alcohol,
amphetamine, cannabis, cocaine, MDMA (ecstasy),
methamphetamine, morphine/heroin, and nicotine.
Interestingly, they found distinct involvement of the
5-hydroxytryptamine (5-HT), system in both the
establishment of drug use behaviors and transition
to addiction with considerable overlap between
psychostimulant, opioidergic drugs, and alcohol. This
overlap seems to be in agreement with the role of
drugs of abuse in RDS and potential for genetic testing
(86). Their review suggests that specific adaptations
of the serotonergic system render the nervous system
susceptible to the transition to compulsive drug use
behaviors and often overlap with genetic risk factors
for addiction. Muller & Homberg (91) highlight the fact
that serotonergic neuroadaptations induced by first
drug exposure pave the way for the establishment
of addiction. Certainly, repeated administration of
heroin intake results in both cellular sensitization and
withdrawal, which can be long-lasting and devastating
(92). In a recent study Wu et al. (93), found that of
a selective 5-HT2CR agonist Lorcaserin administered
during the development, the withdrawal or expression
stage; suppressed heroin-induced behavioral
sensitization on day nine. Moreover, the same drug
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also suppressed naloxone-precipitated withdrawal
symptoms in heroin—treated mice.

A plethora of studies are showing that
the brain neurotransmitter, serotonin (5-HT), plays
a central role in the regulation of reward-related
processing (94, 95). Emerging evidence suggests
that there is deregulation of the serotonin system
after long-term exposure to drugs of abuse (96).
Dysregulated serotonin transmission has been
thought to increase susceptibility to a broad range of
substance abuse disorders (97). Obviously, a review
of genetic polymorphisms of the serotonin system
reveals a unique genetic architecture that contributes
to not only the risk for addiction but also to treatment
effectiveness and the potential for full recovery (98).
Gao et al. (99) and others (100, 101) established
the noteworthy link between heroin addiction and
the four Single Nucleotide Polymorphisms (SNPs)
of the 5-HT receptor (HTR) genes in a group of
Han Chinese individuals. Also, Tan and colleagues
(102) provided evidence of an association between
heroin dependence and a VNTR polymorphism at
the serotonin transporter (5-HTT) gene. Hungarian
scientists found an association between the -521 CC
vs. CTor TT genotypes (DRD4) and heroin dependence
that was enhanced in the presence of a short (s or
14-repeat low activity) 5-HTTLPR allele (103). Other
work from Yang et al. (104) showed that 5-HTTVNTR
has a predictive effect on co-morbid Borderline
Personality Disorder in female heroin-dependent
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patients. Also, Cao & Hudziak (105), through a meta-
analysis, showed that across multi-cultures, albeit
at different risk frequencies, there is an association
between 5-HTTLPR and heroin dependence. In a
neuroimaging study by Lin et al. (106), observed that
“the time to heroin relapse” is significantly higher when
serotonin transporter availability is low, revealing a
negative association pattern. It is established that
the human 5-hydroxytryptamine (serotonin) receptor
1B, encoded by the HTR1B (5-HT1B) gene, is a
presynaptic serotonin autoreceptor that is important in
regulating serotonin synthesis and release. Cao and
LaRocque (107), through a meta—analysis, reported
an association between the functional SNP-161A>T
(rs130058) and heroin dependence. Specifically, a
study by Gau et al. (99) also clearly supports an
association between the HTR1B (5-HT1B) gene
polymorphism (G861C) and heroin dependence.

While a quick word searchin PUBMED (12-25-
2016) for “epigenetics of serotonin genes and opiates”
did not reveal any studies, certainly, some studies
are showing epigenetic effects on serotonergic genes
(108). The HTR2A promoter has been connected to
many disorders in adults and infants, including bipolar
disorder, borderline personality disorder, chronic
fatigue syndrome, schizophrenia, suicidality, and
other neurobehavioral conditions. Along these lines,
epigenetic effects have been shown to exist in placenta
tissue as a way of determining the role of environment
in fetal brain development. Paquette and Marsit (109)
did find evidence of placental epigenetic variation of
HTR2A to be associated with infant neurobehavioral
outcomes, which could be a possible link to adult
mental health disorders. Specifically, hypermethylation
of SLC6A4 (serotonin transporter) was observed in
bipolar disorder (110-112).

Certainly, opiate/opioid dependence or
withdrawal symptoms are a polygenic inheritable
phenomenon impacted by epigenetic communication
and pleiotropy. Thus, it is improbable that this
physiological state is due to any one single gene. With
this stated, new gene research utilizing microarray
analysis, coupled with candidate convergence
including epigenetic effects, should be applied to
serotonergic genes as they relate to the entire process
of addiction and its recovery to enhance therapeutic
targeting approaches.

3.2. Endogenous opioid peptides

In the early to mid-1970s, we learned about
the presence of the opiate receptor (113) as well as
the identification of brain opioid peptides (114). At
that time, Blum’s laboratory proposed a common
mechanism theory linking opiates with alcohol
through the “genotype-concept” called “endorphin
deficiency,” which set the stage for an enormous
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amount of neuroscience and genetic research (22,
24, 115). Thirty years later, we know that G-protein-
coupled p-, 8- and k-opioid receptors, are activated
by opioid peptides which have different response
profiles and affinities. The endogenous neuropeptides
B-endorphin, leu-enkephalin, met-enkephalin, and
dynorphin physiologically activate opioid receptors.
These peptides are not limited to binding with one
type of opioid receptor. Individuals can be genetically
predisposed to substance abuse due to defects in opioid
peptide and receptor genes (116). Regarding support
for the common mechanism theory, opioid receptors
not only facilitate the pharmacological functions of
opioids, but they also control in vivo outcomes of
other abused drugs (117). While the human mu-
opioid receptor (MOR or OPRM1) represents the most
important target for morphine, the Delta, and Kappa
receptors are similarly significant in addiction, and the
genetic variants of these receptors have been studied
extensively (118). Genetic polymorphisms in OPRM1
gene have been associated with heroin dependence in
Chinese samples(119) and other ethnic groups (120).
Analysis of a combined effect of OPRM1 (mu receptor)
and OPRD1 (delta receptor) showed that rs510769
and rs2236861 increase the risk of heroin addiction.

However, numerous studies with negative
outcomes have also been described (121-123).
Independently, studies by Tan et al. (102) and by
Shi et al. showed an addiction-like relationship at
the time of first drug use and during drug-seeking
behavior was modulated and confirmed by OPRM1
polymorphisms (124). Using a postmortem brain
analysis, others (125, 126) showed down-regulation
of preproenkephalin and preprodynorphin genes in all
heroin users. However, the effects were exaggerated
in subjects with the 118G and were most prominent
for preproenkephalin in the nucleus accumbens shell.
Also, the same scientists revealed that alterations
in opioid neuropeptide systems might underlie
enhanced opiate abuse vulnerability apparentin 118G
individuals. Itis well-known that y Opioid receptors are
crucial for heroin dependence, and A118G SNP of the
J opioid receptor gene (OPRM1) has been linked to
heroin abuse. In the post-mortem study population of
European Caucasians (n = 118), =90% of 118G allelic
carriers were heroin users. The OPRM1 genotype
was shown to be associated with the processing of the
human striatal opioid neuropeptide system including
transcription, and translation. Exclusively in the 118G
heroin subjects, increased dynorphin, and enkephalin
peptide concentrations were observed together
with reduced opioid neuropeptide transcription.
Enhanced vulnerability to opiate abuse apparent in
118G individuals may be the consequence of these
alterations in peptide processing. Heroin users also
had abnormal gene expression related to peptide
convertase and ubiquitin/proteasome regulation
(125).
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Preprodynorphin, the primary endogenous
ligand for the k-opioid receptor, is a natural derivative of
prodynorphin. Kreek et al. (127) found an association
between polymorphisms of the preprodynorphin
gene and opiate addiction. Wei and associates
(128) reported an association of three variants of the
Preprodynorphin (PDYN) gene and heroin dependence
in Chinese subjects. Clarke et al. (129) also found that
PDYN was significantly related to the risk of developing
opioid dependence, primarily in females. Interestingly,
according to Nikoshkov et al. (126), the data suggests
that the dysfunction of the opioid reward system is
considerably related to opiate abuse susceptibility, and
that heroin consumption modifies the evident impact
of genetic dopamine tone on mesolimbic PENK and
tyrosine hydroxylase function.

Along similar lines, recent work from
Navratilova et al. (130) provides interesting and
relevant evidence that endogenous opioid activity in
the anterior cingulate (AC) is necessary for pain relief.
Understandably, aversive pain and its relief, require
dopaminergic transmission in the NAc. Navratilova et
al. (130) specifically found that the blockade of opioid
signaling in the rostral AC Cortex (rACC) inhibited
NAc dopamine release. In contrast, pharmacological
activation of rACC opioid receptors of injured, but not
pain-free, animals was sufficient to stimulate dopamine
release in the NAc. Based on these and other related
findings, the authors concluded that endogenous
opioid signaling possibly via delta opioid receptor
activation in the ACC seems to be both necessary and
sufficient for the relief of pain aversiveness. Finally,
the same group revealed the importance of having
standard delta-opioid receptor expression in the VTA
as a possibly protective mechanism against high
alcohol intake in humans (131-133).

We Dbelieve this suggestion involving
endogenous opioid expression seems important
in protecting against heavy heroin consumption.
These findings align with earlier findings by Blum
et al. (134, 135). Here, we suggest that targeting
the endorphinergic system regarding treating acute
opiate/opioid abstinence and its protracted clinical
outcome, and neuro-adaptations seems parsimonious.
Enhancing signaling in the AC is required to prevent
poor decision making since the ACC is the seat of
relapse and drug reinstatement.

3.3. Cannabinoids and anandamide system

Since the discovery of endogenous
Cannabinoids and their receptors, it has been
researched and is now well established, that

Cannabinoids functionally interact with opioid systems.
The endogenous cannabinoid system is a signaling
method comprised of the central cannabinoid (CB1) and
the peripheral cannabinoid (CB2) receptors, as well as
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numerous lipid transmitters, like 2-arachidonoylglycerol
and anandamide. The system is the target for natural
cannabinoids: the psychoactive constituents of
preparations of Cannabis Sativa like marijuana and
hashish (136-139). Specifically, cannabinoid CB1
receptors are present in dopamine brain areas in
primates and certain rat strains. Cannabinoid CB1
receptors are also located in dopamine cells of the
A8, A9, and A10 mesencephalic cell groups and co-
localize with dopamine D1/D2 receptors in dopamine-
projecting neurons. Manipulation of dopaminergic
transmission can alter the expression of CB1
receptors, as well as, the synthesis and release of
anandamide. Cannabinoid CB1 receptors can switch
its transduction mechanism to oppose the ongoing
dopamine signaling.

Lopez-Moreno et al. (138, 139) have reported
that the cannabinoid brain receptor type 1 (CB1) and
mu-opioid receptor type 1 (MOR1) co-localize in the
same presynaptic nerve terminals and signal through
a common receptor-mediated G-protein neuronal
system. In fact, Lopez-Moreno et al. (139) indicated
that the cannabinoid receptor 1 (CNR7) gene is
expressed in the central nervous system (CNS).
Moreover, specific polymorphisms of the CNR7gene
have repeatedly been found to be associated with drug
addiction in general. It is known that a microsatellite
polymorphism (AAT) at the cannabinoid CB1 (brain)
receptor gene (CNR1) consists of 9 alleles. Comings et
al. (140) studying CNR1 alleles found that the number
of intravenous drugs consumed was considerably
higher for those carrying the > or =/> or = 5 genotype,
as opposed to other genotypes. These results are
further support for a role for cannabinoid receptors in
the modulation of dopamine and cannabinoid reward
pathways. Benyamina et al. (140, 141) conducted a
meta—analysis involving eleven articles supporting a
minor implication for CNR1 AAT polymorphism in illicit
substance dependence vulnerability. Unlike Comings
et al. (140), others could not find an association with
the same CNR1 polymorphism in German IV drug
users (142). In 2006, Yale scientists (143) also failed
to show an association with CNR1 AAT polymorphism
in illicit substance dependence vulnerability following
statistical correction (multiple testing errors). It is
possible that with a more specific phenotype and
better assessment of controls, the CNR1 AAT may
associate with opiate/opioid dependence, but we must
await these studies.

3.4. Glutamatergic and GABAergic systems

It is well established that opiate reinforcement
is mediated by the inhibition of GABA release, thus
disinhibiting dopamine neurotransmission. Humans
with a dysfunctional GABAergic system may release
higher amounts of dopamine, which has been
considered an important early target as represented
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by FDA-approved MATs (144). A plethora of research
indicates that GABA receptors play an essential role in
the actions of benzodiazepines, barbiturates, alcohol
and morphine abuse and dependence (145-148).
Glutamate is among the most abundant excitatory
neurotransmitters in the brain (149). Glutamate
receptors, which function in many brain areas such as
the mesocorticolimbic dopamine sections, play a part
in addiction. The Dorsal Raphe Nucleus (DRN) ) and
the VTA(150) are two of the more relevant brain reward
areas where electrical stimulation produces responses,
at the highest rates and lowest thresholds, meaning
that they are very sensitive. For over 40 years, the
DNR has been classified as a serotonergic structure
and the VTA as a dopaminergic structure. Although
multiple studies have examined both the DRN and VTA
and their effects on reward, these studies have been
focused on the serotonergic contribution to reward. As
a result, these investigations have produced conflicting
results, and the true role of DRN in the VTA circuitry
regulation of motivated behaviors is still unknown.
Contrary to the widespread idea that the major input
from DRN to VTA is serotonergic, the Morales Group
in Qi et al. (151) found that DRN neurons expressing
the vesicular glutamate transporter-3 (GIuT3) are
the major input from DRN to VTA. Within the VTA,
these DR-GIutT3 neurons mostly develop synapses
on dopamine neurons. Importantly, some of these
dopamine neurons as found by Qi et al. (152),
specifically innervate the NAc. Via genetic approaches
to specifically express rhodopsin in channel DR-
GlutT3 neurons, it was also found that intra-VTA light
stimulation of the VGLUT3 -fibers elicit AMPA-mediated
excitatory currents in the dopamine neurons that
innervate the NAc. Such stimulation causes dopamine
release in the NAc, reinforces instrumental behaviors,
and establishes conditioned place preference. Qi et
al.’s (151) discovery of a rewarding excitatory synaptic
input to the meso-accumbens’ dopamine neurons by
a glutamatergic projection arising selectively from
neurons of the DRN that contain VGLUT3 suggested
that new targets may be important to boost motivation
in the RDS patient. Moreover, unpublished work from
NIDA (the Morales Group) also found that GABA from
the Substania Nigra, and possibly even co-localized in
the same VGLUT3 neurons, induces regulation of the
VGLUT3 neurons and as such, fine tunes the release
of dopamine from the VTA to NAc.

De Azeredo et al. (152) correctly pointed out
that glutamic acid decarboxylase (GAD) is the rate-
limiting enzyme in the transformation of glutamate to
GABA. In 2009, Levran et al. (153) found a significant
association of GAD7 with heroin dependence. Other
work by Wu et al. (154) examining 15 SNPs of the
GAD1 gene using the Mass-ARRAY system among
Han Chinese, found significant associations of some
novel SNP and haplotypes with heroin dependence.
In 2003, Lin et al. (155) reported a female-specific
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contribution of the GABA (A) receptor subunit genes
to non-psychotic methamphetamine use disorder.
Moreover, Loh et al. (156) reported that the prevalence
of the rs211014 SNP in the GABAAY2 receptor subunit
gene was significantly different between heroin-
dependent and the control Han Chinese group. Thus,
scientists have helped to delineate the functioning
of the glutaminergic system in addictive and reward
deficiency behaviors RDS. Certainly, Glutaminergic
input at the VTA impacts dopaminergic release in
the NAc and other brain regions and is involved in
protracted acute opiate abstinence adaptations and
possibly neuroplasticity (157).

3.5. Dopaminergic system

The dopamine system has a crucial role in
reward mechanisms, control of locomotion, cognition,
emotion, and even the neuroendocrine system. A word
search in PUBMED reveals 147,833 articles as of
12/25/2016. The genetic polymorphisms of numerous
genes that encode dopamine receptors, dopamine
transporters, and dopamine metabolic enzymes,
influence the heritability of drug and many behavioral
addictions (158-160). Work from many laboratories
across the globe has been able to elucidate the role
of this neurotransmitter in the CNS. It appears that
there are nine dopamine receptors; however the most
studied receptors, the D1, and D2 have been linked
extensively to drug-seeking behavior (161-167).

The actual role of dopaminergic genetics
initiated with the first association of the dopamine D2
receptor (DRD2) Taq A1 allele and severe alcoholism.
This discovery by Blum et al. sparked the field of
psychiatric genetics (38). Since that time, many
candidate reward gene polymorphisms, especially in
the dopamine system including dopamine receptors,
dopamine transporter on addiction, and even obesity,
have long been established (168). Particular studies
maintained the hypothesis that genetic deviations in
dopamine systems increase the addiction disorder risk
by motivating diverse features of impulsivity or due to
its capacity to impede the selection of less rewarding
signals (158). In 1991, Bouthenet et al. (169) reported
that the DRD2 Messenger Ribonucleic Acid (mRNA)
was copiously expressed in all dopaminergic terminal-
enriched regions. Certainly, other work by Hou and Li
(170) showed that DRD2 Taq A1 allele carriers were
prone to heroin abuse. Additional work by Mehi¢-Basara
and associates (171) revealed that polymorphisms of
the DRD2 (rs1800497) were associated with some
personality and environmental states as liability for
subsequent heroin-seeking behavior. Along similar
lines of investigation, Li et al. (85) observed that
carriers of the DRD2 Taql A1 allele presented with
considerably stronger cue-elicited cravings. Other work
from China by Du and colleagues (172) performed a
meta-analysis and suggested a possible association
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between the dopamine transporter gene (DAT)
polymorphisms DAT1 and alcoholism. Regarding a
common mechanism between numerous addictive
substances, many studies have shown the association
between DAT1 and alcohol, nicotine, and even
cocaine abuse and dependence (173). Furthermore,
Ling et al. (173) described that polymorphisms of the
DAT gene may function in the start of smoking and
that there is a potential interactive effect between
DAT and early smoking onset that adds to the
vulnerability to nicotine addiction. Li and associates
(174), followed by Lai et al. (175), showed that the
Dopamine D, receptor (DRD4) polymorphisms were
related to heroin dependence. Chen et al. (176) found
that the DRD4 exon lll variable number of tandem
repeat (VNTR) polymorphisms may be important in
the development of opiate abuse. Additionally, Shao
et al. (177) reported stronger cue-elicited cravings in
heroin addicts who carried the DRD4 VNTR long-type
allele. Chen et al. (178) also found some evidence
for an association between polymorphisms of the
Catechol-O-methyltransferase (COMT) gene and
opiate abuse. Vereczkei et al. (179) observed that
TaqlA (rs1800497) and TaqlB (rs1079597) deviations
were related to heroin addiction. Furthermore, -521
C/T SNP (rs1800955) of the DRD4 gene presented
no significant connection with a potential protective
effect of the C allele. Following the application of the
Bonferroni modification, Taq/B remained noteworthy,
implying that the insignificant (A) allele of the Taq/B
SNP is a genetic risk factor for heroin addiction. This
finding is in agreement with the Blum ef al. (38) finding
of a significant association of Taq/B (rs1079597) with
severe alcoholism. A literature review regarding the
several associations of dopaminergic genes and many
RDS behaviors, including opiate/opioid addiction, can
be found in Blum et al. (180).

3.5.1. Dopamine catabolism genes

There are some catabolizing enzymes such
as COMT and Monoamine oxidase (MAO) known to
catabolize biogenic amines that effect substance-
seeking behavior including opiates/opioids (181).
Certainly, COMT plays a role that is essential for
dopamine inactivation. The rs4860 (Val158Met) is a
functional SNP on the COMT gene that brings about a
three- to four-fold increase in enzyme activity and has
been linked to drug dependence (182).

One study by Cao et al. (183) found a weak,
but significant difference in the genotype of -287 A/G
polymorphism of COMT gene was observed among
heroin-dependent subjects and controls. In an earlier
study, Vandenbergh et al. (184) showed an association
between the high-activity COMT polymorphism and
polysubstance abuse in a group of North American
subjects. This finding was confirmed by Horowitz
et al. (185), they found an excess of the Val COMT
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allele in heroin addicts compared to an Israeli control
group. Chinese heroin dependent subjects with the
TT genotype of COMT rs737866 variants had higher
novelty-seeking scores, and an earlier age of onset of
heroin use than subjects with the CT or CC genotype
(186). There have been controversial negative findings
with COMT and other dopaminergic-based genes such
as DAT1, and even DRD2, in Chinese samples, as
well as, other ethnic groups. These negative findings
may have resulted from the inadequate assessment of
controls who may have multiple RDS behaviors (187-
193). Asians, for example, are known to carry the DRD2
A1 allele at 72% a very high prevalence and have
multiple RDS behaviors (194), all of these behaviors,
not substance abuse alone must be screened for the
selection of controls.

It is well known that MAO can catalyze the
oxidative deamination of various biogenic amines,
including the key neurotransmitters: dopamine,
norepinephrine, and serotonin (195). Of the two
forms of MAO: monoamine oxidase A (MAOA) and B
(MAOB), in 1987 both Fowler et al. (196) and Thorpe
et al. (197) estimated, that 70% of neuronal MAOs
are type A, which is expressed at the highest level in
catecholaminergic neurons. Interestingly, MAOA is
localized in brain regions that have been implicated
in behavioral response to novel stimuli and addiction
(198, 199). Itis known that two MAOA polymorphisms,
the EcoRiV polymorphism at position 1460 (200) and
the VNTR polymorphism in the promoter region (201),
are important because they influence enzyme activity
and transcriptional activity, respectively. Studies by
Cases et al. (202) and Shih et al. (203) reveal that a
modest increase in dopamine due to MAOA knockout
in mice results in a dramatic increase in aggressive
traits. This finding is in agreement with others that show
aggressive behavior in adolescents with substance
use disorder that is linked to polymorphisms of both
the DRD2 and DAT1 genes (204).

There is evidence that genetic variants
in the MAO gene have been associated with risk
for substance abuse (205, 206). Other work by
Chinese scientists assessed the role of MAO gene
polymorphisms in alcoholism in five ethnic groups in
Taiwan. They found significant associations between
alcohol abuse and MAOA alleles in Han Chinese.
However, this finding was specific for Han Chinese,
but not among the aboriginal groups (207-209). Jin
and associates (210) determined that the MAOA gene
polymorphisms affect the origination of smoking in a
Chinese cohort, persons with the 1460T/O and three-
repeat VNTR genotypes had an appreciably higher
risk for nicotine addiction. Nonetheless, there is no
substantial connection between the long repeat alleles
of the MAOA promoter VNTR polymorphism and
heroin dependence in Chinese men (211). One study
by scientists in Sweden in alcoholics suggested that
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carriers of the DRD2 A1 allele compared to DRD2 A2
allele have lower platelet MAO-B activity. This finding
may represent a protective mechanism. Lower platelet
MAO-A activity allows for higher availability of plasma
dopamine and may after penetration through the blood
brain barrier indeed stimulate more D2 receptors in
the reward system in the brain, especially when the
D2 receptors are 30-40% deficient due to the DRD2
A1 allele (212). This increase in dopamine and its
subsequent penetration through the blood —brain
barrier, especially in dependent individuals having a
higher permeability than non-dependent individuals,
may have relevance even for acute heroin abstinence
due to the proliferation of dopamine receptors induced
by brain mechanisms.

