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Abstract

Introduction: The effi  ciency of psychiatric therapy depends on various factors and drug metabolism is one of them. The liver plays a signifi cant role in drug metabolism 
through the P450 enzyme systems. However, pharmacogenetics aims to assist clinicians in determining the effectiveness of a particular drug and minimizing potential side 
effects. 

Case report: Here, we present a case to demonstrate the potential use of pharmacogenetics in clinical practice. A 33-year-old male patient with a diagnosis of 
schizophrenia and OCD had symptoms of sexual auditory hallucinations and obsessive images. According to the patient’s pharmacogenetic profi le (CYP2D6, CYP2C9, 
CYP2C19, CYP1A2 and CYP3A4), the medication started by giving Risperidone 8 mg/day and Aripiprazole 5 mg/day. Aripiprazole was continued at 10 mg/day and then 20 
mg/day in the presence of clinical fi ndings. Olanzapine 10 mg/day and Sertraline 50 mg/day were given. In addition, 20 sessions of TMS and 20 sessions of tDCS, which 
are neuromodulation treatments, were applied. 

Results: The patient in question experienced some improvement and partial remission following a treatment plan based on pharmacogenetic analysis. In summary, 
pharmacogenetic testing can be a valuable tool in determining an appropriate treatment plan that maximizes clinical improvement while minimizing potential adverse 
effects associated with medication.
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Introduction

Schizophrenia is a persistent and incapacitating psychiatric 
condition that impacts around 1% of people globally. 
Schizophrenia is a syndrome that includes a combination of 
symptoms, which is not yet fully understood. It is mainly 
characterized by observable signs of psychosis. The most 
common symptoms of schizophrenia are paranoid delusions 
and hearing things that are not there, which usually appear 
during late adolescence or early adulthood [1]. Less than 14% 
of individuals who experienced a psychotic episode showed 

consistent improvement in the fi ve years that followed [2]. 
The results over a longer period of time may show slight 
improvement. A study that followed patients for 25 years 
across multiple countries found that there was a further 
16% increase in recovery during the later stages [3]. Bleuler, 
a prominent psychiatrist in the early 1900s, was the fi rst to 
use the term “schizophrenia.” While he wasn’t certain about 
the long-term prognosis of the disease, he highlighted the 
fundamental features of thought and emotion disorders, such 
as diffi culties with thinking clearly and expressing emotions, 
indecisiveness and social withdrawal. These features are still 
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used today in the diagnosis and treatment of schizophrenia. 
These early formulations, which arose before the split between 
neurology and psychiatry, were consistent with the concept 
of a mental disorder resulting from brain pathology. But 
with the dominance of psychoanalytic theory, the “brain” 
was ignored for much of the 20th century [4]. In the second 
half of the 20th century, with the advent of neuroleptic drugs, 
the focus was on brain chemistry. Schizophrenia has been 
recognized as a “dopamine disorder” based on the psychotic 
effects of dopamine-releasing drugs such as amphetamines 
and the antipsychotic effi cacy of many drugs that block the 
dopamine D2 receptor [5]. The drugs that emerged thanks to 
this neurochemical aspect of schizophrenia have shown that 
patients can be treated outside the hospital and in some cases, 
the main symptoms of the disease can be alleviated. Early 
neuroleptic drugs, such as chlorpromazine and haloperidol, 
have been replaced by “atypical” antipsychotics, which have 
fewer extrapyramidal side effects but generally appear to be 
signifi cantly less effective than the original dopamine D2 
receptor antagonists [6]. Despite over 300 studies conducted 
on gene expression in schizophrenia in the last 15 years, 
no consistent evidence has been found for specifi c genes 
that contribute to the risk of developing schizophrenia. 
Schizophrenia is a severe and complicated mental disorder 
that is characterized by a combination of positive symptoms, 
negative symptoms, and cognitive dysfunction. It has a high 
level of inheritance and a multifactorial etiology, making it a 
complex polygenic genetic trait [7]. While there are many genetic 
variations associated with schizophrenia, understanding the 
biological effects of these variations is crucial for preventing 
symptoms and developing effective treatments [8].

