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ABSTRACT
Background: Drug abuse and addiction represents a major burden to the society. According to
National Institute of Drug Abuse (NIDA) the economic costs alone are estimated to exceed half a
trillion dollars annually in the United States, including health, losses in productivity, and crime
related costs. In Egypt, the 2013 survey of substance use and addiction revealed an increased
prevalence when compared to 1996 survey. Untreated substance abuse and addiction adds a
significant avoidable costs and major disruptions to the families and communities. However,
scientists are now poised to capitalize on recent advances in genetics, neuroscience and
developmental biology to create breakthrough treatments that could revolutionize care and reduce
associated public health and safety problems. These treatments will help addicts stop abusing drugs
and resume their productive lives.
Aim: The aim is to provide review of recent literature on the new methods for treatment of
addiction, including opiate, cocaine, nicotine; their advantages and disadvantages. Also to highlight
areas for researchers interested in this field to build upon their studies.
Conclusion: Several new recent lines for treating addiction have been developed including
nanotechnology approach, brain stimulation methods, yoga and mindfulness practice, vaccines
against drugs of abuse, N-methyl-d-aspartate receptor modulators, acupuncture and hypnotherapy.
Key words: addiction therapy, nanotechnology, gene silencing, yoga, laser acupuncture, brain

stimulation methods.

INTRODUCTION
ddiction can be defined as the continued
use of  mood-altering  addicting
substances or behaviors despite adverse
consequence or a neurological impairment
leading to such behaviors (Angres and
Bettinardi-Angres, 2008).

Natural reward behaviors as well
as drug reward converge on a common neural
pathway, beside the mesolimbic dopamine
(DA) system, in which the nucleus accumbens
(NAc) plays a central role (Kelley, 2004).
Drugs of abuse induce neuroplasticity in the
mesolimbic system, which plays a central role
in the transition from drug use to drug
addiction (Mameli and Luscher, 2011).

A gene transcription factor called
AFosB has been identified as playing a central
role in the development of addictive states in
both  behavioral addictions and drug
addictions (Robison and Nestier, 2011). This
factor was found to be over expressed in
addictions to alcohol, cannabinoids, cocaine,
nicotine, phenylcyclidine, and substituted
amphetamines (Hyman et al., 2006; Steiner
and Van Waes, 2013), as well as addictions
to natural rewards such as sex, exercise, and

food (Olsen, 2011; Blum et al., 2012). A
recent study also demonstrated a cross-
sensitization between drug reward
(amphetamine) and a natural reward (sex) that
was mediated by AFosB (Pitchers et al.,
2013).

Drug addiction causes an enormous
medical, financial, and emotional problems on
individual and society in the form of overdose

and  health  complications, loss of
employment, family disintegration, and crime
(Sussman et al., 2011).

The increased studies of the
neuronal effects of abuse drugs and the
mechanisms of addiction resulted in
uncovering of novel targets for treatment and
prevention of addiction (Sun et al., 2014).

AIM OF THE WORK

To review recent literature on the
new methods for treatment of addiction,
including opiate, cocaine, nicotine; their
advantages and disadvantages and highlights
areas where future research will help the
discovery of new therapeutics.

DISCUSSION
New methods for treatment of addiction:

1) Nanotechnology approach:
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Nanotechnology has an increasing
impact in the healthcare industry, especially
in facilitating the targeted delivery into
specific sites and across complex biological
barriers (Farokhzad and Langer, 2006).
The first trial to use the nanotechnology in
treatment of addiction was done by Bonoiu et
al. (2009). They utilized gold nanorode-
DARPP-32 siRNA (dopamine- and cyclic
AMP-regulated phosphoprotein 32 small
interfering RNA) complexes (nanoplexes) to
target the dopaminergic signaling pathway.

The idea was based on more
understanding of the molecular and genetic
background of addiction. Opiate addiction
involves activation of the dopaminergic
signaling pathway in the brain (Gould and
Manji, 2005). Dopamine activates protein
kinase A (PKA)-mediated phosphorylation of
DARPP-32 (Nairn et al., 2004). Modulation
of DARPP-32, results in the activation of the
extracellular signal-regulated kinase (ERK),
ERK activity has been known to be important
in neuronal plasticity and its pharmacologic
blockade prevents the behavioral and
transcriptional effects of different drugs of
abuse (Valjent et al., 2005).

Based on the previous data, Bonoiu et
al. (2009) concluded that DARPP-32 is the
central molecular “trigger” that underlies the
neurobiological alterations related to drug
abuse, and hypothesized that the suppression
of DARPP-32 gene expression in
dopaminergic neuronal cells will lead to
significant behavioral inhibition of the drug
addiction process.

Recently, gene therapy has been used
to suppress specific gene expression in
targeted organs or cells using small
interfering RNA (siRNA) (de Fougerolles et
al., 2007).