3.6. Cytochrome P450 enzymes

Cytochrome P450 (CYP) is a superfamily of
enzymes that metabolize clinical medications, toxins,
endogenous molecules and abusable drugs. Narcotic
metabolism by genetically polymorphic enzymes can
have significant clinical implications for therapeutic
failure, disease susceptibility and abuse liability (213).
Many CYP enzymes belong to the highly polymorphic
CYP2 drug-metabolizing family. Central functional
pathways that are involved in drug-reinforced behavior
and neurotoxicity may be modulated by CYP2 family
enzymes (214). Certainly, many scientists have also
identified valuable associations between the dosage
and side effects of pharmacological treatments
for substance abuse disorders, and the genetic
polymorphism of the CYP450 enzyme gene (188,
215, 216). Moreover, De Fazio et al. (217) suggested
that heterozygous carriers of the CYP3A5(*)1 allele
and of two single nucleotide polymorphisms in the
P-glycoprotein gene (1236C/T and 3435C/T) showed
poor adherence to methadone maintenance due to
rapid clearance of methadone.

Along these lines, related to narcotic
metabolism and following the early work by Gold that
showed the sensitization of norepinephrine (NE) in the
locus coeruleus during opiate withdrawal is blocked
by clonidine, paved the way for understanding acute
opiate abstinence (218). Van Bockstaele & Valentino
(219) extended this work by reviewing the current
literature showing how stress-related neuropeptides
and endogenous opioids co-regulate the function
of the locus coeruleus (LC) - NE structure, and how
chronic morphine, or stress, interrupts this regulation.

4. OPIATE/OPIOID REWARD MECHANISM:
A SNAPSHOT OF NEUROTRANSMITTER
INTERACTIONS

Opioids are the most powerful analgesics
utilized in a clinical setting; yet, their potent rewarding
properties can cause several reward deficiency
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behaviors including addiction (220). The scientific
challenge is to limit the development of tolerance,
dependence, and addiction while retaining analgesic
potency. It is understood that the first ascending
pathways for pain are in dorsal horn and the medulla
of the spinal cord, however, the regulation of, and
sensitivity to pain, may exist in other neurological
loci. In particular, the brain’s mesolimbic structure
the reward center, and several genes and related
polymorphisms may influence both pain tolerance and
sensitivity. It is hypothesized that these polymorphisms
are related to a susceptibility to intolerance or
tolerance for pain and that documentation of specific
gene polymorphisms offers a particular therapeutic
target to aid in pain treatment. It is suggested that
pharmacogenetic assessment of specific candidate
genes like mu receptors, PENK, and others will result
in pharmacogenomic solutions tailored to the specific
patient, with possible advancement in clinical results
(221).

Moreover, based on the study results
reviewed herein, we hypothesize that the subsequent
coupling of these identified genes as described in this
paper, as well as other genes and their polymorphisms,
would allow for additional pharmacologically active
substance-based pharmacogenomic mapping.
The grouping will offer a map; a platform for the
development of new DNA targeted regions, which
will guide the selection of bioactive substances with
possible anti-craving mechanisms and pain relief
actions. In principle, the identification of reward
gene polymorphisms and variations in additional
physiologically-based endogenous opioid receptors
and further signaling substrates will guarantee effective
tailored clinical treatments for persons with atypical
inborn pain sensitivity (see Figure 2). This information
will undoubtedly serve as a way to combat the current
opiate/opioid epidemic. The attending clinical team
will be able to focus on short—term detoxification,
and also target known genetic, and even possibly,
epigenetic impairments that may be linked to the
etiology of the initial cause of intensive opiate/opioid-
seeking behavior. While the system, as Li et al. (222)
indicated is very complex and involves almost 400
genes, we must, at least, attempt to address both the
glutaminergic and dopaminergic systems (86). Without
this strategy, short-term detoxification related to only
focusing on Norepinephrine sensitization, by opiates,
at the locus coeruleus, is short-sighted at best.

Both the rewarding and pain-relieving
mechanisms of opioids rely on actions at opiate
receptor sites, including, but not limited to, the mu
opioid (MOR) receptor. However, systemic opioid
reward entails MOP receptor activity in the midbrain
VTA, which is comprised of dopaminergic neurons.
VTA dopaminergic neurons are associated with
several features of reward, including reward prediction
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Associated functional modules like “regulation of cytoskeleton”, “regulation of cell cycle”, “regulation of gap junction”, and “gene expression and secretion
of gonadotropins” were emphasized in carmine boxes. Many positive feedback loops were classified in this particular network. Rapid positive feedback
loops were stressed in red lines, and relaxed ones were emphasized in blue lines. This detailed addiction gene map was manually constructed based
on the common pathways identified showing the final common pathway being glutaminergic and dopaminergic (86, 222). Reproduced with permission

from, (222)

inaccuracy, working memory, and incentive salience.
It is evident that subsets of VTA neurons have diverse
pharmacological characteristics and engage distinct
circuits (223). It is known that both dopaminergic
and non-dopaminergic circuits can contribute to
VTA opioid reward. Although there is widespread
acceptance of the idea that a crucial step in MOR
reward is activation of midbrain dopamine neurons,
there may be additional work required to tease out
the possibility that in some cases, the involvement
of dopamine may not be a necessary component of
opioid reward (224-227). Certainly, we are in an early
stage of truly understanding the interactive role of
MOP and dopaminergic and GABAergic interactions
regarding producing reinforcement, or its inhibition.
We must, therefore, remain vigilant about promoting
clear cut treatment and relapse prevention techniques
by simply accepting the two-neuron model (glutamate
and dopamine), because reward may not be solely a
dopamine phenomena despite the dopamine neurons
in the VTA that form a single functional group with
uniform pharmacology (228, 229).

While the latter may not be the sole target
for treatment success, especially within an anti-opiate
dopamine restoration model, until more is understood,
we should consider developing treatment methods that
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target the ” two-neuron model” in an attempt to at least
enhance functional connectivity of the brain especially
at rest (230). Li's group showed a dysfunctional
Default Mode Network (DMN) in methadone-treated
patients who have higher heroin relapse risk. They
found that the left inferior temporal gyrus and the right
superior occipital gyrus associated with DMN had
decreased functional connectivity in heroin relapsers
when compared with heroin abstainers while, the right
middle cingulum and the left precuneus had greater
functional connectivity. Mean intensity signal, isolated
from left inferior temporal gyrus of heroin-relapsers,
presented a substantial negative correlation consistent
with the level of heroin relapse (231).

5. DOPAMINE AND BRAIN FUNCTIONAL
CONNECTIVITY

The role of dopamine in the brain at rest is
an important and an emerging area of research with
interest especially in Parkinsonism (231). Piray et al.
using systematic pharmacological manipulation of
dopamine D2-receptors and resting-state functional
imaging in humans, found that dopamine modulates
interactions between motivational and cognitive
regions, as well cognitive and motor regions of the
striatum. Specifically, stimulation or blockade of the
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dopamine D2-receptor has opposite effects (increasing
or decreasing) on the efficacy of those interactions.
In fact, attribute impulsivity, in particular, was linked
to the dopaminergic variation of ventral-to-dorsal
striatal connectivity. Subjects with increased attribute
impulsivity displayed exaggerated drug-induced
increases (following stimulation) and decreased
(following obstruction) of ventral-to-dorsal striatal
connectivity as compared to those with little attribute
impulsivity (232).

It is well known that dopamine signaling
through D2 and other dopamine receptors has been
associated with the regulation of reward processing,
cognition, the outcomes for drug abuse, relevant
aversive stimuli and is also the meaningful response
to stressors (233). In fact, Pecifia et al. discovered that
a haplotype block comprised of two SNPs, rs4274224,
and rs4581480, caused the hemodynamic reactions
within the dorsolateral prefrontal cortex (DLPFC)
during reward anticipation, and in the subgenual
anterior cingulate cortices (sgACC) during continuous
emotional processing. The authors suggest that
these findings may contribute to susceptibility to
psychopathology related to those actions, for example,
the risk for mood and substance use disorders or RDS
behaviors (233).

Recent evidence supports the fact that the
DMN consists of a group of interconnected brain
areas with correlated activity during resting state fMRI.
Moreover, this activity in the DMN is associated with
functional connections to the striatum and dopamine
levels in this brain region (234). Specifically, it was
found that a decreased dopamine state resulted in
the following system alterations: lowered global and
local productivity of the entire brain system, decreased
regional productivity in limbic regions, decreased
modularity of brain systems, and a better connection
between the generally anti-correlated task-positive
and default-mode systems. In support of the work,
earlier studies by Sambataro et al. (235) evaluated
a functional SNP in the DRD2 gene, (rs1076560
G > T), which changes the 2 D2 isoform splicing in
D2 short and D2 long. Within the anterior DMN, the
variant GG subjects had fairly increased connectivity
in the medial Prefrontal Cortex (mPFC), which was
associated with striatal DAT binding. However, within
the posterior DMN, GG participants had decreased
connectivity in the posterior cingulate compared to
T carriers. Additionally, rs1076560 genotype may
indicate connectivity variances in a striatal system and
these variations were associated with connectivity in
mPFC and posterior cingulate in the DMN. Sambataro
et al. (235) proposed that the hereditarily resolute D2
receptor signaling is linked with DMN connectivity
and that these variations are associated with striatal
function and presynaptic dopamine signaling.
Moreover, regarding cognitive processing, non-
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carriers of the A1 allele with higher DRD2 density,
display higher task-switching rates, greater prefrontal
switching functioning in the inferior frontal junction
region, and greater functional connectivity in the dorsal
frontostriatal circuits, compared to the A1 allele of the
DRD2/ANKK1-Tag A1 polymorphism, carriers (236).
Also, Stelzel et al. carried out a DRD2 haplotype
analysis and confirmed an association between high
D2-density and increased switching effort (236).
Accordingly, these results emphasize the importance
of individual differences in striatal D2 signaling in
healthy humans, leading to individual differences in
changing intentionally to newly relevant behaviors.

Finally, understanding that personality traits
linked to emotion processing, are, in part, heritable and
genetically based, Blasi et al. (237) evaluated the role
of the DRD2 (intronic single nucleotide polymorphism
in the DRD2 (rs1076560, guanine > thymine or G > T).
They found increased amygdala functioning throughout
implicit processing, and higher dorsolateral Prefrontal
Cortex (DLPFC) reaction during explicit processing of
emotional facial stimuli in GG participants paralleled
with GT. Also, the rs1076560 genotype is associated
with differential relationships between amygdala/
DLPFC functional connectivity and emotion control
scores.

The mesolimbic dopamine network is a
portion of the brain’s reward circuitry. It regulates
a person’s reactions to rewards, like food, social
exchanges, and money, and is a significant factor
involved in motivational drive. Midbrain dopamine
neurons prominent in the striatum are a finite part of
the reward-like processes. Recent work from Ferenczi
et al. (238) clearly demonstrated that the stimulation of
midbrain dopamine neurons pushes both striatal fMRI
Blood Oxygen Level-dependent (BOLD) functioning
and reward-seeking behavior. Moreover, they also
showed that suppressing dopamine neurons subdues
functioning in the striatum, as well as other brain areas,
such as the hypothalamus (238), and pushes avoidance
behavior (239). They also detected striatal reactions
to dopamine, as well as, the behavioral motivation to
pursue dopamine neuronal stimulation and natural
rewarding stimuli. Most importantly, they determined
that steadily increased mPF excitability coordinates
corticolimbic  BOLD and  electrophysiological
functioning, which can, in turn, determine anhedonic
behavior in individual animals (238). Interestingly, the
mPFC has glutaminergic neuronal input (90) ), and
there is indeed a requirement to balance and optimize
the fine interaction between mPFC-Glutaminergic
input to striatal mid-brain dopamine, and the resultant
release of dopamine at the VTA-NAc. These new
findings have direct implications for the decreased
functional connectivity in heroin relapsers found by
Li’'s group (230) and our pivotal finding that KB220Z
complex (discussed below) may indeed induce BOLD
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activation due to a potential utilization of the mechanism
of glutaminergic-dopaminergic optimization.

6. EPIGENETIC EFFECTS ON REWARD
GENES CAN LEAD TO ABERRANT-
SEEKING BEHAVIOR

A PUBMED word search for “epigenetics
and addiction” revealed 145 articles as of 01/09/2016.
However, a narrower search using “epigenetics
and opiate addiction” listed only four articles (240-
243). Kenney (242), pointed out that changes in
gene expression are a part of addiction-related
neuroplasticity, but that the methods by which, addictive
drugs alter brain motivation circuits, continues to be
uncertain. Moreover, MicroRNAs (miRNAs) are a group
of non-coding RNA that can control the expression of
many groups of protein-coding mRNA transcripts by
binding to the 3’ untranslated region (3° UTR) of the
target transcripts and hindering their translation into
the encoded protein or activating their disruption and
degradation. Research has increasingly supported
the involvement of miRNAs in controlling, addiction-
related neuroplasticity in the brain, and in regulating
the motivational characteristics of cocaine and other
drugs of abuse. Along these lines, others (244) have
shown that leukocytes from methadone-substituted
former opiate addicts, compared with matched
healthy controls, had an increased methylation of a
CpGe-rich island in the OPRM1 gene which codes for
y-opioid receptors and expression impacted by global
methylation site (LINE-1). Thus, higher DNAmethylation
was associated with chronic opioid exposure; that
effect was reproduced in an independent cohort of
opioid-treated patients, compared to pain patients not
treated with opioids. Thus, opioids may stimulate DNA
methylation. Furthermore, Doehring et al. (240) also
found that the global DNA methylation at LINE-1 was
significantly correlated with increased chronic pain.
While more evidence is required, this important work
suggests that opioids may be causally associated
with increased genome-wide DNA methylation. Higher
methylation may provide a reasonable epigenetic
mechanism for opioid-induced hyperalgesia.

In other work, Abdolmaleky et al.(244) and
others (109) suggested that the epigenetic effects
on an array of genes, may result in altered gene
expression across the brain reward circuitry, leading
to not only risk for opiate/opioid addiction, but many
RDS behaviors. The array of genes includes: (DRD2,
DRD3, and DRD4), serotonin receptor 2A (HTR2A)
and COMT, DRD1, NMDA receptor genes (GRINT,
GRIN2A, GRIN2B), brain-derived neurotrophic factor
(BDNF), and dopamine transporter (SLC6A3). They
suggested, for example, that studies have indicated
epigenetic alterations of reelin (RELN), BDNF, and
the DRD2 promoters that may present vulnerability to
psychiatric disorders. They further point out, that the
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hypoactive DRD?2 alleles and the hyperactive COMT
alleles, which damage the dopamine in the synaptic
cleft, are linked to poor brain function. In an attempt to
provide some clinical translational therapeutic targets,
Abdolmaleky and associates (244) suggested that
employing dopamine D2 receptor agonists or COMT
inhibitors will be beneficial for patients with negative
symptoms such as depression. These concepts have
also been reported by Kato & Iwamoto (111), especially
for bipolar disorders.

One interesting example from Szutorisz et
al. (245) clearly showed that parental THC exposure
was related to variations in the mRNA expression of
Cannabinoid, dopamine, and glutamatergic receptor
genes in the striatum, constituents of the neuronal
circuitry arbitrating compulsive actions and reward
sensitivity. Specifically, they showed that adolescent
exposure to A(9)-tetrahydrocannabinol (THC) effects
behavioral and neurobiological irregularities in the
succeeding generation of rats as an outcome of
parental germline exposure to THC. In fact, adult
F1 offspring that were unexposed to THC displayed
increased work effort to self-administer heroin during
the period of acute heroin withdrawal, showing the
long-term impact of epigenetics (245).

7. ANTI-OPIATE DOPAMINE RESTORATION
MODEL: PROPOSING NOVEL CLINICAL
STRATEGIES TO CHANGE THE RECOVERY
LANDSCAPE

7.1. Genetic addiction risk

A flood of research studies in the field
of neurogenetics followed the discovery of an
association between the DRD2 gene polymorphism
and severe alcoholism. Genome-Wide Association
Studies (GWAS), Whole Exome Sequencing (WES)
lead to the development of Functional Genome
Convergence. These developments have driven
controversy nonetheless grouping these approaches
with the multiple-candidate gene method has value as
a very practical approach to identifying behavioral and
actual, genetic allelic associations, that will eventually
describe both risk and etiology.

The umbrella phrase, Reward Deficiency
Syndrome was conceived of in 1996 to elucidate
the common neurochemical and genetic pathways
that are part of both substance and non-substance
addictive, behaviors(66). Notably, the suggestion is
that the actual phenotype is RDS, and deficiencies
in the brain’s reward cascade, either hereditary
or environmentally (epigenetically) produced, are
responsible for impulsive, compulsive, and addictive
behaviors both substance and non-substance.
Comprehension of this shared mechanism will
eventually lead to improved diagnosis, treatment
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and relapse-prevention. We cannot as yet proclaim
that we have “hatched the behavioral addiction egg”
(246), we are, however, starting to make the right
inquiries. Based on numerous independent studies
from around the world, it is becoming increasing clear
that risk analysis of reward gene polymorphisms
could provide vital information, for addiction clinicians.
While many studies are investigating high and
low drug metabolism, in particular for opiates like
buprenorphine/naloxone with polymorphisms of the
P450 system, pharmacogenetic information seems
limited regarding altering clinical outcomes and the
test, by itself, has questionable value. However, many
strongly believe that pharmacogenetic testing is indeed
relevant to clinical practice, and it will continue to be a
wave of the future (247). Moreover, the development
of a polygenic polymorphic test to evaluate risk for
all addictive behaviors is a worthwhile endeavor, and
some studies have clearly addressed this possibility for
future clinical practice (248). For example, Gerra et al.
(249) provided clear evidence that the dopaminergic
system is linked to buprenorphine treatment response
in heroin-addicted humans. Surprisingly, they found no
difference between responders and non-responders to
buprenorphine in the incidence of kappa opioid receptor
(OPRK1) 36G>T SNP. Nevertheless, the incidence
of dopamine transporter (DAT) gene polymorphism
(SLC6A3/DAT1), allele 10, was significantly increased
in  “non-responder,” above “responder” persons
(64.9.% vs. 55.9.%). The incidence of the class of
additional alleles was increased in the responder
group, rather than in non-responder persons (11.0.%
vs. 2.1.% respectively). These outcomes dovetail with
the effort of others, presenting improved treatment
results and agreement based on dopaminergic
polymorphisms, where hypodopaminergic qualities
facilitate an enhanced reaction throughout treatment.
We theorize that carriers of the 9 allele of the DAT1
would present an improved treatment reaction with
buprenorphine because of its rapid transport function,
causing a hypodopaminergic attribute. Based on these
and many other studies reviewed previously, (250) we
encourage further research and development of a risk
stratification test for RDS behaviors (251-254). Other
important work by Pearson-Fuhrhop et al. (255) drew
data from three separate groups: 1. a discovery group
of healthy adult subjects (n=273); 2. a duplication
group of adults suffering from depression, (n=1,267);
and 3. a group of healthy adult subjects (n=382). A
genetic risk score was then produced by merging
functional polymorphisms from five genes involved in
synaptic dopamine availability (DAT and COMT) and
dopamine receptor binding (DRD1, DRD2, DRD3).
They found that the genetic risk score associated
with depressive symptomatology and poor dopamine
genetic risk scores specified decreased dopaminergic
neurotransmission that anticipated increased levels of
depression. The authors also simulated these results
with a comparable genetic risk score based on genetic
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data from adults suffering from depression Based on
these results, Pearson-Fuhrhop et al. (255) suggested
that a sequence variation in multiple dopaminergic
genes may influence depressive symptoms in an
apparently, additive manner.

These novel advances suggest the possibility
of utilizing genetic profiles to determine genetic risk for
opiate/opioid dependence, especially before patients
are placed on powerful pain-relieving, narcotic—like
compounds.

7.2. Drug —urine testing

Substance use disorders are multi-faceted
and difficult to treat with the progression of the disorder
impacted by, aspects of treatment results and relapse.
Assessment and quantification of these aspects are
vital to decrease the disorder and increase positive
outcomes. A majority of clinicians would concur that
compliance with prescribed treatment medications,
as well as patient abstinence from drugs of abuse
throughout treatment, are significant challenges in
chemical addiction programs. A 01/10/2016 PUBMED
search resulted in only one article that matched the
following terminology: “urine analysis and compliance
to prescribed treatment medications and abstinence
during in-patient or out-patient treatment” (19). A
briefer word search did not uncover any other articles.
One article was discovered regarding non-cancer pain
patients, and the authors had established that “regular
urine drug testing should be a part of acute and chronic
pain management whether or not the patient has any
signs or symptoms of drug misuse” (256). Likewise,
a 01/10/2016 PUBMED search discovered no articles
that equal the following terminology: “urine analysis
and abstinence to drugs of abuse during in-patient or
out-patient treatment.” While medications have been
used and studied for over 20 years, the PLosOne article
(19) is the only systematic analysis of both compliance
to treatment medications and abstinence from licit
and illicit drugs throughout treatment in one group
investigation. However, there are arguments for, and
against, standard drug urine screens regarding clinical
outcome during treatment. Starrels et al. (257) argued
that there is weak evidence to support the success of
opioid treatment agreements and urine drug testing in
decreasing opioid abuse by patients with chronic pain
throughout treatment. In contrast, others suggest that
urine drug testing is still an invaluable resource for
primary care (258).

In support of continued drug urine
testing during treatment, it was reported that the
Comprehensive Analysis of Reported Drugs (CARD)
data used in a post hoc retrospective observational
study from 10,570 patients, categorized to comprise
2,919 patients given at minimum one treatment
medication through 2010 and 2011. Specifically, the
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initial and final urine samples (5,838 specimens) were
examined; compliance with treatment medications
and abstinence from drugs of abuse maintained
treatment success for several patients. Paralleled
with non-compliant patients, compliant patients were
slightly less prone to abuse opioids, cannabinoids, and
ethanol throughout treatment, though more probable
to abuse benzodiazepines. Nearly 17% of the non-
abstinent patients used benzodiazepines; 15% used
opiates, and 10% used cocaine throughout treatment.
Compliance was considerably increased in residential,
compare to non-residential treatment facilities.
Furthermore, in 2010, 16.9.% of the patients were
abstinent initially, but not at final urine testing, whereby
this diminishing abstinence declined and in fact
abstinence levels increased in 2011 and this outcome
was statistically substantial. Lastly, a longitudinal
analysis for abstinence revealed a statistically
significant upward trend of abstinence frequencies as
well as a comparable, but more powerful, tendency for
compliance. Interestingly, similar findings have been
obtained in unpublished work, showed significant
opiate abuse in compliant buprenorphine/naloxone
patients. These, and other results by Jabobs et al.
(259), provide a strong rationale to use urine drug
testing as an intervention. In fact, urine drug screening
may have relevance in a global arena as well, where
females living in a household may provide relevant
information about substance abuse in the family (260).

7.3. Gentile pro dopamine therapy: with glutami-
nergic-dopaminergic optimization required for
long-term dopamine homeostasis

A feeling of well-being may be achieved only
when dopamine is released in the nucleus accumbens
at balanced “dopamine homeostatic” levels. Genetic
and epigenetic abnormalities produce a dysfunction
of dopamine called “dopamine resistance,” that can
cause aberrant cravings. Even if we have not yet
determined other potential opioid non-dopamine
reward mechanisms as proposed by Fields’ group
(261). Consequently, there is a necessity for a
compound that can target and achieve dopamine
regulation (i.e., dopamine homeostasis) is required for
well-being. Further, there is a need for a non-addictive
compound that can be administered to normalize
brain impairments by activating the release of optimal
amounts of brain dopamine at the reward site and
thus, reduce excessive craving behaviors.

