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Abstract
Opiate addiction is associated with many adverse health and social harms, fatal overdose,
infectious disease transmission, elevated health care costs, public disorder, and crime. Although
community-based addiction treatment programs continue to reduce the harms of opiate addiction
with narcotic substitution therapy such as methadone maintenance, there remains a need to find a
substance that not only blocks opiate-type receptors (mu, delta, etc.) but also provides agonistic
activity; hence the impetus arose for the development of a combination of narcotic antagonism and
mu receptor agonist therapy. After three decades of extensive research the federal Drug Abuse
Treatment Act 2000 (DATA) opened a window of opportunity for patients with addiction
disorders by providing increased access to options for treatment. DATA allows physicians who
complete a brief specialty-training course to become certified to prescribe buprenorphine and
buprenorphine/naloxone (Subutex, Suboxone) for treatment of patients with opioid dependence.
Clinical studies indicate buprenorphine maintenance is as effective as methadone maintenance in
retaining patients in substance abuse treatment and in reducing illicit opioid use. With that stated,
we must consider the long-term benefits or potential toxicity attributed to Subutex or Suboxone.
We describe a mechanism whereby chronic blockade of opiate receptors, in spite of only partial
opiate agonist action, may ultimately block dopaminergic activity causing anti-reward and relapse
potential. While the direct comparison is not as yet available, toxicity to buprenorphine can be
found in the scientific literature. In considering our cautionary note in this commentary, we are
cognizant that to date this is what we have available, and until such a time when the real magic
bullet is discovered, we will have to endure. However, more than anything else this commentary
should at least encourage the development of thoughtful new strategies to target the specific brain
regions responsible for relapse prevention.

1. Introduction
Opiate addiction continues to be associated with many adverse health and social harms, fatal
overdose, infectious disease transmission, elevated health care costs, public disorder, and
crime (Wood et al. 2005). It is a problem of national concern, especially with dramatically
increased rates of abuse and dependence of prescription opioids and with almost three
million Americans having abused heroin. Currently, the most effective treatment for this
growing epidemic is opioid replacement therapy. Acceptance of this therapy has been
progressive and its effectiveness is no longer in question. The two main approved
medications for opioid maintenance therapy are methadone hydrochloride and
buprenorphine hydrochloride. Each has unique characteristics that determine its suitability
for an individual patient (Schottenfeld 2005). Dating back to Dole and Nyswander (1966),
community-based addiction treatment programs continue to reduce the harms of opiate
addiction with narcotic substitution therapy such as methadone maintenance. Methadone, a
synthetic opiate agonist, has been shown to be effective in reducing withdrawal symptoms
and the impulse to continue injecting opiates (Goldstein 1991). In addition, patients using
methadone maintenance treatment had an average of 14 fewer relapse-related events
(hospitalizations, emergency room visits, or outpatient detoxifications) per 1,000 months of
enrollment than buprenorphine patients. Buprenorphine patients averaged 10 fewer relapse
events than patients who received outpatient treatments, and 86 fewer events per 1,000
months than patients who received no treatment. Methadone appears to be somewhat more
effective in reducing hospitalization emergency room and detoxification use than
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buprenorphine. Both of these treatments are more effective than drug-free treatment for
opioid addiction. All forms of treatment are significantly less costly and more effective than
no treatment (Butler 2008).

A review of the literature regarding the use of buprenorphine and methadone in medication
assisted therapy (MAT) programs for opiate addiction shows that such programs have
proven effective when looking at the following primary and secondary outcome indicators
(USHHS Report 2003):

a. Primary Outcome Measures

1. Abstinence from illicit opiate use

2. Reduction in illicit opiate use

3. Reduction in the severity of withdrawal from opiate use

4. Retention in treatment for persons enrolled in opiate withdrawal or opiate
cessation programs.

b. Secondary Outcome Measures

1. Level of injecting

2. Employment status

3. Housing status

4. Educational status

5. Criminality

6. Quality of life

However, the need to find a substance that not only blocks opiate-type receptors (mu, delta,
etc.), but also provides agonistic activity, afforded the impetus for the development of a
combination of narcotic antagonism and mu receptor agonist therapy (SAMHSA, 2007).

It is noteworthy that until 2000, medications for opioid dependence were limited to two
opioid agonists, methadone and LAAM (withdrawn from market in 2003), or the narcotic
antagonist naltrexone used for both opiate (Judson and Goldstein, 1984) and alcohol
dependence (Blum et al., 1977). At that time, and even today, prescribing methadone is
restricted to hospitals and federal- and state-approved opioid replacement substance abuse
treatment programs. Currently, physicians can prescribe naltrexone, but patients must be
opioid-free for several days prior to starting its use. According to Arfken et al. (2010), prior
to 2002, the only pharmacological options for physicians treating opiate addicts were the
antagonist naltrexone or the agonist methadone, both under strict regulations.

The federal Drug Abuse Treatment Act 2000 (DATA) opened a window of opportunity for
patients with addiction disorders by providing increased access to options for treatment.
DATA allows physicians to become certified to prescribe buprenorphine, by taking a short
specialty-training course. Certified physicians can prescribe buprenorphine and
buprenorphine/naloxone (Subutex, Suboxone) in a traditional office setting when treating
patients with opioid dependence. Clinical studies indicate buprenorphine maintenance is as
effective as methadone maintenance in retaining patients in substance abuse treatment and
reducing illicit opioid use. Sublingual buprenorphine is more effective than Clonidine or
Clonidine/naltrexone in short-term opioid detoxification treatment. Buprenorphine provides
an additional tool to treat opioid addiction and improve the quality of lives of these patients.
When the FDA approved the monoformulation of buprenorphine and buprenorphine/
naloxone for the treatment of opioid dependence and placed both formulations in Schedule
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III, it became possible for physicians to prescribe these medications in their offices for
detoxification or long-term maintenance (McNicholas, 2004; Stock and Shum, 2004).
Restrictions on group practices including certification were then replaced in 2006 with
limitation of 30 patients per physician, regardless of type of practice.

The regulations were modified again in January 2007 to allow up to 100 patients per
physician after the physician had a year of experience prescribing buprenorphine under the
30-patient limit, and registered intent to treat more than 30 patients. Certainly the U.S.
experiment in expanding Schedule iii-V medication for opioid dependence to physicians
outside of formal substance abuse treatment facilities have resulted in expanded capacity
(Arfken et al., 2010). Specifically, the number of physicians on the federal Center for
Substance Abuse Treatment (CSAT) Locator List in 2004 was 2,518, and in 2008 it was
9,069. Of this combined total of 15,662 physicians, 13,095 (84%) were limited to 30
patients, whereas 2,567 were authorized to treat up to 100 patients. The total patient capacity
nationwide at the end of 2008 was 649,550. The total number of patients treated from 2008
to 2010 is unknown.

2. Buprenorphine/Naloxone Is Clinically Effective for Reducing Withdrawal
and Craving Behavior but Not Relapse

In the past 20 years, the development of new research technology has greatly advanced our
understanding of the neurobiological mechanisms and therapeutic strategies for drug
addiction. Many chemical medications have been produced, some of which have been
widely used in clinical treatment of drug addiction (Kreek et al., 2002), such as methadone
and buprenorphine for heroin replacement therapy (O’Brien, 2005), and naltrexone for
heroin and alcohol anticraving treatment (Dackis and O’Brien, 2005; O’Brien, 2005). These
medications, however, have been unable to prevent drug relapse following detoxification on
a long-term basis (Heidbreder and Hagan, 2005; O’Brien, 2005). For example, naltrexone
suppresses euphoria from heroin via its antagonistic effect on opiate receptors, but most
heroin addicts would not accept it for long-term therapy (O’Brien, 2005). Methadone and
buprenorphine, as opiate agonists having reward enhancement properties on an acute basis,
are clinically effective in reducing withdrawal and craving for heroin during detoxification
(Gold, 1993; Bruijnzeel et al. 2007), but it is difficult to use them to reduce the likelihood of
relapse after detoxification (O’Brien, 2005). Recently our laboratory proposed that relapse
from drugs of abuse including alcohol and opiates, were due in part to dopaminergic
receptor supersensitivity, and we proposed that relapse prevention involved the activation
instead of blocking dopaminergic activity we termed “deprivation-amplification relapse
therapy” (DART). It has been shown by Doehring et al (2009) that compared with the
control group, drug users carried more frequently the minor allele of DRD2 SNP
rs1076560G>T SNP (P=0.022, odds ratio 2.343) or the ATCT haplotype of DRD2
rs1799978A>G, rs1076560G>T, rs6277C>T, ANKK1 rs1800497C>T (P=0.048, odds ratio
2.23), with similar tendencies for ANKK1 rs1800497C>T (P=0.056, odds ratio 2.12) and the
TCCTCTT haplotype of DRD2 rs12364283T>C, rs1799732C del, rs4648317C>T,
rs1076560G>T, rs6275C>T, rs6277C>T, and ANKK1 rs1800497C>T (P=0.059, odds ratio
2.31). The average and maximum daily methadone doses were significantly associated with
the DRD2 rs6275C>T SNP (P=0.016 and 0.005 for average and maximum dose,
respectively). Carriers of the variant rs6275T allele needed higher methadone doses than
non-carriers. In addition, this variant was associated with a longer time to reach the
maximum methadone dose (P=0.025).