Obsessive-Compulsive Disorder (OCD) is a prevalent 
psychiatric condition that affects about 2% of the global 
population [9]. The onset of OCD is commonly reported in 
childhood or adolescence, with boys showing a higher incidence 
of early onset. However, the frequency of the disorder in males 
and females is similar in adolescents and adults. OCD symptoms 
are diverse and exhibit signifi cant clinical heterogeneity, 
leading to discussions of distinct clinical subtypes that may 
stem from varied neurobiological underpinnings [10]. These 
subtypes could complicate the interpretation of genetic fi ndings 
[11]. Despite numerous clinical and demographic factors 
that are believed to affect treatment response, a satisfactory 
algorithm has yet to be developed to help clinicians determine 
which patient will respond optimally to a particular drug. 
There is a high likelihood that specifi c gene variants, such as 
Single Nucleotide Polymorphisms (SNPs), may infl uence drug 
outcomes in OCD treatment [12]. Pharmacogenetics (PGx) is a 
powerful tool that leverages individual patient genomic data 
to guide clinicians in selecting the most appropriate drug 
or dosage for a patient [13]. Information obtained from PGx 
testing and Therapeutic Drug Monitoring (TDM) can help 
clinicians anticipate the risk of adverse drug reactions, select 
the right drug, and determine the appropriate dosage for a 
particular patient, ultimately enhancing treatment outcomes 
and facilitating personalized treatment planning [14].

OCD and schizophrenia can be affected by both genetic 
and environmental factors. Many studies have been conducted 
on the use of genetic testing of cytochrome enzymes before 
initiating psychotropic drug therapy. Some studies advocate 
performing this test before clinical treatment [15,16].

In this case report, we describe the pharmacogenetic testing 
approach in a patient with schizophrenia and OCD who was 
hospitalized with a complex history.

Case report

A 33-year-old male patient was hospitalized for 1 month in 
Psychiatry Clinic, NP Istanbul Brain Hospital (Istanbul, Turkey), 
with symptoms of sexual auditory hallucinations and obsessive 
images. His family had no kind of genetic or psychological 
history at that time. His anxiety and worries started in high 
school after a normal childhood. His school performance had 
declined and by time obsessions about being successful and 
cleaning and washing hands started. Psychiatric treatment was 
started for the fi rst time at the age of 17 years - 18 years. During 
this period, he had always the idea that someone was following 
him. He has benefi ted from the fi rst treatment, but although 
his skepticism continued, he could continue his daily activities. 
Auditory delusions and sexual images started 1.5 years before 
hospitalization, serious illnesses of his parents may have 
affected him as a stressor. During this period, drug treatments 
were increased and ECT (Electro-Convulsive Therapy) was 
applied. After the treatments, sexual images increased and 
auditory delusions decreased but did not disappear.

After the initial examinations in NP Istanbul Brain Hospital, 
he was diagnosed with Schizophrenia and OCD. To optimize 
the medication, and also depending on the previous medication 
reports, FGx genotyping test was applied to him after obtaining 
signed informed consent. The peripheral blood sample was 
used for DNA isolation (Genomic DNA İsolation Kit, Thermo 
Fisher Scientifi c, Waltham, USA). SNP detection in relevant 
polymorphic regions was analyzed using specifi c probes with 
Real-Time PCR (Thermo Fisher Scientifi c, QuantStudio 3 
Real-Time PCR, USA). The obtained alleles were evaluated by 
comparing them with the genome data of healthy individuals. 
Results were summarized in Table 1.

Polymorphisms examined in genetic analysis;

CYP2D6: *2, *3,*4,*6,*7,*8,*9,*10*,*12,*14,*17,*41, xN 
(Copy Number), 

CYP2C9: *2,*3,*4,*5,*6,*11, 

Table 1: PGx panel results of the patient.

GENE Genotype PREDICTIVE PHENOTYPE

CYP2D6 *4/*41 (xN) Normal Metabolizer (EM)

CYP2C9 *1/*1 Normal Metabolizer (EM)

CYP2C19 *1/*1 Normal Metabolizer (EM)

CYP3A4 *1/*22 Intermediate Metabolizer (IM)

CYP1A2 *1A/*1F Increased Induction
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and CYP2C9 but had decreased activity due to being a CYP3A4 
Intermediate Metabolizer (IM) necessitated the preference for 
low doses in the use of “Olanzapine”. However, as our patient 
was associated with increased induction (*1A/*1F) in terms of 
CYP1A2, olanzapine was discontinued after treatment.

