Genetic and environmental dynamics to drug addiction
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Abstract
Drug addiction, relating to both licit and illicit substances, can be defined as an
enduring disorder with certain chances of reversion categorised as uncontrollable
drug consumption or the obsessive seeking and taking of drugs despite adverse
consequences. It is a multifaceted complicated disorder with many inter-related
causes, as well as neurobiological, environmental and genetic features. Genetic
mutations and polymorphisms can be considered as reasons for instabilities in
human regulatory systems like brain functioning, which lead to drug addiction.
Environmental stimuli such as anxiety, stress and depression also play a crucial
role in a person’s addictive behaviours. Therefore, addiction to drugs is caused by
neuro-adaptive changes and genetic-environment interactional modifications.
Keywords: drug addiction, neurobiology; genetics, environment, behavioural
disorder
Introduction
Addiction is a complex disease that is multi-factorial and polygenic. In
humans, drug addiction is a change over time from occasional drug taking to
more compulsive drug taking, and a loss of control over the amount of drugs
taken.1 Drug addiction, defined as the loss of control over drug use, or the
compulsive seeking and taking of drugs despite adverse consequences, has
become one of the most serious problems in the world.2 Addiction to drugs is a
chronic, relapsing brain disease that if left untreated can cause major medical,
social and economic problems.3 Substances that cause addiction are said to induce
pleasing states (euphoria) or relieve distress. Constant consumption of such addictive substances induces adaptive deviations in the central nervous
system that result in sensitisation, tolerance, physical dependence, desire, and
reversion.4
Substance dependence or drug addiction involves motivational systems of the brain.
Drug addiction may results from recurring drug intoxication and is modulated by
both genetic and environmental factors.5 At different stages the influence of
environment or genes are different.6,7 People who carry genetic susceptibility to
substance dependence can have much greater impact of psycho-active materials
on them, when exposed, than on someone who does not.8 There is also a genetic
contribution to use of, and to the dependence on, a combination of alcohol,
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tobacco and other substances.9-15 Initiation of alcohol and tobacco use in adolescents
is mostly influenced by environmental features. On the other hand genetic risk
factors are of a much bigger involvement to habitual alcohol and tobacco usage
in young adults.16
It has been estimated that genetic factors contribute to 40%-60% of the
vulnerability to drug addiction, and environmental factors provide the balance.17
More than 30% of people once exposed to drugs become permanent drug addicts.3
Aside from the many social, economic and cultural factors that cause drug addiction, one of its key contributory factors is the genetic pre-disposition which makes
people susceptible to drug addiction.8,18
The current review highlights the neurobiological changes behind drug addiction
and possible genetic and non-genetic factors consequential to drug addiction.
Neurobiology of drug addiction
Neuroscientific approaches to drug addiction traditionally have been based on the
premise that addiction is a process that results from brain changes (that may be
genetic) which in turn results from chronic administration of drugs of abuse and
addiction1. From the basic neuroscience perspective, the study of the neurobiology
of drug addiction offers a novel opportunity to establish the biological basis of a
complex and clinically relevant behavioural abnormality.19 Exposure to a drug
results in cellular, molecular or epigenetic neuro-adaptations in interconnected brain
circuits which, in susceptible individuals, are believed to underlie the transition to,
and maintenance of, an addicted state. Furthermore, these adaptations alter the
gene expression and ultimately affect the transcription and translation processes
of the DNA and RNA.20
A drug enters the brain upon early exposure and binds itself to a specific protein
target. This binding disturbs different functional operations of the nervous system,
which in turn causes highly prominent behavioural effects.21 These changes in
brain chemistry and function become significant and permanent due to continuous
use of drugs resulting in drug dependence. Effective treatment is available for
patients with nicotine, alcohol, and opiate addiction but successful treatment for
stimulant or marijuana addiction is still not available.22
Genetic factors
Many researchers have reported that genetic factors, along with social and
psychological factors, contribute to addiction. Alterations in different genes or
gene expression that could be due to genetic mutations or genetic polymorphisms
may be responsible for different addictive behaviours in different individuals;
especially in the case of alcoholism. Genetic variability and genetic factors that
influence the metabolism may increase the risk of addictive behaviours in an
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individual.20,23 Numerous genetic variants causing drug induction and stress can
contribute further, leading to helplessness and the maximising of addiction. Drugs
of abuse may alter the gene expression, consequently having an impact on protein
expression as well.
