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There are many factors involved in the effectiveness and efficiency of psychiatric drug treatment. One of them is psycho-
tropic drug metabolism, which takes place mostly in the liver through the P450 enzyme system. However, there are 
genotypic variants of this system’s enzymes that can directly affect both the efficacy and the onset of side effects of 
a given therapeutic regimen. These genotypic changes could partly explain the lack of efficacy of treatment in certain 
patients. We report the case of a patient diagnosed with bipolar type I disorder that presented multiple and frequent 
manic episodes in which the efficacy and tolerability of several pharmacological regimens with mood stabilizers and 
antipsychotics was scarce. The choice of medical treatment should be based on its efficacy and side effect profile. 
This decision can be made more accurately using the information provided by pharmacogenetic analysis. This case 
illustrates the importance of pharmacogenetic studies in clinical practice. The results of pharmacogenetic analysis helped 
to decide on a better treatment plan to achieve clinical improvement and reduce drug-induced adverse effects.
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INTRODUCTION

Bipolar type I disorder is a frequently severe and 
long-term mental disorder, with a 12-month prevalence 
between 0.5%1) and 1.2%.2) Psychopharmacologic treat-
ment seeks to achieve effective control of affective or psy-
chotic symptoms and mood stabilization, with the ulti-
mate goal of normalizing the patient's life and minimizing 
the risks associated with the disease. The most frequently 
used drugs are mood stabilizers and antipsychotic drugs, 
alone or in combination.3) However, clinical experience 
shows that there is wide interpatient variability in psycho-
pharmacological treatment response, which could lead to 
an irregular clinical course and a poor prognosis.4,5) This 
variability in response may be associated with diverse in-

dividual factors such as diet, polypharmacy, or genetic 
variations that could alter the activity of psycho-
tropic-drug-metabolizing enzymes and protein trans-
porters leading to individual differences in plasma con-
centrations of the active substance and, consequently, to 
such response variability.5) To deal with this, clinicians of-
ten need to switch from one therapeutic regimen to anoth-
er based on lack of efficacy, low tolerance or non-adher-
ence.3,6) The switching process must consider con-
firmation of compliance, optimize the benefits of the drug 
being used before starting the replacement,7) and take into 
account the pharmacokinetic and pharmacodynamic 
characteristics of the drugs used. Accordingly, the US 
Food and Drug Administration (FDA) recommended that 
patients should be subjected to a genetic test prior to the 
administration of certain antipsychotic drugs such as ari-
piprazole or clozapine.7,8) A retrospective assessment of 
the value of pharmacogenetics for prescribing psycho-
tropic drugs has shown that inappropriate medication se-
lection has generated an increase in the use of healthcare 
resources associated with mental disorders.9) 

Pharmacogenetic studies provide information about 
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the influence of genetic factors in drug transport and me-
tabolism, which helps in the choice of an appropriate 
drug treatment that maximizes therapeutic efficacy while 
minimizing side effects.10)

Regarding psychotropic drugs, their metabolism is 
mainly hepatic, via cytochrome P450, so they may be af-
fected by competitive interactions with other drugs that 
use the same metabolic pathway, either as substrates, in-
ductors or inhibitors.11) 

In the case of antipsychotics, cytochrome P450 en-
zymes CYP2D6, CYP1A2, and CYP3A4/5 are the most 
relevant, and polymorphisms of the alleles of these pro-
teins are associated with altered plasma levels of 
medication.12) Approximately 40% of antipsychotics are 
metabolized via CYP2D6, 23% via CYP3A4 and 18% via 
CYP1A2.13) Specifically, CYP2D6 is involved in the me-
tabolism of haloperidol, risperidone, olanzapine, and ari-
piprazole; CYP1A2 is involved in the metabolism of clo-
zapine and olanzapine; and CYP3A4 takes part in the me-
tabolism of haloperidol, clozapine, quetiapine, ziprasi-
done and aripiprazole.14-16) It is estimated that between 
10% and 20% of the western population have genetic var-
iants that affect the functioning of these enzymes.13) 
Consequently, the standard dose of a psychoactive drug 
may result in plasma concentrations that may be sub-ther-
apeutic or toxic depending on the patient’s cytochrome 
P450 genotype. Hence, the results of pharmacogenetic 
studies could significantly contribute to appropriate se-
lection of drug treatment.17,18) In addition, many specific 
transport proteins are located in the BBB (blood–brain 
barrier) and intestine. MDR1 multidrug resistance 1, 
P-glycoprotein (P-gp) or ABCB1 is an ATP-binding cas-
sette superfamily protein involved in pharmacokinetics of 
diverse antipsychotics. Genetic variants in MDR1 gene 
can affect the efflux of drugs out of the cell or the perme-
ability of the BBB. So, Pharmacogenetic analysis of MDR1 
can contribute to improve application of personalized 
medicine in schizophrenia treatment.

