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Background: Isoenzymes CYP2D6 and CYP3A4, the activity of which varies widely, are
involved in metabolism of haloperidol and may influence its profile of efficacy and safety.
Objective: The primary aim of this study was to estimate the relationship between CYP3A5
gene polymorphism, activity of the CYP3A isoenzyme, and the risk of development of adverse
drug reactions by haloperidol in patients with alcohol abuse.

Methods: Sixty-six male alcohol-addicted patients participated in the study. The safety of halo-
peridol was evaluated by Udvalg for Kliniske Undersogelser Side Effect Rating Scale (UKU) and
Simpson—Angus Scale for extrapyramidal symptoms (SAS). The activity of CYP3A was evalu-
ated by determining the concentrations of an endogenous substrate of this isoenzyme (cortisol)
and its urinary metabolite (6-beta-hydroxycortisol, 6-B-HC). Genotyping of CYP3A5*3 was
performed by real-time polymerase chain reaction with allele-specific hybridization.

Results: The frequency of A-allele occurrence in Russian population was very poor (2.27%).
CYP3A5%*3 polymorphism had no influence on safety profile indicators of haloperidol (UKU
scale: p=0.55, SAS scale: p=0.64). In addition, there was no statistical significant difference
between the values of indexes of the metabolic ratio (6-B-HC/cortisol) in groups with different
genotypes of CYP3A5*3: GG 5.00 (3.36; 6.39) vs AG 5.26 (2.10; 6.78) (p=0.902).
Conclusion: The frequency of A-allele occurrence of CYP3A5*3 in Russian population is
very poor, and it has no high influence on the safety of haloperidol treatment; therefore, there
are no reasons to take this polymorphism into account in patients with alcohol addiction who
receive haloperidol.
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Background
Haloperidol is one of the most commonly used typical antipsychotic drugs. According
to the recommendations, haloperidol therapy is indicated for patients with signs of
alcohol-related psychosis.! Haloperidol treatment is often associated with develop-
ment of adverse drug reactions (ADRs) (including dyskinesia, acute dystonia, arterial
tension lowering, orthostatic hypotension, and arrhythmias).>

CYP3AA4 catalyzes the transformation of haloperidol into 1,2,3,6-tetrahydropyridine
which is metabolized further to haloperidol-pyridinium by CYP3A4 and CYP2D6.3
CYP3A4 and CYP2D6 also participate in N-dealkylation of haloperidol,® while
only CYP3A4 catalyzes the N-dealkylation of restored haloperidol.>* CYP3A4 also
catalyzes the oxidation of the restored haloperidol back to haloperidolum.? In Ghosh
et al’s research, it is shown that CYP3A4 is expressed not only in liver hepatocytes
but also in brain neurones.* The investigations we performed earlier, which involved
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alcohol-addicted patients, have shown the existence of
statistically significant correlation between CYP2D6 gene
polymorphisms, activity of this isoenzyme, and the efficacy
and safety of haloperidol.®

Some studies published during 1999-2001 have reported
about the influence of CYP3A4 on haloperidol metabolism
and development of ADRs.*¢7 There are also some findings
regarding the absence of correlation between development
of side effects during haloperidol medication and different
gene polymorphisms.® An investigation on CYP3A4*22 poly-
morphism shows that presence of this heterozygote does not
increase the serum levels of antipsychotics (including halo-
peridol) which are metabolized by CYP3A4 and CYP2D6.°
The role of CYP3AS should be investigated deeper as there
is evidence that CYP3AS catalyzes the alternative metabolic
pathways which can lead to appearance of intermediate
metabolites with yet unknown pharmacological properties,
and it can also limit the biological availability of the drug
which passes through the first metabolic pathway. Besides,
the expression of CYP3A5 can inhibit CYP3A4 drug—drug
interaction.'”

The primary purpose of this investigation was to estimate
the relationship between CYP3AS gene polymorphism, the
activity of the CYP3 A isoenzyme, and the risk of development
of ADRs by haloperidol in patients with alcohol addiction.

Materials and methods
The study involved 66 men with alcohol addiction, who were
hospitalized in Moscow Research and Practical Centre for
Addictology of the Department of Public Health. The study
was approved by the local ethics committee of the Peoples’
Friendship University of Russia (No. 8, February 18, 2016),
and all patients provided written informed consent. During
the exacerbation of the addiction, patients received halo-
peridol in tablet form (OOO Ozon, Zhigulevsk, Russia) in a
dose of 4.344+2.38 mg/d (38 patients, once a day) or inject-
able form (ZAO Bryntsalov-A, Moscow, Russia) in a dose of
6.0912.10 mg/d (32 patients, once a day). Inclusion criteria
were 5-day haloperidol therapy in tablet or injection form
and no concomitant mental illness in anamnesis. Exclusion
criteria were the use of other psychotic drugs except halo-
peridol, creatinine clearance <50 mL/min, plasma creatinine
concentration >1.5 mg/dL (133 pumol/L) with kidney diseases,
body weight <60 or >100 kg, age of 75 years or more and
contraindication to haloperidol.