As these results are well known and seem very robust, it is a crucial research question to
understand why methadone or buprenorphine fails to reduce the probability of relapse. Such
understanding would help in revealing the neurobiological mechanisms of relapse and
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designing better therapeutic strategies. In this commentary, we provide the underlying basis
for treatment approaches that could ultimately lead to reversal of hypodopaminergic
function and possible relapse prevention.

3. Pharmacological Mechanisms of Action (MOA) of Buprenorphine and
Naloxone

Buprenorphine is an opioid analgesic, derived from thebaine. Buprenorphine was initially
classified as a “mixed agonist-antagonist analgesic” or a narcotic antagonist analgesic. The
work of Martin et al. in 1976 (reviewed by Kreek, 2000) on the animal model of the chronic
spinal dog substantiated the substance’s action as partial agonist at the mu-opioid receptor.
These findings were underscored by the substance’s general pharmacological profile.
Further, buprenorphine was one of the first narcotic analgesics to be assessed for its abuse
liability in humans. Buprenorphine was eventually turned it into a widely used therapeutic
agent in patients with opioid dependence because of this perceived lower abuse liability.
Interest in buprenorphine spanning more than 30 years has been attributed to its unique
pharmacological characteristics, including moderate intrinsic activity, high affinity to and
slow dissociation from mu-opioid receptors or what is known as biophase distribution
(Yassen et al., 2006).

Early pharmacological studies demonstrated buprenorphine has strong binding to opioid
receptors, and an inverted U-shaped dose-response curve in rodents. In the rat paw formalin
test, although buprenorphine demonstrated a bell-shaped dose-response curve against an
acute noxious stimulus, it showed a classic sigmoidal curve in the later phase of the assay. In
most preclinical antinociceptive tests, buprenorphine was shown to be fully efficacious, with
an antinociceptive potency 25 to 40 times higher than morphine. A ceiling effect for
respiratory depression (but not for analgesia) has been demonstrated in humans (Hans,
2007). Current studies are focusing on norbuprenorphine, an N-dealkylated metabolite of
buprenorphine. Norbuprenorphine is a likely contributor to the overall pharmacology of
buprenorphine; in the mouse writhing test, norbuprenorphine provides antinociceptive
efficacy similar to buprenorphine, with analgesic activity shown to be dose-dependent
(Cowan, 2003; Chang et al., 2006).

In terms mechanism of action of naloxone it is well established that the drug binds to delta,
mu, and kappa opioid receptors. By doing so, it blocks the action of opiate-like drugs such
as heroin and morphine. The chronic effects of another potent narcotic antagonist,
naltrexone, was studied by Lesscher et al. (2003). Chronic treatment with the opioid
antagonist naltrexone induced functional supersensitivity to opioid agonists, which may be
explained by receptor up-regulation induced by opioid receptor blockade. These findings
suggested opioid receptor subtype-selective regulation by chronic naltrexone treatment in
mice, but it was less likely to occur with naloxone because of a very short half-life. However
(and as elaborated below), it is still quite possible that the blockade of mu and delta
receptors even with naloxone could induce a supersensitivity and may be involved in relapse
similar to the supersensitivity of hypodopaminergic receptor density especially in carriers of
the dopamine (DA) D2 receptor gene A1 allele for dopaminergic pathways (Blum et al.,
2009).

A variety of studies, both laboratory based and clinical, have revealed the mechanisms of
action of long-acting opioid agonists in treatment, including prevention of disruption of
molecular, cellular, and physiologic events and, in fact, allowing normalization of those
functions disrupted by chronic heroin use. A number of molecular biological studies have
revealed single nucleotide polymorphisms of the human mu opioid receptor gene; the mu
opioid receptor is the site of action of heroin, the major opiate drug of abuse, analgesic
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agents such as morphine, and the major treatment agents for heroin addiction. These
findings support the early hypotheses of Dole’s laboratory that addiction may be due to a
combination of genetic, drug-induced, and environmental (including behavioral) factors and
also, that atypical stress responsivity may contribute to the acquisition and persistence of, as
well as relapse to, use of addictive drugs (Kreek, 2003; Gold et al., 1982; Blum, 2009).

4. Reward Addiction Commonality: Activation instead of Blocking
Mesolimbic Dopamine in Reward Circuitry Provides Long-Term Treatment
Benefits for Opiate Dependence

It is well known that brain reward circuitry is regulated by neurotransmitter interactions and
net release of DA in the nucleus accumbens (NAc) (Blum & Kozlowski, 1990). The major
loci for feelings of well being and reward occur in the mesolimbic system of the brain. The
natural sequence of events of the “brain reward cascade” leading to reward, involves the
interrelationship of at least four important neurochemical pathways: serotonergic (5-HT);
enkephalinergic (Enk), GABAergic (GABA), and dopaminergic (DA). The synthesis,
vesicle storage, metabolism, release, and function of these neurotransmitters are regulated
by genes and their expression are regulated by messenger RNA (mRNA) directed proteins.
It has been postulated that genome orientated research will provide genetic testing that will
categorize individuals as to their specific neurochemical makeup and thus provide useful
information to assist in appropriate development of the most correct treatment options for
the patient requiring psychiatric care (Malhotra et al., 2007).

DA is a substance with many important neurochemical functions and has been credited with
resultant behavioral effects such as “pleasure,” “stress reduction” and “wanting”. Simply
stated, without the normal functionality of DA, an individual will be lacking hedonic
response and an inability to cope with stress (Koob & Le Moal, 2008). Thus, genetic
hypodopaminergic activity of the brain predisposes an individual to seek substances and/or
behaviors that will overcome this anhedonic state by activating mesolimbic dopaminergic
centers (Volkow et al., 2002). It turns out that these substances and behaviors include:
alcohol, opiates, psychostimulants, nicotine, carbohydrates, cannabinoids, gambling, sex,
and indulgence in any excessive pleasure or thrill seeking behaviors, like video gaming etc.
(Radwan et al., 2007; Epstein et al., 2007; da Silva et al., 2007; Kirsch et al., 2006; Costa-
Mallen et al., 2005; Shahmoradgoli et al., 2005; Swan et al., 2007; Xu et al., 2004; Sprangler
et al., 2004; Poce et al., 2003; Spitz et al., 1998; Comings et al., 1996). Use of these
substances and engaging in these aforementioned behaviors commonly induces the release
of neuronal DA into the synapse at the NAc, the reward center of the brain (Koob & Le
Moal, 2008). Acute indulgence in these behaviors can be classified as self-medicating and
leads to a preferential release of DA, which overcomes the hypodopaminergic state for that
individual. The resultant self-medication provides a temporary relief of discomfort and a
“pseudo feeling” of well being (Xiao et al., 2007). Unfortunately, chronic abuse of these
psychoactive substances and excessive indulgence in the aberrant behaviors leads to
inactivation of the brain reward cascade (i.e., neurotransmitter synthesis inhibition,
neurotransmitter storage depletion, toxic formation of pseudo neurotransmitters, and
receptor dysfunction (structural and or density)). These behaviors can also lead to
neurotransmitter dysfunction via depletion. Therefore, both substance seeking and
pathological behaviors as ways of providing a feel good response (a “fix”) result in ever
escalating and uncontrollable craving behavior. It has been well established that individuals
possessing certain genetic polymorphisms (variations) are particularly prone to amplified
polymorphic expressions with environmental or lifestyle insult and will be at increased risk
for impulsive, compulsive, and addictive behaviors (Blum et al, 2000). Such common
genetic antecedents influencing the natural brain reward cascade provide the understanding
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that impulsive, compulsive, and addictive behaviors are commonly linked and support the
emerging concept of Reward Deficiency Syndrome (RDS) as an umbrella term to
characterize and classify these commonly linked genetically induced behaviors (Comings &
Blum, 2000; Bowirrat & Oscar-Berman, 2005; Green et al., 1999). In this scenario, any and
all of these abusable psychoactive drugs or pathological behaviors are candidates for
addiction (tolerance/dependence) and are chosen by the individual as a function of genetic
and environmental factors (e.g., availability, peer pressure, etc) (Blum et al., 2000).