Sertraline is transformed into N-desmethyl sertraline 
during metabolism, which doesn’t have any clinical effects. The 
process of N-demethylation of sertraline involves at least fi ve 
different cytochrome P450 (CYP) isoforms: CYP2B6, CYP2C9, 
CYP2C19, CYP2D6, and CYP3A4 [23]. In vivo studies suggest 
that CYP2C19 is the primary enzyme involved in this process 
[24]. Previous research indicates that the CYP3A422 allele 
reduces CYP3A4 protein expression levels and activity [25]. 
Since CYP3A4 is responsible for metabolizing 9% of sertraline 
[26], this genetic polymorphism can affect the metabolism of 
the drug and its effi cacy in treating the disease. Additionally, 
the CYP3A422 allele can impact the pharmacokinetics of other 
drugs like tacrolimus, cyclosporine and statins. Given that our 
patient had the CYP3A4*22 allele, we opted to prescribe lower 
doses of sertraline [26].

Aripiprazole, a commonly used antipsychotic medication, 
is broken down and eliminated from the body primarily by two 
enzymes called CYP2D6 and CYP3A4. The recommended dose 
of aripiprazole is reduced by 50% for individuals with a genetic 
variation that affects CYP2D6 function. In addition, for people 
with this genetic variation who are also taking medications 
that strongly inhibit CYP3A4, the dose of aripiprazole should 
be reduced even further, to one-quarter of the usual döşe [27]. 
CYP3A4 is involved in the breakdown of more than half of all 
prescription drugs. Recent research has found that a specifi c 
genetic variation called CYP3A4*22 is linked to lower levels 
of the CYP3A4 enzyme, which may impact the breakdown and 
effectiveness of certain medications, including aripiprazole, 
haloperidol, pimozide and risperidone [28]. Based on the 
patient’s genetic testing results, they were initially given the 
standard dose of aripiprazole. However, their dose was later 
adjusted based on the pharmacogenetic information.

Risperidone is an atypical antipsychotic drug commonly 
used to treat psychotic disorders like schizophrenia. In the liver, 
it undergoes extensive metabolism to 9-hydroxyrisperidone, 
which is an active metabolite that contributes to its therapeutic 
effects [29-31]. This metabolic process is mainly carried out 
by two cytochrome P450 enzymes, CYP2D6 and CYP3A4/3A5. 
The effectiveness of risperidone is thought to be linked to 
the levels of the active moiety (a combination of risperidone 
and 9-hydroxyrisperidone) present in plasma, with 
9-hydroxyrisperidone being the primary component. Various 
studies, both in vitro and in vivo, have suggested that CYP2D6 is 
the primary enzyme involved in metabolizing risperidone [32]. 
Since our patient was a normal metabolizer with the CYP2D6 
predictive phenotype, we followed a standard treatment 
protocol for risperidone.

To sum up, having knowledge about how second-
generation antipsychotics are metabolized by the cytochrome 
P450 system can guide clinicians in avoiding and managing 
drug interactions related to these enzymes. Furthermore, 

CYP2C19: *2,*3,*4,*5,*6,*7,*8,*9,*10,*17, 

CYP1A2: 1A, 1F, 1C

CYP3A4: *1,*1B,*2,*3,*12,*17*22

Pharmacogenetic analysis results

Due to the results of PGx, he was given Risperidone 8 mg/day, 
Aripiprazole 20 mg/day, Olanzapine 5 mg/day, and Sertraline 
50 mg/day. Aripiprazole treatment was started at 5 mg/day, 
then the dose was updated to 10, 15 and 20 mg/day. 20 mg/day 
was continued as a treatment dose. In addition, 20 sessions 
of TMS and 20 sessions of tDCS, which are neuromodulation 
treatments, were applied. The patient partially experienced 
benefi ts from the treatment and partial clinical remission.

Discussion

In this case report, we describe a patient with the *1/*22 
genotype of the CYP3A4 gene, which is predicted to have 
reduced enzyme activity due to the PGx analysis. The goal of 
PGx testing is to have information on a patient’s genetic profi le 
regarding a drug’s effi cacy, guide drug dosing and reduced 
adverse reactions. Especially in psychiatry, PGx testing is widely 
used to predict the patient’s response to certain medications. 
Although there are more functional polymorphisms in the 
genes metabolizing the widely used drugs; those analyzed 
SNPs give very important and informative information [17].

