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ABSTRACT

Addiction is a major global health concern. Up to date, underlying the possible mechanisms of addiction have begun
to yield fundamentally important insights to discover the novel therapeutics as there are very few effective treatments
for addiction. This review article is designed to outline the underlying mechanisms of addiction.
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INTRODUCTION

Drug addiction is a chronic relapsing brain disease.
Addiction causes long-lasting neuroadaptations. It is
characterized by craving for the substances and, in some
cases, involvement in risky behaviors that can cause
death and high rates of relapse even after long periods of
abstinence.™*

"Addiction is caused, in part, by powerful and long-
lasting memories of the drug experience. Relapse caused
by exposure to cues associated with the drug experience
is a major clinical problem that contributes to the

persistence of addiction".®

Possible mechanisms underlying addiction

Neural circuitry

Addictive drugs have a common neural pathway as they
target the mesocorticolimbic dopamine system. This
system originates in the ventral tegmental area (VTA)
and projects mainly to the nucleus accumbens (NAc) and
prefrontal cortex (PFC).*

Ventral tegmental area (VTA)

Research studies showed that the acquisition and
expression of many drug-dependent behaviours involves
VTA, a midbrain structure contained dopamine, GABA,
and glutamate neurons. Abuse of drugs alters the
excitatory and inhibitory synaptic input onto VTA
dopamine neurons, suggesting a crucial role for VTA
afferents in mediating the effects of drugs.” The neural
circuitry executing any behaviour is complicated;
although wide-ranging research over the past few decades
clarifies that the VTA is critically involved with both
rewarding and aversive drug-dependent behaviors.®

Nucleus accumbens (NAc)

GABA neurons in the NAc project to the VTA and are
supposed to mediate a “long-loop” inhibitory feedback to
regulate dopamine neuron activity.’

Prefrontal cortex (PFC)
The medial PFC performs a diversity of cognitive and

executive functions and is involved in the reinstatement
of drug-seeking behavior.®®
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MicroRNAs in addiction

Drugs of abuse promotes long-term changes in brain gene
and protein expression, which may contribute to the brain
alteration accompanied by abuse and dependence.?

Addictive drugs provoke long-lasting adaptations in
corticostriatal and mesolimbic brain reward circuitry due
to long-term alterations in gene expression. MicroRNAsS,
a class of non-coding RNAs, are potent regulators of gene
expression that bind to target MRNAs, thereby inhibiting
their translation causing degradation. MicroRNs are
increasingly involved in gene expression changes
underlying physiological and pathological conditions as
addiction.™

The neuronal enhancement and various expression of
non-coding RNAs and miRNAs is thought to share in the
complexity of cell types and functions within the
mammalian central nervous system.™"*?

Role of neurotrophic factors

Neurotrophic factors (NTFs) are well-recognized for their
actions on neuronal survival and differentiation.
Likewise, NTFs have been shown to be involved in
synaptic plasticity in the brain. Brain-derived
neurotrophic factor (BDNF) and glial cell line-derived
neurotrophic factor (GDNF) are the most studied NTFs.
The relation between drugs of abuse and NTFs seems to
be a mutual process; abused drugs can affect the
expression of NTFs, and NTFs can affect the outcome of
drugs and modify the drug-induced behaviour.
Additionally, BDNF is proved to be a promoter of
methylation in association with drug addiction. In fact,
how GDNF or BDNF affect the drug-seeking behaviour
depends on the drug type, addiction phase, and the timing
of GDNF/BDNF treatment in relation to drug
administration."** In support of this notion, addictive
substances have been revealed to increase the BDNF
protein levels in multiple brain regions. ***® Enhanced
BDNF levels are found in the hippocampus of
methamphetamine self-administering rats and the plasma
of human methamphetamine users.'”*® Remarkably,
primary results suggest that the BDNF Val (66) Met
genotype, which has been associated  with
neurobehavioral deficits, may promote drug seeking
phenotypes in methamphetamine and heroin-dependent
individuals.”*!

Synaptic plasticity

Synaptic plasticity is considered the basis for most
models of learning, memory and development in neural
circuits.?? Drug abuse can elicit neural maladaptation
leading to drug addiction.?® Currently, the role of synaptic
plasticity in addiction has begun to yield vitally important
insights into mechanisms that underlie the addiction.*

Drugs of abuse alter (either increasing or decreasing) the
strength of excitatory synapses by tapping into traditional
mechanisms  of  plasticity, including long-term
potentiation (LTP) and long-term depression (LTD).%
Synaptic plasticity is controlled pre-synaptically via the
regulation of glutamate release and post-synaptically via
the adding or removal of AMPA or NMDA glutamate
receptors and addictive drugs interfere with these

processes. >

Multiple memory systems/stress approach

Multiple memory systems approach possibly contributes
exclusive components to the learned behaviour
supporting drug addiction and relapse. Particularly, the
change from recreational drug use to compulsive drug
abuse may mirror a neuroanatomical shift from cognitive
control of  behaviour performed by  the
hippocampus/dorsomedial  striatum toward habitual
control of behaviour mediated by the dorsolateral
striatum  (DLS). Additionally, stress/anxiety —may
establish a cofactor that facilitates DLS-dependent
memory, and this may act as a neurobehavioral
mechanism underlying the increased drug use and relapse
in humans following stressful event.?®

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Not required

REFERENCES

1. Koskela M, Back S, Voikar V, Richie CT,
Domanskyi A, Harvey BK, et al. Update of
neurotrophic factors in neurobiology of addiction
and future directions. Neurobiol Dis. 2016;16:104-8.