However, despite the FDA’s recommendation on the 
use of pharmacogenetics and the results of clinical studies 
showing its usefulness to establish the most effective treat-
ment, it is hardly used for assessing the hepatic metabo-
lism of antipsychotics. 

In this case report, the pharmacogenetic study of cyto-
chrome P450 and the efflux transporter MDR1 provided 
valuable information. The metabolic capacity of the pa-

tient have been of great importance to achieve the stabili-
zation of a complex clinical situation that was causing 
great suffering to the individual, impoverishing his quality 
of life and involving high costs for the healthcare system. 

CASE

We present the case of a 33-year-old Caucasian male 
patient. During periods of clinical stability, he used to 
work with high performance. He has no siblings, practi-
cally no social life and few leisure interests. He smokes 20 
cigarettes a day and denies regular consumption of rec-
reational drugs or alcohol, although he admits to the oc-
casional use cannabis, which has triggered episodes of 
behavioural disorders. He has spent long periods off work 
due to his psychiatric condition, which has led to the loss 
of his current job.

He refers no psychiatric family history. Somatic history 
shows obesity and gynecomastia. 

Past psychiatric history: he was first diagnosed with bi-
polar type I disorder in 2003, at the age of 20 years, and 
was admitted to a psychiatric unit for the first time in 
2006. From the clinical perspective, he suffers a very un-
stable condition with a poor and slow response to treat-
ment and frequent relapses involving startling manic 
symptoms and severe behavioural disorders. Besides, he 
has experienced severe drug-induced side effects, the 
most remarkable being extrapyramidal symptoms, seda-
tion, weight gain and dyslipidaemia. Because of the nu-
merous and troublesome adverse effects, the patient has 
become reluctant to take medication, which has led to ir-
regular treatment adherence and frequent relapses. 
Altogether, he has been admitted 18 times since 2006, 
with an average of twice a year. Thirteen of these admis-
sions were to the acute unit of the Department of 
Psychiatry in Zamora Hospital, making a total of 256 
days. The remaining 5 admissions were to the con-
valescence unit of the same department, involving a total 
of 41 days. This is strong proof of the great complexity and 
difficulty in achieving clinical stabilization of the patient. 
Moreover, keeping the patient in the inpatient care unit 
became an almost constant need from the months of 
November 2014 to March 2015, due to the combination 
of poor clinical response and the numerous side effects of 
the medication.
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Table 1. Treatment plan in March 2015, prior to pharmacogenetic analysis

Drug
Cytochrome P450

1A1 1A2 1B1 2A6 2B6* 2C8 2C9* 2C19 2D6 2E1 3A4 3A5* 3A7 4B1 No CYP MDR1*

Clonazepam Ind
Inh

S

Lithium S
Carbamazepine S

Inb
Ind

Ind S
Ind

S
Ind

Ind Ind
Inh

S
Ind

S
Ind

S

Paliperidone X X
Olanzapine S Inh Inh S

Inh
Inh X

No CYP, no use of P450 pathway; Ind, inductor; Inh, inhibitor; S, substrate.
*Enzymes altered in this patient.

