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Investigation of cytochrome p450 CYP1A2, 
CYP2D6, CYP2E1 and CYP3A4 gene expres-
sions and polymorphisms in alcohol with-
drawal 
Alkol yoksunluğunda sitokrom p450 CYP1A2, CYP2D6, CYP2E1 ve CYP3A4 
gen ekspresyonları ve polimorfizmlerinin araştırılması

SUMMARY  
Objective: This study was designed to investigate the 
changes in expression levels of CYP1A2, CYP2D6, CYP2E1 
and CYP3A4 genes in patients treated for alcohol depen-
dence and a control group. The frequency of selected 
polymorphisms of these genes that might be a risk factor 
for alcohol-dependence and may affect the treatment 
success is also investigated. Method: Blood samples 
were collected in the beginning and at end of treatment 
from inpatients taking alcohol dependence treatment 
and from the control group. DNA and RNA isolation 
were performed. Gene expression was quantified by 
quantitative PCR (qPCR) and RFLP technique was used for 
polymorphism studies. Results: No significant difference 
in the expression levels of studied genes in the patients 
before and after the treatment and between the control 
group was detected. However, a significant difference 
between the CYP1A2*F allele frequency in control and 
patient groups was observed. For CYP2D6*4 polymor-
phism, heterozygous genotypes have been detected in 
both patients and controls, whereas no CYP2D6*4/*4 
was detected in either groups, indicating expression of a 
functional mRNA without reducing enzyme activity. No 
significant difference was found between the patient 
and control groups in the CYP2E1 c1/c2 polymorphism. 
CYP3A4*V polymorphism was not detected in either 
groups. Discussion: No difference in expression levels of 
studied genes in patients before and after treatment and 
in the control group was detected. A significant diffe-
rence in the frequency of CYP1A2*1F c.734C>A poly-
morphism was detected between patient and control 
groups indicating a possible role of this allele as a risk 
factor for alcohol dependence.  
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ÖZET 
Amaç:  Bu çalışma, alkol bağımlılığı tedavisi gören hasta-
larda ve sigara kullanmayan kontrol grubunda CYP1A2, 
CYP2D6, CYP2E1 ve CYP3A4 genlerinin ekspresyon 
düzeylerindeki değişiklikleri araştırmak için 
tasarlanmıştır. Ek olarak, alkol bağımlılığı için risk faktörü 
olabilecek ve tedavi başarısını etkileyebilecek CYP1A2, 
CYP2D6, CYP2E1 ve CYP3A4 gen polimorfizmlerinin allel 
frekanslarının karşılaştırılması hedeflenmiştir.  Yöntem: 
Yatarak tedavi gören ve alkol bağımlılığı tedavisi alan 
hastalardan ve kontrol grubundan tedavi başlangıcında 
ve sonunda perifer kan örnekleri alınarak DNA ve RNA 
izolasyonu yapıldı. Gen ekspresyonu kantitatif PCR 
(qPCR) ile ölçüldü ve polimorfizm çalışmaları için RFLP 
tekniği kullanıldı. Bulgular:  Hastalarda çalışılan genlerin 
ekspresyon düzeylerinde tedavi öncesi ve sonrası ve kon-
trol grubu arasında anlamlı bir farklılık saptanmadı. 
Diğer yandan, kontrol ve hasta gruplarında CYP1A2*F 
allel frekansı arasında anlamlı bir fark gözlenmiştir. 