While DA is critical to maintain normalization of natural rewards, the neuronal release of
DA into NAc synaptic sites is somewhat complex. In 1989 our laboratory proposed an
interactive cascade of events of mesolimbic function that lead to net DA release (Blum and
Kozlowski, 1990). It was termed the “brain reward cascade’ (see Figure 1).

The interactions of activities in the separate subsystems mentioned above merge together
into the much larger global system. These activities take place simultaneously and in a
specific sequence, merging like a cascade. The end result is a sense of peace, pleasure, and
well being when these systems work normally. Other research has confirmed that the reward
sensation is related to complex cascade reactions involving several neurotransmitters and
structures in the limbic system (Volkow et al. 2002). The ultimate result of the process is the
activation of the mesolimbic DA pathway, which starts in the tegmental ventral area and
ends at the DA D2 receptors on the cell membranes of neurons located in the NAc and the
hippocampus (Volkow et al. 2007).

The process, as described by Blum and Kozlowski (1990), starts in the hypothalamus with
the excitatory activity of serotonin-releasing neurons. This causes the release of the opioid
peptide met-enkephalin in the ventral tegmental area, which inhibits the activity of neurons
that release the inhibitory neurotransmitter gamma-aminobutyric acid (GABA). The
disinhibition of DA-containing neurons in the ventral tegmental area allows them to release
DA in the NAc and (via amygdala) in certain parts of the hippocampus, permitting the
completion of the cascade and the development of the reward sensation (Carelli, 2002).
Usually, if the cascade is working properly, the reward or feeling of well-being is obtained
provided certain basic conditions are fulfilled (Blum & Kozlowski, 1990)

5. Traditional Long-Term Blockade Leads to Mood Changes and Suicide
Ideation

Most recent examples of pharmaceuticals that block DA release and or receptor activation
include Acomplia (Rimonabant), the cannabinoid (CB1) receptor blocker, and possibly
Gabapentin. While there are numerous studies supporting the therapeutic benefits of
Acomplia as an anti-craving drug, the long-term adverse effects resulted in a recent rejection
by the United States Federal Drug Administration (FDA). A recent PUBMED search
revealed 1007 papers on Acomplia. Since the prevalence of obesity continues to increase,
there is a demand for effective and safe anti-obesity agents that can produce and maintain
weight loss and improve co morbidity. Christensen et al. (2007) conducted a meta-analysis
of all published randomized controlled trials to assess the efficacy and safety of the newly
approved anti-obesity agent Rimonabant. They searched the Cochrane database and
Controlled Trials Register, Medline via Pubmed, Embase via WebSpirs, Web of Science,
Scopus, and reference lists up to July 2007. They collected data from four double-blind,
randomized controlled trials (including 4105 participants) that compared 20 mg per day
Rimonabant with placebo. Patients given Rimonabant had a 4.7 kg (95% CI 4.1–5.3 kg; p <
0.0001) greater weight reduction after 1 year than did those given placebo. Rimonabant
caused significantly more adverse events than did placebo (Odds Ratio (OR) = 1.4; p =
0.0007; number needed to harm = 25 individuals [95% CI 17–58]), and 1.4 times more
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serious adverse events (OR = 1.4; p = 0.03; number needed to harm = 59 [27–830]). Patients
given Rimonabant were 2.5 times more likely to discontinue the treatment because of
depressive mood disorders than were those given placebo (OR = 2.5; p = 0.01; number
needed to harm = 49). Furthermore, anxiety caused more patients to discontinue treatment in
Rimonabant groups than in placebo groups (OR = 3.0; p = 0.03; number needed to harm =
166). Their findings suggest that 20 mg per day of Rimonabant increases the risk of adverse
psychiatric events – i.e., depressed mood disorders and anxiety; despite depressed mood
being an exclusion criterion in these trials. Taken together with the recent US Food and
Drug Administration finding of increased risk of suicide during treatment with Rimonabant,
these researchers recommended increased alertness by physicians to these potentially severe
adverse psychiatric reactions. Concerning this report, we propose that the negative effects on
mood are due to the continued blockade of naturally required DA release at the NAc.

Gabapentin is a gamma-aminobutyric acid (GABA) analogue, with GABAmimetic
pharmacological properties. Gabapentin is used for the treatment of seizures, anxiety and
neuropathic pain. It has been proposed that Gabapentin may be useful in the treatment of
cocaine dependence. However, clinical trials with Gabapentin have shown conflicting
results, while preclinical studies are sparse. In one study, Peng et al. (2008) investigated the
effects of Gabapentin on intravenous cocaine self-administration and cocaine-triggered
reinstatement of drug-seeking behavior, as well as on cocaine-enhanced DA in the NAc.
They found that Gabapentin (25–200 mg/kg, i.p., 30 min or 2 h prior to cocaine) failed to
inhibit intravenous cocaine (0.5 mg/kg/infusion) self-administration under a fixed-ratio
reinforcement schedule or cocaine-triggered reinstatement of cocaine-seeking behavior. In
vivo microdialysis showed that the same doses of Gabapentin produced a modest increase
(approximately 50%, p < 0.05) in extracellular NAc GABA levels, but failed to alter either
basal or cocaine-enhanced NAc DA. These data suggest that Gabapentin is a weak GABA-
mimic drug. At the doses tested, it has no effect in the addiction-related animal behavioral
models. This is in striking contrast to positive findings in the same animal models shown by
another GABAmimetic – gamma-vinyl GABA – by Garner’s group (see Blum et al., 2000
for review). Based on our current theoretical model we are opposed to the use of Gabapentin
to treat substance seeking behavior especially in long term care.

Other than a few scientific groups that suggest serotonergic/dopaminergic agonist therapy
(Rothman et al., 2007), most strategies embrace dopaminergic receptor blockade/attenuation
of DA release (Malhorta et al., 2007; Koob et al., 2008; Blum et al., 2000; Comings &
Blum, 2000; Bowirrat & Oscar-Berman, 2005; Green et al., 1999; Suzuki et al., 2010). We
propose that, in most circumstances, utilization of amino acid precursors affecting positive
dopaminergic activation is a better alternative (Chen et al., 2011)

6. Proposed Relapse Mechanisms
It is well known that after prolonged abstinence, individuals who use their drug of choice
experience a powerful euphoria that often precipitates relapse. While a biological
explanation for this conundrum has remained elusive, we hypothesize that this clinically
observed “supersensitivity” might be tied to genetic dopaminergic polymorphisms. Another
therapeutic conundrum relates to the paradoxical finding that the dopaminergic agonist
bromocriptine induces stronger activation of brain reward circuitry in individuals who carry
the DRD2 A1 allele compared with DRD2 A2 allele carriers. Because carriers of the A1
allele relative to the A2 allele of the DRD2 gene have significantly lower D2 receptor
density, a reduced sensitivity to DA agonist activity would be expected in the former (Kirsch
et al., 2006). Thus, it is perplexing that with low D2 density there is an increase in reward
sensitivity with the DA D2 agonist bromocriptine. Moreover, under chronic or long-term
therapy with D2 agonists, such as bromocriptine, it has been shown in vitro that there is a
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proliferation of D2 receptors. One explanation for this relates to the demonstration that the
A1 allele of the DRD2 gene is associated with increased striatal activity of L-amino acid
decarboxylase, the final step in the biosynthesis of DA. This appears to be a protective
mechanism against low receptor density and would favor the utilization of an amino acid
neurotransmitter precursor like L-tyrosine for preferential synthesis of DA. This seems to
lead to receptor proliferation to normal levels and results in significantly better treatment
compliance only in A1 carriers (Blum et al., 2009).