Mental Status Examination (March 2015)
The patient was conscious and well oriented, but 

showed partial insight. He suffered from reduced cogni-
tive capacity, with cognitive slowing, inattention and 
distractibility. His mood oscillated from euphoria and 
grandiosity to irritability and dysphoria, which made his 
personal approach inappropriate. He exhibited pressure 
of speech, with racing thoughts and, occasionally, flight 
of ideas, which caused his communication to be 
incoherent. He felt restless, with episodes of psychomotor 
agitation and frequent verbal and physical aggressiveness, 
disruptive behaviour, and no sense of social distance. He 
had global impressions of severe insomnia, although he 
did not complain about it because he did not feel tired. He 
denied experiencing hallucinations or delusional 
thoughts, but revealed clear megalomaniac feelings and 
expressions. 

Investigations
An electroencephalographic record conducted in 

March 2006 showed normal bioelectric brain activity. In 
May 2012, the results of a simple contrast computed to-
mography scan reported no abnormal findings. 

Pharmacological Treatment
The poor and short lasting response to pharmacological 

treatment has led the patient to undergo different drug tri-
als, combining mood stabilizers (lithium, valproic acid 
and carbamazepine), antipsychotics and benzodiaze-
pines. Haloperidol and atypical antipsychotics such as 
risperidone, olanzapine, paliperidone, quetiapine, aripi-
prazole or asenapine have been tested, the latter specifi-

cally indicated for the treatment of moderate to severe 
acute mania associated with bipolar disorder. Poor effi-
cacy and tolerability (including weight gain, metabolic 
disorders, sexual dysfunction and persistent sedation) 
were present throughout most of the antipsychotic 
treatment. This situation became more apparent during 
the months of January, February and March 2015, when 
the patient was admitted on an almost continuous basis 
(Table 1).

One of the reasons for antipsychotic treatment failure is 
poor compliance secondary to tolerability issues. In fact, 
the patient’s family suggested it as a possibility and, there-
fore, the first readmission was attributed to this problem. 
However, this probability was ruled out by supervising 
medication intake during the admissions.

Accordingly, a pharmacogenetic study was requested 
in March 2015, after performing a theoretical drug inter-
action analysis to assess the different pathways involved 
in the metabolism of the prescribed drugs and to identify 
the enzymes’ corresponding drug substrate. The genes eli-
gible for genotyping analysis were identified according to 
this complex theoretical analysis. In this case, we con-
ducted a molecular analysis of gene variants CYP2B6 
(*6), CYP2C9 (*2,*3), CYP2C19 (*2,*3,*17), CYP2D6 (*2, 
*3,*4,*5,*6,*7,*8,*9,*10,*12,*14,*17,*29,*41, XN), CYP3A4 
(*1B), CYP3A5 (*3) and MDR1 (3435 C＞T) (Table 2). 
The DNA sample was obtained from peripheral blood ex-
traction and the analysis was performed using a Compaq 
MagnaPure system. CYP2D6 genotyping was performed 
using microarrays (Infinity, AutoGenomics, Palex, Spain) 
after PCR amplification. For other genes, a real-time PCR 
method was used, alongside fluorescence resonance en-
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Table 2. Pharmacogenetic analysis: genes tested, alleles identified and expected effect on protein function

Gene Alleles studied Genotype Expected phenotype

CYP2B6 *6 G/T Decreased
CYP2C9 *2,*3 *1/*2 Decreased
CYP2C19 *2,*3,*17 *1/*1 Normal
CYP2D6 *2,*3,*4,*5,*6,

*7,*8,*9,*10,*12,*14,*17,*29,*41, XN
*1/*41 Normal

CYP3A4 *1B A/A Normal
CYP3A5 *3C G/G Decreased
MDR1 3435C＞T C/T Decreased

Table 3. Treatment plan based on pharmacogenetic analysis   

Drug
Cytochrome P450

1A1 1A2 1B1 2A6 2B6* 2C8 2C9* 2C19 2D6 2E1 3A4 3A5* 3A7 4B1 No CYP MDR1*

Aripiprazole S Ind Inh S S S
Lithium
Bupropion S S Inh S S S Inh S S

Ind, inductor; Inh, inhibitor; S, substrate; No CYP, no use of P450 pathway.
*Enzymes altered in this patient. 

ergy transfer (FRET)-probe assays to define fusion curves.
The pharmacogenetic study showed a possible de-

crease in the expression of MDR1 transport protein/multi-
drug resistance protein (heterozygous genotype carrier of 
allele T of 3435 C＞T of MDR1 gene). A genotype asso-
ciated with low efficiency of CYP2B6 (G/T), CYP2C9 
(*1/*2) and CYP3A5 (G/G) was also identified. By con-
trast, CYP2D6 (alleles *1/*41), CYP2C19 (*1/*1) and 
CYP3A4 (A/A) were identified, which gives cause to ex-
pect an efficient metabolism of the enzymes encoded by 
these genes.