CYP2D6*4 polimorfizmi için, hem hastalarda hem de 
kontrollerde heterozigot genotipler tespit edilirken, her 
iki grupta da enzim aktivitesini azaltmadan fonksiyonel 
bir mRNA ekspresyonunu gösteren CYP2D6*4/*4 
varyasyonu tespit edilmemiştir. CYP2E1c1/c2 polimorfiz-
minde hasta ve kontrol grupları arasında anlamlı bir fark 
bulunmadı. CYP3A4*V polimorfizmine ise her iki grupta 
da saptanmadı. Sonuç: Çalışılan genlerin tedavi öncesi 
ve sonrası ve kontrol grubunda ekspresyon düzeylerinde 
farklılık saptanmadı fakat hasta ve kontrol grupları 
arasında CYP1A2*1F c.734C>A polimorfizminin 
sıklığında anlamlı bir fark tespit edildi, bunun da bu 
allelin alkol bağımlılığı için bir risk faktörü olarak olası bir 
rolüne işaret ettiğini düşünmekteyiz. 
Anahtar Sözcükler: Alkol, bağımlılık, CYP, gen ekspres-
yonu, polimorfizm
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INTRODUCTION  
Alcoholism as a medical concept was described by 
Magnus Huss in 1849, whereas addiction or depen-
dence as a biopsychosocial disease was explained 
by Jellinek in 1960. Psychoactive substances are 
listed as; alcohol, hemp (marijuana, cannabis, 
poppy), opiates (heroin, codeine, morphine), 
cocaine, amphetamines (speed, crystal), hallucino-
gens (acid, LSD, PCP), tranquilizers (xanax, vali-
um, atarax, diazem), volatile substances (thinner, 
bali, sprays), steroids, nicotine and caffeine. They 
can be taken orally, by injection or by inhalation. 
Alcohol and nicotine are the most common psy-
choactive substances worldwide (1). 
According to the World Health Organization 
(WHO), there are 2 billion alcohol users world-
wide. Currently, understanding the genetic basis of 
alcoholism is an important step in developing ade-
quate prevention strategies and personal treat-
ments (2). Although genetic factors are clearly 
known to play a role in alcoholism, the specific 
genes involved are difficult to detect and it is genet-
ically complex, showing no clear form of Mendelian 
inheritance (3). Metabolic gene variants, smoking 
and alcohol consumption are important upper 
digestive system cancer (UDTC) risk factors. 
However, gene-gene and gene-environment inter-
actions still remain uncertain (4). Also; the patho-
genesis of alcoholic liver disease depends not only 
on the toxic effects of alcohol, but also on the com-
plex interaction of the host and environmental fac-
tors. Therefore, genetic predisposition, concomi-
tant diseases and behavioral factors all play a role 
in individual variations in disease outcomes. 
Alcohol-related epigenetic factors are also impor-
tant in pathogenesis as reversible but hereditary 
gene expression changes, histone modulation, 
DNA methylation, and micro RNAs, and may serve 
as diagnostic markers and therapeutic targets in the 
future. Early diagnosis and multidisciplinary inter-
ventions are essential to ensure long-term absti-
nence and prevent alcoholic cirrhosis (5).  
Alcohol addiction manifests itself with increased 
tolerance (increased alcohol & substance con-
sumption of the person over time) and withdrawal 
symptoms (physical symptoms such as tremor, nau-