We propose that low D2 receptor density and polymorphisms of the D2 gene are associated
with risk for relapse of substance abuse, including alcohol dependence, heroin craving,
cocaine dependence, methamphetamine abuse, nicotine sensitization, and glucose craving.
With this in mind, we suggest a putative physiological mechanism that may help to explain
the enhanced sensitivity following intense acute dopaminergic D2 receptor activation:
“denervation supersensitivity.” Rats with unilateral depletions of neostriatal DA display
increased sensitivity to DA agonists estimated to be 30 to 100 x in the 6-hydroxydopamine
(6-OHDA) rotational model. However, it is difficult to explain the extent of behavioral
supersensitivity by a simple increase in receptor density. Thus, the administration of DA D2
agonists would target D2 sensitization and attenuate relapse, especially in D2 receptor A1
allele carriers. This hypothesized mechanism is supported by clinical trials utilizing amino
acid neurotransmitter precursors, enkephalinase, and catechol-O-methyltransferase (COMT)
enzyme inhibition, which have resulted in attenuated relapse rates in reward deficiency
syndrome (RDS) probands (Blum et al., 2007). If future translational research reveals that
DA agonist therapy reduces relapse in RDS, it would support the proposed concept, which
we term “deprivation-amplification relapse therapy” (DART). This term couples the
mechanism for relapse (which is “deprivation-amplification,” especially in DRD2 A1 allele
carriers) with natural D2 agonist therapy utilizing amino acid precursors, COMT, MOA and
enkephalinase inhibition therapy (Blum et al., 2009).

7. Long-Term Therapy with Buprenorphine/Naloxone Combination May
Induce Anti-Reward

In brief, legislation has enabled physicians to treat opioid-dependent patients with an office-
based maintenance program using buprenorphine, a partial mu-opioid receptor agonist.
Clinical studies have indicated that buprenorphine effectively manages opioid addiction.
Buprenorphine is more effective than placebo for managing opioid addiction but may not be
superior to methadone if high doses are needed. It is comparable to lower doses of
methadone, however. treatment phases include induction, stabilization, and maintenance.
Buprenorphine therapy should be initiated at the onset of withdrawal symptoms and adjusted
to address withdrawal symptoms and cravings. Advantages of buprenorphine include low
abuse potential and high availability for office use. Disadvantages include high cost and
possible lack of effectiveness in patients who require high methadone doses. Most family
physicians are required to complete eight hours of training before they can prescribe
buprenorphine for opioid addiction. However, as a cautionary note we are proposing that
while short-term therapy seems very appropriate this may not be the case for prolonged
maintenance therapy with this potent combination of drugs. Over the past two decades, a
number of neuroimaging studies have shed some light on this potential dilemma.

The combination of buprenorphine/naloxone while having acute benefits in the treatment of
heroin addiction has been found unable to prevent drug relapse and may even increase the
chance for relapse (Heidreder & Hogan, 2005; O’Brien, 2005). Naloxone suppresses
euphoria from heroin via its antagonistic effect on opiate receptors, but most heroin addicts
would not accept it for long-term therapy (O’Brien, 2005; Chen et al., 2004). Methadone
and buprenorphine, as opiate agonists, are clinically effective in reducing withdrawal and
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craving for heroin during detoxification, but it is difficult to use them to reduce the
likelihood of relapse after detoxification (O’Brien, 2005). As these results are well known
and seem very robust, it is important to understand why methadone or buprenorphine fail to
reduce the probability of relapse. Such understanding would help by revealing the
neurobiological mechanisms of relapse and facilitate the design of better therapeutic
strategies.

In a recent study, Mei et al. (2010) examined the acute effects of buprenorphine on brain
responses to heroin-related cues to reveal the neurobiological and therapeutic mechanisms of
addiction and relapse. Fifteen heroin addicts at a very early period of abstinence, were
studied in two separate periods 10–15 min apart: an early period (5–45 min) and a later
period (60–105 min) after sublingual buprenorphine, roughly covering the onset and peak of
buprenorphineplasma level. During both periods, functional magnetic resonance imaging
(fMRI) scanning with heroin-related visual stimuli was performed followed by
questionnaires. Under the effect of buprenorphine, brain responses to heroin-related cues
showed decrease in amygdala, hippocampus, ventral tegmental area, and thalamus but no
changes in ventral striatum nor orbital-prefrontal-parietal cortices. As an uncontrolled trial,
these preliminary results suggested that buprenorphine has specific brain targets in reducing
withdrawal and craving during early abstinence, and that ventral striatum and orbital-
prefrontal and parietal cortices may be the key targets in developing therapy for drug
addiction and relapse.

We highlight this with the realization that the cingulate gyrus is a site responsible in part for
drug relapse. Converging neuropsychological and functional neuroimaging evidence
indicates that the dorsal anterior cingulate cortex (dACC) is dysfunctional in drug-addicted
populations. Few studies, however, have investigated the biochemical and physiological
properties of the dACC in such populations. Yücel et al. (2007) used proton magnetic
resonance spectroscopy ((1)H-MRS) together with fMRI to probe dACC biochemistry and
physiological activity during performance of a behavioral control task in 24 opiate-
dependent individuals (maintained on a stable dose of methadone or buprenorphine at the
time of study) and 24 age, gender, intelligence, and performance-matched healthy subjects.
While both groups activated the dACC to comparable levels, the opiate-using group
displayed relatively increased task-related activation of frontal, parietal, and cerebellar
regions, as well as reduced concentrations of dACC N-acetylaspartate and glutamate/
glutamine. In addition, the opiate-using group failed to show the expected correlations
between dACC activation and behavioral measures of cognitive control. These findings
suggested that the dACC is biochemically and physiologically abnormal in long-term opiate-
dependent individuals. Furthermore, opiate addicts required increased, perhaps
compensatory, involvement of the fronto-parietal and cerebellar behavioral regulation
network to achieve normal levels of task performance/behavioral control. Moreover, in the
Mei et al. (2010) study brain regions with an unchanged fMRI response to heroin-related
cues from early to late periods included the ventral striatum, orbital and lateral prefrontal
cortex, and parietal cortex, suggesting that their responses were not modulated by
buprenorphine. Thus, these results showing lack of effect of Buprenorphine on these known
key brain regions linked to relapse (De Ridder et al., 2011) may elucidate the limited
therapeutic effects on relapse using this drug.

Accordingly, the striatum is a core region of the reward system in addiction (Everitt and
Robbins, 2005; Koob and Volkow 2010). The pattern of unchanged activation in the
striatum may reflect sustained expectation of the high reward level of addictive drugs
(Volkow et al., 2003 a,b, 2006a). This would imply that, for more of a radical cure of
addiction, the striatum should be targeted to degrade the already elevated reward level from
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drug abuse due to tolerance and sensitization (Nestler, 2009) especially dopaminergic
receptor supersensitivity (Blum et al., 2009).

Recent animal studies on the incubation of cocaine craving have indicated such a possibility,
that is to target the GluR2-lacking AMPA receptors in the ventral striatum (Conrad et al.,
2008). Orbital and lateral regions of prefrontal cortex are known to be involved in
motivation, drive, control, and inhibition (Wilson et al., 2004; Weiss, 2005; Volkow et al.,
2009). The parietal cortex is known to be involved in impulsivity (Lee et al., 2005), attention
(Lawrence et al., 2002), and craving (Garavan et al., 2000) in addicts. Frontal and parietal
regions should be important therapeutic targets for addiction attenuation as they may
function together with the striatum to result in the persistence and uncontrollability of
compulsive drug seeking. These neurobiological findings may partly underpin key
addiction-related phenomena, such as poor inhibitory control of drug-related behavior in the
face of adverse consequences, and may be of relevance to the design of future treatment
studies.

