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ABSTRACT: Benzodiazepines (BZDs) are psychotropic drugs,
central nervous system (CNS) depressants, used worldwide in
clinical practice. Its exacerbated consumption and addiction has
become a public health issue. The etiology of BZD dependence
occurs due to several factors, both genetic and non-genetic.
The objective of this review is to compile the genetic factors
associated with the dependence mechanisms of BZDs. The genetic
mechanisms of BZDs involve interaction with glutamate receptors
and GABA modulation, reducing brain activation and memory
creation. The BAIAP 3 genotype is the first marker of genetic
risk of anxiety and abuse of BZDs. Another mechanism is the
polymorphisms of cytochrome P450 monooxygenases enzymes
(CYP450). The increase in the chronic use of BZDs has a major
impact on public health. Thus, it is essential to analyze the genetic
factors that increase dependence, aiming at an individualized
therapy and the reduction of this problem.

Keywords: Benzodiazepines; Genetic research; Substance-
related disorders.

RESUMO: Os benzodiazepinicos (BZDs) sao farmacos
psicotropicos, depressores do sistema nervoso central (SNC),
utilizados mundialmente na pratica clinica. O seu consumo
exacerbado e a dependéncia se tornaram uma questdo de satude
publica. A etiologia da dependéncia de BZDs ocorre por diversos
fatores, genéticos e ndo genéticos. O objetivo dessa revisdo ¢
compilar os fatores genéticos associados aos mecanismos de
dependéncia de BZDs. Os mecanismos genéticos envolvem a
interacdo com receptores de glutamato e modulagdo do GABA,
reduzindo a ativagao cerebral e criacdo de memorias. O gendtipo
BAIAP 3 ¢ o primeiro marcador de risco genético de ansiedade
¢ abuso de BZDs. Outro mecanismo, ainda, ¢ o polimorfismo
das enzimas citocromo P450 monooxigenases (CYP450). O
aumento do uso cronico de BZDs tem grande impacto na satde
publica. Dessa forma, faz-se fundamental a analise dos fatores
genéticos que aumentam a dependéncia, objetivando uma terapia
individualizada e a redugdo desta problematica.

Palavras-chave: Benzodiazepinas; Pesquisa em genética;
Transtornos relacionados ao uso de substancias.
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INTRODUCTION

Social dependence is defined as “a maladaptive
pattern of substance use leading to significant
clinical harm or distress, as evidenced by three or more
characteristics that includes tolerance, withdrawal,
and abandonment or reduction of important social,
occupational, or recreational activities”. In this way, drug
misuse is defined as the misuse of prescribed substances or
the use of these substances for non-therapeutic purposes,
by example the ingestion of benzodiazepines with another
purpose and the using excessive doses, in addition, the
abuse refers to not-prescription drugs, such as ethanol and
cocaine'.

The indiscriminate use of drugs is a global problem:
the World Health Organization (WHO) estimated, in 2017,
that 42 billion dollars were spent each year on adverse
drug-related events. The Third Global Challenge for Patient
Safety emerged in this context, inviting countries such as
Brazil to collaborate to reduce the aforementioned events
by half by 20222. However, there are several difficulties in
achieving this goal: there is about one drugstore for every
3,300 inhabitants in Brazil, and we are also in the ranking
of the 10 largest drug consumers®. There is also a wide
range of advertisements for medicines that do not require
a prescription, trivializing their consumption. Blay*, in
2015, estimated that 16.8% of the population of Sdo Paulo
had used psychotropic medication at some point in their
lives, in which the use of benzodiazepines (BZD) in spite
of antidepressants and antipsychotics stands out.

BZDs are drugs of the psychotropic class, which are
central nervous system depressants and have anxiolytic,
myorelaxant and anticonvulsant properties, characterizing
the purpose of their use. These drugs were synthesized
for the first time in 1950, in the United States of America,
over the years their use has become increasingly high,
due to the greater number of diagnoses of psychiatric
disorders, in addition to self-medication, inadequate
medical prescriptions, media influence, thus defining a
public health problem’.