sea, vomiting, insomnia, and headaches if alcohol 
& substance are not taken). Loss of control, me-
mory loss, behavioral changes and loss of functio-
nality are also observed (2).  
Cytochromes 450 (CYPs) are an enzyme superfa-
mily that are involved in the metabolism of various 
compounds in the body, including alcohol. 
Therefore, changes in the expression levels or 
structural changes in the protein caused by gene 
polymorphisms might affect how the body metabo-
lize alcohol, directly affecting an individual’s tole-
rance. CYP superfamily is composed of gene fami-
lies including CYP1, CYP2 and CYP3.  
CYP1A2 is the only hepatic member of CYP1 fa-
mily and is encoded on the 15q24.1 region of chro-
mosome 15 in humans. CYP1A1 and CYP1B1 are 
other members of this gene family. CYP1A1 is the 
largest extrahepatic form of CYP enzymes in 
humans. Besides detoxification, members of the 
CYP1 family are often responsible for the metabo-
lic activation of polycyclic aromatic hydrocarbons 
(PAHs) and aromatic amines, which are associated 
with chemical carcinogenesis (6, 7).  
The human CYP2 family is quite diverse and con-
tains many important drug-metabolism CYPs. 
CYP2B6, CYP2D6 and CYP2E1 are the most 
functional enzymes in the family (8). There are 
some studies stating a possible relationship 
between CYP2D6 enzyme and the side effects of 
serious psychiatric diseases and antipsychotics. 
CYP2D6 is a 497 amino acid protein and is enco-
ded by the approximately 4.5 kb long CYP2D6 
gene located on the long arm of chromosome 22 
(22q13.1) (9). Although CYP2E1 is one of the most 
common hepatic CYPs, only a few drugs are 
metabolised through this enzyme. But in terms of 
toxicology, CYP2E1 has an important role. It is 
encoded on the q terminal of chromosome 10 in 
position 10q24.3. CYP2E1 polymorphisms result in 
significant phenotypic differences as they affect 
expression and are also associated with alcohol and 
nicotine addiction (10). Cytochrome P450 (P450) 
enzymes play a role in the metabolism of carcino-
gens as well as drugs, steroids, vitamins and other 
chemical classes. They, especially P450 2E1, also 
oxidize ethanol to acetaldehyde and then to acetic 
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acid. The role of P450 2E1 in cancer is complex in 
that P450 2E1 is also induced by ethanol, P450 2E1 
is involved in the bioactivation and detoxification 
of a number of chemical carcinogens, and ethanol 
is an inhibitor of P450 2E1 (11).  
Cytochrome CYP2E1 gene is one of the candidate 
genes for alcohol dependence. Four single 
nucleotide polymorphisms of the CYP2E1 gene 
(CYP2E1*1D, *5B, *6 and *1B) have been previ-
ously associated with alcohol dependence in other 
ethnic populations (12). CYP3A4, localised on 
7q22.1 region of chromosome 7, is the sixth most 
enzyme found in the human liver among other 
CYP proteins in human liver and small intestine at 
the mRNA level (13, 14). It is known to play a very 
important role in the metabolism of xenobiotics. It 
is estimated that it is responsible for metabolism of 
approximately 50% of the drugs used in the clinic 
(15).  
Evaluation of genetic changes of drug metabolizing 
enzymes in the human genome contributes to the 
understanding of inter-individual and inter-ethnic 
variability for clinical response to potential toxic 
substances (16). Drugs and toxic substances that 
are accumulated in the blood are metabolized by 
CYP450 enzymes. Genes encoding these enzymes 
have single nucleotide variations and small dele-
tions that affect the functionality of enzymes by 
increasing or decreasing their activity, which is very 
important in pharmacogenetics (17). In this con-
text, this study was designed to investigate the 
changes in expression levels of CYP1A2, CYP2D6, 
CYP2E1 and CYP3A4 genes in patients treated for 
alcohol dependence and a control group. The fre-
quency of selected polymorphisms of these genes 
that might be a risk factor for alcohol-dependence 
and may affect the treatment success is also inves-
tigated.  
METHOD 
Study Design and Sample Collection 