It is of some interest that a recent study from our laboratory as one example, found that a
complex KB220Z overcame cingulate gyrus abnormalities in psychostimulant abusers
undergoing protracted abstinence (Blum et al., 2010). Specifically, positive outcomes
demonstrated by quantitative electroencephalographic (qEEG) imaging in a randomized,
triple-blind, placebo-controlled, crossover study involving oral KB220Z™ showed an
increase of alpha waves and low beta wave activity in the parietal brain region. Using t
statistics, significant differences observed between placebo and KB220Z™ consistently
occurred in the frontal regions after week 1 and then again after week 2 of analyses (p =
0.03). This is the first report to demonstrate involvement of the prefrontal cortex in the
qEEG response to a natural putative D2 agonist (KB220Z™), especially evident in DA D2
A1 allele subjects.

Independently, we have further supported this finding with an additional study of three
polydrug abusers undergoing protracted abstinence who carried the DRD2 A1 allele.
Significant qEEG differences were found between those who received one dose of placebo
compared with those who were administered KB220Z™. KB220Z™ induced positive
regulation of the dysregulated electrical activity of the brain in these addicts. The results are
indicative of a phase change from low amplitude or low power in the brain to a more
regulated state by increasing an average of 6.169 mV(2) across the prefrontal cortical and
cingulate gyrus region (see Figure 2).

8. Brain Glucose Metabolism and Buprenorphine and Naloxone Effects
Buprenorphine

Over the past decade, functional neuroimaging has contributed greatly to our knowledge
about the neuropharmacolgy of substance misuse in man (Volkow et al., 2003a). Techniques
such as functional magnetic resonance imaging, positron emission tomography (PET) or
single photon emission tomography (SPET) can measure changes in regional cerebral
activity, whereas changes in neuropharmacological parameters (e.g., receptor number and
neurotransmitter levels) can be directly measured only with PET and SPET. Recently, a
series of studies have shown common effects of substances of misuse on the brain, such as
an acute increase in DA release (followed by hypo function after chronic use) and cue
exposure-induced activation of the frontal cortex (Lingford-Hughes, 2005).

In terms of brain glucose metabolism, Walsh et al. (1994) found that buprenorphine
compared to placebo significantly reduced cerebral glucose metabolism (CMRglc) and the
regional cerebral metabolic rate for glucose (rCMRglc) by up to 32% in all but three of 22
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bilateral and in four midline regions (p < .05). No region showed an increase in rCMRglc.
Buprenorphine also produced miosis, respiratory depression, and subjective ratings of
euphoria and sedation in comparison to placebo (p < .05). These observations extend
previous findings of reduced CMRglc following acute treatment with morphine and other
non-opioid euphorogenic drugs.

The above result has similarly been observed with cocaine as well. Cocaine produced
euphoria and reduced glucose utilization globally (mean reduction, 14%). Twenty-six of 29
brain regions (all neocortical areas, basal ganglia, portions of the hippocampal formation,
thalamus, and midbrain) showed significant decrements (5% to 26%) in the regional cerebral
metabolic rate for glucose. The findings demonstrated that reduced cerebral metabolism is
associated with cocaine-induced euphoria (London et al., 1990a). it is noteworthy that
buprenorphine only partially reversed this cocaine-induced abnormality (Holman et al.,
1993). While similar effects were seen with morphine, the reduced CMRglc was not
correlated with morphine induced euphoria (London et al., 1990b)

Naloxone
Experiments were conducted by Dow-Edwards et al. (1989) to determine some of the
metabolic correlates of tonic opioid activity in the central nervous system under conditions
previously examined for changes in monoamine levels. The glucose metabolic rates in seven
brain regions were determined by autoradiographic visualization of 14C-deoxyglucose
incorporation in female rats after eight days of chronic exposure to naltrexone pellets and 10
days after pellet removal. Chronic administration of naltrexone resulted in a significant
decrease in the metabolic activity of neurons in the striatum. This could have impact on
relapse induction. Other brain areas examined under this condition were not significantly
affected. These results indicated that tonic opioid input is an important determinant of
metabolic activity in the striatum. In addition, these results indicated that conditions
previously shown to alter regional content of monoamines do not necessarily produce
concomitant changes in regional glucose utilization.

The interaction of naloxone and brain activity of this substance may be tied to genetic
antecedents such as the DA D2 receptor Taq A1 allele. Ritchie and Noble (1996) measured
the [3H]naloxone binding in frontal gray cortex, caudate nucleus, amygdala, hippocampus,
and cerebellar cortex obtained post mortem from human alcoholic and nonalcoholic
subjects. Binding was found to be higher in alcoholics than in nonalcoholics for all of the
brain regions examined, with a significant difference in the frontal cortex. When subjects
were grouped by the presence or absence of the A1 (minor) allele of the D2 DA receptor
gene, [3H]naloxone binding was lower in all brain regions examined of subjects with the A1
allele than in those without this allele, with a significant difference in the caudate nucleus.
These findings suggested that one of the consequences of chronic alcohol exposure in
humans is an enhancement of the brain opiate receptor system. However, the decreased
[3H]naloxone binding observed in subjects with the A1 allele may be a compensatory
response to their decreased dopaminergic modulation of opiate receptor activity having
relapse consequences due to D2 receptor supersensitivity (Ritchie & Noble, 2003; Seeman,
2010; Blum et al., 2009).

Additionally, neostriatal GABAergic neurons projecting to the globus pallidus synthesize
the opioid peptide enkephalin, while those innervating the substantia nigra pars reticulata
and the entopeduncular nucleus synthesize dynorphin. The differential control exerted by
DA on the activity of these two efferent projections concerns also the biosynthesis of these
opioid peptides. It was found that a strong reduction of glutamate decarboxylase messenger
RNA expression was detected over pallidal neurons following either naloxone or haloperidol
treatment. The amplitude of the variations of mu opioid receptor density and of
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preproenkephalin and preprodynorphin messenger RNA levels suggested that the regulation
of neostriatal and pallidal micro opioid receptors is more susceptible to a direct opioid
antagonism (Naltrexone) while the biosynthesis of opioid peptides in the neostriatum is
more dependent on the dopaminergic transmission. The down-regulation of mu opioid
receptors following haloperidol probably represents an adaptive change to increased
enkephalin biosynthesis and release. The haloperidol-induced increase in neostriatal
preprodynorphin messenger RNA expression might result from an indirect, intermittent
stimulation of neostriatal D1 receptors. The haloperidol-induced decrease of pallidal
glutamate decarboxylase messenger RNA expression suggests, in keeping with the current
functional model of the basal ganglia, that the activation of the striatopallidal projection
produced by the interruption of neostriatal dopaminergic transmission reduces the
GABAergic output of the globus pallidus.

The reduction of pallidal glutamate decarboxylase messenger RNA expression following
opioid receptor blockade indicates an indirect, excitatory influence of enkephalin upon
globus pallidus neurons and, consequently, a functional antagonism between the two
neuroactive substances (GABA and enkephalin) of the striatopallidal projection in the
control of globus pallidus output. Through this antagonism enkephalin could partly attenuate
the GABA-mediated effects of a dopaminergic denervation on pallidal neuronal activity
leading to dopaminergic “denervation” supersensitivity and relapse potential (Mavridis and
Besson, 1999).

Further work by Chen et al. (1994) suggested that persistent inhibition of D2 DA receptors
differentially regulates the expression of D1 and D2 DA receptor mRNA in striatum, and
that the magnitude, duration and interval of inhibiting dopaminergic transmission may be
important factors in regulating DA receptor mRNA expression. These results also suggested
that D2 DA antagonists indirectly down-regulate opioid receptors by increasing the
expression of proenkephalin mRNA, thereby increasing enkephalin which, in turn, decreases
opioid receptors in striatum an important neuro-substrate for heroin relapse.