After several months of near-constant admissions and 
different drug trials, the lack of clinical response led to a 
complex polypharmacologic treatment plan (Table 1). 
Guided by the theoretical interaction assessment and the 
results yielded by a pharmacogenetic analysis, the treat-
ment regimen was modified: 

• Clonazepam, which can interact with carbamazepine 
and olanzapine via 2B6 (altered in this patient) and 
3A4, was changed to lorazepam, which is not metab-
olized via the CYP 450 pathway. This was later 
discontinued.

• Paliperidone was then suspended due to low toler-
ability, partly caused by low expression of the efflux 
transporter MDR1 alteration, which increase bio-

availability and brain levels of paliperidona.19)

• Olanzapine was also discontinued due to lack of re-
sponse and side effects, mainly sedation and weight 
gain. This could be related to MDR1 and 2C9 alter-
ation in this patient, as well as to interaction with car-
bamazepine and nicotine via 1A2.

• Carbamazepine was stopped because of its adverse 
effect profile (sedation, liver function impairment) 
and global induction of hepatic metabolism, in this 
case olanzapine and clonazepam metabolism 
induction.

• The lithium dosage was maintained at 1,600 mg/day.
• Aripiprazole was started at a medium-dose of 15 

mg/day.
• Afterwards, as the patient started to show signs of a 

depressive episode, he was started on bupropion, 
which he took for several months at a dose of 300 
mg/day. 

The ultimate goal was to improve the metabolic profile 
associated to polypharmacy and thereby the efficacy of 
the treatment, also reducing its side effects, especially 
weight gain, sedation and apathy. 

During the two months following modification of the 
treatment regimen, a progressive overall clinical improve-
ment became apparent, as well as a reduction of side 
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effects. 
Five months after starting progressive medication 

changes based on the pharmacogenetic study, a more 
simplified treatment (Table 3) was found to be effective in 
relieving the patient’s symptoms: he regained euthymia, 
recovered his normal functional behaviour and mental or-
ganization, and showed more initiative and an improve-
ment in cognitive performance. 

Similarly, irritability and insomnia disappeared. 
In terms of healthcare resource consumption and over-

all recovery of functionality, the patient has not required 
any further hospital admissions; he is living with his pa-
rents and has become more involved in both household 
and social activities. 

DISCUSSION

Antipsychotic treatment efficacy can be influenced by 
clinical, environmental and social factors, thus explaining 
the high interindividual variability in drug response and 
tolerability. 

Such heterogeneity in response can also be associated 
with genetic factors. Consequently, pharmacogenetic 
studies should be considered when prescribing drugs that 
are metabolized via cytochrome P450 or use protein 
transporter such as MDR1. Similarly, the assessment of 
the pharmacological effect will depend on whether or not 
the drug is administered as a prodrug.20)

Regarding the current case, we would like to highlight 
three elements: 1) a severe and prolonged manic episode 
with persistent disabling symptoms that required admis-
sion for more than five months, and poor therapeutic re-
sponse; 2) low tolerance to medication with significant 
side effects and, consequently, poor adherence to treat-
ment21); and 3) large consumption of healthcare re-
sources, with 89 days of hospitalization over the last five 
months. 

P450 CYP1A2 Induction
Prior to the pharmacogenetic study, we assessed the 

pattern of theoretical drug interactions in the patient and 
found two potential stimulators of metabolism: nicotine 
and carbamazepine, which have been described as in-
ducers of the activity of these enzymes. Specifically, car-
bamazepine can induce the expression of CYP1A2, 
CYP2B6, CYP2C9, CYP2C19, CYP3A4 and CYP3A5. 