It is accepted that drug addiction is
characterized by extensive irregularities in brain
activity and neurochemistry that incorporate drug-
related alterations in the concentrations of the
excitatory and inhibitory neurotransmitters glutamate
and gamma - aminobutyric acid (GABA), respectively.
In healthy persons, these neurotransmitters activate
the resting state, a default state of brain activity that is

1263

also interrupted in addiction. We are in agreement with
the concept that resting state functional connectivity
may have clinical relevance crucial to the development
of and risk for all RDS behaviors. Studies have shown
that addicted individuals tended to show decreases
in the glutaminergic system compared to healthy
controls (262). Moreover, select corticolimbic brain
regions showing glutamatergic and/or GABAergic
abnormalities have been similarly implicated in resting-
state functional connectivity deficits in drug addiction
(262). There are many studies showing impairments
of resting state functional connectivity with alcohol,
opiates, cannabis, psychostimulants, nicotine,
glucose, and even some behavioral addictions, further
suggesting the need to find compounds that will restore
normal resting state functional connectivity (263-277).

Along these lines, it has been shown that
N-Acetyl-Cysteine, compared to placebo in smokers
who maintained abstinence, reported fewer cravings
and higher positive effects, and concomitantly
exhibited stronger rsFC between ventral striatal nodes,
medial prefrontal cortex and precuneus-key default
mode network nodes, and the cerebellum (264). Most
recently, our laboratory proposed the combination of
N-Acetyl-L-Cysteine with a well-known enkephalinase
inhibitor and other pro-dopaminergic substances
to combat aberrant RDS behaviors The Blum et al.
laboratory (83) showed that a pro-dopamine complex
mixture called KB220Z induced an increase in BOLD
activation in caudate-accumbens-dopaminergic
pathways of abstinent heroin addicts when compared
to placebo 1-hour after acute administration. Also, in
these abstinent heroin addicts, resting-state activity
was reduced, in the putamen by KB220Z. In the
second phase of this pilot study, three brain regions
of interest were observed to have been significantly
activated above resting-state by KB220Z compared
to the placebo in all ten abstinent heroin-dependent
subjects (with protracted abstinence on average
of 16.9. months). Specifically, increased functional
connectivity was seen in a putative network that
included the dorsal anterior cingulate, medial frontal
gyrus, nucleus accumbens, posterior cingulate,
occipital cortical areas, and cerebellum. These
results and other quantitative electroencephalography
(qEEG) study results suggest a putative anti-craving/
anti-relapse role of KB220Z in addiction by direct or
indirect dopaminergic interaction (278-280).

Regarding support for the concept of long-
term activation instead of blocking dopamine release
in the NAc and other relevant brain regions like the
cingulate gyrus (relapse region), Willuhn et al. (281)
pointed out that cocaine consumption, and even non-
substance-associated addictive behavior, increases
as dopaminergic activity declines. Habitual cocaine
exposure has been linked to a reduction in D2/D3
receptors and was also linked to decreased activation in
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response to cues in the occipital cortex and cerebellum
as indicated in a recent PET study by Tomasi et al.
(282). Also, Volkow et al. (283) showed that stimulant—
induced dopamine increases are markedly blunted
in active cocaine abusers despite methylphenidate-
induced changes in the ventral striatum, which were
associated with intense drug craving. It is our opinion
that this seemingly paradoxical response is consistent
with super sensitivity, as proposed earlier with the
possibility of relapse, especially in DRD2 A1 carriers
(69). In clear support for the potential for utilizing
compounds that induce dopamine homeostasis in the
long-term, Badgaiyan, and associates (284) recently
reported, that at rest, the ligand binding potential
(BP) was significantly higher in the right caudate of
ADHD volunteers, suggesting reduced tonic dopamine
release. During task performance, significantly lower
ligand BP was observed in the same area, indicating
increased phasic release. In ADHD, the tonic release
of dopamine is attenuated, and the phasic release is
enhanced in the right caudate. This characterization
of the nature of dysregulated dopamine
neurotransmission in ADHD helps to explain earlier
mixed findings of reduced or increased dopaminergic
activity, which may also be the case in other RDS
behaviors, including risk for opiates/opioids. Certainly,
it is known that carriers of the DRD2 A1 allele have a
higher chance of relapse as reported by Dahlgren et
al. (285). Therefore, while we agree with the short-term
utilization of FDA MATs to block excessive dopamine
release leading to psychological extinction, we must
at the same time reject long-term treatment strategies
such as the use of potent D2 agonists like bromocriptine
which will ultimately reduce dopamine D2 expression
(286). As such, long-term even life-long treatment with
gentle pro-dopamine therapy, not potent D2 agonists,
may provide dopamine homeostasis. We are therefore
proposing that an anti-opiate restoration strategy that
can preserve dopamine activity may be a unique and
effective method of relapse prevention in opiate/opioid
abuse, acute abstinence, and behavioral addictions,
and warrants considerably more research.

Our essential tenet is that addiction has a
high genetic inheritability factor, based upon reward
deficiency, a hypodopaminergic characteristic, and
does not follow Mendelian inheritance (sui generis). We
believe that in order to change the continued abuse of
opiates/opioids by a very significant number of people
in the USA, an anti-opiate dopamine restoration model
AODR if adopted might have better long-term clinical
outcomes (287). The studies presented in this review
support following our proposed strategic treatment
plan, and scientists across the globe may be inspired
to evaluate our concept further.

Substantial progress can be seen in our
present comprehension of several features of RDS and
associated addictive behaviors including neurobiology,
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candidate reward and additional genes, and numerous
genomic-based human and animal experiments. With
the advent of neuroimaging tools, comprehension
of each psychiatric disorder has improved, and vast
knowledge about brain activity and behavioral functions
has been acquired. Genome-wide association
studies have recognized unique clusters of gene
polymorphisms and may indeed find real answers by
gene convergence linked to top candidate genes in the
final analysis. Genome-wide studies may have failed,
to date, due to poor controls, whereby these so —called
controls have hidden or unscreened RDS behaviors.
Perplexity in the literature has transpired because
we have not accepted the right phenotype to assess,
and we have not obtained disease-free controls in
several of our genetically-based studies - something
that is continuously problematical in behavioral genetic
research.

There remains a large health concern with
few treatment options permitted by the FDA and
presently accessible. A new KB220 variant that can
induce dopamine homeostasis a “Glutaminergic-
Dopaminergic Optimization Complex” is just one
part of the AODR model (see Figure 3). This model
proposes that we should begin to employ genetic
testing to determine risk stratification, drug urine
screening for patients in both in-patient and out-patient
opiate substitution programs, and provide, especially
during treatment and aftercare, a methodology that will
promote long-term “dopamine homeostasis.”

7.4. Promising new therapies

There are other promising therapies primarily
affecting cocaine abuse that could, however, have
similar mechanisms, and effect opioids. We need to
encourage additional research, such as the new work
reported by Harraz and Snyder (288), which provides
convincing evidence that Nitric Oxide-nitrosylation
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) transcriptional signaling mediates behavioral
actions of cocaine. They propose that a new compound,
CGP3466B, powerfully prevents GAPDH nitrosylation,
impeding the signaling cascades and hindering both
behavioral activation and the neurotoxic results of
cocaine use. Also, others have used optogenetics;
opsin microbial engineering and molecular-genetic
models for cell-type targeting and optical strategies for
guiding light through brain tissue, allowing for optical
control of defined cells in living systems. Deisseroth’s
group (289) recently used target transcranial magnetic
stimulation (rTMS) in a clinical study to help patients
addicted to cocaine. In essence, they found that 69%
of the rTMS-treated group of 32 cocaine dependent
individuals compared with 19% of the control group
in remained drug-free during the initial treatment
phase, (as tracked by urine drug tests). The rTMS
treated group also reported significantly less cocaine
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Anti Opiate Dopamine Restoration Model

Day 1 Admission to a Chemical Dependency Program
Acute Abstinencel/Withdrawal

History & Physical-Plan of Care for any physical problems & SUD

Drug Urine Screen (Initial urine collection)

Genetic Addiction Risk Score (Once only saliva or buccal swab collection)

Day 1-7 Detoxification
Supported acute withdrawal

Medical Assisted Treatment (MAT) e.g. acamprosate calcium (Campral)
Glutaminergic-Dopaminergic Optimization Complex (like KB220Z)
Comprehensive Analysis of Reported Drugs (CARD) Random Drug Urine Screens
Pro dopaminergic modalities initiated as tolerated.

Day 8 to Discharge Treatment Program

Monitored abstinence, Supported withdrawal, & Stabilization
Holistic approach to recovery
Pro-dopaminergic treatment modalities -brain rebalancing; glutaminergic-dopaminergic
optimization complex (like KB220Z) hyperbaric oxygenation, exercising neural circuits via
neuro-feedback, hypnotherapy, eye movement desensitization and reprocessing, and
stimulating dopaminergic reward sites with music, and art, and developing life skills;
nutritious diet, regular exercise, and meditation spiritual practice.
Discussion of GARS —Risk of relapse and severity
Talk Therapies —like Counseling particularly for dual diagnosis, support groups, Neuro-
linguistic Programming, Motivational Interviewing, Cognitive Behavioral, Contingency
Management, and Couples, and Family therapy.
Feedback from CARD -Random Drug Urine Screens

Recovery Lifetime in Recovery
Prolonged abstinence Increases vulnerability to relapse

Follow-up Until the dangerous cycle of use, abuse, abstinence and relapse is broken. Five
year remission rates set the outcome standard for chronic and relapsing diseases like
addiction.

CARD Random urine screens.

Support Talk therapies Counseling, Groups like NA or AA 12 step programs
Maintain dopamine homeostasis:

Practice Pro-dopaminergic treatment modalities and develop life skills for natural
dopaminergic reward stimulation.

Glutaminergic-dopaminergic optimization complex (like KB220Z) continue for 3 years if no
genetic risk or for life with genetic risk.

Figure 3. This is a schematic of the anti-opiate dopamine restoration model. The AODR model a suggested plan that starts when an opiate/opioid-
dependent patient enters a treatment center interested in detoxification. An initial history and physical examination that includes the collection of saliva/
cheek cells and urine is taken on day one. The cheek cells will be used to determine the Genetic Addiction Risk Score (GARS), and the urine will be
processed for initial screening for compliance with MAT like Buprenorphine/Naloxone and absences from other licit and illicit drugs of abuse in the
urine. The detoxification process will then take place over six-days. A careful tapering process that utilizes clonidine benzodiazepines and includes
a glutaminergic-dopaminergic optimization complex; KB220Z and any other medications necessary to provide an easier acute opiate withdrawal is
recommended. The genetic test results could be discussed with the patient following detoxification whereby the GARS test could determine risk severity
and identify risk of relapse. Patients with either risk or no risk alleles can be identified. Both groups should receive short—term non-opioid MATs such
as Acamprosate®, to extinguish reward from their drug of choice. Concurrently they should be treated with KB220Z to assist in the normal release of
dopamine and improve resting state connectivity, cognition and reduce cravings. They should continue with routine drug urine screening, and attend self-
help groups like Alcoholics and Narcotics Anonymous. Finally, in the long term, the non-genetic risk group should receive KB220Z for at least 3 years; the
time considered for the brain to heal following protracted abstinence from opiate/opioid dependence, while the high genetic risk patients may need to take
a glutaminergic-dopaminergic optimization complex for life, possibly customized against specific polymorphic reward genes (278)

craving. Others have proposed the utilization of TMS the NAc to provide a normal level of pleasure (292).
in refractory heroin addicts, especially by targeting the Importantly, Koob & LeMoal (293) propose that opioids
cingulate gyrus and NAc brain regions (290). trigger addiction by starting a vicious cycle of altering
this set point, such that the discharge of dopamine
7.5. Understanding “the changed setpoint theory” is decreased when typically enjoyable activities
of opiate withdrawal happen and opioids are not in the system. Likewise,
an alteration in set point occurs in the LC, but in the
Finally, we are cognizant of what has been reverse direction, such that NAc discharge rises
termed “the changed setpoint model” of drug addiction throughout withdrawal.
(291), which is based on the altered neurobiology of
the dopamine neurons in the VTA and of the Locus In this model, both the positive (drug-liking)
Coeruleus (LC) neurons during the early stages of and negative (drug withdrawal) features of drug
acute withdrawal and abstinence. It is well-established addiction are taken into account. A particular method
that neurons of the mesolimbic reward pathways that the dopamine neurons can become dysfunctional
are naturally “set” to release enough dopamine in is linked to a modification of their standard resting
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levels of electrical functioning and dopamine discharge
(292). However, it is noteworthy that in ADHD patients
and possibly in RDS, the tonic resting dopamine trait
is low as discovered by Badgaiyan et al. (284). In this
additional variant of the altered setpoint model, this
resting level is the outcome of two aspects that affect
the quantity of resting dopamine discharge in the NAc.
Firstly, the cortical excitatory (glutamate) neurons
that push the VTA dopamine neurons to discharge
dopamine, and secondly, autoreceptors (“brakes”
potentially GABA from the Substantia Nigra) that stop
additional discharge when dopamine levels become
extreme. Acute stimulation of the opioid receptors
by heroin and heroin-like drugs primarily avoid these
brakes and lead to a large discharge of dopamine in
the NAc. Nonetheless, with frequent heroin use, the
brain reacts to these consecutive great dopamine
discharges by raising the amount and force of the
brakes on the VTA dopamine neurons.

Eventually,theenhanced “braking,” essentially
unknown auto-receptors, prevent the neurons’ resting
dopamine discharge. When this occurs, the individual
will consume even more heroin to counterbalance
the decrease of normal resting dopamine discharge.
When he or she ends using heroin, a state of dopamine
deficiency will occur, causing withdrawal symptoms;
dysphoria, pain, distress, nausea that can ultimately
lead to a series of drug relapse events. One option
is that the excitatory cortical pathways may create
slight reactions in the VTA through the resting state,
leading to decreases in dopamine. Nevertheless,
when the opiate dependant individual is open to
cues that generate cravings, the glutamate pathways
may activate to increase dopamine and motivate a
desire for a superior high. This corresponding rise
in glutamate functioning will increase NAc discharge
from the LC to generate a dysphoric state, prompting
relapse and prolonged addiction. While this tenet
seems reasonable and as proposed by Kosten &
George, drugs that are antagonists to the glutaminergic
system, like lamotrigine, will reduce dopamine during
opiate-induced withdrawal, may not be prudent. (291),
drugs that are antagonists to the glutaminergic system,
like lamotrigine, will reduce dopamine during opiate-
induced withdrawal, may not be prudent. Infact, in 1976,
Blum et al. (35) using an ethanol—inhalation technique
found that both L-DOPA and intracranial-injection of
dopamine resulted in attenuation of ethanol-induced
withdrawal convulsion scores; whereas, haloperidol, a
known dopaminergic-D2 receptor blocker, was found
to significantly increase convulsion scores. Moreover,
using the same experimental design, they found that the
acute administration of morphine, alcohol or dopamine
effects a marked suppression of the convulsions
created by alcohol in mice. The suppressive reaction
of morphine on alcohol withdrawal in the mouse is
seemingly not a result of morphine intoxication, but
rather of some, particular additional contact between
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alcohol and morphine in the central nervous system.
The assumption proposes that dopamine may serve
as a modulator in the withdrawal symptoms of both
alcohol and opiates/opioids based on common
blocking of induction of protein into the brain RNA by
cycloheximide (32, 294, 295).

Importantly Gronier et al. (296), proposed
that activation of midbrain dopamine neurons by the
systemic administration of 5-HT1A agonists does
involve the inactivation of a tonic GABAergic tone,
mainly in the GABAB receptors. This activation
probably leads to the stimulation of a glutamatergic
excitatory drive from the PFC to the VTA and an
increase in glutamate release. This increased
glutamate release will stimulate dopamine neurons,
favorably within NMDA receptors. While there are
many facets to understanding the complex nature of
glutamine and dopamine interactions, the exact role of
the glutaminergic drive onto VTA dopamine neurons is
not understood. In fact, most recently, Baker et al. (107,
297) and NIDA scientists (107) reported outcomes that
presented that multiplexed VTA neurotransmission
may be facilitated by either the separation of dopamine
and glutamate into distinctive micro-domains within a
single axon or by the incorporation of glutamate and
GABA into a single axon terminal. This convergence
suggests actual cross—talk between glutamate and
GABA in the same neuron, whereby both genetic and
epigenetic factors provide the basis for the net release
of VTA dopamine at, for example, the NAc.

Understanding the mechanisms involved in
acute opiate/opioid abstinence provides the framework
to determine therapies not just for withdrawal symptoms
in the short—term, but also directed towards finding new
ways to induce long-term dopamine homeostasis. The
AODR model is an attempt to target both neurogenetic
and epigenetic mechanisms so that dopamine balance
may be maintained to achieve a normal experience of
pleasure, free of addictive agents like methadone and
buprenorphine (Figure 4).Lives are being lost, we must
proceed, but with great caution and continue the work
of addiction science until the real “magic bullets” are
discovered (107, 297-301).

In the United States, 8-10% of individuals,
ages 212 years, approximately 20-22 million persons
nationwide, are addicted to alcohol or other drugs of
abuse. The abuse of tobacco, alcohol, and illicit drugs
in the United States causes greater than $700 billion
per year in expenditures associated with crime, lost
work throughput, and health care (302-305). With
almost one trillion in annual productivity cost and
thousands dying every day in America (25,000 last
year), we must begin to understand that all addictive
behaviors result from a real brain disorder. Most
recently, Volkow from NIDA, Koob from NIAAA, and
others (302) provided clear evidence linking addiction
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to neurobiology. They adequately assessed evidence
about the desensitization of reward circuits, which
reduces the capacity to feel pleasure and the drive to
persue ordinary healthy activities and undertakings.
They assessed the rising power of habituated reactions
and stress reactivity, which causes more cravings for
alcohol and other drugs and adverse emotions when
these cravings are not satiated. Also, they noted that
the diminishing of brain areas involved in executive
actions such as decision making, inhibitory control,
and self-regulation, lead to recurrent relapse. The take
home message based on the Volkow et al. review
(302) is the suggestion that brain regions need to
balance to help regulate the “normalization” of brain
function. It points to a better understanding of high
genetic risk and the need to fix these infractions that
in some individuals are present at birth through either
DNA gene polymorphisms or chromatin epigenetic
alterations  (environmental) passed from one
generation to another (245).

Recent work from Zhang et al. (306) used
Granger Causality Analysis to investigate directional
causal influences among the brain circuits in
heroin-dependent individuals (HDI)s - during opioid
maintenance treatment (OMT) compared to non-
opioid users. Their results revealed a weaker effective
connectivity between the caudate nucleus implicated
in mediating the reward circuit and other brain regions
and also a weaker connectivity between the anterior
cingulate cortex and medial prefrontal cortex involved
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in mediating inhibitory control. In contrast, HDIs-OMT
exhibited stronger effective connectivity between the
hippocampus and amygdala implicated in mediating
learning-memory, and the anterior cingulate cortex
involved in mediating inhibitory control while the
putamen mediated learned habits, suggesting that the
hippocampus and amygdala may propel the memory
circuit to override the control circuit and drive the
learned habit in HDIs-OMT. These interesting findings
may provide insight into treatment targets. The authors
correctly suggest that sustained neural effect of opioid
dependence on methadone maintenance including
hyperactivation in the memory circuit and impairment
in the control circuit, support the role of the memory
circuitry in relapse, and may help redefine targets
for treatment. Interestingly, our findings with KB220Z
showed an enhanced resting state in abstinent heroin
addicts accompanied with an enhanced functionality
in the control circuit (cingulate gyrus) as well as a
reduced or balanced activity of the hippocampus
putamen seems to help explain the delayed onset of
relapse in poly-drug abusers obtained, in earlier work
(84).

Finally, in alcohol dependent and abstinent
subjects and rodent models surprisingly Hirth et
al (307) found convergent evidence revealing a
‘hyperdopaminergic “state during three weeks
alcohol abstinent in rats that seems to agree with
their post-mortem human data. While this could be
the fact, it would be of interest to apply the Granger

© 1996-2017



Opiate/opioid abstinence: Treating the symptoms and cause

Causality Analysis as described by Zhang et al. (306)
to provide a clearer view as to exactly which regions
of the brain maybe “hypodopaminergic’ compared to
“hyperdopaminergic” as reported for maintained heroin
addicts as well as abstinent heroin addicts in earlier
studies the same group in China (83-85). Moreover,
it would have been important to characterize the
alcoholic cohort presented by the Hirth et al. study by
genotyping the entire sample and then by genotype
re-evaluate the results to eliminate DNA polymorphic
traits. However, even until this question is resolved the
best approach for targeting relapse prevention at least
for opiate/opioid dependence during recovery is to
balance cannabinergic- endorphinergic -glutaminergic-
dopaminergic brain function by using D-Phenylalanine
and N-Acetyl L-Cysteine NAC novel therapeutic
ingredients as found in KB220Z.

Regarding therapies many psychiatrists treat
opiate and alcohol dependent individuals with the
substance Gabapentin that has been shown in some
studies to reduce subsequent substance seeking
(308). The effect is simply due to an attenuation of
dopamine release at NAc leading to psychological
extinction. The pharmacological effect of Gabapentin is
due to its activation of GABA signaling. With this said,
we would like to caution clinicians as to the prolonged
use of Gabapentin especially in recovery, because
blocking dopamine function in the long-term will induce
relapse. Moreover, there is a growing concern about
gabapentin misuse. In one study, Bastiaens et al. (309)
showed that 26 percent of opiate addicted patients
reported illegally obtaining, overusing, or malingering
to obtain gabapentin. This effect seems to be specific
for opiate addicts.

8. CONCLUSION

The steep increase in prescription opioids
in the United Sates has led to a significant parallel
increase in opioid and heroin misuse and fatal
overdoses. Unfortunately, there has also been a
drastic increase in the number of infants born with
neonatal abstinence syndrome (NAS). Moreover, in
the U.S., where approximately 14-22% of pregnant
women receive these opioids legally, the rise in NAS
may be due to prescription opioids.

This review was written in support of our
proposed AODR model (Figure 3). We encourage the
scientific community to, as suggested, in the DSM-
5, treat acute opiate/opioid abstinence in the short-
term focusing on withdrawal symptoms. Additionally,
the model we are proposing is to concentrate at the
same time, on treating the etiology of RDS, the long-
term “hypodopaminergic” trait/state as demonstrated
by reduced resting-state dopamine tone. Through
required additional research, we may find new
ways to enhance an optimization of glutaminergic/
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dopaminergic systems and induce “dopamine
homeostasis” despite either a “hypo” or “hyper”
dopaminergic trait/state.