The notion of supersensitivity to even opiate agonists has been further investigated. Albeit
not with naloxone, chronic treatment with the opioid antagonist naltrexone induces
functional supersensitivity to opioid agonists, which may be explained by receptor up-
regulation induced by opioid receptor blockade. The levels of opioid receptor subtypes
through the brain of mice were determined after chronic naltrexone treatment using
quantitative in vitro autoradiography. Treatment with naltrexone clearly induced up-
regulation of mu- (mean 80%) and, to a lesser extent, delta-opioid receptors (mean 39%).
The up-regulation of mu- and delta-opioid receptors was evident throughout the brain,
although there was variation in the percentage change across brain regions. In contrast,
consistent up-regulation of kappa-opioid receptors was observed in cortical structures only
and was not so marked as for mu- and delta-opioid receptors. In noncortical regions kappa-
opioid receptor expression was unchanged. Taken together, the findings suggested opioid
receptor subtype-selective regulation by chronic naltrexone treatment in mice (Yoburn et al.,
1995). It could be argued that this effect does not occur with the dosage levels used with the
combination of buprenorphine and naloxone but must be considered especially in sensitive
genetic patients.

9. A Caution about Toxicity
Drug interactions are a leading cause of morbidity and mortality. Methadone and
buprenorphine are frequently prescribed for the treatment of opioid addiction. Patients
needing treatment with these medications often have co-occurring medical and mental
illnesses that require medication treatment. The abuse of illicit substances is also common in
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opioid-addicted individuals. These clinical realities place patients being treated with
methadone and buprenorphine at risk for potentially toxic drug interactions. A substantial
literature has accumulated on drug interactions between either methadone or buprenorphine
with other medications when ingested concomitantly by humans. One such interaction
involves certain benzodiazepines (e.g., Flunitrazepam; FLZ) and the concomitant abuse of
buprenorphine. FLZ that is widely abused and augments buprenorphine toxicity appeared
the most potent to increase mu-cell surface receptor density at the lowest dose of 0.2 mg/kg.
Among people using buprenorphine and benzodiazepines, the effects described here are
likely to influence addictive behaviors and induce toxic effects that could be quantitatively
different due to the quality of the benzodiazepines (Poisnel et al., 2009).

Moreover, there is some evidence that buprenorphine can induce liver toxicity. Herve et al.
(2004) reported on several cases of acute hepatitis with buprenorphine. According to
Peyrière et al. (2009), most cases of hepatotoxicity related to buprenorphine have occurred
in hepatitis C-infected patients. The main mechanism for buprenorphine-induced hepatitis is
a mitochondrial defect, exacerbated by cofactors with additional potential to induce
mitochondria dysfunction (e.g., HCV, alcohol, concomitant medications). The diagnosis of
intravenous buprenorphine-induced hepatitis was classified as probable in two cases. While
it is true that buprenorphine was morphine-like but was 25 to 50 times more potent than
morphine and was longer-acting and is acceptable to drug addicted individuals (Jasinski et
al., 1976), there are cases of fatal overdose and suicide ideation (Gaulier et al., 2000;
Tracqui et al., 1998; Kintz, 2001).

10. Pharmacokinetics of Mixed Agonist/Antagonists of Opiate Receptors
Detoxification from opiate addiction has been a medical problem for as long as opiate drugs
have been available. Treatment before the discovery of Clonidine involved giving another
opioid drug with less dangerous consequences of chronic use, such as the long-acting and
orally administered once-a-day methadone, for another opioid mu agonist like heroin, which
must be taken intravenously many times a day, thus making rehabilitation, work, and
avoidance of hepatitis, HIV, and other illnesses difficult (Gold, 1993)

Although methadone has proved to be very beneficial, it still has significant abuse potential.
Naloxone, because it blocks the effects of all opiates, has facilitated the transformation from
addiction to a drug-free state for many recovering addicts but blocks DA release in the
reward site of the brain (Blum et al., 1976; Blum et al., 2009; Gold et al., 1982). By
alleviating withdrawal symptoms and by lessening the detoxification period, Clonidine
similarly has improved the prospect of recovery from opiate addiction. Relapse, whether
withdrawal is treated with Clonidine or other new agents or not, occurs with great regularity
because repeated opiate use can induce a new acquired drive state, i.e., the drive for opiates.
In addition, with powerful withdrawal symptoms during abstinence, opiate relapse is
difficult to prevent without an adequate treatment program (Gold, 1993; Blum et al., 2009;
Blum & Gold, 2010).

Medical magic bullets like buprenorphine/naloxone and Clonidine are needed to be given
for opiate withdrawal distress as part of a recovery program which not only allows the brain
to re-establish normal homeostatic changes in the drug-free state but also provides sufficient
motivation for new approaches to achieving and sustaining pleasurable existence. However,
an important cautionary note regarding for example the indiscriminate use of Clonidine for
detoxification from all psychoactive drugs is the finding that Clonidine may exacerbate
ethanol withdrawal in mice (Blum et al., 1983).

Similarly, the combination of coupling a mixed opiate agonist/antagonist may have
properties which also must be cautiously considered before the widespread adoption of such
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an approach. Hume et al. (2007) reported on preclinical studies investigating opioid receptor
occupancy with oxycodone (mu- and kappa-receptor agonist), morphine (mu-receptor
agonist), and buprenorphine (partial agonist at the mu-receptor and antagonist at the delta-
and kappa-receptors), each given at antinociceptive doses. In vivo binding of [(11)C]
diprenorphine was not significantly reduced after treatment with the full agonists but was
reduced by approximately 90% by buprenorphine. In addition, given that [(11)C]
diprenorphine is a non-subtype-specific PET tracer, there was no regional variation that
might feasibly be interpreted as due to differences in opioid subtype distribution. This
experiment showed that mu-receptor binding of agonist like morphine or potentially heroin
was significantly reduced with buprenorphine. Although a positive outcome for short-term
therapy, in the long term, administration of buprenorphine will result in a attenuation of mu
receptor occupancy of the natural opioid enkephalin and will ultimately result in reduced
release of DA at the accumbens brain region. This in turn may lead to generalized drug
seeking behavior.

Moreover, morphine has been universally assumed to act solely on opiate receptors, and
predominantly on mu receptors. In consonance with this, several studies have demonstrated
that opiate mu agonists and dopaminergic agonists and antagonists are incapable of binding
each other’s receptors, except at extremely high concentrations (nor, for that matter, is
acetylcholine, serotonin, gamma-hydroxybutyrate, norepinephrine, or histamine able to bind
opiate receptors). Yet, while other neurotransmitter antagonists (e.g. alpha- and beta-
adrenoceptor-blocking agents) are for the most part limited in their effect on opiate-induced
responses, many of the central effects elicited by morphine and other opioids have been
found to be markedly potentiated by DA antagonists and reversed by direct and indirect DA
agonists. Even more significantly, DA antagonists (especially those appreciably inhibiting
DA release selectively) can also mimic many of these effects in low to moderate doses
(Feigenbaum and Yanai, 1984).

In fact, the amplitude of the variations of mu opioid receptor density in the neostriatum is
more dependent on the dopaminergic transmission. The down-regulation of mu opioid
receptors following haloperidol represents probably an adaptive change to increased
enkephalin biosynthesis and release (Mavridis and Besson, 1999). In essence then, we have
increased enkephalin and the reduced availability of mu-receptors, thereby preventing
enkephalin attenuation of the GABA-mediated effects of a dopaminergic denervation on
pallidal neuronal activity leading to a hypodopaminergic function in the long-term (Theile et
al., 2011).