The following case report discusses a patient with a 
CYP3A4 gene *1/*22 genotype, which can cause a decrease 
in enzyme activity as per the PGx analysis. The relevant 
cytochrome P450 enzymes for antipsychotics include CYP2D6, 
CYP1A2, and CYP3A4/5. Genetic variations in these genes can 
impact the drug’s plasma levels, with CYP2D6 responsible 
for 40% of antipsychotic metabolism, CYP3A4 for 23% and 
CYP1A2 for 18% [18]. Certain antipsychotics like haloperidol, 
risperidone, olanzapine, and aripiprazole rely on CYP2D6 for 
metabolism, while clozapine and olanzapine rely on CYP1A2. 
Additionally, haloperidol, clozapine, quetiapine, ziprasidone 
and aripiprazole rely on CYP3A4 for metabolism [19,20]. The 
patients’ PGx results revealed that the patient had CYP2D6 
(*4/*41 XN), CYP2C9 (*1/*1) and CYP2C19 (*1/*1) genotypes; 
which is predicted as a normal activity, and CYP3A4 (*1/*22) as 
a reduced enzymatic activity.

Olanzapine can block the activity of certain enzymes in the 
liver, including CYP2D6, CYP2C9, CYP2C19 and CYP3A4. These 
enzymes are responsible for breaking down olanzapine and 
other drugs in the body. When they are inhibited, olanzapine 
can build up in the body and cause more side effects. This 
means that patients taking olanzapine should be monitored 
for any potential adverse effects, especially if they are also 
taking other drugs that are metabolized by these enzymes 
[21]. The CYP1A2*1F polymorphism has been reported to affect 
the inducibility of CYP1A2. The CYP1A2*1F/*1F genotype alone 
resulted in a 22% reduction in olanzapine serum concentrations 
normalized for dose-/body weight compared to CYP1A2*1A 
carriers (both without induction) [22]. The fact that the 
patient was a normal metabolizer (EM) for CYP2D6, CYP2C9 
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incorporating pharmacogenetic analyses can assist healthcare 
providers in providing personalized treatment plans based on 
an individual’s genetic makeup and how it impacts the drug’s 
effects and metabolism.

References

1. Insel TR. Rethinking schizophrenia. Nature. 2010 Nov 11;468(7321):187-93. 
doi: 10.1038/nature09552. PMID: 21068826.

2. Robinson DG, Woerner MG, McMeniman M, Mendelowitz A, Bilder RM. 
Symptomatic and functional recovery from a fi rst episode of schizophrenia 
or schizoaffective disorder. Am J Psychiatry. 2004 Mar;161(3):473-9. doi: 
10.1176/appi.ajp.161.3.473. PMID: 14992973.

3. Hegarty JD, Baldessarini RJ, Tohen M, Waternaux C, Oepen G. One hundred 
years of schizophrenia: a meta-analysis of the outcome literature. Am J 
Psychiatry. 1994 Oct;151(10):1409-16. doi: 10.1176/ajp.151.10.1409. PMID: 
8092334.

4. Arieti S. Interpretation of schizophrenia. 1955.

5. Carlsson A. The current status of the dopamine hypothesis of schizophrenia. 
Neuropsychopharmacology. 1988 Sep;1(3):179-86. doi: 10.1016/0893-
133x(88)90012-7. PMID: 3075131.

6. Lieberman JA, Stroup TS, McEvoy JP, Swartz MS, Rosenheck RA, Perkins 
DO, Keefe RS, Davis SM, Davis CE, Lebowitz BD, Severe J, Hsiao JK; Clinical 
Antipsychotic Trials of Intervention Effectiveness (CATIE) Investigators. 
Effectiveness of antipsychotic drugs in patients with chronic schizophrenia. 
N Engl J Med. 2005 Sep 22;353(12):1209-23. doi: 10.1056/NEJMoa051688. 
Epub 2005 Sep 19. Erratum in: N Engl J Med. 2010 Sep 9;363(11):1092-3. 
PMID: 16172203.

7. Merikangas AK, Shelly M, Knighton A, Kotler N, Tanenbaum N, Almasy L. 
What genes are differentially expressed in individuals with schizophrenia? 
A systematic review. Mol Psychiatry. 2022 Mar;27(3):1373-1383. doi: 
10.1038/s41380-021-01420-7. Epub 2022 Jan 28. PMID: 35091668; PMCID: 
PMC9095490.

8. Owen MJ, Sawa A, Mortensen PB. Schizophrenia. Lancet. 2016 Jul 
2;388(10039):86-97. doi: 10.1016/S0140-6736(15)01121-6. Epub 2016 Jan 
15. PMID: 26777917; PMCID: PMC4940219.