Tobacco consumption, on the other hand, can induce 
CYP1A1 and CYP1A2. The inductive effect on CYP1A2 
by both carbamazepine and nicotine could accelerate the 
metabolism and, thus, reduce both the efficacy and ad-
verse effects of psychotropic drugs using CYP1A2 (the 
main metabolism pathway of olanzapine).22) From this 
point of view, it is also tempting to interpret high tobacco 
consumption as an attempt to reduce the powerful drug 
induced side effects suffered by the patient. The potential 
consequences of this CYP1A2 induction could be: 1) de-
creased plasma levels of olanzapine, with a reduction of 
plasma concentration/dose ratio of up to 36%23) that 
could explain therapeutic resistance; and 2) olanzapine 
metabolism impairment leading to a variation in the 
4-N-desmethylolanzapine-olanzapine ratio that could 
justify the significant olanzapine related side effects ob-
served in this case. It should be noted that the pharmaco-
kinetics of olanzapine is affected by a wide inter-
individual variability, resulting in a large variation in plas-
ma concentrations of olanzapine for a same dose, so that 
an individualized dosage is required to avoid both the oc-
currence of side effects associated with plasma concen-
trations (obesity, increased intake, sedation), and ther-
apeutic resistance.24) 

Low Efficiency of CYP2C9, CYP2B6 and CYP3A5
The pharmacogenetic study revealed that the patient is 

a carrier of genetic variants that predict low efficiency of 
CYP2C9, CYP2B6 and CYP3A5. In addition, the in-
hibitory effect of olanzapine on CYP2C19, CYP2C9 and 
CYP3A4 could cause phenocopy, which would lead to an 
accumulation of drug metabolized by these pathways, 
and thus increase the severity of adverse effects. 

MDR1 Genetic Variant
Another remarkable result yielded by genetic analysis is 

the detection of a variation of the Efllux transporter MDR1 
pump (heterozygotic genotype carrier of the allele of 
3435 C＞T polymorphism of MDR1 gene) that could pre-
dict significant variation in its efficiency.25) The MDR1 
gene encodes P-gp, an ATP-dependent membrane trans-
port protein that regulates the bioavailability of multiple 
drugs.25) The presence of a T allele suggests an impair-
ment of gene-expression that could increase brain levels 
of drugs that use this carrier pump. It’s the case of paliper-
idona which is substrate of MDR1 and its disposition is in-



354 M.A. Franco-Martin, et al.

fluenced by the functional status of MDR1.19)

In fact, this mutation has been found to be related to the 
severity of symptomatology, indicated by higher scores 
on the Positive and Negative Syndrome Scale.26) In gen-
eral, most antipsychotics act as P-gp inhibitors and can 
thus influence both plasma and brain drug concen-
trations.27) The existence of polymorphic variations of 
P-gp modifies the bioavailability of psychoactive drugs27) 
and the 3435C＞T variant has been observed to correlate 
with raised plasma concentrations of paliperidone.20) 

Regarding this, olanzapine, and paliperidone to some 
extent, could compete with other drugs and effectively 
block MDR1, causing elevated brain concentrations of 
drugs whose efflux is inhibited. Nevertheless, paliper-
idone is not metabolized by P450 cytochrome com-
plex.28) However, the inhibitory effect of olanzapine on 
CYP3A enzyme, as previously mentioned, combined with 
MDR1 pump alteration, can cause an increase in drug in-
teractions, as proved by in vitro tests.29) This justifies dis-
continuation of paliperidone in this patient, since, al-
though it does not interfere with CYP1A2, CYP2C9, and 
CYP3A5 isoenzymes, it is a substrate for the MDR1 pump, 
which could make it difficult to control their bioavail-
ability. 