An SNP (Single-Nucleotide Polymorphism) in the fatty acid amide hydrolase
(FAAH) gene, encoding an endocannabinoid-inactivating enzyme has been found to
be associated with the increased possibility of first time use of illegal drugs and alcohol.
The majority of such recreational users later become permanent drug addicts.24
Studies have revealed the connection of addictive disease with genes, displaying
the role of genes in increasing a person’s susceptibility to addictive disease, with
estimates of heritability of 30-60%.25 Drug addiction is a relatively stable
condition often resulting in gene expression changes1.Variation in gene
expression as well as in the expression of protein products, in protein-protein
interactions, in neural networks and in neurogenesis and synaptogenesis,
influences brain activity and ultimately alters a person’s behavior.25
Research reveals that techniques like molecular re-sequencing and Quantitative
Trait Loci (QTLs) through Amplified Fragment Length Polymorphism (AFLP) or
Single-Nucleotide Polymorphism (SNP) allow the investigations of molecular
markers that are associated with the increased risk of addiction.26
Environmental factors
A person’s environment can contribute to their tendency towards addiction. The
tendency of a person’s vulnerability towards drug addiction is not only genetically influenced but, also strongly influenced by his or her environment.
Psychoanalysts and clinical psychologists emphasise more on the individual
physiognomies of the drug addict and contemplate how factors such as stress,
anxiety and depression, influence the development and maintenance of drug
abuse and addiction or the desire of a person to take drugs and become an addict.1
Social risk factors are more difficult to isolate in research studies than specific
neurobiological genes, but definitive patterns have emerged within environmental
categories. Spiralling distress describes how, in some cases, the first self-regulation
failure can lead to emotional distress, which sets up a cycle of repeated failures to
self-regulate, and where each violation brings additional negative effects.27 It is
often assumed that the emotion-altering effects of drugs are the major reasons for
their use and more specifically that drugs are used to compensate for undesired
emotional states produced by various events and environments. Environmental
factors in adults, both intrinsic and extrinsic are also important determinants of
self-administration behaviour, particularly during acquisition of the behaviour
and during reinstatement of drug-taking following extinction.28
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Stressful incidents in the environment during crucial periods of growth produce
long-term neuro-endocrinological and developmental changes in the brain that
influence drug related responses and tendencies to drug addiction.29
Discussion
The World Health Organisation30 and the American Psychiatric Association31 use
the term ’substance dependence’ rather than ’drug addiction’ Substance dependence, often known as drug addiction, is a user’s compulsive need to use drugs in
order to function normally. When such substances are un-obtainable, the user suffers from withdrawal symptoms.32
Drug addiction is most often defined as a chronic relapsing disorder
characterised by cycles of drug abuse, abstinence and repeated attempts to give
it up. In drug addiction, obsessive drug-seeking and drug-taking behaviour
persists despite serious negative consequences.4 The vulnerability for relapse is
poorly understood but clearly involves multiple factors such as drug availability,
conditioning factors and stress, and hypothetically can be driven by a residual
’brain signature’.33 It can be characterised as a compulsion to take the drug with
a narrowing of the behavioural repertoire toward excessive drug intake, and a
loss of control in limiting intake.34,35
A process called ’maturing out’ is when people using drugs in excess at an early
age stop it when as they grow older.36 Following the persistent use of drugs, selfimposed withdrawal has also been observed in many individuals which may
result in withdrawal symptoms in some cases, eventually causing the person to
suffer from high levels of stress, anxiety and depression.37 Evidence from human
studies suggests that the resistance to ceasing drug-seeking and taking behaviours
during self-denial may aid in the avoidance of a relapse.38
Drug addiction and abuse is a major socio-economic problem related with
substantial mortality and indisposition. In 2009, approximately 271 million
people globally admitted to drug use at least once, representing closely to one in
20 people between 15-64 years of age.39 Drug dependence is set to take an
immense toll in terms of economic loss and human misery. Studies reveal that
genetic differences and specific social and environmental conditions can play a
vital role in the development of drug manipulation.1 Psychologists regard drug
addiction as a behavioural disorder which affects the victim by assuming control
over a significant portion of an individual’s interactive capabilities.40 It has been
suggested that these drug-induced brain variations are not necessarily the crucial
constituents of drug addiction; as the brain is adequately multifaceted and many
of its activities can be modified. It is also said that the search for correlations to
addiction is still necessarily an enduring one.1
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