The etiology of benzodiazepine dependence is
complex and multifactorial. Some of the more consolidated
risk factors present in the literature are the duration
of treatment, doses used, treatment indication, lack of
intervention and adequate medical follow-up, abuse of
alcohol and other psychoactive substances. There is also
some evidence of a higher prevalence in females and
advanced age °.

OBJECTIVE

The main objective of this monograph is to
systematically review all the literature available regarding
the influence of genetic factors on benzodiazepine
dependence.

METHODS

This systematic literature review was created using
the Pubmed database using the keywords “benzodiazepine
genetic addiction”, “benzodiazepine abuse genetic”,
“benzodiazepine dependence genetics”, “benzodiazepine
addict pharmacogenetics”, “nat2 benzodiazepine”,
“glutamate benzodiazepine” with the initial number of
2786 articles, that went through a rigorous selection,
reaching the final number of 16. The inclusion criteria
were: articles in English or Portuguese, consistent with
the theme of the article, which describes some genetic
mechanism. Exclusion criteria: articles in other languages,
which do not cover the topic addressed in the article. In
addition to the selected articles, other references were used
to complement the text.

RESULTS AND DISCUSSION

The incorrect or improper use of this psychotropic
drug is capable of developing levels of dependence
associated with both factors of dementia, Alzheimer’s
and severe falls, especially in the elderly’; as to genetic
predisposition. The mechanisms of dependence of BZDs
have not been completely clarified, and they involve,
among others, the interaction with glutamate receptors;
responsible for modulating neuronal excitability, release
and synaptic plasticity of the central nervous system (CNS).
The pathways involved, however, are still being elucidated.
The literature shows several evidence of alteration in the
expression of metabotropic glutamate receptors (mGluRs),
especially in group I*°. Okamoto!® demonstrates in a
study with rats under chronic infusion of diazepam and
alprazolam, which develop withdrawal symptoms with
administration of flumazenil, the expression of mGluR2 and
mGluR3 significantly decreased. This mechanism is similar
to changes that occur after repeated exposure to drugs of
abuse, resulting from long-term neuroadaptations of the
mesocorticolimbic glutamate and dopamine pathways.

In addition to glutamate, BZDs act as GABA
ionotropic receptor modulators, that is, they facilitate its
inhibitory activity. This receptor has subunits that mediate
different behaviors and pharmacological responses''.
Okamoto'’ quotes an electrophysiological study in which
it was possible to verify the relationship between the alpha
1 subunit of the GABA receptor with the development of
psychotropic dependence. The effect of this relationship
causes a decrease in brain activation; reduction of
synaptic plasticity (as well as glutamate), which affects
the individual’s ability to create new memories and
interferes with excitatory synapses, which are necessary
for memory'!. Although still uncertain, this is one of the
hypotheses that support the association of prolonged use
of BZDs with an increased risk of Alzheimer’s disease
and dementia. Another plausible assumption would be the



limitation of the cognitive reserve capacity induced by the
irregular use of psychotropic drugs, which may reduce
the ability to deal with brain injuries at an early stage'?. In
any case, the collections are sufficient to avoid long-term
indiscriminate use and prescriptions that are not justified
should be considered public health problems'.

Angiogenesis inhibitor-associated protein 3 is part
of the MUNC13 protein family, which is important in the
synaptic regulation of neurotransmitter exocytosis and
fundamental in the junction of synaptic vesicle membranes
that have neurotransmitters such as GABA, highly
expressed in brain areas. These regions correspond to the
amygdala, hypothalamus and periaqueductal gray matter,
which are responsible for regulating autonomic functions,
stimulus and fear processing, that is, strongly related to
aspects of anxiety'>.

The cellular function of BAIAP3 has not yet
been fully identified, but in 2013, Wojcik'* carried out
an experimental study to analyze mice and their genetic
variations that influence the risk for the development of
tolerance, dependence and withdrawal from drugs such as
benzodiazepines. This scientific project shows that female
mice carrying the BAIAP3 homozygous genotypes are
more likely to have criteria for the diagnosis of anxiety,
while male mice carrying the same genotype are more
likely to have criteria for benzodiazepine use disorders.

In order to study the functioning of BAIAP3,
the analysis of the behavior of mice together with the
phenotype-based genetic association (PGAS) of the human
BAIAP3 gene was performed. Thus, it was evidenced that
BAIAP3 is the first genetic risk marker for anxiety and
benzodiazepine abuse in mice and humans, in the tested
drugs - short-acting midazolam and long-acting diazepam'*.