This in vitro study was carried out between the 
years of 2008 and 2010 with two groups consisting 
of a patient group with 50 volunteers, who were 
admitted to the Department of Psychiatry in our 

institution for alcohol addiction, and a control 
group was used. The control group comprised 23 
volunteers, who were selected from male smokers 
in the same age range as the patient group consi-
dering that alcohol dependence is almost always 
observed with smoking habit. The study protocol 
was approved by Institutional Ethics Review Board 
(Approval no 09/209). Informed consent forms 
were signed by all participants.  
Blood samples (9ml) were collected into EDTA 
tubes from patients before treatment (the first day 
they were hospitalized) and after treatment (28th 
day). Likely, 9ml of blood samples were taken from 
the control group into EDTA tubes.  
DNA and RNA Isolation 

Red cell lysis (155mM ammonium chloride (Merck 
101145), 10mM potassium bicarbonate (Merck 
104852), 1mM EDTA (ThermoFischer 15575020)) 
followed by leukocyte isolation was performed. 
Then DNA isolation was done using MagnaPure 
LC device according to the manufacturer’s instruc-
tions. Rest of the blood was used for total RNA iso-
lation with Qiagen Mini Kit and cDNA was synthe-
sized from 1μg  RNA using QIAGEN QuantiTect 
Reverse Transcription kit (205311) according to the 
manufacturer’s instructions. 
Gene Expression Analysis 

QIAGEN OneStep RT-PCR kit (210215) was used 
for quantitative PCR (qPCR) analysis for 
CYP1A2, CYP2D6, CYP2E1 and CYP3A4 genes 
in Corbett Real-Time PCR machine using gene-
specific primers and probes, which are shown in 
Supplementary Figure 1. Specific Beta-actin was 
used as an internal control. Results were analysed 
using Corbett Software quantification analysis.  
Genotyping 

Polymerase chain reaction (PCR) (Perkin Elmer, 
9700) with gene specific primers was performed to 
amplify the polymorphic regions of CYP1A2, 
CYP2D6, CYP2E1, CYP3A4.  
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ApaI restriction enzyme (Fermentas, ER411) was 
used to digest PCR products of CYP1A2 to detect 
alleles with CYP1A2*1F c.734C>A (rs762551) 
polymorphism. Restriction products were run on 
2% agarose gel. Homozygote C genotype was 
observed at 518bp, heterozygote AC genotype had 
three bands at 518, 312 and 206bp and homozygote 
A genotype generated bands at 312 and 206bp.   
BstnI restriction enzyme (Fermentas, ER0551) was 
used to digest PCR products of CYP2D6 to detect 
alleles with CYP2D6*4 c.1934G>A (rs3892097) 
and CYP2D6*6 c.1795delT (rs5030655) polymor-
phisms. Restriction products were run on 2% 
agarose gel. For CYP2D6*4 c.1934G>A; homozy-
gote G genotype was observed as 190 and 163bp 
bands, homozygote A genotype generated bands at 
353bp. For CYP2D6*6 c.1795delT; homozygous 
wild type genotype had 190 and 163bp long frag-
ments and homozygous mutants generated bands 
on 190, 139 and 23bp. 
Two different restriction enzymes were used to 
digest PCR products of CYP2E1 to study alleles 
having CYP2E1 c1/c2 (5B*) (Rsa+/Pst+) poly-
morphisms (rs2031920/rs3813867). RsaI enzyme 
was used for c1 genotype determination and PstI 
enzyme was used for c2 genotype determination. 
Restriction products were then run on 4% agarose 
gel. For CYP2E1 c1; homozygote wild type geno-
type generated bands at 360 and 50bp, heterozy-
gotes had three bands at 412, 360 and 50bp and 
homozygote mutants generated a band at 412bp.  
For CYP2E1 c2; homozygote wild type genotype 
generated a band at 410bp, heterozygote genotype 
was observed as three bands at 410, 290 and 120bp 
and homozygote mutant genotype was observed as 
two bands at 290 and 120bp. 
BstNI restriction enzyme (Fermentas, ER0551) 
was used to digest PCR products of CYP3A4 to 
detect alleles with CYP3A4*5 c.653A>G 
(rs55901263) polymorphism. Restriction products 
were run on 4% agarose gel. Homozygote A geno-
type generated three bands with lengths 396, 121 
and 75bp, heterozygote genotype was observed as 
four bands 517, 396, 121 and 75bp and homozygous 
mutant genotype generated bands at 517bp and 
75bp. Restriction enzymes and band sizes of stu-