Despite promising, developing siRNA
as therapeutics has proven challenging
because: firstly, siRNAs are rapidly cleared
by renal filtration and are susceptible to
degradation by extracellular RNases leading
to short half-life (Aagaard and Rossi, 2007);
secondly, the brain which is the target organ
for drug addiction therapy, represents a
particularly inaccessible organ for siRNA
delivery owing to the presence of the blood—

a-
b-

brain barrier (Pardridge, 2007), so scientists
were directed to the use of nanoparticle-based
delivery of certain molecules for overcoming
present therapeutic limitations.

Connor et al. (2005) showed an
increasing interest to gold nanorods and
nanoparticles as a site specific carrier to
various therapeutic and diagnostic agents
because they are biocompatible.

Their surfaces can incorporate cationic
charges forming -electrostatic complexation
with anionic genetic materials such as siRNA,
for the aim of targeted gene delivery/silencing
(Ding et al.,, 2007). In addition, their
complexation with genetic material and
subsequent delivery and distribution within
the target tissues can be monitored by the use
of surface plasmon resistance phenomenon
associated with gold nanoparticles and
nanorods (Sokolov et al., 2003).

Bonoiu et al., (2009) introduced a
nanotechnology-based approach for gene
silencing-mediated drug addiction therapy
using gold nanorodes (GNRs) electrostatically
complexed with appropriate siRNA molecules
(nanoplexes) for modulating the key
components of the dopaminergic signaling
pathway, where the aim of this study was to:
Confirm the formation of the nanoplexes
Confirm the uptake of the nanoplexes into
dopaminergic neuronal cells
Measuring in vitro silencing of DARPP-32
and other molecules of this pathway, such as
ERK and protein phosphatase
Measuring transmigration efficiency of the
nanoplexes across an in vitro blood brain
barrier model compared to the free siRNA

The results of the study were
encouraging however, the efficacy of the use
of GNRS as effective transport carrier for
siRNA in vivo needs to be determined since
AKkhtar and Benter (2007) focused on the
importance of understanding the specificity of
siRNA for the target gene and whether the
delivery reagent has an impact on gene
silencing activity of siRNA.

The next trial to use the
nanotechnology approach in treatment of
addiction was performed by Law et al. (2012)
where they used PEGlyated quantum rod
(covalently conjugated with Polyethylene
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glycol) with different surface functional
groups (amine and maleimide) for the
delivery of siRNA to human neuronal cells.
The PEGlyated surface offered high
biocompatibilities and negligible
cytotoxicities to the formulation that may
facilitate in vivo applications of these
nanoparticles.

These nanoplexes integrated gene
delivery and imaging into single system
which is manifested by high transfection
efficiency and low cytotoxicity together with
high biocompatibility however, the challenge
was the application of these nanoparticles in
the clinical setting because of the cadmium
based nature. So, it will be beneficial to
replace cadmium based quantum rods with
heavy metal free material such as silicon
quantum dot.

Reynolds et al. (2012) have utilized
gold nanorod-galectin-1 siRNA complexes
(nanoplexes) to inhibit gene expression of
galectin-1. Galectin-1, an adhesion molecule,
is expressed in macrophages and implicated
in enhancing human immunodeficiency virus
(HIV-1) infection via facilitating viral
adsorption to macrophages cell surface
(Mercier et al., 2008). Studies performed by
Reynolds et al. (2007) proved that treatment
of  immature  dendritic  cells  with
methamphetamine increase the expression of
galectin-1 thus facilitating attachment of HIV
to human macrophages thereby regulating
HIV infection.

In addition, under investigation is the
use of magnetic nanoparticles which can
deliver anti-opioid drugs across BBB without
compromising its integrity under the effect of
external (non- invasive) magnetic force
(Sagar, 2013).

2) Brain stimulation method:

Brain stimulation methods are gaining
increasing interest as possible addiction
therapeutics. Different types were used
including repetitive transcranial magnetic
stimulation (rTMS), cranial electrostimulation
(CES), transcranial direct current stimulation
(tDCS) or deep brain stimulation (DBS)
(Wing et al., 2013).

There is nascent evidence that rTMS
could be effective in reducing nicotine and

3)

4)

alcohol craving and consumption and cocaine
craving and might represent a potential
therapeutic method for treating addiction.
Further studies are indicated to identify the
optimal parameters of stimulation for the
most beneficial treatment of drug addiction
(Bellamoli et al., 2014).