Accordingly, it seems that patients with this genotype 
taking olanzapine have greater needs of social and mental 
health care.30) Furthermore, dose-related concentrations 
of olanzapine in plasma and cerebrospinal fluid sig-
nificantly increase, which would also contribute to the 
side effects observed in this patient.31) 

CYP3A4 and CYP2D6
Finally, the pharmacogenetic study indicates that 

CYP3A4 and CYP2D6 have a pattern of efficient metabo-
lism. CYP2D6 is responsible for the oxidative metabolism 
of up to 25% of drugs, such as antidepressants, anti-
psychotics, opioids, antiarrhythmic agents and tamoxifen 
in its prodrug form. Its activity is highly variable, being pri-
marily responsible for defining patients as extensive, defi-
cient, intermediate or ultrarapid metabolizers.32) This 
great variability is explained, at least partly, because it is 
an enzyme whose genetic locus can have more than 100 
variants and sub-variants.33,34) However, in this case it 
does not seem to play a significant role, as it has little ef-
fect on olanzapine plasma concentrations24) and does not 
participate in the metabolism of paliperidone. Thus, de-

spite the great importance of this enzyme in the metabo-
lism of psychotropic drugs, it does not play a role in the 
clinical situation of this patient.

To summarize, the results of the pharmacogenetic 
study helped us to redefine a new therapeutic plan in a 
more rational way.

First, we tried to liberate the most compromised en-
zymes, namely CYP1A2, CYP2C9, CYP2C19 and 
CYP3A4, by eliminating olanzapine.

Secondly, although paliperidone has a better side ef-
fects profile and does not use the P450 pathway, its tox-
icity may be explained by the MDR1 alteration, which 
made discontinuation advisable. 

Thirdly, aripiprazole was selected as the best anti-
psychotic option because of its good metabolic profile, 
fewer sedative effects and the fact that it is not affected by 
MDR1 pump dysfunction.35) Thus, the medication plan 
was simplified and the daily dose reduced (lithium 1,200 
mg/day, and aripiprazole, 15 mg/day).

Finally, the choice of bupropion as an antidepressant 
was based on its clinical profile, as it has fewer effects on 
the sexual sphere, can help to reduce nicotine con-
sumption and its interaction potential with antipsychotics 
is low.22) Bupropion and aripiprazole are both partly me-
tabolized by CYP2D6, which functioned normally in this 
patient.36) Nonetheless, it is known that when this enzyme 
is inhibited, bupropion can be metabolized by other 
routes.37) In addition, bupropion is not affected by 
CYP2C9 genotypic alterations and can still use CYP2C19 
enzyme for its metabolism, so its use in this patient was 
expected to produce clinical benefits and few tolerance 
problems.38) Most importantly, bupropion is considered 
to carry a low risk of inducing mania, especially when it is 
taken in combination with lithium.39) 

On the other hand, bupropion could inhibit aripipra-
zole metabolism, raising the latter’s plasma concen-
trations to up to 45%,40,41) so it would be prudent to use a 
low-medium dose of aripiprazole while combined with 
bupropion.

A last important consideration is that none of the psy-
chotropic drugs used in the final prescription plan is influ-
enced by MDR1 dysfunctionality. 

These results highlight the important contribution clin-
ical pharmacogenetic studies make towards predicting re-
sponses to psychotropics and understanding individual 
variation in such clinical response to these drugs.42,43) In 
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addition, this case is an example where pharmacogenetic 
assessment has a significant impact on reducing costs of 
mental health care. This has also been observed in other 
studies, in which cost reduction by the use of pharmaco-
genetic studies can reach up to 28%44) and, hence, guide-
lines recommend its use to reduce the high costs asso-
ciated to mental health care.8,44) 

In our experience, pharmacogenetic analysis proved a 
very useful guide in choosing an appropriate treatment 
plan to manage this complex clinical case. Therefore, its 
use with patients with a history of poor response and ex-
treme or unusual intolerance to standard drug treatment, 
once plausible explanations are ruled out, is worth 
considering.20) Incorporating pharmacogenetic assess-
ment to clinical practice would be useful to optimize 
pharmacological treatment of mental disorders13) and 
provide a more personalized therapeutic approach, based 
on the growing knowledge of the function and effect of 
genetic polymorphisms on the pharmacokinetics and 
pharmacodynamics of psychotropic drugs.45) Certainly, 
other genes can be involved and more studies are needed 
to assess the implications of different factors in the effi-
cacy, tolerability and interindividual variability of re-
sponse to psychiatric drugs.46) Pharmacogenetics pro-
vides a useful tool for further progress towards offering a 
more personalized medicine, which is particularly neces-
sary in complex clinical cases like the one reported.47) 
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