died polymorphisms are given in Supplementary 
Table 2. 
Statistical Analysis 
In our study, two techniques were used to analyze 
the effect of the aforementioned CYP genes on 
alcohol addiction. For the analysis of polymor-
phism experiments, Chi-square test was carried out 
to determine the difference between allele fre-
quencies of genes between the three groups 
(patients before treatment, patients after treat-
ment, control). For gene expression analysis, on the 
other hand, logarithms were taken to ensure the 
normal distribution of the data. The geometric 
mean of the data was taken within the 95% confi-
dence interval. In comparison of patient and con-
trol samples between groups, covariance analysis 
and independent samples T tests were applied. For 
the comparison of the expression data before and 
after the treatment of the patients, covariance ana-
lysis and paired sample T tests were used.  
RESULTS 
Gene expression 
Covariance analysis and independent samples T 
tests were used to evaluate the expression levels of 
CYP1A2, CYP2D6, CYP2E1 and CYP3A4 genes 
between the patient and control groups. No statis-
tically significant difference was detected in the 
expression levels of these genes (p> 0.05). Also, 
covariance analysis and dependent sample T tests 
were used to compare the expression levels before 
and after treatment in the patient group. There was 
no statistical difference in gene expression levels 
before and after treatment in the patients (p> 
0.05). 
CYP1A2*1F c.734C>A (rs762551) polymorphism 

Chi-square test was used to compare the allele fre-
quencies of CYP1A2 gene *1F polymorphism 
between alcohol addicted patient groups and cont-
rol group. The difference between the patient and 
control groups was found to be significant (p 
<0.05). Frequency of the CYP1A2*1F polymor-



phism increased significantly in the control group 
compared to the patient group, which is indicated 
in Figure 1.  
CYP2D6*4 c.1934G>A (rs3892097) and 
CYP2D6*6 c.1795delT (rs5030655) polymorphisms 
No significant difference between the patient and 
control groups was detected (p>0.05) for 
CYP2D6*4 c.1934G>A (rs3892097) and 
CYP2D6*6 c.1795delT (rs5030655) polymor-
phisms. 
CYP2E1 c1/c2 (5B*) (Rsa+/Pst+) 
(rs2031920/rs3813867) polymorphisms  
No significant difference between the patient and 
control groups was detected (p>0.05) for CYP2E1 
c1/c2 (5B*) (Rsa+/Pst+) (rs2031920/rs3813867) 
polymorphisms. 
CYP3A4*5 c.653A>G (rs55901263) polymorphism 
CYP3A4 *5 polymorphism was not observed in 
alcohol-addicted patients and control groups so no 
statistical analysis was carried out for this polymor-
phism.  
DISCUSSION 
Alcohol addiction is a disease that develops 
approximately 5 years after the first alcohol use 

starts and it takes around 15-20 years for the alco-
hol addict to apply for clinical treatment (18, 19). 
Determining the reasons of patients for applying to 
treatment, determining the features in the clinical 
treatment process, monitoring the follow-up fea-
tures after clinical treatment with controlled-
prospective studies will provide great improve-
ments in the treatment of addiction (20). 
Interpersonal genetic variations in drug metaboli-
zing enzymes affect the effect and toxicity of many 
drugs. CYP1A2, CYP2C9, CYP2C19 and CYP2D6 
gene polymorphisms were characterized using 
high-resolution melt analysis (HRMA) in psychi-
atric follow-up patients as a preliminary prepara-
tion for personalized medicine. Advances in phar-
macogenomic knowledge and molecular genetics 
are increasing rapidly, which is expected to provide 
new methodologies for predicting activity in drug 
metabolizing enzymes in the future (21).  
In our study, CC, heterozygous (CA) and AA geno-
type percentages of patients with  CYP1A2*F were 
determined as 92.6%, 3.7%, 3.7%, respectively and  
39.1%, 43.5%, 17.4% in control group. The diffe-
rence in genotype frequencies between the groups 
was found statistically significant. The reason for 
the inclusion of this gene in the study is that both 
the patient and the control individuals consist of 
smokers and also diazepamine, which is among the 
substrates of the CYP1A2 protein, is used in the 
treatment process in alcohol patients.  
In this study, it is considered as a positive result 
that the patients are mostly in wild type genotype 
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Figure 1. Frequency of the CYP1A2*1F allele in control and patient groups are shown in this graph.



