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DRUG DISPOSITION & PHARMACOKINETICS
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ABSTRACT ~ Background: Previous studies have shown that haloperidol biotransformation 
occurs with participation of the CYP2D6 isoenzyme. The CYP2D6 gene is highly polymor-
phic, which may contribute to differences in its activity and in the haloperidol biotransforma-
tion rates across different individuals, resulting in variable drug efficacy and safety profiles.
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Purpose: The study aimed to investigate the correlation of the 1846G> A polymorphism of 
CYP2D6 gene with the eff icacy and safety rates of haloperidol in patients with alcoholic 
hallucinoses. Material and methods: One hundred male patients received 5–10 mg/day 
haloperidol by injections for 5 days. The eff icacy and safety assessments were performed 
using the validated psychometric scales PANSS, UKU, and SAS. For genotyping, the 
real-time polymerase chain reaction was performed. Results: We revealed no statisti-
cally significant results in terms of haloperidol eff icacy in patients with different geno-
types (dynamics of the PANSS scores: (GG) −13.00 [−16.00; −11.00], (GA) −15.00 
[−16.75; −13.00], p = 0,728). Our f indings revealed the statistically significant results 
in terms of treatment safety evaluation (dynamics of the UKU scores: (GG) 8.00 [7.00; 
10.00], (GA) 15.0 [9.25; 18.0], p < 0.001; dynamics of the SAS scores: (GG) 11.0 [9.0; 
14.0], (GA) 14.50 [12.0; 18.0], p < 0.001. Conclusion: These results suggest that geno-
typing for common CYP3A variants might have the potential to guide benzodiazepine 
withdrawal treatment. The effect of of the 1846G>A polymorphism of CYP2D6 gene on 
the safety profile of haloperidol was demonstrated in a group of 100 patients with alcoholic 
hallucinoses. Psychopharmacology Bulletin. 2022;52(3):58–67.

IntroductIon

Alcoholic hallucinosis is a complication of chronic alcohol abuse 
characterized by an acute onset of auditory and/or visual hallucinations 
that occur either during or after a period of heavy alcohol consump-
tion.1 Typically, it presents with acoustic verbal hallucinations, delu-
sions, and mood disturbances arising in clear consciousness.2 Prevalence 
estimates from 0.4% to 12% have been reported in various studies.3 
As a result, globally alcoholic hallucinosis is considered either a rare or 
an underdiagnosed condition.4 Alcoholic hallucinosis develops acutely, 
usually after a period of abstinence lasting from a few hours to a week 
or longer—in most cases, within two days following the last drink. In 
contrast to delirium tremens, the preceding drinking spree can at times 
be much shorter, sometimes no longer than a week.5

Due to the vivid psychotic symptoms, in-patient treatment of 
alcoholic hallucinosis is usually required. Treatment with antipsychotics 
is generally necessary, sometimes combined with tranquilizers. Usually, 
haloperidol is administered in a dose of 5–10 mg per day.6

Haloperidol is a high potency first-generation (typical) antipsychotic 
and one of the most frequently used antipsychotic medications used 
worldwide.7 Being a typical antipsychotic, haloperidol exerts its action 
predominantly through the strong dopamine D2 receptor antagonism, 
particularly within the mesolimbic and mesocortical systems of the 
brain. Haloperidol improves psychotic symptoms and states that 
are caused by an over-production of dopamine.8 However, it should 
be noted that haloperidol, like all antipsychotics, frequently causes 
extrapyramidal motor disorders due to the striatal D2 receptor blockade, 

PB-Parkhomenko.indd   59PB-Parkhomenko.indd   59 6/25/2022   2:59:42 PM6/25/2022   2:59:42 PM



Correlation of 1846G>A Polymorphism of CYP2D6 Gene with Haloperidol Efficacy

60
Parkhomenko, et al.

PsychoPharmacology Bulletin:  Vol. 52 · No. 3

which disrupts the effective treatment and reduces safety of the therapy. 
Major extrapyramidal adverse drug reactions (ADRs) associated with 
the use of haloperidol include Parkinsonian symptoms, akathisia, and 
dystonia.9 It also possesses noradrenergic, cholinergic, and histaminer-
gic blocking action which is associated with various ADRs.10