Finally, at one level it makes pharmacological sense to combine a partial agonist-antagonist
like buprenorphine and the opiate receptor antagonist naloxone together for the treatment of
opiate addiction; however, to some degree the interactive pharmacokinetics argues against
this combination especially in the long-term. Galynker et al. (1996) studied the
pharmacokinetics of naloxone. Naloxone, an opiate receptor antagonist, administered 30–40
min after tracer injection at a dose of 1.0 mg/kg I.V., reduced [11C] buprenorphine binding
in thalamus, striatum, cingulate gyrus, and frontal cortex to values 0.25 to 0.60 of that with
no intervention. There were minimal (< 15%) effects on cerebellum. Naloxone treatment
significantly reduced the slope of the Patlak plot in receptor-containing regions. These
results demonstrated that [11C] buprenorphine can be displaced by naloxone in vivo. We are
therefore suggesting that If naloxone can displace buprenorphine (even at doses used in the
combination), which may have something to do with alternate days of treatment regimen,
the combination rational may undergo rethinking at least for long-term maintenance therapy.
It is noteworthy, however, that the combination of naltrexone (naloxone not studied) does
shorten opioid detoxification with buprenorphine in the short-term (Umbricht et al., 1999).
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In terms of actual concentrations of naloxone it has been determined for area under the
concentration-time curves (AUC0)-24 hours (0.421 vs. 0.374 ng ×hr/mL) and peak
concentration [Cmax] (0.186 vs. 0.186 ng/mL) [Bruce et al. 2010].

To reiterate, buprenorphine/naloxone (Suboxone) comprises the partial mu-opioid receptor
agonist buprenorphine in combination with the opioid antagonist naloxone in a 4: 1 ratio.
When buprenorphine/naloxone is taken sublingually as prescribed, the naloxone exerts no
clinically significant effect, leaving the opioid agonist effects of buprenorphine to
predominate. However, when buprenorphine/naloxone is parenterally administered in
patients physically dependent on full agonist opioids, the opioid antagonism of naloxone
causes withdrawal effects, thus reducing the abuse potential of the drug combination (Orman
and Keating 2009). Moreover, buprenorphine and naloxone sublingual (S.L.) dose
formulations may decrease parenteral buprenorphine abuse (Harris et al. 2000).

Ciraulo et al. (2006) investigated, the pharmacokinetic and pharmacodynamic properties of
multiple doses of sublingual tablets containing either buprenorphine alone or buprenorphine
and naloxone. Subjects were experienced opiate users who received escalating doses (4–24
mg) of buprenorphine either alone or in combination with naloxone. Cmax and AUCs
increased for both buprenorphine and naloxone with escalating doses. Significant
differences were found across the range of doses administered for dose-adjusted Cmax for
both tablet formulations and for the dose-adjusted AUCs for the buprenorphine-naloxone
tablets.

It is noteworthy that buprenorphine undergoes extensive first-pass metabolism and therefore
has very low oral bioavailability; however its bioavailability sublingually is extensive
enough to make this a feasible route of administration for the treatment of opioid
dependence. The mean time to maximum plasma concentration following sublingual
administration is variable, ranging from 40 minutes to 3.5 hours. Buprenorphine has a large
volume of distribution and is highly protein bound (96%). It is extensively metabolised by
N-dealkylation to norbuprenorphine primarily through cytochrome P450 (CYP) 3A4. The
terminal elimination half-life of buprenorphine is long and there is considerable variation in
reported values (mean values ranging from 3 to 44 hours). Most of a dose of buprenorphine
is eliminated in the feces, with approximately 10–30% excreted in urine. The presence of
naloxone does not appear to influence the pharmacokinetics of buprenorphine (Elkader and
Sproule, 2005).

There is the question as to the real need for the addition of naloxone along with
buprenorphine to treat opiate dependence. Accordingly, the addition of naloxone does not
affect the efficacy of buprenorphine for two reasons: (1) naloxone is poorly absorbed
sublingually relative to buprenorphine and (2) the half-life for buprenorphine is much longer
than for naloxone (32 vs. 1 h for naloxone). The sublingual absorption of buprenorphine is
rapid and the peak plasma concentration occurs 1 h after dosing. The plasma levels for
naloxone are much lower and decline much more rapidly than those for buprenorphine
(Chiang and Hawks, 2003). However in 2009, a highly sensitive method was developed to
measure naloxone and its metabolite nornaloxone in human plasma, urine, and human liver
microsomes (HLM). The mean recoveries were 69.2% for naloxone and 32.0% for
nornaloxone. Specifically, in human subjects receiving 16 mg buprenorphine and 4 mg
naloxone, naloxone was detected for up to 2 h in all three subjects and up to 4 h in one
subject. Mean AUC(0–24) was 0.303 +/− 0.145 ng/mL.h; mean C(max) was 0.139 +/−
0.062 ng/mL; and T(max) was 0.5 h. In 24-h urine samples, about 55% of the daily dose was
excreted in either conjugated or unconjugated forms of naloxone and nornaloxone in urine
via the p450 system (Fang et al. 2009).
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In considering the concept as set forth herein that long term effects of naloxone (even at
sublingual low doses) may have any prolonged action to affect dopaminergic activity by
blocking mu receptors is unlikely. However, we must consider the role of polymorphisms of
the P450 gene. Polymorphisms in the cytochrome P450 (CYP) family may have had the
most impact on the fate of pharmaceutical drugs. CYP2D6, CYP2C19 and CYP2C9 gene
polymorphisms and gene duplications account for the most frequent variations in phase I
metabolism of drugs since nearly 80% of drugs in use today are metabolised by these
enzymes. Approximately 5% of Europeans, 1% of Asians, 5–14% of Caucasians, 5%
Africans lack CYP2D6 activity, and these individuals are known as poor metabolizers.
CYP2C9 is another clinically significant drug metabolizing enzyme that demonstrates
genetic variants (Kosarac et al. 2009). Thus we must be cognizant of these facts and as such
the long term effects of the combination of buprenorphine and naloxone must be monitored
accordingly (Zhou et al. 2009).

One important question to answer would be what the long-term effects of buprenorphine are
alone without the combination of naloxone on dopaminergic reward pathways. Research is
encouraged in order to determine the best approach to combat the deleterious effects of
opioid dependence. It seems parsimonious to also consider the potential of combining
buprenorphine with a natural D2 agonist such as KB220Z for relapse prevention.

11. Intelligent Rationale for Using Naloxone not Naltrexone
There are two commercially available PO (sublingual) buprenorphine preparations. One has
naloxone (Suboxone) and the other doesn’t (Subutex). Clinically they can be considered to
have identical effects since the naloxone is not absorbed via the PO route; the added
naloxone in Suboxone has no clinical effect unless administered parenterally (IV or IM) and
is added only to decrease street value by making Suboxone undesirable for intravenous use.

The possibility of precipitating withdrawal in chronic opioid users and the opioid receptor
blockade effect (from other opioids) has nothing to do with the added naloxone and occurs
whether one is administering Suboxone or Subutex. It is purely a result of the
buprenorphine. The withdrawal precipitating potential results from the fact that
buprenorphine is a partial opioid receptor agonist.

Thus, if a patient is taking opioids like Oxycontin or heroin chronically and is given
buprenorphine, the other opioid is displaced and replaced abruptly reducing the receptor
activation from 100% to around 60–70%. This manifests as withdrawal. If Suboxone is
crushed and given IV to someone chronically taking IV drugs like heroin, the naloxone
would decrease the opioid activation even more than the buprenorphine, i.e., to zero, causing
severe withdrawal. It also would block the immediate “buzz” in people not using opioids
chronically. Thus, buprenorphine acts like “superglue” in that it displaces other opioids from
the opioid receptor, yet only partially activates it.

All of the opioid receptor antagonism/blocking from SL buprenorphine comes from its’
tremendous receptor affinity which can displace or prevent the binding of other opioids
(except those with strong receptor affinities themselves such as Fentanyl, Sufentanyl, and
possibly Dilaudid). There are several important differences that account for why Bekett-
Benckiser chose naloxone over naltrexone. Although both are opioid receptor antagonists,
there are big differences:

1. Naloxone works IV or IM. Naltrexone is a PO drug

2. Naloxone lasts only around 30–45 minutes. Naltrexone can last for days.
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12. From Bench to Bedside: A Clinical Perspective
We find it very interesting that our clinical skills and observations are now being validated
by the neurobiology. For example, when Suboxone became clinically available, one of us
(JF) designed a program to specialize in treating patients who were interested in abstinence
and not maintenance.

“We had to specifically describe the program and refuse thousands of patients who
were interested in only in getting the drug and not working the cognitive and
emotional aspects of a recovery plan. We designed groups that combined an
educational approach focusing of both the neurobiology of addiction but also
recovery. We stressed the importance of the DA and opioids systems to hedonic
tone in order to seek and maintain sobriety, rather than to maintain an active drug
using lifestyles. We had to create a new language, entitled “Recovery Dose
Equivalency”, to counter the “insulin dependence” model of maintenance.

