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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opioid agonists, methadone and LAAM (withdrawn from market in 2003), or the narcotic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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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 2brain 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 yiaamygdala) 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, Medlinga Pubmed, Embas@a 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 4.1453 kg;
0.0001) greater weight reduction after 1 year than did those given placebo. Rimonabant
caused significantly more adverse events than did placebo (Odds Ratio (ORp=1.4;
0.0007; number needed to harm = 25 individuals [95% CI 17+58]), and 1.4 times more

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



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Blum et al.

Page 8

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. /n
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 Al allele compared with DRD2 A2 allele carriers. Because carriers of the Al
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 /n vitrothat there is a
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« hypothalamus
substania nigra

3 NuUcieus accumpens

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 normalamount 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 (7.e. alcohol, heroin, cocaine etc).
Genetic variables could include serotonergic genes (serotonergic receptors [5HT2a];
serotonin transporter SHTIPR); endorphinergic genes (mu OPRM1 gene; proenkephalin
(PENK) [PENK polymorphic 3" UTR dinucleotide (CA) repeats}; GABergic gene
(GABRB3) and dopaminergic genes (ANKKI Tag 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 I10AB
Journal, Blum et al. I10AB, 2010, 11(2) 1-14.)
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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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*Adverse Health and Social Harms: fatal overdose, infectious disease
transmission, elevated health care costs, public disorder, and crime

Opioid

Addiction:

*Narcotic Replacement Therapy: METHADONE-synthetic opiate AGONIST
*Opioid Replacement Therapy: SUBUTEX -Buprenorphine AGONIST
SUBOXONE Buprenorphine /Naloxone AGONIST/ANTAGONIST

« All forms of treatment are significantly less costly and more effective than no treatment

« Retaining patients in substance abuse treatment and in reducing illicit opioid use

« Abstinence from illicit opiate use

*Reduction in illicit opiate use

»Reduction in the severity of withdrawal from opiate use

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

*Low abuse potential
*High availability: Induction and maintenance as outpatient or physicians office

Advantages | Improves quality of life

buprenorphine,

«Possible lack of effectiveness in patients who require high methadone doses
*Does not activate the areas of the brain associated with relapse.

«Chronic blockade of opioid receptors has anti-reward effects increasing relapse
potential

*Propose combination Buprenorphine/KB200Z to address hypodopaminercic /anti
reward state and reduce relapse

*Encourage more research on the withdrawal symptoms and chronic effects of

SIUERESER  buprenorphine/naloxone

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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