Haloperidol undergoes extensive metabolism in the liver with less 
than 1% of the parent drug excreted in urine.11 The genetically poly-
morphic enzyme cytochrome P450 (CYP) 2D6 contributes to the 
biotransformation of haloperidol.12 The human CYP2D6 gene belongs to 
chromosome 22q13.1 and contains 12 exons. It is highly polymorphic—
to date, more than 100 allelic variants and many sub-variants of the 
CYP2D6 gene have been reported.13 Although CYP2D6 is only 2–4% 
of the total CYP content in the liver,14 it is responsible for the metabo-
lism of at least 25–30% of currently approved pharmaceuticals.15

A single nucleotide polymorphism (rs3892097; 1846G >A) in the 
CYP2D6 gene results in a functionally deficient variant of the enzyme 
(the so-called CYP2D6*4 isoform). Currently, it is believed that this is a 
frequent CYP2D6 variant leading to a deficiency in enzyme activity and 
it is believed to result in a poor metabolizer status.16

Categorization of the CYP2D6 metabolizer status is based on 
the assessment of CYP2D6 activity, which allows for determining the 
metabolizer type.17 Individuals are categorized into four phenotype 
groups, poor metabolizers (PMs), ultrarapid metabolizers (UMs), normal 
metabolizers (NMs, (formerly extensive metabolizers), and intermedi-
ate metabolizers (IMs).18 Currently available evidence-based, clinical 
practice guidelines for drugs affected by genetic variation use the cat-
egories listed to provide clinicians with guidance on specific drugs for 
adjusting doses or switching drugs that are expected to cause ADRs in 
patients with certain CYP2D6 metabolizer status.19

A study by Sychev et al. (2016) investigating the correlation between 
the CYP2D6 activity and the efficacy and safety rates of haloperidol 
in patients with alcohol use disorder revealed that carriers of the GA 
CYP2D6*4 genotype had higher SAS (Simpson-Angus Scale for 
Extrapyramidal Symptoms) and UKU (Udvald for Kliniske Undersogelser 
Side Effect Rating Scale) scores in comparison with the carriers of the 
GG genotype.20 In 2016, Šimić et al. described a case of a 66-year-old 
male Caucasian who received 1 mg of haloperidol orally and rapidly 
developed severe iatrogenic extrapyramidal symptoms. It was due to the 
introduction of ciprofloxacin which was a trigger for the development 
of ADR due to inhibition of CYP3A4 and CYP2D6 poor metabolizer 
status of the patient.21 A manuscript by Kawanishi et al. (2002) describes 
a case of a 71-year-old-woman with treatment-resistant schizophrenia 
who underwent six hospitalizations. She received various antipsychotics 
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(haloperidol up to 12 mg per day, chlorpromazine to 250 mg per day, 
levomepromazine to 75 mg per day, and thioridazine up to 30 mg per 
day) with no effect. A genetic study revealed CYP2D6 gene duplication 
resulting in excessive CYP2D6 activity which may have contributed 
to treatment resistance in this case.22 Thus, in general, recent studies 
show that personalized dose selection based on pharmacogenetic testing 
contributes to improving the efficacy and safety of therapy.23

The objective of our study was to evaluate the effect of 1846G>A 
polymorphism of the CYP2D6 gene on the efficacy and safety of 
haloperidol in patients with alcoholic hallucinoses.

MaterIal and Methods

The study involved 100 hospitalized male patients (average age 
—41.40 ± 14.40 years) diagnosed with an alcohol-induced psy-
chotic disorder with hallucinations (F10.52, according to ICD-10). 
Haloperidol in injections at a dose of 5–10 mg/day was prescribed to 
this cohort of patients for 5 days for the treatment of acute hallucina-
tory symptoms. Haloperidol was administered upon the admission of 
a patient to the emergency department. In addition to haloperidol, all 
patients received minimal standard therapy for 5 days, which included 
infusions and ion-containing solutions, as well as vitamins (see Table 1). 
Prescriptions were made in accordance with the national clinical guide-
lines for the therapy of alcohol-induced psychotic disorder.

Biomaterial collection was performed on days 1 and 6 of treatment 
after haloperidol administration.