2. Cadet JL, Bisagno V, Milroy CM. Neuropathology
of substance use disorders. Acta Neuropathol.
2014;127:91-107.

3.  Kauer JA, Malenka RC. Synaptic plasticity and
addiction. Nat Rev Neurosci. 2007;8:844-58.

4. Luscher C, Malenka RC. Drug-evoked synaptic
plasticity in addiction: from molecular changes to
circuit remodeling. Neuron. 2011;69:650-63.

5. Oliva I, Wanat MJ. Ventral Tegmental Area
Afferents and Drug-Dependent Behaviors. Front
Psychiatry. 2016;7:30.

6. Vanderschuren LJ, Kalivas PW. Alterations in
dopaminergic and glutamatergic transmission in the
induction and expression of behavioral sensitization:
a critical review of preclinical studies.
Psychopharmacology (Berl). 2000;151:99-120.

7. Rahman S, McBride WJ. Feedback control of
mesolimbic somatodendritic dopamine release in rat
brain. J Neurochem. 2000;74:684-92.

8. Floresco SB. Prefrontal dopamine and behavioral
flexibility: shifting from an "inverted-U" toward a
family of functions. Front Neurosci. 2013;7:62.

International Journal of Scientific Reports | September 2016 | Vol 2 | Issue 9  Page 213



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Nafea OE et al. Int J Sci Rep. 2016 Sep;2(9):212-214

Kalivas PW, McFarland K. Brain circuitry and the
reinstatement  of  cocaine-seeking  behavior.
Psychopharmacology (Berl). 2003;168:44-56.

Heyer MP, Kenny PJ. Corticostriatal microRNAs in
addiction. Brain Res. 2015;1628:2-16.

Cao X, Yeo G, Muotri AR, Kuwabara T, Gage FH.
Noncoding RNAs in the mammalian central nervous
system. Annu Rev Neurosci. 2006;29:77-103.

Kosik KS, Krichevsky AM. The Elegance of the
MicroRNAs: A Neuronal Perspective. Neuron.
2005;47:779-82.

Xu X, Ji H, Liu G, Wang Q, LiuH, Shen W, etal. A
significant association between BDNF promoter
methylation and the risk of drug addiction. Gene.
2016;584:54-9.

Graham DL, Edwards S, Bachtell RK, DiLeone RJ,
Rios M, Self DW. Dynamic BDNF activity in
nucleus accumbens with cocaine use increases self-
administration and  relapse. Nat  Neurosci.
2007;10:1029-37.

Grimm JW, Lu L, Hayashi T, Hope BT, Su TP,
Shaham Y. Time-dependent increases in brain-
derived neurotrophic factor protein levels within the
mesolimbic dopamine system after withdrawal from
cocaine: implications for incubation of cocaine
craving. J Neurosci. 2003;23:742-7.

Le Foll B, Diaz J, Sokoloff P. A single cocaine
exposure increases BDNF and D3 receptor
expression: implications for drug-conditioning.
Neuroreport. 2005;16:175-8.

McFadden LM, Vieira-Brock PL, Hanson GR,
Fleckenstein  AE. Methamphetamine  self-
administration attenuates hippocampal serotonergic
deficits: role of brain-derived neurotrophic factor.
Int J Neuropsychopharmacol. 2014;17:1315-20.
Kim DJ, Roh S, Kim Y, Yoon SJ, Lee HK, Han CS,
et al. High concentrations of plasma brain-derived
neurotrophic factor in methamphetamine users.
Neurosci Lett. 2005;388:112-5.

Greenwald MK, Steinmiller CL, Sliwerska E,
Lundahl L, Burmeister M. BDNF Val (66)Met

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

genotype is associated with  drug-seeking
phenotypes in heroin-dependent individuals: a pilot
study. Addict Biol. 2013;18:836-45.

Hou H, Qing Z, Jia S, Zhang X, Hu S, Hu J.
Influence of brain-derived neurotrophic factor
(val66met) genetic polymorphism on the ages of
onset for heroin abuse in males. Brain Res.
2010;1353:245-8.

Sim MS, Mohamed Z, Hatim A, Rajagopal VL,
Habil MH. Association of  brain-derived
neurotrophic factor (\Val66Met) genetic
polymorphism with methamphetamine dependence
in a Malaysian population. Brain  Res.
2010;1357:91-6.

Abbott LF, Nelson SB. Synaptic plasticity: taming
the beast. Nat Neurosci. 2000;3:1178-83.

De Velasco EMF, McCall N, Wickman K. Chapter
Six - GIRK Channel Plasticity and Implications for
Drug Addiction. In: Paul AS, Kevin Ws, eds.
International Review of Neurobiology: Academic
Press; 2015: 201-238.

Winder D, Lovinger DM. Introduction to the special
issue on synaptic plasticity and addiction.
Neuropharmacology. 2011;61:1051.

Grueter BA, Rothwell PE, Malenka RC. Integrating
synaptic plasticity and striatal circuit function in
addiction. Curr Opin Neurobiol. 2012;22:545-51.
Bowers MS, Chen BT, Bonci A. AMPA receptor
synaptic plasticity induced by psychostimulants: the
past, present, and therapeutic future. Neuron.
2010;67:11-24.

Malenka RC, Bear MF. LTP and LTD: an
embarrassment of riches. Neuron. 2004;44:5-21.
Volkow ND, Baler RD. Addiction science:
Uncovering neurobiological complexity.
Neuropharmacology. 2014;76:235-49.

Goodman J, Packard MG. Memory systems and the
addicted brain. Front Psychiatry. 2016;7:24.

Cite this article as: Nafea OE. Update in the
neurobiology of addiction. Int J Sci Rep
2016;2(9):212-4.

International Journal of Scientific Reports | September 2016 | Vol 2 | Issue 9  Page 214