The activity of CYP3 A was evaluated by determining the
urinary concentration of endogenous substrate of the enzyme
and its metabolite — the ratio of 6-beta-hydroxycortisol

(6-B-HC) to cortisol — using high-performance liquid
chromatography with mass spectrometry on an Agilent 1290
Infinity system.!"!? The higher the ratio was, the higher the
activity of CYP3A was. The results are demonstrated in
arbitrary units.

The safety of haloperidol was evaluated by Udvalg for
Kliniske Undersogelser Side Effect Rating Scale (UKU) and
Simpson—Angus Scale for extrapyramidal symptoms (SAS).
Scaling of patients was performed the day before haloperidol
therapy and after 5 days of therapy. The higher the difference
in scores was, the more unsafe the therapy was.

Statistical analysis was done using nonparametric statis-
tics method with the application of “Statsoft Statistica V10.0”
program (Dell Statistica, Tulsa, OK, USA). When choosing a
method, the normality of sample distribution was taken into
account, which was evaluated with Shapiro—Wilk W-test.
The differences were considered statistically significant at
p<0.05. To determine the correlation between quantitative
characteristics, Spearman rank correlation coefficient was
calculated. Correlation coefficient () in the range 0f 0.3-0.7
indicated a moderate positive, though reliable correlation
between the signs, while >0.7 indicated a strong and reli-
able correlation; negative r_ value corresponded to inverse
correlation.

The quantitative data are presented as mean + standard
deviation (M+0o) for the normally distributed data, and median
with quartiles (Me [Q1; Q3]) for nonnormally distributed data.

Results
The following results were obtained by CYP3A5*3

genotyping:

1. The number of patients who were the homozygous carri-
ers of the mutant CYP3AS5 gene (genotype GG) was 63.

2. The number of patients who were the heterozygous car-
riers of the 6986A>G gene polymorphism of CYP3AS5
(genotype AG) was 3.

3. Patients with genotype AA were not found.

The frequency of G-allele (rs776746) was 97.73% and
that of A-allele was 2.27%.

The distribution of these genotypes was in agreement
with Hardy—Weinberg equilibrium in European population
(Fisher’s exact test p=0.85).

The index of activity of CYP3A isoenzymes, which was
measured using the ratio of concentration of 6-B-HC to
concentration of cortisol, was 4.99 [3.34; 6.39].

Mann—Whitney U-test showed that there was no statisti-
cally significant difference in indicators of safety profile
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of haloperidol treatment (measured using the difference in
scores on UKU and SAS scales) in patients with different
genotypes of CYP3AS5 6986G>A (Table 1).

The values of the metabolic ratio (6-B-HC/cortisol) in
groups with different genotypes of CYP3A5*3 were com-
pared using Mann—Whitney U-test, which showed no sta-
tistically significant difference between the values of index:
5.00[3.36; 6.39] vs 5.26 [2.10; 6.78] (p=0.902) (Figure 1).

Comparison of the results of genotyping obtained from
alcohol-dependent patients of Russian nationality with data
obtained earlier from other ethnic groups showed the absence
of statistically significant difference in the distribution of
genotypes in Tatars and Russians, but presence of statisti-
cally significant difference in distribution in Bashkirs.!
In Mustafina et al’s research, A-allele gene CYPAS5*3 was
identified in Tatar population with a frequency of 94.3%
(OR=2.60[95% CI, 0.80; 8.42], p=0.10), Bashkir population
with a frequency of 91.5% (OR=4.03 [95% CI, 1.23; 13.140],
p=0.01), and Russian population with a frequency of 94.6%
(OR=2.46 [95% CI, 0.75; 8.02), p=0.12) (Table 2).

Table 1
differences in scores on UKU and SAS scales in patients with
different genotypes of CYP3A5 6986A>G

The results of Mann—-Whitney U-test evaluating

Scale GG-genotype AG-genotype P
patients patients

UKU —-8.16£1.86 —7.93%1.34 0.558621

SAS —4.1610.69 —4.13£0.5 0.644256

Abbreviations: SAS, Simpson—Angus Scale for extrapyramidal symptoms; UKU,
Udbvalg for Kliniske Undersogelser Side Effect Rating Scale.

[6)]

w

Metabolic relationship (cu)
N
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Genotypes CYP3A5*3 (6986A>G)

The Spearman correlation analysis demonstrated a statis-
tically nonsignificant very poor positive correlation between
the concentrations of 6-B-HC, cortisol, their ratio, and the
difference in scores on the UKU and SAS scales (the safety
of'therapy) in patients who received haloperidol in tablet form
(Table 3), but a statistically significant moderate positive
correlation between the concentrations of 6-B-HC, cortisol,
their ratio, and the difference in scores on the UKU and
SAS scales (the safety of therapy) in patients who received
haloperidol in injectable form (Table 4).

Linear regression analysis allowed us to construct a model
of correlation between the activity of CYP3A and differ-
ence in scores on the UKU scale as a primary scale for the
evaluation of safety profile in psychiatric patients receiving
haloperidol in injectable form (Figure 2).