9. ACKNOWLEDGEMENTS

The initial idea for this paper was inspired
by a conversation between Drs. Gold, McCall and
Jacobs. The original draft was developed by KB, MG,
WJ and VM. Subsequent drafts were provided by MF,
DB, KD ZD and RB. All authors made contributions
to many aspects of this manuscript and subsequently
approved the final work. Any and all concerns or
questions of accuracy or integrity of any part of this
intensive review has been resolved. The authors
are very appreciative of Margaret A. Madigan for her
expert edits of the entire manuscript and development
of Figures 3 and 4

10. REFERENCE

1. C. Rowe, G. M. Santos, E. Behar and
P. O. Coffin: Correlates of overdose risk
perception among illicit opioid users. Drug
Alcohol Depend, 159, 234-9 (2016)

DOI: 10.1016/j.drugalcdep.2015.12.018

2. S. M. Levine: Narcotics and Drug Abuse.
Cincinnati, Ohio: The W. H. Anderson
Company (1974)

3. P.Lanser and S. Gesell: Pain management:
the fifth vital sign. Healthc Benchmarks,
8(6), 68-70, 62 (2001)

4. J. N. Campbell: APS 1995 Presidential
address. . The Journal of Pain, 5(1), 85-88
(1996)

DOI: 10.1016/s1082-3174(96)80076-6

5. N. E. Morone and D. K. Weiner: Pain as the
fifth vital sign: exposing the vital need for
pain education. Clin Ther, 35(11), 1728-32
(2013)

DOI: 10.1016/j.clinthera.2013.10.001

6. T.J. Cicero, M. S. Ellis, H. L. Surratt and S.
P. Kurtz: The changing face of heroin use in
the United States: a retrospective analysis of
the past 50 years. JAMA Psychiatry, 71(7),
821-6 (2014)

DOI: 10.1001/jamapsychiatry.2014.366

7. N. Dasgupta, K. Creppage, A. Austin,
C. Ringwalt, C. Sanford and S. K
Proescholdbell: Observed transition from
opioid analgesic deaths toward heroin. Drug
Alcohol Depend, 145, 238-41 (2014)

DOI: 10.1016/j.drugalcdep.2014.10.005

© 1996-2017


https://doi.org/10.1016/j.drugalcdep.2015.12.018
https://doi.org/10.1016/s1082-3174(96)80076-6
https://doi.org/10.1016/j.clinthera.2013.10.001
https://doi.org/10.1001/jamapsychiatry.2014.366
https://doi.org/10.1016/j.drugalcdep.2014.10.005

Opiate/opioid abstinence: Treating the symptoms and cause

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

K. Wolff and R. Perez-Montejano:
Opioid neonatal abstinence syndrome:
controversies and implications for practice.
Curr Drug Abuse Rev, 7(1), 44-58 (2014)

DOI: 10.2174/1874473707666141015215141

N. C. f. H. S. Center for Disease Control and
Prevention, National Vital Statistics System,
Mortality File. : Number and Age-Adjusted
Rates of Drug-poisoning Deaths Involving
Opioid Analgesics and Heroin: United
States, 2000-2014. . In: Center for Disease
Control and Prevention., Atlanta, GA. (2015)

C. f. D. C. I. P. Control: Prescription Drug
Overdose (Internet) January, 2016. In,
(2016)

N. C. f. H. S. Center for Disease Control and
Prevention, National Vital Statistics System,
Mortality File.: Today’s Heroin Epidemic.
CDC Vital Signs (Internet) July, 2015. In,
(2015)

C. f. D. C. a. Prevention: Opioid Painkiller
Prescribing. (Internet).July 2014. . In, (2014)

NCHS: Drug-poisoning Deaths Involving
Heroin: United States, 2000-2013March
2015. In, (2015)

E. Hill, D. Han, P. Dumouchel, N. Dehak, T.
Quatieri, C. Moehs, M. Oscar-Berman, J.
Giordano, T. Simpatico, D. Barh and K. Blum:
Long term Suboxone emotional reactivity as
measured by automatic detection in speech.
PLoS One, 8(7), €69043 (2013)

DOI: 10.1371/journal.pone.0069043

Indivior Inc: Suboxone ISI Important Safety
Information (Internet) January, 2016. In:
Indivior Inc., Richmond, VA 23235 (2016)

C. f. D. C. a. Prevention: Vital Signs: Risk
for Overdose from Methadone Used for
Pain Relief — United States, 1999-2010. In,
(2012)

W. M. C. f. D. C. a. Prevention: Trends in
Drug-poisoning Deaths Involving Opioid
Analgesics and Heroin: United States,
1999-2012. In, (2014)

D. A. W. Network: In: American Association
of Poison Control Centers Annual Report
(2011)

K. Blum, D. Han, J. Femino, D. E. Smith, S.
Saunders, T. Simpatico, S. J. Schoenthaler,

1269

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

M. Oscar-Berman and M. S. Gold:
Systematic evaluation of “compliance”
to prescribed treatment medications and
“abstinence” from psychoactive drug abuse

A. Belin-Rauscent, B. J. Everitt and D. Belin:
Intrastriatal shifts mediate the transition
from drug-seeking actions to habits. Biol
Psychiatry, 72(5), 343-5 (2012)

DOI: 10.1016/j.biopsych.2012.07.001

M. S. Gold, D. E. Redmond, Jr. and H. D.
Kleber: Clonidine in opiate withdrawal.
Lancet, 1(8070), 929-30 (1978)

DOI: 10.1016/S0140-6736(78)90699-2

K. Verebey and K. Blum: Alcohol euphoria:
possible mediation via endorphinergic
mechanisms. J Psychedelic Drugs, 11(4),
305-11 (1979)

DOI: 10.1080/02791072.1979.10471413

K. Blum and H. Topel: Opioid peptides and
alcoholism: genetic deficiency and chemical
management. Funct Neurol, 1(1), 71-83 (1986)

K. Blum, A. H. Briggs, S. F. Elston and L.
Delallo: Psychogenetics of drug seeking
behavior. Subst Alcohol Actions Misuse,
1(3), 255-7 (1980)

M. S. Gold, D. E. Redmond, Jr. and H. D.
Kleber: Clonidine blocks acute opiate-
withdrawal symptoms. Lancet, 2(8090),
599-602 (1978)

DOI: 10.1016/S0140-6736(78)92823-4

M. S. Gold, R. K. Donabedian and D. E.
Redmond, Jr.: Clonidine-induced increase
in serum growth hormone: possible role
of epinephrine-mediated synapses.
Psychoneuroendocrinology, 3(2), 187-94
(1978)

DOI: 10.1016/0306-4530(78)90007-0

M. S. Gold, A. L. Pottash, I. Extein and H.
D. Kleber: Dopamine and serum prolactin in
methadone withdrawal. NIDA Res Monogr,
34, 367-72 (1981)

M. S. Gold and H. D. Kleber: A rationale for
opiate withdrawal symptomatology. Drug
Alcohol Depend, 4(5), 419-24 (1979)
DOI: 10.1016/0376-8716(79)90074-7

M. S. Gold, R. Byck, D. R. Sweeney and
H. D. Kleber: Endorphin-locus coeruleus
connection mediates opiate action and
withdrawal. Biomedicine, 30(1), 1-4 (1979)

© 1996-2017


https://doi.org/10.2174/1874473707666141015215141
https://doi.org/10.1371/journal.pone.0069043
https://doi.org/10.1016/j.biopsych.2012.07.001
https://doi.org/10.1016/S0140-6736(78)90699-2
https://doi.org/10.1080/02791072.1979.10471413
https://doi.org/10.1016/S0140-6736(78)92823-4
https://doi.org/10.1016/0306-4530(78)90007-0
https://doi.org/10.1016/0376-8716(79)90074-7

Opiate/opioid abstinence: Treating the symptoms and cause

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

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

K. Blum, J. E. Wallace, H. A. Schwertner and
J. D. Eubanks: Enhancement of ethonol-
induced withdrawal convulsions by blockade
of 5-hydroxytryptamine receptors. J Pharm
Pharmacol, 28(11), 832-5 (1976)

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

K. Blum, J. E. Wallace, H. A. Schwerter
and J. D. Eubanks: Morphine suppression
of ethanol withdrawal in mice. Experientia,
32(1), 79-82 (1976)

DOI: 10.1007/BF01932634

K. Blum, S. Futterman, J. E. Wallace and H.
A. Schwertner: Naloxone-induced inhibition
of ethanol dependence in mice. Nature,
265(5589), 49-51 (1977)
DOI: 10.1038/265049a0

K. Blum, M. G. Hamilton, M. Hirst and J.
E. Wallace: Putative role of isoquinoline
alkaloids in alcoholism: a link to opiates.
Alcohol Clin Exp Res, 2(2), 113-20 (1978)
DOI: 10.1111/j.1530-0277.1978.tb04710.x

K. Blum, J. D. Eubanks, J. E. Wallace and
H. A. Schwertner: Suppression of ethanol
withdrawal by dopamine. Experientia, 32(4),
493-5 (1976)

DOI: 10.1007/BF01920816

K. Blum, M. G. Hamilton, E. K. Meyer, M.
Hirst and A. Marshall: Isoquinoline alkaloids
as possible regulators of alcohol addiction.
Lancet, 1(8015), 799-800 (1977)

DOI: 10.1016/S0140-6736(77)92981-6

J. Kaufling and G. Aston-Jones: Persistent
Adaptations in Afferents to Ventral Tegmental
Dopamine Neurons after Opiate Withdrawal.
J Neurosci, 35(28), 10290-303 (2015)

DOI: 10.1523/JNEUROSCI.0715-15.2015

K. Blum, E. P. Noble, P. J. Sheridan, A.
Montgomery, T. Ritchie, P. Jagadeeswaran,
H. Nogami, A. H. Briggs and J. B. Cohn:
Allelic association of human dopamine D2
receptor gene in alcoholism. JAMA, 263(15),
2055-60 (1990)

DOI: 10.1001/jama.1990.03440150063027

G. Di Chiara and A. Imperato: Drugs abused
by humans preferentially increase synaptic
dopamine concentrations in the mesolimbic

1270

40.

41.

42.

43.

44.

45.

46.

47.

48.

system of freely moving rats. Proc Natl Acad
Sci U S A, 85(14), 5274-8 (1988)
DOI: 10.1073/pnas.85.14.5274

C. D. Gipson, Y. M. Kupchik and P. W.
Kalivas: Rapid, transient synaptic plasticity
in addiction. Neuropharmacology, 76 Pt B,
276-86 (2014)

H. Shen and P. W. Kalivas: Reduced LTP
and LTD in prefrontal cortex synapses in
the nucleus accumbens after heroin self-
administration. Int J Neuropsychopharmacol,
16(5), 1165-7 (2013)

DOI: 10.1017/S1461145712001071

M. J. Thomas, C. Beurrier, A. Bonci and
R. C. Malenka: Long-term depression in
the nucleus accumbens: a neural correlate
of behavioral sensitization to cocaine. Nat
Neurosci, 4(12), 1217-23 (2001

DOI: 10.1038/nn757

M. A. Ungless, J. L. Whistler, R. C. Malenka
and A. Bonci: Single cocaine exposure
in vivo induces long-term potentiation in
dopamine neurons. Nature, 411(6837), 583-
7 (2001)

DOI: 10.1038/35079077

O. George, M. Le Moal and G. F. Koob:
Allostasis and addiction: role of the dopamine
and corticotropin-releasing factor systems.
Physiol Behav, 106(1), 58-64 (2012)
DOI: 10.1016/j.physbeh.2011.11.004

K. Rasakham, H. D. Schmidt, K. Kay, M. N.
Huizenga, N. Calcagno, R. C. Pierce, T. L.
Spires-Jones and G. Sadri-Vakili: Synapse
density and dendritic complexity are reduced
in the prefrontal cortex following seven days
of forced abstinence from cocaine self-
administration. PLoS One, 9(7), €102524
(2014)

DOI: 10.1371/journal.pone.0102524

K. Blum, R. D. Badgaiyan and M. S. Gold:
Hypersexuality Addiction and Withdrawal:
Phenomenology, Neurogenetics and
Epigenetics. Cureus, 7(10), €348 (2015)

J. Feng and E. J. Nestler: Epigenetic
mechanisms of drug addiction. Curr Opin
Neurobiol, 23(4), 521-8 (2013)

DOI: 10.1016/j.conb.2013.01.001

E. J. Nestler: Cellular basis of memory for

addiction. Dialogues Clin Neurosci, 15(4),
431-43 (2013)

© 1996-2017


https://doi.org/10.1111/j.2042-7158.1976.tb04066.x
https://doi.org/10.1007/BF01932634
https://doi.org/10.1038/265049a0
https://doi.org/10.1111/j.1530-0277.1978.tb04710.x
https://doi.org/10.1007/BF01920816
https://doi.org/10.1016/S0140-6736(77)92981-6
https://doi.org/10.1523/JNEUROSCI.0715-15.2015
https://doi.org/10.1001/jama.1990.03440150063027
https://doi.org/10.1073/pnas.85.14.5274
https://doi.org/10.1017/S1461145712001071
https://doi.org/10.1038/nn757
https://doi.org/10.1038/35079077
https://doi.org/10.1016/j.physbeh.2011.11.004
https://doi.org/10.1371/journal.pone.0102524

Opiate/opioid abstinence: Treating the symptoms and cause

49.

50.

51.

52.

53.

54.

55.

56.

W. Renthal and E. J. Nestler: Epigenetic
mechanisms in drug addiction. Trends Mol
Med, 14(8), 341-50 (2008)

DOI: 10.1016/j.molmed.2008.06.004

A. J. Robison and E. J. Nestler:
Transcriptional and epigenetic mechanisms
of addiction. Nat Rev Neurosci, 12(11), 623-
37 (2011)

DOI: 10.1038/nrn3111

G. Sadri-Vakili, V. Kumaresan, H. D. Schmidt,
K. R. Famous, P. Chawla, F. M. Vassoler, R. P.
Overland, E. Xia, C. E. Bass, E. F. Terwilliger,
R. C. Pierce and J. H. Cha: Cocaine-induced
chromatin remodeling increases brain-
derived neurotrophic factor transcription
in the rat medial prefrontal cortex, which
alters the reinforcing efficacy of cocaine. J
Neurosci, 30(35), 11735-44 (2010)

DOI: 10.1523/JNEUROSCI.2328-10.2010

H. Szutorisz and Y. L. Hurd: Epigenetic
Effects of Cannabis Exposure. Biol
Psychiatry, 79(7), 586-94 (2016)

DOI: 10.1016/j.biopsych.2015.09.014

S. J. Russo, D. M. Dietz, D. Dumitriu, J. H.
Morrison, R. C. Malenka and E. J. Nestler:
The addicted synapse: mechanisms of
synaptic and structural plasticity in nucleus
accumbens. Trends Neurosci, 33(6), 267-76
(2010)

DOI: 10.1016/j.tins.2010.02.002

B. R. Lee, Y. Y. Ma, Y. H. Huang, X. Wang,
M. Otaka, M. Ishikawa, P. A. Neumann,
N. M. Graziane, T. E. Brown, A. Suska, C.
Guo, M. K. Lobo, S. R. Sesack, M. E. Wolf,
E. J. Nestler, Y. Shaham, O. M. Schluter
and Y. Dong: Maturation of silent synapses
in amygdala-accumbens projection
contributes to incubation of cocaine craving.
Nat Neurosci, 16(11), 1644-51 (2013)

DOI: 10.1038/nn.3533

J. A. Hollander, H. I. Im, A. L. Amelio, J.
Kocerha, P. Bali, Q. Lu, D. Willoughby,
C. Wahlestedt, M. D. Conkright and P. J.
Kenny: Striatal microRNA controls cocaine
intake through CREB signalling. Nature,
466(7303), 197-202 (2010)

DOI: 10.1038/nature09202

S. Jonkman and P. J. Kenny: Molecular,
cellular, and structural mechanisms of
cocaine addiction: a key role for microRNAs.
Neuropsychopharmacology, 38(1), 198-211
(2013)

DOI: 10.1038/npp.2012.120

1271

57.

58.

59.

60.

61.

62.

63.

64.

S. R. Letchworth, J. B. Daunais, A. A.
Hedgecock and L. J. Porrino: Effects of
chronic cocaine administration on dopamine
transporter mRNA and protein in the rat.
Brain Res, 750(1-2), 214-22 (1997)

DOI: 10.1016/S0006-8993(96)01384-4

S. R. Letchworth, M. A. Nader, H. R. Smith,
D. P. Friedman and L. J. Porrino: Progression
of changes in dopamine transporter
binding site density as a result of cocaine
self-administration in rhesus monkeys. J
Neurosci, 21(8), 2799-807 (2001)

S. R. Letchworth, T. Sexton, S. R. Childers,
K. E. Vrana, R. A. Vaughan, H. M. Davies
and L. J. Porrino: Regulation of rat dopamine
transporter mRNA and protein by chronic
cocaine administration. J Neurochem, 73(5),
1982-9 (1999)

A. W. Ary, K. D. Lominac, M. G. Wroten, A.
R. Williams, R. R. Campbell, O. Ben-Shahar,
G. von Jonquieres, M. Klugmann and K. K.
Szumlinski: Imbalances in prefrontal cortex
CC-Homer1 versus CC-Homer2 expression
promote cocaine preference. J Neurosci,
33(19), 8101-13 (2013)

DOI: 10.1523/JNEUROSCI.1727-12.2013

M. Besson, Y. Pelloux, R. Dilleen, D. E.
Theobald, A. Lyon, A. Belin-Rauscent, T. W.
Robbins, J. W. Dalley, B. J. Everitt and D.
Belin: Cocaine modulation of frontostriatal
expression of Zif268, D2, and 5-HT2c
receptors in high and low impulsive rats.
Neuropsychopharmacology, 38(10), 1963-
73 (2013)

DOI: 10.1038/npp.2013.95

A. J. Jasinska, B. T. Chen, A. Bonci and E.
A. Stein: Dorsal medial prefrontal cortex
(MPFC) circuitry in rodent models of
cocaine use: implications for drug addiction
therapies. Addict Biol, 20(2), 215-26 (2015)
DOI: 10.1111/adb.12132

F. Kasanetz, M. Lafourcade, V. Deroche-
Gamonet, J. M. Revest, N. Berson, E.
Balado, J. F. Fiancette, P. Renault, P.
V. Piazza and O. J. Manzoni: Prefrontal
synaptic markers of cocaine addiction-like
behavior in rats. Mol Psychiatry, 18(6), 729-
37 (2013)

DOI: 10.1038/mp.2012.59

J. D. Jentsch and J. R. Taylor: Impulsivity
resulting from frontostriatal dysfunction in
drug abuse: implications for the control
of behavior by reward-related stimuli.

© 1996-2017


https://doi.org/10.1016/j.molmed.2008.06.004
https://doi.org/10.1038/nrn3111
https://doi.org/10.1523/JNEUROSCI.2328-10.2010
https://doi.org/10.1016/j.biopsych.2015.09.014
https://doi.org/10.1016/j.tins.2010.02.002
https://doi.org/10.1038/nn.3533
https://doi.org/10.1038/nature09202
https://doi.org/10.1038/npp.2012.120
https://doi.org/10.1016/S0006-8993(96)01384-4
https://doi.org/10.1523/JNEUROSCI.1727-12.2013
https://doi.org/10.1038/npp.2013.95
https://doi.org/10.1111/adb.12132
https://doi.org/10.1038/mp.2012.59

Opiate/opioid abstinence: Treating the symptoms and cause

65.

66.

67.

68.

69.

70.

71.

Psychopharmacology (Berl), 146(4), 373-90
(1999)
DOI: 10.1007/PL0O0005483

G. F. Koob: Negative reinforcement in drug
addiction: the darkness within. Curr Opin
Neurobiol, 23(4), 559-63 (2013)

DOI: 10.1016/j.conb.2013.03.011

K. Blum, P. J. Sheridan, R. C. Wood, E. R.
Braverman, T. J. Chen, J. G. Cull and D.
E. Comings: The D2 dopamine receptor
gene as a determinant of reward deficiency
syndrome. J R Soc Med, 89(7), 396-400
(1996)

S. H. Ahmed, P. J. Kenny, G. F. Koob and
A. Markou: Neurobiological evidence
for hedonic allostasis associated with
escalating cocaine use. Nat Neurosci, 5(7),
625-6 (2002)

DOI: 10.1038/nn872

D. Belin, E. Balado, P. V. Piazza and V.
Deroche-Gamonet: Pattern of intake and
drug craving predict the development of
cocaine addiction-like behavior in rats. Biol
Psychiatry, 65(10), 863-8 (2009)

DOI: 10.1016/j.biopsych.2008.05.031

K. Blum, T. J. Chen, B. W. Downs, A.
Bowirrat, R. L. Waite, E. R. Braverman, M.
Madigan, M. Oscar-Berman, N. DiNubile, E.
Stice, J. Giordano, S. Morse and M. Gold:
Neurogenetics of dopaminergic receptor
supersensitivity in activation of brain
reward circuitry and relapse: proposing
“deprivation-amplification relapse therapy”
(DART). Postgrad Med, 121(6), 176-96
(2009)

DOI: 10.3810/pgm.2009.11.2087

N. Cannella, B. Halbout, S. Uhrig, L.
Evrard, M. Corsi, C. Corti, V. Deroche-
Gamonet, A. C. Hansson and R. Spanagel:

The mGIuR2/3 agonist LY379268
induced anti-reinstatement effects in
rats exhibiting addiction-like behavior.

Neuropsychopharmacology, 38(10), 2048-
56 (2013
DOI: 10.1038/npp.2013.106

A. Cooper, N. Barnea-Ygael, D. Levy, Y.
Shaham and A. Zangen: A conflict rat model
of cue-induced relapse to cocaine seeking.
Psychopharmacology (Berl), 194(1), 117-25
(2007)

DOI: 10.1007/s00213-007-0827-7

1272

72.

73.

74.

75.

76.

77.

78.

79.

D. H. Epstein, K. L. Preston, J. Stewart
and Y. Shaham: Toward a model of
drug relapse: an assessment of the
validity of the reinstatement procedure.
Psychopharmacology (Berl), 189(1), 1-16
(2006)

DOI: 10.1007/s00213-006-0529-6

G. F.  Koob: Hedonic Homeostatic
Dysregulation as a Driver of Drug-Seeking
Behavior. Drug Discov Today Dis Models,
5(4), 207-215 (2008)

DOI: 10.1016/j.ddmod.2009.04.002

G. F. Koob and M. Le Moal: Review.
Neurobiological mechanisms for opponent
motivational processes in addiction. Philos
Trans R Soc Lond B Biol Sci, 363(1507),
3113-23 (2008)

DOI: 10.1098/rstb.2008.0094

R. T. LaLumiere, K. C. Smith and P. W.
Kalivas: Neural circuit competition in
cocaine-seeking: roles of the infralimbic
cortex and nucleus accumbens shell. Eur J
Neurosci, 35(4), 614-22 (2012)

DOI: 10.1111/j.1460-9568.2012.07991.x

S. V. Mahler, M. Hensley-Simon, P. Tahsili-
Fahadan, R. T. LaLumiere, C. Thomas, R.
V. Fallon, P. W. Kalivas and G. Aston-Jones:
Modafinil attenuates reinstatement of
cocaine seeking: role for cystine-glutamate
exchange and metabotropic glutamate
receptors. Addict Biol, 19(1), 49-60 (2014)
DOI: 10.1111/j.1369-1600.2012.00506.x

N. J. Marchant, X. Li and Y. Shaham: Recent
developments in animal models of drug
relapse. Curr Opin Neurobiol, 23(4), 675-83
(2013)

DOI: 10.1016/j.conb.2013.01.003

H. W. Shen, C. D. Gipson, M. Huits and
P. W. Kalivas: Prelimbic cortex and ventral
tegmental area modulate synaptic plasticity
differentially in  nucleus accumbens
during cocaine-reinstated drug seeking.
Neuropsychopharmacology, 39(5), 1169-77
(2014)

DOI: 10.1038/npp.2013.318

J. M. Bossert, U. E. Ghitza, L. Lu, D. H.
Epstein and Y. Shaham: Neurobiology of
relapse to heroin and cocaine seeking:
an update and clinical implications. Eur J
Pharmacol, 526(1-3), 36-50 (2005)
DOI: 10.1016/j.ejphar.2005.09.030

© 1996-2017


https://doi.org/10.1007/PL00005483
https://doi.org/10.1016/j.conb.2013.03.011
https://doi.org/10.1038/nn872
https://doi.org/10.1016/j.biopsych.2008.05.031
https://doi.org/10.3810/pgm.2009.11.2087
https://doi.org/10.1038/npp.2013.106
https://doi.org/10.1007/s00213-007-0827-7
https://doi.org/10.1007/s00213-006-0529-6
https://doi.org/10.1016/j.ddmod.2009.04.002
https://doi.org/10.1098/rstb.2008.0094
https://doi.org/10.1111/j.1460-9568.2012.07991.x
https://doi.org/10.1111/j.1369-1600.2012.00506.x
https://doi.org/10.1016/j.conb.2013.01.003
https://doi.org/10.1038/npp.2013.318
https://doi.org/10.1016/j.ejphar.2005.09.030

Opiate/opioid abstinence: Treating the symptoms and cause

80.