Another mechanism of genetic predisposition can be
expressed in polymorphisms in the family of cytochrome
P450 monooxygenases (CYP450) enzymes, which act
in modulating the metabolism of approximately 70% of
drugs®. Thus, it is known that CYP450 is constituted in
humans by a family of 57 genes'®, with CYP1, CYP2
and CYP3 being the most important families for hepatic
drug metabolism, including BZDs", since the CYP3A4,
CYP2D6, CYP1A2, CYP2C9 and CYP2C19 subfamilies
are responsible for metabolizing most antidepressants and
BZDs. Thus, CYP metabolism can be slow, intermediate,
fast or ultra-fast, due to polymorphisms'®.

Regarding the CYP450 subfamilies, it is known that
CYP3A4, which is mainly expressed in the liver (95%) is
qualitatively the most important in adults in terms of drug
metabolism'3, of this for example, clonazepam metabolism
can be mentioned, whose biotransformation is mainly
mediated by CYP3A4 and N-acetyltransferase-2 (NAT2).
In addition, a small part of CYP3A4 is expressed in the
small intestine, which enables pre-systemic and systemic
contribution in approximately 30% of drugs'.

Physiologically, women may have greater
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CYP3A4 activity'®. In addition, multiple pharmacokinetic
interactions arising from the broad spectrum of substrates
were observed. Such interactions can result in clinical
complications, such as: increased focus, reduced creatinine
clearance, increased neurotoxicity in women with the
CYP3A4*22 polymorphism. It was observed that the
genetic variant CYP3A4*22 is related to the reduction of
messenger RNA and, consequently, there is a decrease in
the enzymatic activity of CYP3A45,

CYP450 is involved in hydroxylation, termination of
steroid hormone activity and bile acid metabolism pathways
and activation of various carcinogens. So, it is believed
that oral contraceptives that have ethinylestradiol, a similar
to endogenous estrogen, inactivate CYP3A4, as they are
mainly metabolized by it, as well as 2-hydroxy ethinyl
estradiol and at least three catecholamine metabolites that
are dopamine, epinephrine and norepinephrine'®.

NAT?2 is a gene with phenotypic variations, which
divides the population into slow and fast acetylators. The
expression of CYP3A4 and the NAT?2 acetylator phenotype,
analyzed in a prospective trial, can identify which patients
are most at risk of having an adverse reaction, as well as
improve personalized therapy with benzodiazepines and
their withdrawal '°. With advancing age, an increase in the
number of drugs, therapeutic failures and adverse reactions
can be observed®. Consequently, it would be ideal to know
the genetics of CYP individually so that there is a prediction
and reduction of the prevalence of therapeutic failures and
adverse reactions, constituting a personalized medicine in
elderly patients®'.

CONCLUSION

BZDs are classified as one of the most used types
of psychotropic drugs worldwide in clinical practice,
including in Brazil®. The increase in the indiscriminate use
of these drugs for recreational purposes and unnecessary
medical prescriptions, especially among university
students, culminates in a greater number of individuals
who develop tolerance and dependence due to chronic
use?, in addition to triggering potentiated side effects.
The population’s lack of knowledge regarding these side
effects, together with the dependence that is created, have a
great impact on public health, and it is extremely important
to analyze the prevalence of BZD abuse in the academic
population, as well as understanding the associated genetic
factors, with the final aim to consolidate the results and
data generated, and ensure a review that makes it possible
to effectively reverse this situation, through educational
actions for the community, in order to develop the critical
sense of individuals and health professionals.

Thus, it is concluded that there is a correlation between
genetic factors and dependence on BZDs, through several
mechanisms already reported in literature. Among them,
the alteration of the expression of glutamate and GABA
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receptors; the homozygosity of the BAIAP3 genotype; the
CYP enzyme family polymorphism and NAT2 acetylator
phenotype. Therefore, it is necessary further elucidation

of the mechanisms involved for possible individualized
clinical management of treatment with BZDs; aiming at
a lower dependency rate and better therapeutic choices.
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