Coefficients of linear regression y=a+b-x (where x is
the index of the activity of CYP2D6, y is the difference in
points on a scale, a and b are the coefficients of the equation),
which demonstrate the correlation between the activity of
CYP3A and difference in scores on UKU and SAS scales,
are presented in Table 5.

Discussion

The results of the study demonstrated that the frequency of
genotypes AA and AG of allelic variant CYP3A5*3 in Rus-
sian population is extremely poor and it probably could influ-
ence the results of statistical data. It is shown that CYP3AS
6986A>G polymorphism has no statistically significant
influence on the safety of haloperidol treatment in patients

AG Median

25%—75%

Figure | Metabolic 6-B-HC/cortisol ratio in patients with genotypes of GG and AG on a polymorphic marker 6986A>G of CYP3AS5 gene.

Abbreviations: 6-B-HC, 6-beta-hydroxycortisol; cu, conditional units.
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Table 2 Comparison of genotypes and allele distribution of CYPAS gene according to polymorphic marker 6986A>G in current study
population and in different ethnic groups in earlier studies

Population n GG AG AA G allele (%) A allele Comparison with the results
genotype genotype genotype (%) of our research
(%) (%) (%) Chiz  p OR (95%, CI)
Russians 66 63 (95.45) 3 (4.76) 0(0) 129 (97.73) 3(227) - - -
Russians'? 443 204 (46.05) 25 (12.25) 0(0) 838 (94.6) 48 (5.4) 239 0.12 246 (0.75; 8.02)
Tatars'? 517 124 (23.98) 16 (12.9) 0(0) 975 (94.3) 59 (5.7) 2.74 0.10  2.60 (0.80; 8.42)
Bashkirs' 280 99 (35.36) 21 (21.21) 1 (4.76) 512 (91.5) 48 (8.5) 6.21 0.0l 4.03 (1.23; 13.14)

Table 3 The results of correlation analysis between the safety of haloperidol in tablet form and CYP3A activity in patients with alcohol

abuse
Scale r,

Concentration of cortisol P Concentration of 6-B-HC p Ratio of 6-B-HC/cortisol P
UKU 0.068 >0.05 0.056 >0.05 -0.011 >0.05
SAS 0.092 >0.05 0.073 >0.05 -0.017 >0.05

Abbreviations: 6-B-HC, 6-beta-hydroxycortisol; SAS, Simpson—Angus Scale for extrapyramidal symptoms; UKU, Udvalg for Kliniske Undersogelser Side Effect Rating Scale.

Table 4 The results of correlation analysis between the safety of haloperidol in injectable form and CYP3A activity in patients with
alcohol abuse

Scale r,

Concentration of cortisol P Concentration of 6-B-HC P Ratio of 6-B-HC/cortisol P
UKU —-0.227 >0.05 0.091 >0.05 0.327 <0.05
SAS —0.171 >0.05 0.184 >0.05 0.423 <0.05

Abbreviations: 6-B-HC, 6-beta-hydroxycortisol; SAS, Simpson—Angus Scale for extrapyramidal symptoms; UKU, Udvalg for Kliniske Undersogelser Side Effect Rating Scale.
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The activity of CYP3A (ratio of 6-B-HC/cortisol)

Figure 2 Relationship between the activity of CYP3A and difference in scores on UKU scale in patients receiving haloperidol in injection form.
Abbreviations: 6-B-HC, 6-beta-hydroxycortisol; UKU, Udvalg for Kliniske Undersogelser Side Effect Rating Scale.
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Table 5 Coefficients of linear regression y=a+b-x, demonstrating
correlation between activity of CYP3A and difference in scores
on UKU and SAS scales

Disclosure
The authors report no conflicts of interest in this work.

Scale a P b P
UKU -9.31 <0.01 0.21 <0.01
SAS —4.71 <0.05 0.11 <0.05

Abbreviations: SAS, Simpson—Angus Scale for extrapyramidal symptoms; UKU,
Udvalg for Kliniske Undersogelser Side Effect Rating Scale.

with alcohol addiction. In addition, there was no statistically
significant effect of CYP3AS 6986A>G on the index of the
activity of CYP3A, but there were statistically significant
moderate correlations between the activity of CYP3A and
the safety of haloperidol treatment. Also, we should note that,
although CYP3AS5 and CYP3A4 share high homology and
similar substrate specificity, their contributions to the metabo-
lism of drugs are often different, so the activity of CYP3A4
or CYP3AS should be detected by the isoform-specific probe
substrates. Therefore, we suppose that the effect of CYP3A5*3
polymorphism on CYP3A activity is very poor, but the safety
profile of haloperidol is dependent on CYP3 A activity because
haloperidol may be a substrate of CYP3A4. We did not inves-
tigate the influence of polymorphism of CYP3 A4 on the safety
of haloperidol treatment, but we assume that research on this
area may provide interesting results.

Conclusion

The frequency of A-allele of CYP3A5*3 in Russian popula-
tion is very poor, and there is no high influence on the safety
of haloperidol treatment; therefore, there is no reason to take
this polymorphism into account in patients with alcohol
addiction who receive haloperidol.
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