9. Ruscio AM, Stein DJ, Chiu WT, Kessler RC. The epidemiology of obsessive-
compulsive disorder in the National Comorbidity Survey Replication. Mol 
Psychiatry. 2010 Jan;15(1):53-63. doi: 10.1038/mp.2008.94. Epub 2008 Aug 
26. PMID: 18725912; PMCID: PMC2797569.

10. Walitza S, Renner TJ, Wewetzer C, Warnke A. Genetische Befunde bei 
Zwangsstörungen im Kindes- und Jugendalter und bei Erwachsenen [Genetic 
fi ndings in obsessive-compulsive disorder in childhood and adolescence and 
in adulthood]. Z Kinder Jugendpsychiatr Psychother. 2008 Jan;36(1):45-52. 
German. doi: 10.1024/1422-4917.36.1.45. PMID: 18476602.

11. Nicolini H, Arnold P, Nestadt G, Lanzagorta N, Kennedy JL. Overview of 
genetics and obsessive-compulsive disorder. Psychiatry Res. 2009 Nov 
30;170(1):7-14. doi: 10.1016/j.psychres.2008.10.011. Epub 2009 Oct 9. PMID: 
19819022.

12. Brandl EJ, Müller DJ, Richter MA. Pharmacogenetics of obsessive-compulsive 
disorders. Pharmacogenomics. 2012 Jan;13(1):71-81. doi: 10.2217/
pgs.11.133. PMID: 22176623.

13. Relling MV, Evans WE. Pharmacogenomics in the clinic. Nature. 2015 Oct 
15;526(7573):343-50. doi: 10.1038/nature15817. PMID: 26469045; PMCID: 
PMC4711261.

14. Gervasini G, Benítez J, Carrillo JA. Pharmacogenetic testing and therapeutic 
drug monitoring are complementary tools for optimal individualization of drug 

therapy. Eur J Clin Pharmacol. 2010 Aug;66(8):755-74. doi: 10.1007/s00228-
010-0857-7. Epub 2010 Jun 27. PMID: 20582584.

15. de Leon J, Armstrong SC, Cozza KL. Clinical guidelines for psychiatrists for 
the use of pharmacogenetic testing for CYP450 2D6 and CYP450 2C19. 
Psychosomatics. 2006 Jan-Feb;47(1):75-85. doi: 10.1176/appi.psy.47.1.75. 
PMID: 16384813.

16. Mrazek DA. Psychiatric pharmacogenomic testing in clinical practice. 
Dialogues Clin Neurosci. 2010;12(1):69-76. doi: 10.31887/DCNS.2010.12.1/
dmrazek. PMID: 20373668; PMCID: PMC3181940.

17. Ulucan K. The future of pharmacogenomics, going beyond SNPs. The Journal 
of Neurobehavioral Sciences. 2014; 1(1): 20.

18. Cacabelos R, Martínez-Bouza R. Genomics and pharmacogenomics 
of schizophrenia. CNS Neurosci Ther. 2011 Oct;17(5):541-65. doi: 
10.1111/j.1755-5949.2010.00187.x. Epub 2010 Aug 16. PMID: 20718829; 
PMCID: PMC6493868.

19. Nakamura A, Mihara K, Nemoto K, Nagai G, Kagawa S, Suzuki T, Kondo T. 
Lack of correlation between the steady-state plasma concentrations of 
aripiprazole and haloperidol in Japanese patients with schizophrenia. Ther 
Drug Monit. 2014 Dec;36(6):815-8. doi: 10.1097/FTD.0000000000000082. 
PMID: 24739668.

20. Trenton A, Currier G, Zwemer F. Fatalities associated with therapeutic use 
and overdose of atypical antipsychotics. CNS Drugs. 2003;17(5):307-24. doi: 
10.2165/00023210-200317050-00002. PMID: 12665390.

21. Franco-Martin MA, Sans F, García-Berrocal B, Blanco C, Llanes-Alvarez C, 
Isidoro-García M. Usefulness of Pharmacogenetic Analysis in Psychiatric 
Clinical Practice: A Case Report. Clin Psychopharmacol Neurosci. 2018 Aug 
31;16(3):349-357. doi: 10.9758/cpn.2018.16.3.349. PMID: 30121988; PMCID: 
PMC6124872.