The inclusion criterion was the diagnosis of alcohol-induced psychotic 
disorder with hallucinations (F10.52, according to ICD-10). Exclusion 
criteria were creatinine clearance values <50 mL/min, creatinine 
concentration in plasma >1.5 mg/dL (133 mmol/L), bodyweight less 
than 60 kg or greater than 100 kg, age of 75 years or more, presence of 
any other psychotropic medications in the treatment regimen, presence 
of chronic psychotic disorders, and presence of any contraindications 
for haloperidol use.

TABLE 1

Minimal Standard Therapy

MEDICATIONS AVERAGE DAILY DOSE

Sodium chloride solution 0.9% + potassium 
chloride 10% + magnesium sulfate 25%

Thiamine hydrochloride solution 5%
Pyridoxine hydrochloride solution 5%

800 mL

100 mg
100 mg
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Each patient signed an informed consent to voluntarily participate in 
the study. The study was approved by the local ethical committee of the 
Russian Medical Academy of Continuing Professional Education of 
the Ministry of Health of Russia (Protocol No. 14 of October 27, 2020).

For genotyping, venous blood samples were collected into 
VACUETTE® (Greiner Bio-One, Austria) vacuum tubes on day 6 
of haloperidol therapy. The single nucleotide polymorphism (SNP) 
rs3892097 (CYP2D6*4) was analyzed by real-time PCR using “Dtlite” 
DNA amplifiers (DNA Technology, Moscow, Russia) on a CFX96 
Touch Real-Time System with CFX Manager software (Bio-Rad 
Laboratories Inc., Hercules, CA, USA) and the “SNP-screen” sets 
(Syntol, Moscow, Russia). In every set, two allele-specific hybridizations 
were used, which allowed simultaneous determination of both alleles of 
the respective SNP using two fluorescence channels.

To assess haloperidol efficacy, the Positive and Negative Syndrome 
Scale (PANSS) was used.24 The safety profile was evaluated using the 
UKU25 and SAS26 scales. Patients were examined on days 1 and 6 of 
haloperidol therapy.

Statistical analysis was performed in Statsoft Statistica v. 10.0 (Dell 
Statistica, Tulsa, OK, USA). The normality of sample distribution was 
evaluated using the Shapiro-Wilk test and was taken into account for 
selecting parametric or non-parametric tests. The differences were 
considered statistically significant at p < 0.05 (power above 80 %). 
Two samples of continuous independent data were compared using the 
Mann-Whitney U-tests with further correction of the obtained p-value 
using the Benjamin-Hochberg test, due to the multiple comparison 
procedure. Research data are presented in the form of the median and 
interquartile range (Me [Q1; Q3]).

results

The CYP2D6 genotyping by polymorphic marker 1846G>A 
(rs3892097) performed on 100 subjects revealed the following results. 
The number of patients carrying the GG genotype was 70 (70). The 
number of patients with the GA genotype was 30 (30%). There were no 
carriers of the AA genotype found.

Further study included a comparison of the therapy efficacy and safety 
rates in major allele carriers (main group) and minor allele carriers 
(comparison group).

The results of data analysis performed for psychometric assessments 
(PANSS) and side-effect rating scales (UKU and SAS) on days 1 and 6 
in patients who received haloperidol can be found in Table 2.
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We compared the dynamics of changes in positive PANSS scale scores 
in patients with different genotypes (Figure 1). Statistical analysis of the 
clinical efficacy profile data obtained for the patients with different 
CYP2D6 genotypes by polymorphic marker 1846G>A (rs3892097) 
revealed no statistically significant differences: (GG) −13.00 [−16.00; 
−11.00], (GA) −15.00 [−16.75; −13.00], p = 0.078.