81.

82.

83.

84.

85.

86.

K. Blum, B. Thompson, Z. Demotrovics, J.
Femino, J. Giordano, M. Oscar-Berman, S.
Teitelbaum, D. E. Smith, A. K. Roy, G. Agan,
J. Fratantonio, R. D. Badgaiyan and M. S.
Gold: The Molecular Neurobiology of Twelve
Steps Program & Fellowship: Connecting
the Dots for Recovery. J Reward Defic
Syndr, 1(1), 46-64 (2015)

DOI: 10.17756/jrds.2015-008

M. S. Gold, R. D. Badgaiyan and K. Blum:
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,
38(3), 419-62 (2015)

DOI: 10.1016/j.psc.2015.05.011

N. D. Volkow and M. Morales: The Brain
on Drugs: From Reward to Addiction. Cell,
162(4), 712-25 (2015)

DOI: 10.1016/j.cell.2015.07.046

K. Blum, Y. Liu, W. Wang, Y. Wang, Y. Zhang,
M. Oscar-Berman, A. Smolen, M. Febo, D.
Han, T. Simpatico, F. J. Cronje, Z. Demetrovics
and M. S. Gold: rsfMRI effects of KB220Z
on neural pathways in reward circuitry of
abstinent genotyped heroin addicts. Postgrad
Med, 127(2), 232-41 (2015)

DOI: 10.1080/00325481.2015.994879

F.Zou, X.Wu,T.Zhai,Y.Lei, Y. Shao, X. Jin, S.
Tan, B. Wu, L. Wang and Z. Yang: Abnormal
resting-state functional connectivity of the
nucleus accumbens in multi-year abstinent
heroin addicts. J Neurosci Res, 93(11),
1693-702 (2015)

DOI: 10.1002/jnr.23608

Y. Li, C. Shao, D. Zhang, M. Zhao, L. Lin, P.
Yan, Y. Xie, K. Jiang and L. Jin: The effect of
dopamine D2, D5 receptor and transporter
(SLCBA3) polymorphisms on the cue-
elicited heroin craving in Chinese. Am J Med
Genet B Neuropsychiatr Genet, 141b(3),
269-73 (2006)

DOI: 10.1002/ajmg.b.30264

K. Blum, M. Febo, C. Fahlke, T. Archer, U.
Berggren, Z. Demetrovics, K. Dushaj and
R. D. Badgaiyan: Hypothesizing Balancing
Endorphinergic and Glutaminergic
Systems to Treat and Prevent Relapse to
Reward Deficiency Behaviors: Coupling
D-Phenylalanine and N-Acetyl-L-Cysteine
(NAC) as a Novel Therapeutic Modality. Clin
Med Rev Case Rep, 2(8) (2015)

1273

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Q. Li, W. Li, H. Wang, Y. Wang, Y. Zhang, J.
Zhu,Y. Zheng, D. Zhang, L. Wang, Y. Li, X. Yan,
H. Chang, M. Fan, Z. Li, J. Tian, M. S. Gold,
W. Wang and Y. Liu: Predicting subsequent
relapse by drug-related cue-induced brain
activation in heroin addiction: an event-related
functional magnetic resonance imaging study.
Addict Biol, 20(5), 968-78 (2015)

DOI: 10.1111/adb.12182

K. Blum and G. P. Kozlowski: Ethanol and
neuromodulators interaction: a cascade
model of reward. In: Alcohol and Behavior.
Ed H. Ollat, S. Parvez&H. Parvez. VSP
Press Utrecht, The Netherlands (1990)

M. A. Bozarth and R. A. Wise: Heroin reward
is dependent on a dopaminergic substrate.
Life Sci, 29(18), 1881-6 (1981)

DOI: 10.1016/0024-3205(81)90519-1

M. Morales and D. H. Root: Glutamate
neurons within the midbrain dopamine
regions. Neuroscience, 282c, 60-68 (2014)
DOI: 10.1016/j.neuroscience.2014.05.032

C. P. Muller and J. R. Homberg: The role of
serotonin in drug use and addiction. Behav
Brain Res, 277, 146-92 (2015)

DOI: 10.1016/j.bbr.2014.04.007

Z. Y. Ren, X. L. Zhang, Y. Liu, L. Y. Zhao,
J. Shi, Y. Bao, X. Y. Zhang, T. R. Kosten
and L. Lu: Diurnal variation in cue-induced
responses among protracted abstinent
heroin users. Pharmacol Biochem Behav,
91(3), 468-72 (2009)

DOI: 10.1016/j.pbb.2008.08.023

X. Wu, G. Pang, Y. M. Zhang, G. Li, S. Xu,
L. Dong, R. W. Stackman, Jr. and G. Zhang:
Activation of serotonin 5-HT(2C) receptor
suppresses behavioral sensitization and
naloxone-precipitated withdrawal symptoms
in heroin-treated mice. Neurosci Lett, 607,
23-8 (2015)

DOI: 10.1016/j.neulet.2015.09.013

J. G. Pfaus: Pathways of sexual desire. J
Sex Med, 6(6), 1506-33 (2009)
DOI: 10.1111/j.1743-6109.2009.01309.x

D. Wirtshafter: The control of ingestive
behavior by the median raphe nucleus.
Appetite, 36(1), 99-105 (2001)
DOI: 10.1006/appe.2000.0373

L. G. Kirby, F. D. Zeeb and C. A. Winstanley:
Contributions of serotonin in addiction

© 1996-2017


https://doi.org/10.17756/jrds.2015-008
https://doi.org/10.1016/j.psc.2015.05.011
https://doi.org/10.1016/j.cell.2015.07.046
https://doi.org/10.1080/00325481.2015.994879
https://doi.org/10.1002/jnr.23608
https://doi.org/10.1002/ajmg.b.30264
https://doi.org/10.1111/adb.12182
https://doi.org/10.1016/0024-3205(81)90519-1
https://doi.org/10.1016/j.neuroscience.2014.05.032
https://doi.org/10.1016/j.bbr.2014.04.007
https://doi.org/10.1016/j.pbb.2008.08.023
https://doi.org/10.1016/j.neulet.2015.09.013
https://doi.org/10.1111/j.1743-6109.2009.01309.x
https://doi.org/10.1006/appe.2000.0373

Opiate/opioid abstinence: Treating the symptoms and cause

97.

98.

99.

100.

101.

102.

103.

104.

vulnerability. Neuropharmacology,
421-32 (2011)
DOI: 10.1016/j.neuropharm.2011.03.022

61(3),

H. J. Edenberg and H. R. Kranzler: The
contribution of genetics to addiction therapy
approaches. Pharmacol Ther, 108(1), 86-93
(2005)

DOI: 10.1016/j.pharmthera.2005.06.011

A. I. Herman and K. N. Balogh:
Polymorphisms of the serotonin transporter
and receptor genes: susceptibility to
substance abuse. Subst Abuse Rehabil,
3(1), 49-57 (2012)

DOI: 10.2147/SAR.S25864

F.Gao, Y.S. zZhu, S. G. Wei, S. B. Liand J. H.
Lai: Polymorphism G861C of 5-HT receptor
subtype 1B is associated with heroin
dependence in Han Chinese. Biochem
Biophys Res Commun, 412(3), 450-3 (2011)
DOI: 10.1016/j.bbrc.2011.07.114

X. J. Wang, S. R. Zhong, J. J. Bao, S. J.
Dou, W. Y. Wu and Q. Jing: (Association of
polymorphism in the serotonin transporter
gene promote with the susceptibility
to alcohol dependence in Yunnan Han
Population). Yi Chuan, 33(1), 48-53 (2011)
DOI: 10.3724/SP.J.1005.2011.00048

M. A. Watanabe, S. O. Nunes, M. K.
Amarante, R. L. Guembarovski, J. M. Oda,
K. W. Lima and M. H. Fungaro: Genetic
polymorphism of serotonin transporter
5-HTTLPR: involvement in  smoking
behaviour. J Genet, 90(1), 179-85 (2011)
DOI: 10.1007/s12041-011-0037-2

E. C. Tan, B. K. Yeo, B. K. Ho, A. H. Tay
and C. H. Tan: Evidence for an association
between heroin dependence and a VNTR
polymorphism at the serotonin transporter
locus. Mol Psychiatry, 4(3), 215-7 (1999)
DOI: 10.1038/sj.mp.4000541

A. Szilagyi, K. Boor, A. Szekely, P. Gaszner,
H. Kalasz, M. Sasvari-Szekely and C. Barta:
Combined effect of promoter polymorphisms
in the dopamine D4 receptor and the
serotonin transporter genes in heroin
dependence. Neuropsychopharmacol
Hung, 7(1), 28-33 (2005)

M. Yang, J. Mamy, Q. Wang, Y. H. Liao,
V. Seewoobudul, S. Y. Xiao and W. Hao:
The association of 5-HTR2A-1438A/G,
COMTVal158Met, MAOA-LPR, DATVNTR

1274

105.

106.

107.

108.

109.

110.

11.

112.

and 5-HTTVNTR gene polymorphisms and
borderline personality disorder in female
heroin-dependent Chinese subjects. Prog
Neuropsychopharmacol Biol Psychiatry, 50,
74-82 (2014)

DOI: 10.1016/j.pnpbp.2013.12.005

J. Cao, J. J. Hudziak and D. Li: Multi-cultural
association of the serotonin transporter
gene (SLC6A4) with substance use disorder.
Neuropsychopharmacology, 38(9), 1737-47
(2013

DOI: 10.1038/npp.2013.73

S. H. Lin, K. C. Chen, S. Y. Lee, W. J. Yao,
N. T. Chiu, I. H. Lee, P. S. Chen, T. L. Yeh,
M. H. Liao, R. B. Lu and Y. K. Yang: The
association between availability of serotonin
transporters and time to relapse in heroin
users: a two-isotope SPECT small sample
pilot study. Eur Neuropsychopharmacol,
22(9), 647-50 (2012)

DOI: 10.1016/j.euroneuro.2012.01.002

J. Cao, E. LaRocque and D. Li: Associations
of the 5-hydroxytryptamine (serotonin)
receptor 1B gene (HTR1B) with alcohol,
cocaine, and heroin abuse. Am J Med Genet
B Neuropsychiatr Genet, 162b(2), 169-76
(2013)

DOI: 10.1002/ajmg.b.32128

T. Archer, M. Oscar-Berman, K. Blum and
M. Gold: Epigenetic Modulation of Mood
Disorders. J Genet Syndr Gene Ther, 4(120)
(2013)

A. G. Paquette and C. J. Marsit: The
developmental basis of epigenetic regulation
of HTR2A and psychiatric outcomes. J Cell
Biochem, 115(12), 2065-72 (2014)

DOI: 10.1002/jcb.24883

A. Carrard, A. Salzmann, A. Malafosse
and F. Karege: Increased DNA methylation
status of the serotonin receptor SHTR1A
gene promoter in schizophrenia and bipolar
disorder. J Affect Disord, 132(3), 450-3 (2011)
DOI: 10.1016/j.jad.2011.03.018

T. Kato and K. lwamoto: Comprehensive
DNA methylation and hydroxymethylation
analysis in the human brain and its implication
in mental disorders. Neuropharmacology,
80, 133-9 (2014)

DOI: 10.1016/j.neuropharm.2013.12.019

H. Sugawara, K. lwamoto, M. Bundo, J.
Ueda, T. Miyauchi, A. Komori, A. Kazuno, N.

© 1996-2017


https://doi.org/10.1016/j.neuropharm.2011.03.022
https://doi.org/10.1016/j.pharmthera.2005.06.011
https://doi.org/10.2147/SAR.S25864
https://doi.org/10.1016/j.bbrc.2011.07.114
https://doi.org/10.3724/SP.J.1005.2011.00048
https://doi.org/10.1007/s12041-011-0037-2
https://doi.org/10.1038/sj.mp.4000541
https://doi.org/10.1016/j.pnpbp.2013.12.005
https://doi.org/10.1038/npp.2013.73
https://doi.org/10.1016/j.euroneuro.2012.01.002
https://doi.org/10.1002/ajmg.b.32128
https://doi.org/10.1002/jcb.24883
https://doi.org/10.1016/j.jad.2011.03.018
https://doi.org/10.1016/j.neuropharm.2013.12.019

Opiate/opioid abstinence: Treating the symptoms and cause

113.

114.

115.

116.

117.

118.

119.

120.

Adati, I. Kusumi, Y. Okazaki, J. Ishigooka,
T. Kojima and T. Kato: Hypermethylation
of serotonin transporter gene in bipolar
disorder detected by epigenome analysis
of discordant monozygotic twins. Trans/
Psychiatry, 1, e24 (2011)

DOI: 10.1038/tp.2011.26

C. B. Pert and S. H. Snyder: Properties of
opiate-receptor binding in rat brain. Proc
Natl Acad Sci U S A, 70(8), 2243-7 (1973)
DOI: 10.1073/pnas.70.8.2243

J. Hughes and H. W. Kosterlitz: Opioid
peptides. Br Med Bull, 33(2), 157-61 (1977)

K.Blum,A. H. Briggs and M. C. Trachtenberg:
Ethanol ingestive behavior as a function
of central neurotransmission. Experientia,
45(5), 444-52 (1989)

DOI: 10.1007/BF01952026

P. Mayer and V. Hollt: Allelic and somatic
variations in the endogenous opioid system
of humans. Pharmacol Ther, 91(3), 167-77
(2001)

DOI: 10.1016/S0163-7258(01)00154-1

T. S. Shippenberg, A. LeFevour and V. I.
Chefer: Targeting endogenous mu- and
delta-opioid receptor systems for the
treatment of drug addiction. CNS Neurol
Disord Drug Targets, 7(5), 442-53 (2008)
DOI: 10.2174/187152708786927813

P. E. Lutz, G. Ayranci, P. Chu-Sin-Chung,
A. Matifas, P. Koebel, D. Filliol, K. Befort,
A. M. Ouagazzal and B. L. Kieffer: Distinct
mu, delta, and kappa opioid receptor
mechanisms underlie low sociability and
depressive-like behaviors during heroin
abstinence. Neuropsychopharmacology,
39(11), 2694-705 (2014)

DOI: 10.1038/npp.2014.126

C. Y. Szeto, N. L. Tang, D. T. Lee and A.
Stadlin: Association between mu opioid
receptor gene polymorphisms and Chinese
heroin addicts. Neuroreport, 12(6), 1103-6
(2001)

DOI: 10.1097/00001756-200105080-00011

O. Levran, D. Londono, K. O'Hara, D. A.
Nielsen, E. Peles, J. Rotrosen, P. Casadonte,
S. Linzy, M. Randesi, J. Ott, M. Adelson and
M. J. Kreek: Genetic susceptibility to heroin
addiction: a candidate gene association
study. Genes Brain Behav, 7(7), 720-9 (2008)
DOI: 10.1111/j.1601-183X.2008.00410.x

1275

121.

122.

123.

124.

125.

126.

127.

128.

I. Deb, J. Chakraborty, P. K. Gangopadhyay,
S. R. Choudhury and S. Das: Single-
nucleotide polymorphism (A118G) in exon
1 of OPRM1 gene causes alteration in
downstream signaling by mu-opioid receptor
and may contribute to the genetic risk for
addiction. J Neurochem, 112(2), 486-96
(2010)

DOI: 10.1111/j.1471-4159.2009.06472.x

T. Li, X. Liu, Z. H. Zhu, J. Zhao, X. Hu, P. C.
Sham and D. A. Collier: Association analysis
of polymorphisms in the mu opioid gene and
heroin abuse in Chinese subjects. Addict
Biol, 5(2), 181-6 (2000)

DOI: 10.1080/13556210050003775

K. Xu, X. H. Liu, S. Nagarajan, X. Y. Gu and
D. Goldman: Relationship of the delta-opioid
receptor gene to heroin abuse in a large
Chinese case/control sample. Am J Med
Genet, 110(1), 45-50 (2002)

DOI: 10.1002/ajmg.10374

J. Shi, L. Hui, Y. Xu, F. Wang, W. Huang
and G. Hu: Sequence variations in the mu-
opioid receptor gene (OPRM1) associated
with human addiction to heroin. Hum Mutat,
19(4), 459-60 (2002)

DOI: 10.1002/humu.9026

K. Drakenberg, A. Nikoshkov, M. C. Horvath,
P. Fagergren, A. Gharibyan, K. Saarelainen,
S. Rahman, I. Nylander, G. Bakalkin, J. Rajs,
E. Keller and Y. L. Hurd: Mu opioid receptor
A118G polymorphism in association with
striatal opioid neuropeptide gene expression
in heroin abusers. Proc Natl/ Acad Sci U S A,
103(20), 7883-8 (2006)

DOI: 10.1073/pnas.0600871103

A. Nikoshkov, K. Drakenberg, X. Wang,
M. C. Horvath, E. Keller and Y. L. Hurd:
Opioid neuropeptide genotypes in relation
to heroin abuse: dopamine tone contributes
to reversed mesolimbic proenkephalin
expression. Proc Natl Acad Sci U S A,
105(2), 786-91 (2008)

DOI: 10.1073/pnas.0710902105

M. J. Kreek, G. Bart, C. Lilly, K. S. LaForge
and D. A. Nielsen: Pharmacogenetics and
human molecular genetics of opiate and
cocaine addictions and their treatments.
Pharmacol Rev, 57(1), 1-26 (2005)

DOI: 10.1124/pr.57.1.1

S. G. Wej, Y. S. Zhu, J. H. Lai, H. X. Xue, Z.
Q. Chai and S. B. Li: Association between

© 1996-2017


https://doi.org/10.1038/tp.2011.26
https://doi.org/10.1073/pnas.70.8.2243
https://doi.org/10.1007/BF01952026
https://doi.org/10.1016/S0163-7258(01)00154-1
https://doi.org/10.2174/187152708786927813
https://doi.org/10.1038/npp.2014.126
https://doi.org/10.1097/00001756-200105080-00011
https://doi.org/10.1111/j.1601-183X.2008.00410.x
https://doi.org/10.1111/j.1471-4159.2009.06472.x
https://doi.org/10.1080/13556210050003775
https://doi.org/10.1002/ajmg.10374
https://doi.org/10.1002/humu.9026
https://doi.org/10.1073/pnas.0600871103
https://doi.org/10.1073/pnas.0710902105
https://doi.org/10.1124/pr.57.1.1

Opiate/opioid abstinence: Treating the symptoms and cause

129.

130.

131.

132.

133.

134.

135.

136.

heroin dependence and prodynorphin gene
polymorphisms. Brain Res Bull, 85(3-4),
238-42 (2011)

DOI: 10.1016/j.brainresbull.2011.02.010

T. K. Clarke, K. Krause, T. Li and G.
Schumann: An association of prodynorphin
polymorphisms and opioid dependence in
females in a Chinese population. Addict
Biol, 14(3), 366-70 (2009)

DOI: 10.1111/j.1369-1600.2009.00151.x

E. Navratilova, J. Y. Xie, D. Meske, C. Qu, K.
Morimura, A. Okun, N. Arakawa, M. Ossipov,
H. L. Fields and F. Porreca: Endogenous
opioid activity in the anterior cingulate cortex
is required for relief of pain. J Neurosci,
35(18), 7264-71 (2015)

E. B. Margolis, H. L. Fields, G. O. Hjelmstad
and J. M. Mitchell: Delta-opioid receptor
expression in the ventral tegmental
area protects against elevated alcohol
consumption. J Neurosci, 28(48), 12672-81
(2008)

DOI: 10.1523/JNEUROSCI.4569-08.2008

E. B. Margolis, J. M. Mitchell, J. Ishikawa,
G. O. Hjelmstad and H. L. Fields: Midbrain
dopamine neurons: projection target
determines action potential duration
and dopamine D(2) receptor inhibition. J
Neurosci, 28(36), 8908-13 (2008)

DOI: 10.1523/JNEUROSCI.1526-08.2008

J. M. Mitchell, L. J. Bergren, K. S. Chen, M.
C. Rowbotham and H. L. Fields: Naltrexone
aversion and treatment efficacy are greatest
in humans and rats that actively consume
high levels of alcohol. Neurobiol Dis, 33(1),
72-80 (2009)

DOI: 10.1016/j.nbd.2008.09.018

K. Blum: Alcohol and central nervous system
peptides. Subst Alcohol Actions Misuse,
4(2-3), 73-87 (1983)

K.Blum,A. H. Briggs, S. F. Elston, L. DeLallo,
P. J. Sheridan and M. Sar: Reduced leucine-
enkephalin--like immunoreactive substance
in hamster basal ganglia after long-term
ethanol exposure. Science, 216(4553),
1425-7 (1982)

DOI: 10.1126/science.7089531

K. Blum, M. Oscar-Berman, E. R.
Braverman, M. Febo, M. Li and M. S.
Gold: Enhancing Brain Pregnenolone May

1276

137.

138.

139.

140.

141

142.

143.

Protect Cannabis Intoxication but Should
Not Be Considered as an Anti-addiction
Therapeutic: Hypothesizing Dopaminergic
Blockade and Promoting Anti-Reward. J
Reward Defic Syndr, 1(1), 20-23 (2015)
DOI: 10.17756/jrds.2015-005

F. Rodriguez De Fonseca, M. A. Gorriti,
A. Bilbao, L. Escuredo, L. M. Garcia-
Segura, D. Piomelli and M. Navarro: Role
of the endogenous cannabinoid system
as a modulator of dopamine transmission:
implications for Parkinson’s disease and
schizophrenia. Neurotox Res, 3(1), 23-35
(2001)

DOI: 10.1007/BF03033228

J. A. Lopez-Moreno, V. Echeverry-Alzate
and K. M. Buhler: The genetic basis of the
endocannabinoid system and drug addiction
in humans. J Psychopharmacol, 26(1), 133-
43 (2012)

DOI: 10.1177/0269881111416689

J. A. Lopez-Moreno, A. Lopez-Jimenez, M.
A. Gorriti and F. R. de Fonseca: Functional
interactions between endogenous
cannabinoid and opioid systems: focus
on alcohol, genetics and drug-addicted
behaviors. Curr Drug Targets, 11(4), 406-28
(2010)

DOI: 10.2174/138945010790980312

D. E. Comings, D. Muhleman, R. Gade,
P. Johnson, R. Verde, G. Saucier and J.
MacMurray: Cannabinoid receptor gene
(CNR1): association with i.v. drug use. Mol
Psychiatry, 2(2), 161-8 (1997)
DOI: 10.1038/sj.mp.4000247

.A. Benyamina, O. Kebir, L. Blecha, M.