(CC) in terms of CYP1A2 *1F polymorphism as 
variant (A) is associated with increased enzyme 
induction and diazepamine given to alcohol addicts 
to reduce withdrawal symptoms may not have 
reached the therapeutic dose. CYP1A2 is also 
involved in the process of metabolic activation of 
chemical toxins (found in cigarette smoke) to car-
cinogens. Metabolic activity of CYP1A2 shows sig-
nificant variation from genetic factors, environ-
mental factors and drug-drug interactions (22,23). 
In the literature, it has been reported that CYP1A2 
can be induced or inhibited (brought to open or 
closed position) by many mediators or food-drug 
interactions (24,22). 
In a study conducted by Herken et al. in psychiatric 
patients in our country, Turkey, the frequency of 
CYP2D6 *4 polymorphism was 8.1% and it was 
found to be 11% in another study conducted by 
Aynacıoğlu et al. in the Turkish population for 
screening purposes (23,25).  
In our study, the frequency of CYP2D6 * 4 allele in 

the patient group was found to be 5.3% and 13.1% 
in the control group, which is compatible with pre-
vious findings in the literature (23, 25). The results 
of retrospective analysis in psychiatric patients 
treated with drugs metabolised by CYP2D6 show 
that genotyping improves treatment success, pre-
vents adverse drug effects and reduces the cost of 
treatment. Therefore, it is very important to deter-
mine the CYP2D6 genotype and / or phenotype of 
the patient before the administration of drugs fre-
quently used in psychiatry such as antidepressants 
or antipsychotics (23).  
Pharmacogenomics represents a potentially strong 
increase in the current standard of care for psychi-
atric patients. However, several biological and 
technical challenges should be considered to pro-
vide adequate clinical decision support for person-
alized prescribing and dose adjustment based on 
genomic data. This is particularly true for 
CYP2D6, which encodes for an important drug 
metabolizing protein that not only contains a large 
number of genetic variants that are known to affect 
enzyme function, but also exhibits a wide range of 
copies and a wide range of hybrid alleles in various 
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Table 1. Primer sequences used for gene expression analysis and RFLP 

Gene Polymorphism Sense (Forward) Antisense (Reverse) 

CYP1A2*1F 
5�-AGA AGC TCT GTG GCC GAG 

AAG G-3�  

5� CAA CCC TGC CAA TCT 

CAA GCA C-3�  

CYP2D6*4 1934 (G/A)   

CYP2D6*6 1795 (1 bp del) 

5�-CCT GGG CAA GAA GTC GTC 

GGA CCA G-3�  

5�- GAG ACT CCT CGG TCT 

CTC G-3� 

CYP2E1 (c1/c2) 5�-CCC GTC GAG TCT ACA TTG 

TCA -3� 

5�- TTC ATT CTG TCT TCT AAC 

TGG-3�  

CYP3A4*V(A/G) 5�-AAC AGG ACG TGG AAA CAC 

AAT -3� 

5�- CTT TCC TGC CCT GCA 

CAG -3�  

 

Table 2. Restriction enzymes and band sizes of studied polymorphisms. 

Gene polymorphism 

studied 

Restriction 

enzyme used 
PCR Products 

Normal 

genotype 

Heterozygous 

genotype products 

Homozygous 

mutant genotype 

 

CYP1A2*1F Apa I 518 bp 518 bp 

518 bp 

312 bp 

206 bp 

312 bp 

206 bp 

CYP2D6*4(C1934A) BstN I 353 bp 
190 bp 

163 bp 

353 bp 

190 bp 

161 bp 

353 bp 

CYP2D6*6(delT1795) BstN I 353 bp 
190 bp 

163 bp 

190 bp 

163 bp 

139 bp 

190 bp 

139 bp 

23 bp 

CYP2E1 c1 Rsal I+/Pst I- 410 bp 
360 bp 

50 bp 

410 bp 

360 bp 

50 bp 

410 bp 

 