Patients had to be re-introduced to the idea of modulation of mood and cognitive
state as an active recovery process that had to include dose reduction of
buprenorphine over time. We stressed that the rate of dose lowering had to parallel
the rate of acquisition of recovery skills. We created workbooks and asked patients
to monitor rewarding activities and attempt to grade them. Patients were instructed
that they could not lower their dose of buprenorphine until there was a positive
effect from such recovery based activities – good diet, exercise, talking therapy,
self help, etc.. They learned to measure what worked for them so that they could be
confident that dose reduction would not lead to automatic relapse.

In this process, we surely see lots of patients who probably have genetic
polymorphisms that set them up for a low hedonic tone that becomes obvious over
the time of dose reduction. Their effort to increase DA and endorphins to achieve
happiness (Blum et al 2009) and good feelings is either inefficient endogenously, or
they are too lazy to work a good recovery program to facilitate such an internal
response. We do not push our patients too fast – we have treated hundreds of
patients who have remained on buprenorphine for years – but their current dose is
70–80% lower than their initial dose. Those patients who appear to make an effort
but are unsuccessful are probably genetically unable to – but we still try and go
slower.

We also observed that relapse had little to do with cravings, but more with the
ability to enhance frontal lobe and emotional circuitry. In fact, neural adaptation in
the medial prefrontal cortex (mPFC) is thought to play a crucial role in
vulnerability to relapse to drug seeking (Van den Oever, 2010). Measuring the
quality of recovery is not easy to do, but we the authors do not believe it is possible
in current methadone programs because of the costs, the untested genetic makeup
of the population, and the fact that most counseling consists of medication
management and not recovery skill development.”

With this said, we are cognizant that until we have the ability to offer opiate addicts a safe,
cost effective substitute, a global scientific challenge indeed, we do applaud the current
treatment community and the government for providing the treatment tool of buprenorphine
and naloxone. This has led to the saving of thousands from unavoidable premature death
from narcotic overdose.

12. Conclusions
There is much support for the short-term benefits of the combination of buprenorphine/
naloxone (Walley et al., 2008). The benefits of narcotic antagonism have been reviewed by
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many investigators (Blum et al., 2004; O’Brien, 2005; Kreek, 2000; Gold et al., 1982). In
addition, Jasinski et al. (1976) provided evidence that buprenorphine was morphine-like but
was 25 to 50 times more potent than morphine and was longer-acting. They suggested that
little if any physical dependence of clinical significance was produced by buprenorphine.
The effects of morphine to 120-mg doses were blocked by buprenorphine, a blockade that
persisted for 29 1/2 hours. In humans, buprenorphine has less intrinsic activity than
morphine, and as such, has a low abuse potential. Moreover, the drug has potential for
treating narcotic addiction since it is acceptable to addicts, is long acting, produces a low
level of physical dependence such that patients may be easily detoxified, is less toxic than
drugs used for maintenance therapy, and blocks the effects of narcotics. However, the
addiction treatment community is faced with potential problems associated with long-term
anti-relapse treatment with the combination of these two drugs.

The work of Mei et al. (2010) showing that at least for buprenorphine by itself there was no
activation at the ventral striatum and orbital-prefrontal-parietal cortices suggests that this
lack of activation as measured by fMRI may provide in part an explanation as to why this
treatment does not affect relapse. The authors correctly suggested that future therapeutic
approaches to prevent relapse should target the ventral striatum and orbital-prefrontal-
parietal cortices. Thus, with this in mind Blum and Gold (2011) proposed the possibility that
consideration should be given to the utilization of natural D2 agonist therapy following
needed confirmation of preliminary work (Blum et al., 2010; Miller at al., 2010) specifically
with those with genetically induced DA deficiency.

Based upon initial results with large populations receiving D2 agonist therapy with KB220/
KB220Z (Blum et al., 2010; Miller et al., 2010; Blum et al., 2011), we propose that offering
a safe, nonaddicting, natural dopaminergic receptor agonist that potentially up-regulates
instead of down-regulates dopaminergic receptors, could be at least one option to utilize in
the long term to prevent relapse rather than the combination of buprenorphine/naloxone
alone. In fact, earlier research has already shown that the combination of the KB220 variant
in combination with narcotic antagonism increased compliance in serious long-term
methadone by 7.16 fold (Chen et al., 2004).

In considering our cautionary note in this commentary we must realize that to date this is
what we have available and until such a time when the real magic bullet is discovered we
will have to endure. However, this commentary more than anything else, should at least
encourage the development of thoughtful new strategies to target the brain regions
responsible for relapse prevention. Thus, we are encouraging more research on the
withdrawal symptoms and other chronic effects of buprenorphine/naloxone. Moreover,
research directed to the potential combination of buprenorphine/KB220Z, to specifically
assess their potential for maintenance and the prevention of relapse in the treatment of
opioid dependence.
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Fig 1. Brain Reward Cascade
Fig 1a. Schematic represents the normal physiologic state of the neurotransmitter interaction
at the mesolimbic region of the brain. Briefly in terms of the “Brain Reward Cascade” first
coined by Blum and Kozlowski [90]: serotonin in the hypothalamus stimulates neuronal
projections of methionine enkephalin in the hypothalamus which in turn inhibits the release
of GABA in the substania nigra thereby allowing for the normal amount of DA to be
released at the NAc (reward site of Brain). Fig 1b Represents hypodopaminergic function of
the mesolimbic region of the brain. It is possible that the hypodopaminergic state is due to
gene polymorphisms as well as environmental elements including both stress and
neurotoxicity from aberrant abuse of psychoactive drugs (i.e. alcohol, heroin, cocaine etc).
Genetic variables could include serotonergic genes (serotonergic receptors [5HT2a];
serotonin transporter 5HTlPR); endorphinergic genes (mu OPRM1 gene; proenkephalin
(PENK) [PENK polymorphic 3′ UTR dinucleotide (CA) repeats}; GABergic gene
(GABRB3) and dopaminergic genes (ANKKI Taq A; DRD2 C957T, DRD4 7R, COMT
Val/met substation, MAO-A uVNTR, and SLC6A3 9 or 10R). Any of these genetic and or
environmental impairments could result in reduced release of DA and or reduced number of
dopaminergic receptors. (Brain reward cascade -modified with permission from IIOAB
Journal, Blum et al. IIOAB, 2010, 11(2) 1–14.)

Blum et al. Page 26

Mol Neurobiol. Author manuscript; available in PMC 2013 June 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig 2. KB220Z compared to Placebo in Psychostimulant Abusers
Illustrates positive response of KB220Z compared to placebo in triple blind randomized
placebo -controlled study in psychostimulant abusers undergoing protracted abstinence.
Modified from data presented by Blum et al (2010).
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Fig 3.
Represents a thumb nail schematic of the salient points expressed in this commentary to
assist in the understanding opioid addiction, opioid substitution therapy and an alternative
modality.
The figure shows the Opioid addiction adverse effects (fatal overdose, infectious disease
transmission, elevated health care costs, public disorder, and crime) and the available
treatments. The traditional narcotic substitution therapy (e.g. methadone maintenance), does
not target or block delta or mu receptors but provides agonistic activity. However, the new
combination treatment of narcotic antagonism and mu receptor agonist therapy (even at very
low doses of Naloxone) seems parsimonious. Clinical studies indicate that buprenorphine
maintenance is as effective as methadone maintenance in retaining patients in substance
abuse treatment and in reducing illicit opioid use. The figure delineates the negative effect
on reward circuitry whereby chronic blockade of opioid receptors, even with partial opioid
agonist action, may ultimately block dopaminergic activity, causing anti-reward effects and
increasing relapse potential. Based upon initial results with large populations receiving D2
agonist therapy withKB220/KB220Z, we propose that offering a safe, nonaddicting, natural
dopaminergic receptor agonist that potentially up-regulates instead of down-regulates
dopaminergic receptors, could be at least one option to utilize in the long term to prevent
relapse rather than the combination of buprenorphine/naloxone alone.
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