Reynaud and M. O. Krebs: CNR1 gene
polymorphisms in addictive disorders: a
systematic review and a meta-analysis.
Addict Biol, 16(1), 1-6 (2011)

DOI: 10.1111/j.1369-1600.2009.00198.x

D. Heller, U. Schneider, J. Seifert, K.
F. Cimander and M. Stuhrmann: The
cannabinoid receptor gene (CNR1) is not
affected in German i.v. drug users. Addict
Biol, 6(2), 183-187 (2001)

DOI: 10.1080/13556210020040271

A. |. Herman, H. R. Kranzler, J. F. Cubells,
J. Gelernter and J. Covault: Association
study of the CNR1 gene exon 3 alternative
promoter region polymorphisms and

© 1996-2017


https://doi.org/10.1016/j.brainresbull.2011.02.010
https://doi.org/10.1111/j.1369-1600.2009.00151.x
https://doi.org/10.1523/JNEUROSCI.4569-08.2008
https://doi.org/10.1523/JNEUROSCI.1526-08.2008
https://doi.org/10.1016/j.nbd.2008.09.018
https://doi.org/10.1126/science.7089531
https://doi.org/10.17756/jrds.2015-005
https://doi.org/10.1007/BF03033228
https://doi.org/10.1177/0269881111416689
https://doi.org/10.2174/138945010790980312
https://doi.org/10.1038/sj.mp.4000247
https://doi.org/10.1111/j.1369-1600.2009.00198.x
https://doi.org/10.1080/13556210020040271

Opiate/opioid abstinence: Treating the symptoms and cause

144.

145.

146.

147.

148.

149.

150.

151

152.

substance dependence. Am J Med Genet
B Neuropsychiatr Genet, 141b(5), 499-503
(2006)

DOI: 10.1002/ajmg.b.30325

S.W. Johnson and R. A. North: Opioids excite
dopamine neurons by hyperpolarization of
local interneurons. J Neurosci, 12(2), 483-8
(1992)

C. H. Chen, C. C. Huang and D. L. Liao:
Association analysis of GABRB3 promoter
variants with heroin dependence. PLoS
One, 9(7), €102227 (2014)

DOI: 10.1371/journal.pone.0102227

C. R. Marutha Ravindran, A. K. Mehta and
M. K. Ticku: Effect of chronic administration
of ethanol on the regulation of the delta-
subunit of GABA(A) receptors in the rat
brain. Brain Res, 1174, 47-52 (2007)
DOI: 10.1016/j.brainres.2007.07.077

K. J. Rix and N. Davidson: gamma-
aminobutyric acid in alcohol, barbiturate and
morphine dependence: a review. Br J Addict
Alcohol Other Drugs, 72(2), 109-15 (1977)
DOI: 10.1111/j.1360-0443.1977.tb00664.x

S.Yuand|I. K. Ho: Effects of acute barbiturate
administration, tolerance and dependence
on brain GABA system: comparison to
alcohol and benzodiazepines. Alcohol, 7(3),
261-72 (1990)

DOI: 10.1016/0741-8329(90)90016-6

J. T. Gass and M. F. Olive: Glutamatergic
substrates of drug addiction and alcoholism.
Biochem Pharmacol, 75(1), 218-65 (2008)
DOI: 10.1016/j.bcp.2007.06.039

P. W. Kalivas and C. O’Brien: Drug addiction
as a pathology of staged neuroplasticity.
Neuropsychopharmacology, 33(1), 166-80
(2008)

DOI: 10.1038/sj.npp.1301564

.J. Qi, S. Zhang, H. L. Wang, H. Wang, J.

de Jesus Aceves Buendia, A. F. Hoffman,
C. R. Lupica, R. P. Seal and M. Morales: A
glutamatergic reward input from the dorsal
raphe to ventral tegmental area dopamine
neurons. Nat Commun, 5, 5390 (2014)
DOI: 10.1038/ncomms6390

L. A. de Azeredo, A. R. Marquardt, A. P.
Frazzon and H. M. Barros: Cocaine reverses
the changes in GABAA subunits and in
glutamic acid decarboxylase isoenzymes

1277

153.

154.

155.

156.

157.

158.

159.

160.

MRNA expression

6-hydroxydopamine.
21(4), 343-52 (2010)
DOI: 10.1097/FBP.0b013e32833b33af

induced by neonatal
Behav  Pharmacol,

O. Levran, D. Londono, K. O’Hara, M.
Randesi, J. Rotrosen, P. Casadonte, S.
Linzy, J. Ott, M. Adelson and M. J. Kreek:
Heroin addiction in African Americans: a
hypothesis-driven association study. Genes
Brain Behav, 8(5), 531-40 (2009)

DOI: 10.1111/j.1601-183X.2009.00501.x

W.Wu, Y. S.ZhuandS. B. Li: Polymorphisms
in the glutamate decarboxylase 1 gene
associated with heroin  dependence.
Biochem Biophys Res Commun, 422(1),
91-6 (2012)

DOI: 10.1016/j.bbrc.2012.04.112

S. K. Lin, C. K. Chen, D. Ball, H. C. Liu and
E. W. Loh: Gender-specific contribution
of the GABA(A) subunit genes on 5q33
in  methamphetamine use  disorder.
Pharmacogenomics J, 3(6), 349-55 (2003)
DOI: 10.1038/sj.tpj.6500203

E.W. Loh, N.L.Tang, D. T. Lee, S. I. Liu and
A. Stadlin: Association analysis of GABA
receptor subunit genes on 5933 with heroin
dependence in a Chinese male population.
Am J Med Genet B Neuropsychiatr Genet,
144b(4), 439-43 (2007)

DOI: 10.1002/ajmg.b.30429

E. Vashchinkina, A. Panhelainen, T. Aitta-
Aho and E. R. Korpi: GABAA receptor
drugs and neuronal plasticity in reward and
aversion: focus on the ventral tegmental
area. Front Pharmacol, 5, 256 (2014)

DOI: 10.3389/fphar.2014.00256

P. Gorwood, Y. Le Strat, N. Ramoz, C.
Dubertret, J. M. Moalic and M. Simonneau:
Genetics of dopamine receptors and drug
addiction. Hum Genet, 131(6), 803-22
(2012)

DOI: 10.1007/s00439-012-1145-7

B. Le Foll, A. Gallo, Y. Le Strat, L. Lu and P.
Gorwood: Genetics of dopamine receptors
and drug addiction: a comprehensive review.
Behav Pharmacol, 20(1), 1-17 (2009)
DOI: 10.1097/FBP.0b013e3283242f05

C. Missale, S. R. Nash, S. W. Robinson,
M. Jaber and M. G. Caron: Dopamine
receptors: from structure to function. Physiol
Rev, 78(1), 189-225 (1998)

© 1996-2017


https://doi.org/10.1002/ajmg.b.30325
https://doi.org/10.1371/journal.pone.0102227
https://doi.org/10.1016/j.brainres.2007.07.077
https://doi.org/10.1111/j.1360-0443.1977.tb00664.x
https://doi.org/10.1016/0741-8329(90)90016-6
https://doi.org/10.1016/j.bcp.2007.06.039
https://doi.org/10.1038/sj.npp.1301564
https://doi.org/10.1038/ncomms6390
https://doi.org/10.1097/FBP.0b013e32833b33af
https://doi.org/10.1111/j.1601-183X.2009.00501.x
https://doi.org/10.1016/j.bbrc.2012.04.112
https://doi.org/10.1038/sj.tpj.6500203
https://doi.org/10.1002/ajmg.b.30429
https://doi.org/10.3389/fphar.2014.00256
https://doi.org/10.1007/s00439-012-1145-7
https://doi.org/10.1097/FBP.0b013e3283242f05

Opiate/opioid abstinence: Treating the symptoms and cause

161.

162.

163.

164.

165.

166.

167.

168.

169.

K. Blum, P. K. Thanos and M. S. Gold:
Dopamine and glucose, obesity, and reward
deficiency syndrome. Front Psychol, 5, 919
(2014)

DOI: 10.3389/fpsyg.2014.00919

D. K. Grandy, G. M. Miller and J. X. Li:
“TAARgeting Addiction”--The Alamo Bears
Witness to Another Revolution: An Overview
of the Plenary Symposium of the 2015
Behavior, Biology and Chemistry Conference.
Drug Alcohol Depend, 159, 9-16 (2016)

DOI: 10.1016/j.drugalcdep.2015.11.014

M. C. Hearing, J. Jedynak, S. R. Ebner, A.
Ingebretson, A. J. Asp, R. A. Fischer, C.
Schmidt, E. B. Larson and M. J. Thomas:
Reversal of morphine-induced cell-type-
specific synaptic plasticity in the nucleus
accumbens shell blocks reinstatement. Proc
Natl Acad Sci U S A, 113(3), 757-62 (2016)
DOI: 10.1073/pnas.1519248113

N. Kai, K. Nishizawa, Y. Tsutsui, S. Ueda and
K. Kobayashi: Differential roles of dopamine
D1 and D2 receptor-containing neurons of
the nucleus accumbens shell in behavioral
sensitization. J Neurochem, 135(6), 1232-
41 (2015)

DOI: 10.1111/jnc.13380

F. A. Moreira and J. W. Dalley: Dopamine
receptor partial agonists and addiction. Eur
J Pharmacol, 752, 112-5 (2015)

DOI: 10.1016/j.ejphar.2015.02.025

D. J. Nutt, A. Lingford-Hughes, D. Erritzoe
and P. R. Stokes: The dopamine theory of
addiction: 40 years of highs and lows. Nat
Rev Neurosci, 16(5), 305-12 (2015)

DOI: 10.1038/nrn3939

K. Yamamoto, R. Fontaine, C. Pasqualini
and P. Vernier: Classification of Dopamine
Receptor Genes in Vertebrates: Nine
Subtypes in Osteichthyes. Brain Behav
Evol, 86(3-4), 164-75 (2015)

DOI: 10.1159/000441550

C. L. Carpenter, A. M. Wong, Z. Li, E.
P. Noble and D. Heber: Association of
dopamine D2 receptor and leptin receptor
genes with clinically severe obesity. Obesity
(Silver Spring), 21(9), E467-73 (2013)

M. L. Bouthenet, E. Souil, M. P. Martres,
P. Sokoloff, B. Giros and J. C. Schwartz:
Localization of dopamine D3 receptor mRNA
in the rat brain using in situ hybridization

1278

170.

171.

172.

173.

174.

175.

176.

177.

histochemistry: comparison with dopamine
D2 receptor mRNA. Brain Res, 564(2), 203-
19 (1991)

DOI: 10.1016/0006-8993(91)91456-B

Q. F. Hou and S. B. Li: Potential association
of DRD2 and DAT1 genetic variation with
heroin dependence. Neurosci Lett, 464(2),
127-30 (2009)

DOI: 10.1016/j.neulet.2009.08.004

N. Mehic-Basara, L. Oruc, L. Kapur-
Pojskic and J. Ramic: Association of
dopamine receptor gene polymorphism and
psychological personality traits in liability
for opioid addiction. Bosn J Basic Med Sci,
13(3), 158-62 (2013)

Y. Du, Y. Nie, Y. Li and Y. J. Wan: The
association between the SLC6A3 VNTR
9-repeat allele and alcoholism-a meta-
analysis. Alcohol Clin Exp Res, 35(9), 1625-
34 (2011)

DOI: 10.1111/j.1530-0277.2011.01509.x

D. Ling, T. Niu, Y. Feng, H. Xing and X.
Xu: Association between polymorphism
of the dopamine transporter gene and
early smoking onset: an interaction risk on
nicotine dependence. J Hum Genet, 49(1),
35-9 (2004)

DOI: 10.1007/s10038-003-0104-5

T. Li, K. Xu, H. Deng, G. Cai, J. Liu, X. Liu, R.
Wang, X. Xiang, J. Zhao, R. M. Murray, P. C.
Sham and D. A. Collier: Association analysis
of the dopamine D4 gene exon Il VNTR
and heroin abuse in Chinese subjects. Mol
Psychiatry, 2(5), 413-6 (1997)

DOI: 10.1038/sj.mp.4000310

J. H. Lai, Y. S. Zhu, Z. H. Huo, R. F. Sun,
B. Yu, Y. P. Wang, Z. Q. Chai and S. B. Li:
Association study of polymorphisms in the
promoter region of DRD4 with schizophrenia,
depression, and heroin addiction. Brain Res,
1359, 227-32 (2010)

DOI: 10.1016/j.brainres.2010.08.064

D. Chen, F. Liu, Q. Shang, X. Song, X.
Miao and Z. Wang: Association between
polymorphisms of DRD2 and DRD4 and
opioid dependence: evidence from the current
studies. Am J Med Genet B Neuropsychiatr
Genet, 156b(6), 661-70 (2011)

DOI: 10.1002/ajmg.b.31208

C. Shao, Y. Li, K. Jiang, D. Zhang, Y. Xu, L.
Lin, Q. Wang, M. Zhao and L. Jin: Dopamine

© 1996-2017


https://doi.org/10.3389/fpsyg.2014.00919
https://doi.org/10.1016/j.drugalcdep.2015.11.014
https://doi.org/10.1073/pnas.1519248113
https://doi.org/10.1111/jnc.13380
https://doi.org/10.1016/j.ejphar.2015.02.025
https://doi.org/10.1038/nrn3939
https://doi.org/10.1159/000441550
https://doi.org/10.1016/0006-8993(91)91456-B
https://doi.org/10.1016/j.neulet.2009.08.004
https://doi.org/10.1111/j.1530-0277.2011.01509.x
https://doi.org/10.1007/s10038-003-0104-5
https://doi.org/10.1038/sj.mp.4000310
https://doi.org/10.1016/j.brainres.2010.08.064
https://doi.org/10.1002/ajmg.b.31208

Opiate/opioid abstinence: Treating the symptoms and cause

D4 receptor polymorphism modulates
cue-elicited heroin craving in Chinese.
Psychopharmacology (Berl), 186(2), 185-90
(2006)
DOI: 10.1007/s00213-006-0375-6
178.J. Chen, B. K. Lipska, N. Halim, Q. D. Ma,
M. Matsumoto, S. Melhem, B. S. Kolachana,
T. M. Hyde, M. M. Herman, J. Apud, M. F.
Egan, J. E. Kleinman and D. R. Weinberger:
Functional analysis of genetic variation in
catechol-O-methyltransferase (COMT):
effects on mRNA, protein, and enzyme
activity in postmortem human brain. Am J
Hum Genet, 75(5), 807-21 (2004)
DOI: 10.1086/425589
179.A. Vereczkei, Z. Demetrovics, A. Szekely,
P. Sarkozy, P. Antal, A. Szilagyi, M. Sasvari-
Szekely and C. Barta: Multivariate analysis
of dopaminergic gene variants as risk
factors of heroin dependence. PLoS One,
8(6), 66592 (2013)
DOI: 10.1371/journal.pone.0066592
180.K. Blum, R. D. Badgaiyan, G. Agan, J.
Fratantonio, T. Simpatico, M. Febo, B. C.
Haberstick, A. Smolen and M. S. Gold:
Molecular Genetic Testing in Reward
Deficiency Syndrome (RDS): Facts and
Fiction. J Reward Defic Syndr, 1(1), 65-68
(2015)
DOI: 10.17756/jrds.2015-009
181.K. Blum, T. J. Chen, B. Meshkin, R. L.
Waite, B. W. Downs, S. H. Blum, J. F.
Mengucci, V. Arcuri, E. R. Braverman and T.
Palomo: Manipulation of catechol-O-methyl-
transferase (COMT) activity to influence
the attenuation of substance seeking
behavior, a subtype of Reward Deficiency
Syndrome (RDS), is dependent upon
gene polymorphisms: a hypothesis. Med
Hypotheses, 69(5), 1054-60 (2007)
DOI: 10.1016/j.mehy.2006.12.062
182.T. Li, C. K. Chen, X. Hu, D. Ball, S. K.
Lin, W. Chen, P. C. Sham, W. Loh el, R.
M. Murray and D. A. Collier: Association
analysis of the DRD4 and COMT genes in
methamphetamine abuse. Am J Med Genet
B Neuropsychiatr Genet, 129b(1), 120-4
(2004)
DOI: 10.1002/ajmg.b.30024

183.L. Cao, T. Li, K. Xu and X. Liu: (Association
study of heroin-dependence and -287
A/IG polymorphism of  catechol-O-
methyltransferase gene). Zhonghua Yi

1279

Xue Yi Chuan Xue Za Zhi, 19(6), 499-501
(2002)

184.D. J. Vandenbergh, L. A. Rodriguez, I. T.
Miller, G. R. Uhl and H. M. Lachman: High-
activity catechol-O-methyltransferase allele
is more prevalent in polysubstance abusers.
Am J Med Genet, 74(4), 439-42 (1997)
DOI: 10.1002/(SICI)1096-8628(19970725)74:
4<439::AID-AJMG16>3.0.CO;2-J

185.R. Horowitz, M. Kotler, E. Shufman, S.
Aharoni, |. Kremer, H. Cohen and R. P.
Ebstein: Confirmation of an excess of the
high enzyme activity COMT val allele in
heroin addicts in a family-based haplotype
relative risk study. Am J Med Genet, 96(5),
599-603 (2000)

DOI: 10.1002/1096-8628(20001009)
96:5<599::AID-AJMG4>3.0.CO;2-O

186.T. Li, S. Yu, J. Du, H. Chen, H. Jiang, K. Xu,
Y. Fu, D. Wang and M. Zhao: Role of novelty
seeking personality traits as mediator of the
association between COMT and onset age
of drug use in Chinese heroin dependent
patients. PLoS One, 6(8), €22923 (2011)
DOI: 10.1371/journal.pone.0022923

187.W. J. Chen, C. H. Chen, J. Huang, Y. P. Hsu,

S. V. Seow, C. C. Chen and A. T. Cheng:

Genetic polymorphisms of the promoter

region of dopamine D2 receptor and

dopamine transporter genes and alcoholism
among four aboriginal groups and Han

Chinese in Taiwan. Psychiatr Genet, 11(4),

187-95 (2001)

DOI: 10.1097/00041444-200112000-00002

188.C. C. Hung, M. H. Chiou, B. H. Huang, Y.
W. Hsieh, T. J. Hsieh, C. L. Huang and H.
Y. Lane: Impact of genetic polymorphisms
in ABCB1, CYP2B6, OPRM1, ANKK1 and
DRD2 genes on methadone therapy in
Han Chinese patients. Pharmacogenomics,
12(11), 1525-33 (2011)
DOI: 10.2217/pgs.11.96

189.J. F. Lee, R. B. Lu, H. C. Ko, F. M. Chang,
S. J. Yin, A. J. Pakstis and K. K. Kidd:
No association between DRD2 locus
and alcoholism after controlling the ADH
and ALDH genotypes in Chinese Han
population. Alcohol Clin Exp Res, 23(4),
592-9 (1999)
DOI: 10.1111/j.1530-0277.1999.tb04 159.x

190.T. Li, J. Du, S. Yu, H. Jiang, Y. Fu, D. Wang,
H. Sun, H. Chen and M. Zhao: Pathways

© 1996-2017


https://doi.org/10.1007/s00213-006-0375-6
https://doi.org/10.1086/425589
https://doi.org/10.1371/journal.pone.0066592
https://doi.org/10.17756/jrds.2015-009
https://doi.org/10.1016/j.mehy.2006.12.062
https://doi.org/10.1002/ajmg.b.30024
https://doi.org/10.1002/(SICI)1096-8628(19970725)74:4<439::AID-AJMG16>3.0.CO;2-J
https://doi.org/10.1002/(SICI)1096-8628(19970725)74:4<439::AID-AJMG16>3.0.CO;2-J
https://doi.org/10.1002/1096-8628(20001009)96:5<599::AID-AJMG4>3.0.CO;2-O
https://doi.org/10.1002/1096-8628(20001009)96:5<599::AID-AJMG4>3.0.CO;2-O
https://doi.org/10.1371/journal.pone.0022923
https://doi.org/10.1097/00041444-200112000-00002
https://doi.org/10.2217/pgs.11.96
https://doi.org/10.1111/j.1530-0277.1999.tb04159.x

Opiate/opioid abstinence: Treating the symptoms and cause

191.

192.

193.

194.

195.

196.

197.

to age of onset of heroin use: a structural
model approach exploring the relationship of
the COMT gene, impulsivity and childhood
trauma. PLoS One, 7(11), e48735 (2012)
DOI: 10.1371/journal.pone.0048735

R. B. Lu, H. C. Ko, F. M. Chang, C. M.
Castiglione, G. Schoolfield, A. J. Pakstis, J. R.
Kidd and K. K. Kidd: No association between
alcoholism and multiple polymorphisms at
the dopamine D2 receptor gene (DRD2) in
three distinct Taiwanese populations. Biol
Psychiatry, 39(6), 419-29 (1996)

DOI: 10.1016/0006-3223(95)00182-4

S.J. Tsai, C. Y. Cheng, L. R. Shu, C. Y. Yang,
C. W. Pan, Y. J. Liou and C. J. Hong: No
association for D2 and D4 dopamine receptor
polymorphisms and methamphetamine
abuse in Chinese males. Psychiatr Genet,
12(1), 29-33 (2002)

DOI: 10.1097/00041444-200203000-00004

T. Y. Wang, S. Y. Lee, S. L. Chen, S. H.
Chen, C. H. Chu, S. Y. Huang, N. S. Tzeng,
Y. H. Chang, C. L. Wang, |. H. Lee, T. L.
Yeh, Y. K. Yang and R. B. Lu: The aldehyde
dehydrogenase 2 gene is associated with
heroin dependence. Drug Alcohol Depend,
120(1-3), 220-4 (2012)

DOI: 10.1016/j.drugalcdep.2011.06.008

C. L. Barr and K. K. Kidd: Population
frequencies of the A1 allele at the dopamine
D2 receptor locus. Biol Psychiatry, 34(4),
204-9 (1993)

DOI: 10.1016/0006-3223(93)90073-M

A. M. Cesura and A. Pletscher: The new
generation of monoamine oxidase inhibitors.
Prog Drug Res, 38, 171-297 (1992)
DOI: 10.1007/978-3-0348-7141-9_3

J. S. Fowler, R. R. MacGregor, A. P. Wolf,
C. D. Arnett, S. L. Dewey, D. Schlyer, D.
Christman, J. Logan, M. Smith, H. Sachs
and et al.: Mapping human brain monoamine
oxidase A and B with 11C-labeled suicide
inactivators and PET. Science, 235(4787),
481-5 (1987)

DOI: 10.1126/science.3099392

L. W. Thorpe, K. N. Westlund, L. M.
Kochersperger, C. W. Abell and R. M.
Denney: Immunocytochemical localization
of monoamine oxidases A and B in human
peripheral tissues and brain. J Histochem
Cytochem, 35(1), 23-32 (1987)

DOI: 10.1177/35.1.3025289

1280

198.

199.

200.

201.

202.

203.

204.

205.