CYP2E1 c2 Rsal I-/Pst I+ 410 bp 410 bp 

410 bp 

290 bp 

120 bp 

290 bp 

120 bp 

 

CYP3A4*V BstNI 592 bp 

396 bp 

121 bp 

75 bp 

517 bp 

396 bp 

121 bp 

75 bp 

517 bp 

75 bp 
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patient populations. Here we describe various chal-
lenges in accurate measurement and interpretation 
of data from CYP2D6 analyses. In order to over-
come these difficulties, research should be conti-
nued for future pharmacogenomic applications of 
CYP2D6 in psychiatry (26). 
Many patients give up taking antidepressant drugs 
because of their side effects. Genetic factors and 
psychological factors, including current state or 
trait anxiety, can explain the differences in side 
effect results. The aim of this study is to examine 
the relative contribution of genetic and psychologi-
cal factors in people with antidepressant side 
effects. A low compliance was observed between 
the participants' CYP2D6, CYP2C19 and CYP2C9 
phenotypes and antidepressant tolerability history. 
As a result; for this patient cohort, it was found that 
history of tolerance was not associated with 
changes in pharmacogenes, health anxiety or neu-
roticism in the treatment of serotonin reuptake 
inhibitor (SSRI) or seratonin / norepinephrine 
reuptake inhibitor (SNRI) (27).  
CYP2D6 expression was analyzed in both patient 
and control groups in our study, and no statistical 
difference was found between the groups in terms 
of expression levels; however, we think that this 
gene may be important for alcoholism when the 
number of patients and controls is increased. As a 
result of CYP2D6 *4 polymorphism, a stop codon 
is formed and no functional CYP2D6 protein can 
be produced. In our study, heterozygous genotypes 
were detected in both patients and controls in 
terms of CYP2D6 *4 polymorphism and no 
CYP2D6 *4 homozygotes were present. 
Accordingly, a functional allele appears to continue 
mRNA expression without reducing enzyme activi-
ty.  
When we evaluate the literature data and our 
results together, we think that the determination of 
cytochrome P450-2D6 enzyme activity, which is 
responsible for the metabolism of most of this 
group of drugs, before use of antipsychotic and 
antidepressants, can be beneficial in terms of pre-
dicting effects and side effects.  
Among the various P450s, CYP2E1 attracts a lot of 