Figures 2–3 show the dynamics of changes in SAS and UKU scores in 
patients carrying different genotypes. Statistical analysis of the clinical 
safety profile data obtained for the patients with different CYP2D6 

FIGURE 1

Dynamics of Changes in Positive PANSS Scale Scores Across Patients 
with different CYP2D6 Genotypes by the Polymorphic Marker 1846G>A 
(rs3892097)
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TABLE 2

Data from the Psychometric Assessments and Side-Effect Rating Scales 
in Patients who Received Haloperidol, on Days 1 and 6 of the Study

SCALE GG (N = 70) GA (N = 30) P*
Day 1
PANSS 14.50  [13.00; 18.00] 16.00 [15.00; 18.00]     0.017
SAS  0 [0; 0]  0    [0; 0] > 0.999
UKU  0 [0; 0]  0    [0; 0] > 0.999
Day 6
PANSS  1.00  [1.00; 2.00]  2.00 [1.00; 2.75]    0.006
SAS 11.00  [9.00; 14.00] 14.50 [12.00; 18.00] < 0.001
UKU  8.00  [7.00; 10.00] 15.00 [9.25; 18.00] < 0.001
Note: p* – p-value obtained in Benjamini-Hochberg multiple testing correction (based on the results of 
Mann-Whitney U test).
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genotypes by polymorphic marker 1846G>A (rs3892097) revealed 
significant differences:

• in SAS scale scores: (GG) 11.00 [9.00; 14.00], (GA) 14.50 [12.00; 
18.00], p < 0.001;

• in UKU scale scores: (GG) 8.00 [7.00; 10.00], (GA) 8.00 [7.00; 10.00], 
p < 0.001.

Therefore, the study revealed no statistically significant differences 
in the efficacy of haloperidol therapy in patients with acute alcoholic 
hallucinoses carrying different CYP2D6 genotypes by the polymorphic 
marker 1846G>A (rs3892097). Meanwhile, a statistically significant 
difference in safety profile (as assessed by the UKU and SAS scales) was 
found. The dynamics were more obvious in the group of patients with 
the GA genotype compared with the carriers of the GG genotype. This 
is probably due to the fact that patients with GA genotype have a lower 
rate of haloperidol biotransformation and elimination, which is most 
likely due to low CYP2D6 activity. This leads to a more pronounced 
suppression of dopamine receptors in the central nervous system and to 
an increased risk of dose-dependent ADRs and their pronounced mani-
festation (acute dystonia, dyskinesia).

FIGURE 2

Dynamics of Changes in SAS Scale Scores across Patients with Different 
CYP2D6 Genotypes by the Polymorphic Marker 1846G>A (rs3892097)
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dIscussIon

The obtained data coincide with the results of a previous study 
demonstrating an increase in the ADRs incidence in patients treated 
with haloperidol since therapy safety is higher in carriers of the GA 
genotype than in carriers of the GG genotype.27 Subsequently, after 
obtaining the results of therapeutic drug monitoring, we will be able to 
address the problem of the effects of CYP2D6 genetic polymorphisms 
on changes in haloperidol concentration more accurately and, accord-
ingly, obtain information on the effect of the studied polymorphism on 
the efficacy and safety of haloperidol.

It is worth noting that our study had a number of limitations, namely: 
all patients were males; only 1846G>A polymorphism of the CYP2D6 
gene was included in the study; there were no homozygous carriers of 
the minor allele revealed; we did not assess the steady-state concentra-
tion of haloperidol.

The results of our study should be taken into account when pre-
scribing haloperidol to patients with alcoholic hallucinosis since it 
will increase the efficacy of haloperidol therapy and reduce the risk of 
ADRs. The starting dose of haloperidol should be reduced by 25% in 
patients with the GA genotype by polymorphic marker 1846G>A, and 
homozygous GG carriers should be prescribed haloperidol at a stan-
dard therapeutic dose. According to the existing DPWG guideline on 
haloperidol pharmacogenetics, a 50% reduction in the starting dose is 

FIGURE 3

Dynamics of Changes in UKU Scale Scores Across Patients with different 
CYP2D6 Genotypes by the Polymorphic Marker 1846G>A (rs3892097)
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recommended for mutant homozygotes.28 Our study revealed a deteri-
oration in haloperidol safety profile in heterozygous patients. Therefore, 
adjustment of the haloperidol starting dose is needed. However, it is 
likely that dose correction should be not as pronounced as in the exist-
ing recommendations for homozygous patients.

conclusIon

Our study conducted on 100 patients with acute alcoholic hallucino-
ses demonstrated that CYP2D6 polymorphism may impair the safety of 
haloperidol therapy. This should be taken into account when adminis-
tering haloperidol to such patients in order to reduce the risk of adverse 
reactions and pharmacoresistance. D
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