J. Saura, Z. Bleuel, J. Ulrich, A.
Mendelowitsch, K. Chen, J. C. Shih, P.
Malherbe, M. Da Prada and J. G. Richards:
Molecular  neuroanatomy of human
monoamine oxidases A and B revealed
by quantitative enzyme radioautography
and in situ hybridization histochemistry.
Neuroscience, 70(3), 755-74 (1996)

DOI: 10.1016/S0306-4522(96)83013-2

T. Vitalis, C. Fouquet, C. Alvarez, |
Seif, D. Price, P. Gaspar and O. Cases:
Developmental expression of monoamine
oxidases A and B in the central and
peripheral nervous systems of the mouse. J
Comp Neurol, 442(4), 331-47 (2002)

DOI: 10.1002/cne.10093

G. S. Hotamisligil and X. O. Breakefield:
Human monoamine oxidase A gene
determines levels of enzyme activity. Am J
Hum Genet, 49(2), 383-92 (1991)

G. Kirov, N. Norton, I. Jones, F. McCandless,
N. Craddock and M. J. Owen: A functional
polymorphism in the promoter of monoamine
oxidase A gene and bipolar affective
disorder. Int J Neuropsychopharmacol, 2(4),
293-298 (1999)

DOI: 10.1017/S1461145799001601

O. Cases, |. Seif, J. Grimsby, P. Gaspar, K.
Chen, S. Pournin, U. Muller, M. Aguet, C.
Babinet, J. C. Shih and et al.: Aggressive
behavior and altered amounts of brain
serotonin and norepinephrine in mice lacking
MAOA. Science, 268(5218), 1763-6 (1995)
DOI: 10.1126/science.7792602

J. C. Shih, M. J. Ridd, K. Chen, W. P. Meehan,
M. P. Kung, |. Seif and E. De Maeyer:
Ketanserin and tetrabenazine abolish
aggression in mice lacking monoamine
oxidase A. Brain Res, 835(2), 104-12 (1999)
DOI: 10.1016/S0006-8993(99)01478-X

T. J. Chen, K. Blum, D. Mathews, L.
Fisher, N. Schnautz, E. R. Braverman, J.
Schoolfield, B. W. Downs and D. E. Comings:
Are dopaminergic genes involved in a
predisposition to pathological aggression?
Hypothesizing the importance of “super
normal controls” in psychiatricgenetic
research of complex behavioral disorders.
Med Hypotheses, 65(4), 703-7 (2005)

DOI: 10.1016/j.mehy.2005.04.037

M. M. Vanyukov, B. S. Maher, B. Devlin,
G. P. Kirillova, L. Kirisci, L. M. Yu and R. E.

© 1996-2017


https://doi.org/10.1371/journal.pone.0048735
https://doi.org/10.1016/0006-3223(95)00182-4
https://doi.org/10.1097/00041444-200203000-00004
https://doi.org/10.1016/j.drugalcdep.2011.06.008
https://doi.org/10.1016/0006-3223(93)90073-M
https://doi.org/10.1007/978-3-0348-7141-9_3
https://doi.org/10.1126/science.3099392
https://doi.org/10.1177/35.1.3025289
https://doi.org/10.1016/S0306-4522(96)83013-2
https://doi.org/10.1002/cne.10093
https://doi.org/10.1017/S1461145799001601
https://doi.org/10.1126/science.7792602
https://doi.org/10.1016/S0006-8993(99)01478-X
https://doi.org/10.1016/j.mehy.2005.04.037

Opiate/opioid abstinence: Treating the symptoms and cause

206.

207.

208.

209.

210.

211.

212.

Ferrell: The MAOA promoter polymorphism,
disruptive behavior disorders, and early
onset substance use disorder: gene-
environment interaction. Psychiatr Genet,
17(6), 323-32 (2007)

DOI: 10.1097/YPG.0b013e32811f6691

M. M. Vanyukov, B. S. Maher, B. Devlin,
R. E. Tarter, G. P. Kirillova, L. M. Yu and R.
E. Ferrell: Haplotypes of the monoamine
oxidase genes and the risk for substance use
disorders. Am J Med Genet B Neuropsychiatr
Genet, 125b(1), 120-5 (2004)

DOI: 10.1002/ajmg.b.20105

Y. P. Hsu, E. W. Loh, W. J. Chen, C. C.
Chen, J. M. Yu and A. T. Cheng: Association
of monoamine oxidase A alleles with
alcoholism among male Chinese in Taiwan.
Am J Psychiatry, 153(9), 1209-11 (1996)
DOI: 10.1176/ajp.153.9.1209

S.Y. Lee, C. Y. Hahn, J. F. Lee, S. L. Chen,
S.H. Chen, T. L. Yeh, P. H. Kuo, I. H. Lee, Y.
K.Yang, S. Y. Huang, H. C. Koand R. B. Lu:
MAOA-uVNTR polymorphism may modify
the protective effect of ALDH2 gene against
alcohol dependence in antisocial personality
disorder. Alcohol Clin Exp Res, 33(6), 985-
90 (2009)

DOI: 10.1111/j.1530-0277.2009.00919.x

S.Y.Lee, C.Y.Hahn, J.F. Lee, S. Y. Huang,
S. L. Chen, P. H. Kuo, I. H. Lee, T. L. Yeh,
Y. K. Yang, S. H. Chen, H. C. Ko and R. B.
Lu: MAOA interacts with the ALDH2 gene
in anxiety-depression alcohol dependence.
Alcohol Clin Exp Res, 34(7), 1212-8 (2010)
DOI: 10.1111/j.1530-0277.2010.01198.x

Y. Jin, D. Chen, Y. Hu, S. Guo, H. Sun, A.
Lu, X. Zhang and L. Li: Association between
monoamine oxidase gene polymorphisms
and smoking behaviour in Chinese males.
Int J Neuropsychopharmacol, 9(5), 557-64
(2006)

DOI: 10.1017/S1461145705006218

C. C. Chien, C. H. Lin, Y. Y. Chang and F. W.
Lung: Association of VNTR polymorphisms
in the MAOA promoter and DRD4 exon 3
with heroin dependence in male Chinese
addicts. World J Biol Psychiatry, 11(2 Pt 2),
409-16 (2010)

DOI: 10.3109/15622970903304459

M. Eriksson, U. Berggren, K. Blennow,
C. Fahlke, J. E. Mansson and J. Balldin:
Alcoholics with the dopamine receptor DRD2

1281

213.

214.

215.

216.

217.

218.

219.

220.

A1 allele have lower platelet monoamine
oxidase-B activity than those with the A2
allele: a preliminary study. Alcohol Alcohol,
35(5), 493-8 (2000)

DOI: 10.1093/alcalc/35.5.493

L.A. Howard, E. M. Sellers and R. F. Tyndale:
The role of pharmacogenetically-variable
cytochrome P450 enzymes in drug abuse
and dependence. Pharmacogenomics, 3(2),
185-99 (2002)

DOI: 10.1517/14622416.3.2.185

E. M. Sellers, S. V. Otton and R. F. Tyndale:
The potential role of the cytochrome P-450
2D6 pharmacogenetic polymorphism in drug
abuse. NIDA Res Monogr, 173, 6-26 (1997)

C. H.Chen, S. C. Wang, H. H. Tsou, I. K. Ho,
J. N. Tian, C. J. Yu, C. F. Hsiao, S. Y. Chou,
Y. F. Lin, K. C. Fang, C. L. Huang, L. W. Su,
Y. C. Fang, M. L. Liu, K. M. Lin, Y. T. Hsu,
S. C. Liu, A. Chen and Y. L. Liu: Genetic
polymorphisms in CYP3A4 are associated
with withdrawal symptoms and adverse
reactions in methadone maintenance
patients. Pharmacogenomics, 12(10), 1397-
406 (2011)

DOI: 10.2217/pgs.11.103

L. Zhou, B. X. Lu and J. Yin: (Association of
cytochrome P4502D6 gene polymorphism
with the susceptibility of heroin spongiform
leucoencephalopathy). Nan Fang Yi Ke Da
Xue Xue Bao, 30(3), 572-4, 583 (2010)

S. De Fazio, L. Gallelli, A. De Siena, G. De
Sarro and M. G. Scordo: Role of CYP3A5
in abnormal clearance of methadone. Ann
Pharmacother, 42(6), 893-7 (2008)

DOI: 10.1345/aph.1K539

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

E. J. Van Bockstaele and R. J. Valentino:
Neuropeptide regulation of the locus
coeruleus and opiate-induced plasticity of
stress responses. Adv Pharmacol, 68, 405-
20 (2013)

DOI: 10.1016/B978-0-12-411512-5.00019-1

N. S. Miller and M. S. Gold: Opiate
prescription medication dependence and
pain perceptions. J Addict Dis, 26 Suppl 1,
65-71 (2007)

DOI: 10.1300/J069v26S01 07

© 1996-2017


https://doi.org/10.1097/YPG.0b013e32811f6691
https://doi.org/10.1002/ajmg.b.20105
https://doi.org/10.1176/ajp.153.9.1209
https://doi.org/10.1111/j.1530-0277.2009.00919.x
https://doi.org/10.1111/j.1530-0277.2010.01198.x
https://doi.org/10.1017/S1461145705006218
https://doi.org/10.3109/15622970903304459
https://doi.org/10.1093/alcalc/35.5.493
https://doi.org/10.1517/14622416.3.2.185
https://doi.org/10.2217/pgs.11.103
https://doi.org/10.1345/aph.1K539
https://doi.org/10.1016/B978-0-12-411512-5.00019-1
https://doi.org/10.1300/J069v26S01_07

Opiate/opioid abstinence: Treating the symptoms and cause

221.

222.

223.

224.

225.

226.

227.

228.

A. L. Chen, T. J. Chen, R. L. Waite, J.
Reinking, H. L. Tung, P. Rhoades, B. W.
Downs, E. Braverman, D. Braverman, M.
Kerner, S. H. Blum, N. DiNubile, D. Smith, M.
Oscar-Berman, T. J. Prihoda, J. B. Floyd, D.
O’Brien, H. H. Liu and K. Blum: Hypothesizing
that brain reward circuitry genes are genetic
antecedents of pain sensitivity and critical
diagnostic and pharmacogenomic treatment
targets for chronic pain conditions. Med
Hypotheses, 72(1), 14-22 (2009)

DOI: 10.1016/j.mehy.2008.07.059

C. Y. Li, X. Mao and L. Wei: Genes and
(common) pathways underlying drug
addiction. PLoS Comput Biol, 4(1), e2 (2008)
DOI: 10.1371/journal.pcbi.0040002

H.L.FieldsandE.B. Margolis: Understanding
opioid reward. Trends Neurosci, 38(4), 217-
25 (2015)

DOI: 10.1016/j.tins.2015.01.002

A. Bechara and D. van der Kooy: A
single brain stem substrate mediates the
motivational effects of both opiates and food
in nondeprived rats but not in deprived rats.
Behav Neurosci, 106(2), 351-63 (1992)
DOI: 10.1037/0735-7044.106.2.351

L. Riad-Allen and D. van der Kooy: Social
defeat stress switches the neural system
mediating  benzodiazepine  conditioned
motivation. Behav Neurosci, 127(4), 515-23
(2013)

DOI: 10.1037/a0032962

H. Vargas-Perez, A. K. R. Ting, C. H. Walton,
D. M. Hansen, R. Razavi, L. Clarke, M. R.
Bufalino, D. W. Allison, S. C. Steffensen
and D. van der Kooy: Ventral tegmental
area BDNF induces an opiate-dependent-
like reward state in naive rats. Science,
324(5935), 1732-4 (2009)

DOI: 10.1126/science.1168501

I. B. Witten, E. E. Steinberg, S. Y. Lee, T. J.
Davidson, K. A. Zalocusky, M. Brodsky, O.
Yizhar, S. L. Cho, S. Gong, C. Ramakrishnan,
G. D. Stuber, K. M. Tye, P. H. Janak and K.
Deisseroth: Recombinase-driver rat lines:
tools, techniques, and optogenetic application
to dopamine-mediated reinforcement.
Neuron, 72(5), 721-33 (2011)

DOI: 10.1016/j.neuron.2011.10.028

F. Brischoux, S. Chakraborty, D. |. Brierley
and M. A. Ungless: Phasic excitation of
dopamine neurons in ventral VTA by noxious

1282

229.

230.

231.

232.

233.

234.

235.

stimuli. Proc Natl Acad Sci U S A, 106(12),
4894-9 (2009)
DOI: 10.1073/pnas.0811507106

E. B. Margolis, G. O. Hjelmstad, A. Bonciand
H. L. Fields: Kappa-opioid agonists directly
inhibit midbrain dopaminergic neurons. J
Neurosci, 23(31), 9981-6 (2003)

W. Li, Q. Li, D. Wang, W. Xiao, K. Liu, L. Shi,
J. Zhu, Y. Li, X. Yan, J. Chen, J. Ye, Z. Li, Y.
Wang and W. Wang: Dysfunctional Default
Mode Network in Methadone Treated
Patients Who Have a Higher Heroin Relapse
Risk. Sci Rep, 5, 15181 (2015)

DOI: 10.1038/srep15181

P. T. Bell, M. Gilat, C. O’'Callaghan, D. A.
Copland, M. J. Frank, S. J. Lewis and J. M.
Shine: Dopaminergic basis for impairments
in functional connectivity across subdivisions
of the striatum in Parkinson’s disease. Hum
Brain Mapp, 36(4), 1278-91 (2015)

DOI: 10.1002/hbm.22701

P. Piray, H. E. den Ouden, M. E. van der
Schaaf, I. Toni and R. Cools: Dopaminergic
Modulation of the Functional Ventrodorsal
Architecture of the Human Striatum. Cereb
Cortex (2015)

DOI: 10.1093/cercor/bhv243

M. Pecina, M. Martinez-Jauand, T. Love, J.
Heffernan, P. Montoya, C. Hodgkinson, C.
S. Stohler, D. Goldman and J. K. Zubieta:
Valence-specific effects of BDNF Val66Met
polymorphism on dopaminergic stress and
reward processing in humans. J Neurosci,
34(17), 5874-81 (2014)

DOI: 10.1523/UJNEUROSCI.2152-13.2014

F. Carbonell, A. Nagano-Saito, M. Leyton, P.
Cisek, C. Benkelfat, Y. He and A. Dagher:
Dopamine precursor depletion impairs
structure and efficiency of resting state brain
functional networks. Neuropharmacology,
84, 90-100 (2014)

DOI: 10.1016/j.neuropharm.2013.12.021

F. Sambataro, L. Fazio, P. Taurisano, B.
Gelao, A. Porcelli, M. Mancini, L. Sinibaldi,
G. Ursini, R. Masellis, G. Caforio, A. Di
Giorgio, A. Niccoli-Asabella, T. Popolizio,
G. Blasi and A. Bertolino: DRD2 genotype-
based variation of default mode network
activity and of its relationship with striatal
DAT binding. Schizophr Bull, 39(1), 206-16
(2013)

DOI: 10.1093/schbul/sbr128

© 1996-2017


https://doi.org/10.1016/j.mehy.2008.07.059
https://doi.org/10.1371/journal.pcbi.0040002
https://doi.org/10.1016/j.tins.2015.01.002
https://doi.org/10.1037/0735-7044.106.2.351
https://doi.org/10.1037/a0032962
https://doi.org/10.1126/science.1168501
https://doi.org/10.1016/j.neuron.2011.10.028
https://doi.org/10.1073/pnas.0811507106
https://doi.org/10.1038/srep15181
https://doi.org/10.1002/hbm.22701
https://doi.org/10.1093/cercor/bhv243
https://doi.org/10.1523/JNEUROSCI.2152-13.2014
https://doi.org/10.1016/j.neuropharm.2013.12.021
https://doi.org/10.1093/schbul/sbr128

Opiate/opioid abstinence: Treating the symptoms and cause

236.

237.

238.

239.

240.

241

242.

C. Stelzel, U. Basten, C. Montag, M.
Reuter and C. J. Fiebach: Frontostriatal
involvement in task switching depends on
genetic differences in d2 receptor density. J
Neurosci, 30(42), 14205-12 (2010)

DOI: 10.1523/JNEUROSCI.1062-10.2010

G. Blasi, L. Lo Bianco, P. Taurisano,
B. Gelao, R. Romano, L. Fazio, A.
Papazacharias, A. Di Giorgio, G. Caforio,
A. Rampino, R. Masellis, A. Papp, G.
Ursini, L. Sinibaldi, T. Popolizio, W. Sadee
and A. Bertolino: Functional variation of the
dopamine D2 receptor gene is associated
with emotional control as well as brain
activity and connectivity during emotion
processing in humans. J Neurosci, 29(47),
14812-9 (2009)

DOI: 10.1523/JNEUROSCI.3609-09.2009

E. A. Ferenczi, K. A. Zalocusky, C. Liston,
L. Grosenick, M. R. Warden, D. Amatya,
K. Katovich, H. Mehta, B. Patenaude, C.
Ramakrishnan, P. Kalanithi, A. Etkin, B.
Knutson, G. H. Glover and K. Deisseroth:
Prefrontal cortical regulation of brainwide

circuit dynamics and reward-related
behavior. Science, 351(6268), aac9698
(2016)

DOI: 10.1126/science.aac9698

K. Blum, E. R. Braverman, S. Wu, J. G. Cull,
T. J. Chen, J. Gill, R. Wood, A. Eisenberg,
M. Sherman, K. R. Davis, D. Matthews,
L. Fischer, N. Schnautz, W. Walsh, A. A.
Pontius, M. Zedar, G. Kaats and D. E.
Comings: Association of polymorphisms
of dopamine D2 receptor (DRD2), and
dopamine transporter (DAT1) genes with
schizoid/avoidant behaviors (SAB). Mol
Psychiatry, 2(3), 239-46 (1997)

DOI: 10.1038/sj.mp.4000261

A. Doehring, B. G. Oertel, R. Sittl and J.
Lotsch: Chronic opioid use is associated
with increased DNA methylation correlating
with increased clinical pain. Pain, 154(1),
15-23 (2013)

DOI: 10.1016/j.pain.2012.06.011

.Z. Furst, P. Riba and M. Al-Khrasani: New

approach to the neurobiological mechanisms
of addiction. Neuropsychopharmacol Hung,
15(4), 189-205 (2013)

P. J. Kenny: Epigenetics, microRNA, and
addiction. Dialogues Clin Neurosci, 16(3),
335-44 (2014)

1283

243.

244,

245.

246.

247.

248.

249.

250.

A. Mahmoodpoor and S. E. Golzari:
Epigenetics, opium, and cancer. Lancet
Oncol, 15(4), €153 (2014)

DOI: 10.1016/S1470-2045(14)70077-4

H. M. Abdolmaleky, S. Thiagalingam and
M. Wilcox: Genetics and epigenetics in
major psychiatric  disorders: dilemmas,
achievements, applications, and future scope.
Am J Pharmacogenomics, 5(3), 149-60 (2005)
DOI: 10.2165/00129785-200505030-00002

H. Szutorisz, J. A. DiNieri, E. Sweet, G.
Egervari, M. Michaelides, J. M. Carter, Y.
Ren, M. L. Miller, R. D. Blitzer and Y. L. Hurd:
Parental THC exposure leads to compulsive
heroin-seeking and altered striatal synaptic
plasticity in the subsequent generation.
Neuropsychopharmacology, 39(6), 1315-23
(2014)

DOI: 10.1038/npp.2013.352

K. Blum, M. Febo, T. MclLaughlin, F. J.
Cronje, D. Han and S. M. Gold: Hatching
the behavioral addiction egg: Reward
Deficiency Solution System (RDSS) as a
function of dopaminergic neurogenetics
and brain functional connectivity linking all
addictions under a common rubric. J Behav
Addict, 3(3), 149-56 (2014)

DOI: 10.1556/JBA.3.2014.019

C. N. Haile, T. A. Kosten and T. R. Kosten:
Pharmacogenetic treatments for drug
addiction: alcohol and opiates. Am J Drug
Alcohol Abuse, 34(4), 355-81 (2008)
DOI: 10.1080/00952990802122564

V. Yuferov, O. Levran, D. Proudnikov, D. A.
Nielsen and M. J. Kreek: Search for genetic
markers and functional variants involved
in the development of opiate and cocaine
addiction and treatment. Ann N Y Acad Sci,
1187, 184-207 (2010)

DOI: 10.1111/j.1749-6632.2009.05275.x

G. Gerra, L. Somaini, C. Leonardi, E.
Cortese, I. Maremmani, M. Manfredini and
C. Donnini: Association between gene
variants and response to buprenorphine
maintenance treatment. Psychiatry Res,
215(1), 202-7 (2014)

DOI: 10.1016/j.psychres.2013.11.001

K. Bijangi-Vishehsaraei, K. Blum, H. Zhang,
A. R. Safa and S. L. Halum: Microarray
Analysis Gene Expression Profiles in
Laryngeal Muscle After Recurrent Laryngeal

© 1996-2017


https://doi.org/10.1523/JNEUROSCI.1062-10.2010
https://doi.org/10.1523/JNEUROSCI.3609-09.2009
https://doi.org/10.1126/science.aac9698
https://doi.org/10.1038/sj.mp.4000261
https://doi.org/10.1016/j.pain.2012.06.011
https://doi.org/10.1016/S1470-2045(14)70077-4
https://doi.org/10.2165/00129785-200505030-00002
https://doi.org/10.1038/npp.2013.352
https://doi.org/10.1556/JBA.3.2014.019
https://doi.org/10.1080/00952990802122564
https://doi.org/10.1111/j.1749-6632.2009.05275.x
https://doi.org/10.1016/j.psychres.2013.11.001

Opiate/opioid abstinence: Treating the symptoms and cause

251.

252.

253.

254.

255.

256.

Nerve Injury. Ann Otol Rhinol Laryngol,
125(3), 247-56 (2016)
DOI: 10.1177/0003489415608866

K. Blum, M. Oscar-Berman, Z. Demetrovics,
D. Barh and M. S. Gold: Genetic Addiction
Risk Score (GARS): molecular neurogenetic
evidence for predisposition to Reward
Deficiency Syndrome (RDS). Mol Neurobiol,
50(3), 765-96 (2014)

DOI: 10.1007/s12035-014-8726-5

K. Blum, M. Oscar-Berman, N. Dinubile, J.
Giordano, E. R. Braverman, C. E. Truesdell,
D. Barh and R. Badgaiyan: Coupling
Genetic Addiction Risk Score (GARS) with
Electrotherapy: Fighting latrogenic Opioid
Dependence. J Addict Res Ther, 4(163),
1000163 (2013)

B. Downs, M. Oscar-Berman, R. Waite, M.
Madigan, J. Giordano, T. Beley, S. Jones, T.
Simpatico, M. Hauser, J. Borsten, F. Marcelo,
E. Braverman, R. Lohmann, K. Dushaj, M.
Helman, D. Barh, S. Schoenthaler, D. Han
and K. Blum: Have We Hatched the Addiction
Egg: Reward Deficiency Syndrome Solution
System. J Genet Syndr Gene Ther, 4(136),
14318 (2013)

D. F. Levey, H. Le-Niculescu, J. Frank, M.
Ayalew, N. Jain, B. Kirlin, R. Learman, E.
Winiger, Z. Rodd, A. Shekhar, N. Schork,
F. Kiefer, N. Wodarz, B. Muller-Myhsok,
N. Dahmen, M. Nothen, R. Sherva, L.
Farrer, A. H. Smith, H. R. Kranzler, M.
Rietschel, J. Gelernter and A. B. Niculescu:
Genetic risk prediction and neurobiological
understanding of alcoholism.  Transl/
Psychiatry, 4, €391 (2014)

DOI: 10.1038/tp.2014.29

K. M. Pearson-Fuhrhop, E. C. Dunn, S.
Mortero, W. J. Devan, G. J. Falcone, P.
Lee, A. J. Holmes, M. O. Hollinshead, J. L.
Roffman, J. W. Smoller, J. Rosand and S.
C. Cramer: Dopamine genetic risk score
predicts depressive symptoms in healthy
adults and adults with depression. PLoS
One, 9(5), €93772 (2014)

DOI: 10.1371/journal.pone.0093772

J. W. Gilbert, G. R. Wheeler, G. E. Mick, B.
B. Storey, S. L. Herder, G. B. Richardson,
E. Watts, K. Gyarteng-Dakwa, B. S.
Marino, C. M. Kenney, M. Siddigi and P. G.
Broughton: Importance of urine drug testing
in the treatment of chronic noncancer pain:
implications of recent medicare policy

1284

257.