attention due to its role in the bioactivation and 
metabolism of many low molecular weight com-
pounds such as ethanol, acetone, acetaminophen, 
isoniazid, and many procarcinogens, benzene, N-
nitrosodimethylamine (NMDA) and citerin. Like 
other xenobiotic-metabolism enzymes, CYP2E1 
polymorphisms also vary among different ethnic 
and social groups. In this study, when the groups 
were evaluated in terms of CYP2E1 *1A / *5B 
polymorphism, 90.9% (*1A / *1A), 9.1% (*1A / 
*5B) and 0% (*5B / *5B) in the patient group; In 
the control group, 95.5% (*1A / *1A), 4.3% (*1A / 
*5B) and 0% (*5B / *5B) genotype were detected. 
The rare *5B / *5B allele has not been detected 
among our participants. There is no statistical dif-
ference between the groups. Our results were 
found to be compatible with the literature (28). In 
a study investigating the frequency of CYP2E1 
polymorphisms and gene profile in the Chinese 
Uighur population, 100 healthy volunteers’ DNA 
were screened by PCR and sequencing for mutated 
alleles and genotypes and results revealed that 
there are important clinical results for the use of 
metabolized drugs in this population (16).  
Our findings in the CYP2E1 expression levels 
showed no statistically significant difference when 
expression in the patient group was compared to 
the expression in the control group in the 95% con-
fidence interval. However, although non-signifi-
cant, increased expression values have been deter-
mined and we think that the difference may be sig-
nificant if the number of patients are increased. 
The activity of CYP2E1 is altered by ethanol as 
well as by various physiological markers such as 
obesity, hunger and liver dysfunction. In the litera-
ture, studies related to alcohol consumption and 
expression of CYP2E1 in the blood indicated that 
heavy alcohol consumption is correlated with 
CYP2E1 expression (29). CYP2E1 is an effective 
enzyme for reactive oxygen production due to 
altered NADPH oxidase activity and high produc-
tion of O2 and H2O2 radicals even in the absence 
of substrate (30). In another study, genetic rela-
tionship of CYP2E1 with alcohol dependence was 
examined in Taiwan population. 319 healthy indi-
viduals as control and 340 patients were compared 
and genotyping was performed for CYP2E1 gene 
SNPs and no genetic relationship has been found 
between CYP2E1 and alcohol dependence (12).  
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No statistically significant difference was found in 
this study when CYP2E1 gene expression was com-
pared in alcohol addicts before and after treat-
ment. This may be due to the lack of specific ele-
ments sensitive to ethanol in the CYP2E1 gene, as 
noted above. However, it is not clear why ethanol 
can induce CYP2E1 expression, but the absence of 
ethanol does not reduce the expression of this 
gene. Possible explanations for this may be that the 
duration of of alcohol dependence treatment 
(about 28 days) is not sufficient to reduce the level 
of CYP2E1 mRNA, or that patients who are in 
remission after this treatment have a high rate of 
about 88.2%. 
In our study, CYP3A4*5 polymorphism was not 
detected in either the alcohol-dependent patient 
group or the control group. No epidemiological 
studies about CYP3A4 gene polymorphisms in the 
Turkish population is present in the literature. In 
other populations, frequency of CYP3A4*5 allele 
was found to be very low. So, the reason that were 
not able to detect this allele in our study is probably 
the low frequency of this allele and relatively small 
size of our study groups. CYP3A4 plays a very 
important role in the metabolism of xenobiotics. It 
is estimated that it is responsible for the 
metabolism of approximately 50% of the drugs 
used in the clinic. Since the active region of 
CYP3A4 is very wide and flexible, it enables many 
small molecules to be bound to the active area at 
the same time (4, 18). 
Even though a relatively higher expression of 
CYP3A4 was detected in patients and control sub-
jects compared to the expression levels of other 
genes (CYP1A2, CYP2D6 and CYP2E1) studied 
in the study; no statistically significant difference 
was found between the patient and control groups. 
Despite the lack of psychological or neurological 
studies regarding the CYP3A4 gene, many studies 
are available in the literature investigating its rela-
tionship with diseases such as cancer, hypertension 
and diabetes (31, 32).  
Considering the drug metabolism rates of CYP1A2 
(11%), CYP2D6 (19%), CYP2E1 (4%), CYP2A4 
(36%), this study presents valuable data about the 
polymorphisms of these genes and the effect of 

these polymorphisms on gene expression levels in 
the studied groups. All pharmacogenetic changes 
occur in different ethnic groups and among their 
subpopulations at different frequencies. Due to 
these differences, it is very important to consider 
ethnic origin in both pharmacogenetic studies and 
pharmacotherapy. The importance of such phar-
macogenetic approaches for the treatment of alco-
hol-addicted patients included in the study is clear. 
We think that cross-interactions of alcohol and 
drugs used for therapeutic purposes are important 
points to be considered in the treatment of such 
patients. The fact that the patients experience 
remission and are hospitalized at least a few times 
for treatment cause doubts about the success of 
these treatments. Today, with the development of 
pharmacogenetic science, the patient's genotype is 
determined and tailor-made treatment options are 
offered to the patient. In this context, polymor-
phisms of genes that show wide variation such as 
CYP1A2 and CYP2D6 should be screened for 
allele frequencies and risk calculations should be 
made for drug side effects in our society. 
Further studies can be planned to include a larger 
cohort. Also, only alcohol-dependent patients were 
included in the study and patients using both alco-
hol and other addictive substances were excluded. 
A further study can be planned to include patients 
using other addictive substances alongside alcohol 
to evaluate the effect of polymorphisms and 
expression levels of these genes.  
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