22. Laika B, Leucht S, Heres S, Schneider H, Steimer W. Pharmacogenetics and 
olanzapine treatment: CYP1A2*1F and serotonergic polymorphisms infl uence 
therapeutic outcome. Pharmacogenomics J. 2010 Feb;10(1):20-9. doi: 
10.1038/tpj.2009.32. Epub 2009 Jul 28. PMID: 19636338.

23. Spina E, de Leon J. Clinical applications of CYP genotyping in psychiatry. J 
Neural Transm (Vienna). 2015 Jan;122(1):5-28. doi: 10.1007/s00702-014-
1300-5. Epub 2014 Sep 9. PMID: 25200585.

24. Wang JH, Liu ZQ, Wang W, Chen XP, Shu Y, He N, Zhou HH. Pharmacokinetics 
of sertraline in relation to genetic polymorphism of CYP2C19. Clin Pharmacol 
Ther. 2001 Jul;70(1):42-7. doi: 10.1067/mcp.2001.116513. PMID: 11452243.

25. Okubo M, Murayama N, Shimizu M, Shimada T, Guengerich FP, Yamazaki H. 
CYP3A4 intron 6 C>T polymorphism (CYP3A4*22) is associated with reduced 
CYP3A4 protein level and function in human liver microsomes. J Toxicol 
Sci. 2013;38(3):349-54. doi: 10.2131/jts.38.349. PMID: 23665933; PMCID: 
PMC4018728.

26. Sit DK, Perel JM, Helsel JC, Wisner KL. Changes in antidepressant metabolism 
and dosing across pregnancy and early postpartum. J Clin Psychiatry. 2008 
Apr;69(4):652-8. doi: 10.4088/jcp.v69n0419. PMID: 18426260; PMCID: 
PMC2408825.

27. Gaedigk A, Sangkuhl K, Whirl-Carrillo M, Klein T, Leeder JS. Prediction of 
CYP2D6 phenotype from genotype across world populations. Genet Med. 
2017 Jan;19(1):69-76. doi: 10.1038/gim.2016.80. Epub 2016 Jul 7. Erratum in: 
Genet Med. 2016 Nov;18(11):1167. PMID: 27388693; PMCID: PMC5292679.

28. Dean L, Kane M. Aripiprazole Therapy and CYP2D6 Genotype. 2016 Sep 22 
[updated 2021 Feb 10]. In: Pratt VM, Scott SA, Pirmohamed M, Esquivel B, 
Kattman BL, Malheiro AJ, editors. Medical Genetics Summaries [Internet]. 
Bethesda (MD): National Center for Biotechnology Information (US); 2012–. 
PMID: 28520375.



012

https://www.peertechzpublications.com/journals/international-journal-of-radiology-and-radiation-oncology

Citation: Yüksel İ, Gözler T, Bozkurt İ, Ulucan K, Tarhan N (2023) Pharmacogenetic application in a patient diagnosed with Schizophrenia and OCD: A case report. 
Int J Radiol Radiat Oncol 9(1): 008-012. DOI: https://dx.doi.org/10.17352/ijrro.000051

 

 
 

 

29. van der Weide K, van der Weide J. The Infl uence of the CYP3A4*22 
Polymorphism and CYP2D6 Polymorphisms on Serum Concentrations 
of Aripiprazole, Haloperidol, Pimozide, and Risperidone in Psychiatric 
Patients. J Clin Psychopharmacol. 2015 Jun;35(3):228-36. doi: 10.1097/
JCP.0000000000000319. PMID: 25868121.

30. Yasui-Furukori N, Hidestrand M, Spina E, Facciolá G, Scordo MG, Tybring G. 
Different enantioselective 9-hydroxylation of risperidone by the two human 
CYP2D6 and CYP3A4 enzymes. Drug Metab Dispos. 2001 Oct;29(10):1263-8. 
PMID: 11560868.

31. Mannens G, Huang ML, Meuldermans W, Hendrickx J, Woestenborghs R, 
Heykants J. Absorption, metabolism, and excretion of risperidone in humans. 
Drug Metab Dispos. 1993 Nov-Dec;21(6):1134-41. PMID: 7507814.

32. Fang J, Bourin M, Baker GB. Metabolism of risperidone to 9-hydroxyrisperidone 
by human cytochromes P450 2D6 and 3A4. Naunyn Schmiedebergs Arch 
Pharmacol. 1999 Feb;359(2):147-51. doi: 10.1007/pl00005334. PMID: 
10048600. 