258.

259.

260.

261.

262.

263.

264.

changes in kentucky. Pain Physician, 13(2),
167-86 (2010)

J. L. Starrels, W. C. Becker, D. P. Alford,
A. Kapoor, A. R. Williams and B. J. Turner:
Systematic review: treatment agreements
and urine drug testing to reduce opioid
misuse in patients with chronic pain. Ann
Intern Med, 152(11), 712-20 (2010)
DOI:10.7326/0003-4819-152-11-201006010-
00004

K. Blum, M. Hauser, J. Fratantonio and R.
D. Badgaiyan: Molecular Genetic Testing
in Pain and Addiction: Facts, Fiction and
Clinical Utility. Addict Genet, 2(1), 1-5 (2015)
DOI: 10.1515/addge-2015-0001

W. S. Jacobs, M. Repetto, S. Vinson, R.
Pomm and M. S. Gold: Random urine
testing as an intervention for drug addiction.
Psychiatr Ann, 34, 781-785 (2004)

DOI: 10.3928/0048-5713-20041001-18

L. B. Cottler, S. Ajinkya, B. A. Goldberger,
M. A. Ghani, D. M. Martin, H. Hu and M. S.
Gold: Prevalence of drug and alcohol use
in urban Afghanistan: epidemiological data
from the Afghanistan National Urban Drug
Use Study (ANUDUS). Lancet Glob Health,
2(10), €592-600 (2014)

DOI: 10.1016/S2214-109X(14)70290-6

E. B. Margolis, G. O. Hjelmstad, W. Fujita and
H. L. Fields: Direct bidirectional mu-opioid
control of midbrain dopamine neurons. J
Neurosci, 34(44), 14707-16 (2014)

DOI: 10.1523/JNEUROSCI.2144-14.2014

S. J. Moeller, E. D. London and G. Northoff:
Neuroimaging markers of glutamatergic
and GABAergic systems in drug addiction:
Relationships to resting-state functional
connectivity. Neurosci Biobehav Rev, 61,
35-52 (2016)

DOI: 10.1016/j.neubiorev.2015.11.010

A. S. Fischer, S. Whitfield-Gabrieli, R. M.
Roth, M. F. Brunette and A. I. Green: Impaired
functional connectivity of brain reward
circuitry in patients with schizophrenia and
cannabis use disorder: Effects of cannabis
and THC. Schizophr Res, 158(1-3), 176-82
(2014)

DOI: 10.1016/j.schres.2014.04.033

B. Froeliger, P. A. McConnell, N.

Stankeviciute, E. A. McClure, P. W.
Kalivas and K. M. Gray: The effects of

© 1996-2017


https://doi.org/10.1177/0003489415608866
https://doi.org/10.1007/s12035-014-8726-5
https://doi.org/10.1038/tp.2014.29
https://doi.org/10.1371/journal.pone.0093772
https://doi.org/10.7326/0003-4819-152-11-201006010-00004
https://doi.org/10.7326/0003-4819-152-11-201006010-00004
https://doi.org/10.1515/addge-2015-0001
https://doi.org/10.3928/0048-5713-20041001-18
https://doi.org/10.1016/S2214-109X(14)70290-6
https://doi.org/10.1523/JNEUROSCI.2144-14.2014
https://doi.org/10.1016/j.neubiorev.2015.11.010
https://doi.org/10.1016/j.schres.2014.04.033

Opiate/opioid abstinence: Treating the symptoms and cause

265.

266.

267.

268.

269.

270.

271.

N-Acetylcysteine on frontostriatal resting-
state functional connectivity, withdrawal
symptoms and smoking abstinence: A
double-blind, placebo-controlled fMRI pilot
study. Drug Alcohol Depend, 156, 234-42
(2015)

DOI: 10.1016/j.drugalcdep.2015.09.021

C. Imperatori, M. Fabbricatore, M.
Innamorati, B. Farina, M. |. Quintiliani, D.
A. Lamis, E. Mazzucchi, A. Contardi, C.
Vollono and G. Della Marca: Modification of
EEG functional connectivity and EEG power
spectra in overweight and obese patients
with food addiction: An eLORETA study.
Brain Imaging Behav, 9(4), 703-16 (2015)
DOI: 10.1007/s11682-014-9324-x

S. Koehler, S. Ovadia-Caro, E. van der
Meer, A. Villringer, A. Heinz, N. Romanczuk-
Seiferth and D. S. Margulies: Increased
functional connectivity between prefrontal
cortex and reward system in pathological
gambling. PLoS One, 8(12), 84565 (2013)
DOI: 10.1371/journal.pone.0084565

M. Kohno, A. M. Morales, D. G. Ghahremani,
G. Hellemann and E. D. London: Risky
decision making, prefrontal cortex, and
mesocorticolimbic functional connectivity
in methamphetamine dependence. JAMA
Psychiatry, 71(7), 812-20 (2014)

DOI: 10.1001/jamapsychiatry.2014.399

S. W. Kraus, V. Voon and M. N.
Potenza: Neurobiology of Compulsive
Sexual Behavior: Emerging Science.
Neuropsychopharmacology, 41(1), 385-6
(2016)

DOI: 10.1038/npp.2015.300

S. Kuhn and J. Gallinat: Brain structure
and functional connectivity associated with
pornography consumption: the brain on
porn. JAMA Psychiatry, 71(7), 827-34 (2014)
DOI: 10.1001/jamapsychiatry.2014.93

H. Lu and E. A. Stein: Resting state
functional connectivity: its physiological
basis and application in neuropharmacology.
Neuropharmacology, 84, 79-89 (2014)

DOI: 10.1016/j.neuropharm.2013.08.023

H. Lu, Q. Zou, S. Chefer, T. J. Ross, D. B.
Vaupel, K. Guillem, W. P. Rea, Y. Yang, L.
L. Peoples and E. A. Stein: Abstinence from
cocaine and sucrose self-administration
reveals altered mesocorticolimbic circuit
connectivity by resting state MRI. Brain

1285

272.

273.

274.

275.

276.

277.

278.

Connect, 4(7), 499-510 (2014)
DOI: 10.1089/brain.2014.0264

J. Pujol, L. Blanco-Hinojo, A. Batalla, M.
Lopez-Sola, B. J. Harrison, C. Soriano-Mas,
J. A. Crippa, A. B. Fagundo, J. Deus, R. de
la Torre, S. Nogue, M. Farre, M. Torrens and
R. Martin-Santos: Functional connectivity
alterations in brain networks relevant to
self-awareness in chronic cannabis users. J
Psychiatr Res, 51, 68-78 (2014)

DOI: 10.1016/j.jpsychires.2013.12.008

J. Upadhyay, N. Maleki, J. Potter, I.
Elman, D. Rudrauf, J. Knudsen, D. Wallin,
G. Pendse, L. McDonald, M. Griffin, J.
Anderson, L. Nutile, P. Renshaw, R. Weiss,
L. Becerra and D. Borsook: Alterations in
brain structure and functional connectivity
in prescription opioid-dependent patients.
Brain, 133(Pt 7), 2098-114 (2010)

DOI: 10.1093/brain/awq138

B. J. Weiland, A. Sabbineni, V. D. Calhoun,
R. C. Welsh, A. D. Bryan, R. E. Jung, A.
R. Mayer and K. E. Hutchison: Reduced
left executive control network functional
connectivity is associated with alcohol use
disorders. Alcohol Clin Exp Res, 38(9),
2445-53 (2014)

DOI: 10.1111/acer.12505

W. Yang, F. Wang, Z. Zhang, X. Ren, Z.
Zhang, Y. Li and T. Sun: (Altered effective
connectivity of insula in nicotine addiction).
Zhonghua Yi Xue Za Zhi, 94(21), 1667-70
(2014)

T.Y. Zhai, Y. C. Shao, C. M. Xie, E. M. Ye, F.
Zou, L. P. Fu, W. J. Li, G. Chen, G. Y. Chen,
Z. G. Zhang, S. J. Li and Z. Yang: Altered
intrinsic hippocmapus declarative memory
network and its association with impulsivity
in abstinent heroin dependent subjects.
Behav Brain Res, 272, 209-17 (2014)

DOI: 10.1016/j.bbr.2014.06.054

J.T. Zhang, S. S. Ma, S. W.Yip, L. J. Wang,
C. Chen, C. G. Yan, L. Liu, B. Liu, L. Y.
Deng, Q. X. Liu and X. Y. Fang: Decreased
functional connectivity between ventral
tegmental area and nucleus accumbens
in Internet gaming disorder: evidence from
resting state functional magnetic resonance
imaging. Behav Brain Funct, 11(1), 37 (2015)
DOI: 10.1186/s12993-015-0082-8

K. Blum, T. J. Chen, S. Morse, J. Giordano,
A. L. Chen, J. Thompson, C. Allen, A.

© 1996-2017


https://doi.org/10.1016/j.drugalcdep.2015.09.021
https://doi.org/10.1007/s11682-014-9324-x
https://doi.org/10.1371/journal.pone.0084565
https://doi.org/10.1001/jamapsychiatry.2014.399
https://doi.org/10.1038/npp.2015.300
https://doi.org/10.1001/jamapsychiatry.2014.93
https://doi.org/10.1016/j.neuropharm.2013.08.023
https://doi.org/10.1089/brain.2014.0264
https://doi.org/10.1016/j.jpsychires.2013.12.008
https://doi.org/10.1093/brain/awq138
https://doi.org/10.1111/acer.12505
https://doi.org/10.1016/j.bbr.2014.06.054
https://doi.org/10.1186/s12993-015-0082-8

Opiate/opioid abstinence: Treating the symptoms and cause

279.

280.

281.

282.

283.

284.

Smolen, J. Lubar, E. Stice, B. W. Downs,
R. L. Waite, M. A. Madigan, M. Kerner, F.
Fornari and E. R. Braverman: Overcoming
gqEEG abnormalities and reward gene
deficits during protracted abstinence in
male psychostimulant and polydrug abusers
utilizing putative dopamine D(2) agonist
therapy: part 2. Postgrad Med, 122(6), 214-
26 (2010)

DOI: 10.3810/pgm.2010.11.2237

E. R
Substance

Braverman and K. Blum:
use disorder exacerbates
brain  electrophysiological abnormalities
in a psychiatrically-ill  population. Clin
Electroencephalogr, 27(4 Suppl), 5-27 (1996)
DOI: 10.1177/1550059496027S0402

D. K. Miller, A. Bowirrat, M. Manka, M. Miller,
S. Stokes, D. Manka, C. Allen, C. Gant,
B. W. Downs, A. Smolen, E. Stevens, S.
Yeldandi and K. Blum: Acute intravenous
synaptamine complex variant KB220
“normalizes” neurological dysregulation in
patients during protracted abstinence from
alcohol and opiates as observed using
quantitative electroencephalographic and
genetic analysis for reward polymorphisms:
part 1, pilot study with 2 case reports.
Postgrad Med, 122(6), 188-213 (2010)
DOI: 10.3810/pgm.2010.11.2236

[. Willuhn, L. M. Burgeno, P. A. Groblewski
and P. E. Phillips: Excessive cocaine use
results from decreased phasic dopamine
signaling in the striatum. Nat Neurosci,
17(5), 704-9 (2014)

DOI: 10.1038/nn.3694

D. Tomasi, G. J. Wang, R. Wang, E. C.
Caparelli, J. Logan and N. D. Volkow:
Overlapping patterns of brain activation to
food and cocaine cues in cocaine abusers:
association to striatal D2/D3 receptors. Hum
Brain Mapp, 36(1), 120-36 (2015)

DOI: 10.1002/hbm.22617

N. D. Volkow, D. Tomasi, G. J. Wang, J.
Logan, D. L. Alexoff, M. Jayne, J. S. Fowler,
C. Wong, P. Yin and C. Du: Stimulant-
induced dopamine increases are markedly
blunted in active cocaine abusers. Mol
Psychiatry, 19(9), 1037-43 (2014)

DOI: 10.1038/mp.2014.58

R. D. Badgaiyan, S. Sinha, M. Sajjad and
D. S. Wack: Attenuated Tonic and Enhanced
Phasic Release of Dopamine in Attention
Deficit Hyperactivity Disorder. PLoS One,

1286

285.

286.

287.

288.

289.

290.

201.

292.A. A. Grace:

293.

10(9), 0137326 (2015) doi:10.1.371/

journal.pone.0137326

DOI: 10.1371/journal.pone.0137326

A. Dahlgren, H. L. Wargelius, K. J. Berglund,
C. Fahlke, K. Blennow, H. Zetterberg, L.
Oreland, U. Berggren and J. Balldin: Do
alcohol-dependent individuals with DRD2
A1 allele have an increased risk of relapse?
A pilot study. Alcohol Alcohol, 46(5), 509-13
(2011)

DOI: 10.1093/alcalc/agr045

E. V. Bogomolova, I. Y. Rauschenbach, N. V.
Adonyeva, A. A. Alekseev, N. V. Faddeeva
and N. E. Gruntenko: Dopamine down-
regulates activity of alkaline phosphatase in
Drosophila: the role of D2-like receptors. J
Insect Physiol, 56(9), 1155-9 (2010)

DOI: 10.1016/j.jinsphys.2010.03.014

K. Blum, R. D. Badgaiyan, Z. Demotrovics,
J. Fratantonio, G. Agan and M. Febo:
Can Genetic Testing Provide Information
to Develop Customized Nutrigenomic
Solutions for Reward Deficiency Syndrome?
Clin Med Rev Case Rep, 2(1) (2015)

M. M. Harraz and S. H. Snyder: Nitric Oxide-
GAPDH Transcriptional Signaling Mediates
Behavioral Actions of Cocaine. CNS Neurol
Disord Drug Targets, 14(6), 757-63 (2015)

DOI: 10.2174/1871527314666150529150143

E. Ferenczi and K. Deisseroth: llluminating
next-generation brain therapies. Nat
Neurosci, 19(3), 414-6 (2016)

DOI: 10.1038/nn.4232

K. Deisseroth: Optogenetics: 10 vyears

of microbial opsins in neuroscience. Nat
Neurosci, 18(9), 1213-25 (2015)
DOI: 10.1038/nn.4091

T. R. Kosten and T. P. George: The
neurobiology of opioid dependence:
implications for treatment. Sci Pract
Perspect, 1(1), 13-20 (2002)

DOI: 10.1151/spp021113

The tonic/phasic model
of dopamine system regulation and its
implications for understanding alcohol and
psychostimulant craving. Addiction, 95
Suppl 2, S119-28 (2000)

DOI: 10.1046/j.1360-0443.95.8s2.1.x

G. F. Koob and M. Le Moal: Drug addiction,
dysregulation of reward, and allostasis.

© 1996-2017


https://doi.org/10.3810/pgm.2010.11.2237
https://doi.org/10.1177/1550059496027S0402
https://doi.org/10.3810/pgm.2010.11.2236
https://doi.org/10.1038/nn.3694
https://doi.org/10.1002/hbm.22617
https://doi.org/10.1038/mp.2014.58
https://doi.org/10.1371/journal.pone.0137326
https://doi.org/10.1093/alcalc/agr045
https://doi.org/10.1016/j.jinsphys.2010.03.014
https://doi.org/10.2174/1871527314666150529150143
https://doi.org/10.1038/nn.4232
https://doi.org/10.1038/nn.4091
https://doi.org/10.1151/spp021113
https://doi.org/10.1046/j.1360-0443.95.8s2.1.x

Opiate/opioid abstinence: Treating the symptoms and cause

Neuropsychopharmacology, 24(2), 97-129

(2001)

DOI: 10.1016/S0893-133X(00)00195-0
294 K. Blum, M. G. Hamilton, E. K. Meyer, N.
J. Nardacci and M. Hirst: Attenuation of
ethanol physical dependence development
by cyclohexamide: A protein synthesis
inhibitor. Pharmacologist 19(65), 138 (1978)
295.E. P. Noble and S. Tewari: Ethanol and brain
ribosomes. Fed Proc, 34(10), 1942 (1975)
296.B. Gronier: Involvement of glutamate
neurotransmission and N-methyl-d-
aspartate receptor in the activation of
midbrain dopamine neurons by 5-HT1A
receptor agonists: an electrophysiological
study in the rat. Neuroscience, 156(4), 995-
1004 (2008)
DOI: 10.1016/j.neuroscience.2008.08.033
297.D. J. Barker, D. H. Root, S. Zhang and
M. Morales: Multiplexed neurochemical
signaling by neurons of the ventral tegmental
area. J Chem Neuroanat, 73, 33-42 (2016)
DOI: 10.1016/j.jchemneu.2015.12.016
298.A. J. Eisch and G. C. Harburg: Opiates,
psychostimulants, and adult hippocampal
neurogenesis: Insights for addiction and
stem cell biology. Hippocampus, 16(3), 271-
86 (2006)
DOI: 10.1002/hipo.20161
299.R. Z. Goldstein, P. A. Woicik, S. J. Moeller, F.
Telang, M. Jayne, C. Wong, G. J. Wang, J. S.
Fowler and N. D. Volkow: Liking and wanting
of drug and non-drug rewards in active
cocaine users: the STRAP-R questionnaire.
J Psychopharmacol, 24(2), 257-66 (2010)
DOI: 10.1177/0269881108096982

300. J. Luigjes, R. Breteler, S. Vanneste and D. de
Ridder: Neuromodulation as an intervention
for addiction: overview and future prospects.
Tijdschr Psychiatr, 55(11), 841-52 (2013)

301.M. Soyka and J. Mutschler: Treatment-
refractory substance use disorder: Focus
on alcohol, opioids, and cocaine. Prog
Neuropsychopharmacol Biol Psychiatry
(2015)

302.N. D. Volkow, G. F. Koob and A. T. McLellan:
Neurobiologic Advances from the Brain
Disease Model of Addiction. N Engl J Med,
374(4), 363-71 (2016)

DOI: 10.1056/NEJMra1511480

1287

303.N. C. f. C. D. P. a. H. Promotion: Excessive
drinking costs U.S. $223.5. billion. April 17,
2014 In: Office of the Associate Director
for Communication, Digital Media Branch,
Digital Media Branch, Division of Public
Affairs1600 Clifton Road Atlanta, GA 30329-
4027 USA (2014)

304.U. S. D. o. H. a. H. Services: Health
Consequences of Smoking —50 Years of
Progress: A Report of the Surgeon General.
. In; Ed O. o. S. a. Health. Department of
Health and Human Services, Centers for
Disease Control and Prevention, National
Center for Chronic Disease Prevention and
Health Promotion, Atlanta, GA (2014)

305.N. D. T. A. Unit: DOJ National drug threat

assessment, 2In: Ed D. o. Justice. National

Threat Analysis Branch National Drug

Intelligence Center

306.Y. Zhang, Q. Li, X. Wen, W. Cai, G. Li, J.

Tian, Y. E. Zhang, J. Liu, K. Yuan, J. Zhao,

W.Wang, Z. Zhou, M. Ding, M. S. Gold, Y. Liu

and G. J. Wang: Granger causality reveals a

dominant role of memory circuit in chronic

opioid dependence. Addict Biol (2016)

DOI: 10.1111/adb.12390

307.N. Hirth, M. W. Meinhardt, H. R. Noori, H.

Salgado, O. Torres-Ramirez, S. Uhrig, L.

Broccoli, V. Vengeliene, M. Rossmanith, S.

Perreau-Lenz, G. Kohr, W. H. Sommer, R.

Spanagel and A. C. Hansson: Convergent

evidence from alcohol-dependent humans

and rats for a hyperdopaminergic state in

protracted abstinence. Proc Natl/ Acad Sci U

S A, 113(11), 3024-9 (2016)

DOI: 10.1073/pnas.1506012113

308.L. Murphy, K. W. Ng, V. Su, S. Woodworth-

Giroux, T. S. Levy, B. A. Sproule and A. D.

Furlan: Approach to the pharmacological

management of chronic pain in patients with

an alcohol use disorder. J Pain Res, 8, 851-

7 (2015)

309. L. Bastiaens, J. Galus and C. Mazur: Abuse

of Gabapentin is Associated with Opioid

Addiction. Psychiatr Q (2016)

DOI: 10.1007/s11126-016-9421-7

Abbreviations: RDS: reward deficiency
syndrome DSM-5: diagnostic and statistical
manual-5; AODR: anti-opiate = dopamine
restoration; JCAHO: joint commission on
accreditation of health care organizations; CDC:
centers for disease control and prevention;

© 1996-2017


https://doi.org/10.1016/S0893-133X(00)00195-0
https://doi.org/10.1016/j.neuroscience.2008.08.033
https://doi.org/10.1016/j.jchemneu.2015.12.016
https://doi.org/10.1002/hipo.20161
https://doi.org/10.1177/0269881108096982
https://doi.org/10.1056/NEJMra1511480
https://doi.org/10.1111/adb.12390
https://doi.org/10.1073/pnas.1506012113
https://doi.org/10.1007/s11126-016-9421-7

Opiate/opioid abstinence: Treating the symptoms and cause

HNA: Harrison narcotics act; MAT: medication-
assisted treatment; FDA: U.S. food and drug
administration; DAWN: drug abuse warning
network; VTA: ventral tegmental area; tVTA: tail
of the VTA; GABA: gamma-Aminobutyric acid
DRD2: dopamine D2 receptor gene; NAc:
nucleus accumbens; fMRI; functional magnetic
resonance imaging; 5-HT: 5-hydroxytryptamine;
MOR: mu-opioid receptor; AC: anterior
cingulate; rACC: rostral AC Cortex; CB1: central
cannabinoid; CB2: peripheral cannabinoid; CNS:
central nervous system; CNR AAT: n-repeat
microsatellite of the CNR1 gene; BOLD: Blood
Oxygen Level-dependent; DRN: dorsal raphe
nucleus; VGLUT3: gene encodes a vesicular
glutamate transporter; SNP: single nucleotide
polymorphisms; mRNA: messenger ribonucleic
acid; COMT: catechol-o-methyltransferase; DAT:
dopamine transporter gene; VNTR: variable
number oftandem repeat; CYP: cytochrome P450;
NE: norepinephrine; CL: locus coeruleus; PENK:
Proenkephalin Gene ; DNA: deoxyribonucleic
acid; sgACC: subgenual anterior cingulate
cortices; mPFC: medial prefrontal cortex; DLPFC:
dorsolateral prefrontal cortex; GAPDH: nitric
oxide-nitrosylation glyceraldehyde-3-phosphate
dehydrogenase; rTMS: transcranial magnetic
stimulation; NMDA:N-methyl-D-aspartate
receptor; THC: A(9)-tetrahydrocannabinol; F1:
first offspring generation ; GWAS: genome-
wide association studies; WES: whole exome
sequencing; OPRK1: kappa opioid receptor;
CARD: comprehensive analysis of reported
drugs; NAC: d-phenylalanine and n-acetyl
I-cysteine; NAS: neonatal abstinence syndrome.
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Send correspondence to: Kenneth Blum,
Department of Psychiatry, University of Florida,
Box 100183 Gainesville, FL 32610-0183; Tel:
352-392-6680; Fax: 352-392-8217; E-mail:
drd2gene@uifl.edu.

1288

© 1996-2017


mailto:drd2gene@ufl.edu.
mailto:drd2gene@ufl.edu.