The mechanism of the therapeutic
effect of rTMS is poorly understood but may
be mediated through increased dopamine and
glutamate function in cortico meso limbic
system in the brain and modulating neuronal
activity in brain circuits responsible for
cognitive processes related to addiction
(Gorelick et al., 2014)
yoga and mindfulness as complementary

therapies for addiction:

Although a small number of
experimental and clinical studies on
effectiveness of yoga and mindfulness
practice in illicit drug wuse, alcohol
dependence and smoking, the current

theoretical models suggest that they can target
multiple psychological, neural, physiological,
and behavioral processes implicated in
addiction and relapse (Khanna and Greeson,
2013).

Hallgren et al. (2014) has been
explored the feasibility of yoga as a part of a
treatment program for alcohol dependence
through a pilot study that proved decrease in
alcohol consumption when adding yoga to the
usual treatment but the difference was not
statistically significant.

In a review of evidence based yoga
intervention’s impact on smoking cessation it
was found that it represents a promise for
smoking cessation since it was able to
enhance quitting. However, there were some
limitations including short term follow up and
short duration of therapy (Dai and Sharma,
2014).

Vaccines against drugs of abuse:

Immunotherapeutic vaccines against
different drugs of abuse as nicotine, cocaine,
heroin, oxycodone, methamphetamine, and
others are being developed. They act through
inducing antibodies that sequester the drug in
the blood in the form of antibody-bound drug
that cannot cross the blood brain barrier,
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thereby preventing psychoactive effects

(Alving et al., 2014).

Few of these vaccines have entered
clinical trials, but research is going on apace
(Kosten and Domingo, 2013) however,
Kinsey (2014) focused on several points that
should be fully characterized before this
treatment can realize its full potential
including:

Hapten structure: should be able to induce
antibodies that bind to the free drug with good
degree of specificity and affinity

Linkage chemistry: should be simple to allow
for good manufacturing practice and the
linker should be stable against hydrolysis

Immunogenic proteins: choosing the most
promising immunogenic protein that can be
approved from the US Food and Drug
Administration (FDA)

Adjuvants:  which adjuvant or which
combination of adjuvants is the best stimulant
for the immune system.
N-methyl-d-aspartate
Modulators _in__the
Addiction:

Glutamate plays an important role in
drug addiction (Gass and Olive, 2008), and
the N-methyl-d-aspartate (NMDA) glutamate
receptor presents a molecular target for
several drugs of abuse (Myers et al., 2011).

These NMDA receptor ligands include
receptor  modulators  (memantine  and
acamprosate), as well as the partial NMDA
agonist d-Cycloserine. Review of studies
testing such ligands suggests that direct
NMDA receptor modulators have relatively
limited efficacy in drug addiction treatment,
and that partial agonist may have some
efficacy (Tomek et al., 2013).

Studies examining novel ligands with
indirect mechanisms for altering NMDA
receptor function are going on apace. These
ligands include metabotropic glutamate
receptor S5 positive allosteric modulator
(mGIluR5 PAM) which indirectly enhance
NMDA receptor function through
biochemical and structural linkage between
these two receptor subtypes (Chen et al.,
2011).

Several studies have been published
testing mGluR5 PAM for addiction treatment

(NMDA) Receptor
Treatment of Drug

however these studies are in the preclinical
stage (Gass and Olive, 2009; Cleva et al.,
2011; Reichel, 2011; Kufahl et al., 2012).

6) Acupuncture and hypnotherapy for smoking

cessation:

Acupuncture and hypnotherapy gained
a great interest as a complementary and
alternative medicine for use in tobacco
cessation programs (Sood et al., 2006).

Tahiri et al. (2012) had conducted
meta-analysis of trials using acupuncture and
hypnotherapy in smoking cessation. The
results suggested that both may help to quit
smoking.

The other two Cochrane systematic
reviews evaluating the effectiveness of
acupuncture and hypnotherapy for smoking
cessation were performed by White et al.
(2011) and Barnes et al. (2010) and
concluded that no consistent evidence that
acupuncture and the related interventions
(acupressure, laser therapy and
electrostimulation) and hypnotherapy are
effective for smoking cessation.

Braillon and Ernst (2013) have
criticized the meta-analysis performed by
Tahiri et al. (2011), where it included only
10 studies while the two Cochrane systematic
reviews included 44 studies.

Zhu et al. (2013) referred the
contradictory results in the clinical trials
testing the efficacy of acupuncture in
treatment of substance use disorder to the
numerous  administration methods  and
protocols performed by different acupuncture
schools. Also, they advised that future animal
studies and clinical trials should explain in
details the acupuncture methods in order to
optimize this alternative method in the
clinical practice.

SUMMARY AND CONCLUSION

Drug dependence and addiction are
major public health problems that do not
discriminate between race, gender, ethnicity,
or socioeconomic status of the drug user.
Globally, the drug related problems affect
more than tens of millions of people
worldwide.

Despite the advances in the
pharmacological and behavioral therapy of
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drug addiction, this problem continue to drugs for addiction treatment in the near

maintain its presence in the society. future.
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