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Abstract: Bipolar disorder (BD) is a long-term illness with mood swings which are characterized by recurrent episodes of 
mania/hypomania and depression, with variable interpolations of relatively asymptomatic periods, called euthymic, in 
which, however, some psychopathological symptoms may persist. 

Although mood stabilizers, such as lithium, are the first-line treatment for the prevention of new BD episodes, combina-
tion therapy has become the standard of care for BD patients. Besides lithium, the use of a mood stabilizer along with an 
atypical antipsychotic is recommended in many patients. Recently, atypical antipsychotics (quetiapine, olanzapine, 
risperidone and aripiprazole) and antiepileptic agents (valproate, lamotrigine and oxcarbazepine) are increasingly used as 
mood stabilizers. To reduce side effects and optimize treatment it is important to perform accurate monitoring of drug 
blood levels in these patients, who are often treated with multiple drugs. Therapeutic drug monitoring (TDM) is in fact a 
powerful tool that, starting from clinical-chemical correlation data, allows to tailor-cut treatment to the specific needs of 
individual patients; hence the need to have reliable analytical methods available for the determination of plasma levels of 
drugs and their metabolites. Analyses of biological samples are mainly carried out using high-performance liquid chroma-
tography (HPLC) coupled with different detectors, capillary electrophoresis and gas-chromatography. Various procedures 
are employed to remove biological interferences before analyzing the samples. This review focuses on currently available 
analytical TDM methods for atypical antipsychotics and antiepileptic agents used in the treatment of patients with bipolar 
disorder. Advantages and limitations of the various analytical methods will be reviewed and discussed, together with an 
evaluation of the role of TDM. 
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INTRODUCTION 

Bipolar Disorder: Etiology, Symptoms and Treatment 

Manic-Depressive Illness, or Bipolar Disorder (BD) as it 
is called today, is a major psychiatric disorder. BD shows 
supra-threshold variations of mood and vital energy. Epi-
sodes of depression, characterized by low mood, low energy, 
anhedonia, and apathy, alternate with episodes of intense 
nervous excitation, hyperactivity, elation of mood or irrita-
bility, and grandiose ideas. These states of exaltation are 
called mania when they are very intense, sometimes needing 
hospitalization, and impair work or other social activities and 
relationships of the patients, hypomania when they are lim-
ited to elation and hyperactivity and are not accompanied by 
social and work impairment. Alternation of mania and de-
pression, or recurrences of mania only, constitute the Bipolar 
I type. Alternation of depression and hypomania, is the Bipo-
lar II type.  

These variations of mood and energy also affect thinking 
and judgment, and in extreme case, patients may present 
delusions and hallucinations. 

Bipolar Disorder affects about equally women and men. 
Life-time prevalence of Bipolar Disorder type I in the gen- 
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eral population is around 1.0% [1], while that of Bipolar 
Disorder type II is about 2.0% [2]. If we include milder 
forms, like cyclothymia (alternations of mild depressions and 
mild hypomania), the prevalence rises to 8.3% [3].  

The majority of patients have their first affective episode 
between 15 and 24 years, although there is often a 5-10 year 
interval before treatment is obtained [4]. Bipolar disorder is 
one of the major psychiatric disorders associated with sui-
cide. About 15% of people with bipolar disorder die by sui-
cide [5]. 

The cause of this disorder is unknown, and many hy-
potheses have been advanced. Some of them involve the 
neurotransmitters (serotonergic, dopaminergic and noradren-
ergic systems). Given the strict relation with seasonal, cir-
cadian, and light and heat variations, it is probable that dis-
orders of biological rhythms play a major role in the etiology 
and pathogenesis of bipolar disorder. Family studies point at 
a genetic basis for this condition. It should be underlined that 
the genetic predisposition is often a potential factor and sev-
eral environmental factors, mostly drug and alcohol abuse, 
are needed for triggering BD [6]. 

BD is highly recurrent, with many lifetime episodes. Ten 
to 15% of patients have more than ten episodes during their 
lifetime [4]. Prophylactic treatments are necessary. Lithium 
is the most effective in stabilizing mood, as well as in reduc-
ing risk for suicide. Antipsychotics and antiepileptics are 
also used as mood stabilizers. Atypical antipsychotics are 
currently replacing typical antipsychotics, not only because 
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they are less likely to cause severe adverse effects, such as 
tardive dyskinesia, neuroleptic malignant syndrome or ex-
trapyramidal symptoms, but also because they appear to have 
a more specific ameliorative effect on mood, including de-
pressive symptoms. In fact, the American Psychiatric Asso-
ciation recommends atypical antipsychotic drugs in their 
practice guidelines.

Classic antiepileptic agents, such as carbamazepine and 
valproic acid, are still widely used in the treatment of acute 
mania as well as in the maintenance treatment of BD. How-
ever, some new antiepileptic agents showed some phase-
related efficacy in long-term treatment. Current data are 
strongest for lamotrigine, which has obtained FDA approval 
for prevention of bipolar depression. 

It is noteworthy that all these agents have a clear anti-
manic action, and it has been suggested that the prevention 
of mania or hypomania is necessary for preventing also the 
depressive phase [7]. 

Therapeutic Drug Monitoring 

The study of the pharmacokinetics of drug interactions 
and the genetic variability of drug-metabolizing enzymes has 
become an important topic in the scientific literature of the 
last few decades [8].  

It is well known that the hepatic system of cytochrome 
P450 (CYP) plays an important role in the biotransformation 
of several CNS drugs. The CYP enzymes are represented by 
different isoforms, which may exhibit a particular affinity 
toward one or more drugs in the hepatic metabolism. For 
example, the isoform CYP2D6, and also other isoenzymes of 
CYP such as CYP1A2 and CYP3A3/4, are involved in the 
metabolism of many atypical antipsychotics (i.e. clozapine, 
olanzapine and quetiapine) [9] and their activity may be in-
fluenced by genetic variations. Concurrent medication with 
classical and atypical antipsychotics, depending on whether 
they inhibit or induce CYP isoenzymes, may lead to drug 
interactions and toxicity. 

Other pathways such as glucuronidation are involved in 
the metabolism of drugs (i.e., mood stabilizers) with the 
formation of several hydrophilic metabolites. These biotrans-
formation pathways can be inhibited by co-administering 
drugs used in everyday psychiatric practice. For example, 
olanzapine glucuronidation reaction is inhibited in vitro by 
lamotrigine and this interaction may represent a clinical 
problem in individuals receiving simultaneously both drugs 
[10]. 

TDM has demonstrated to be particularly useful in avoid-
ing toxicity caused by high doses of the drugs or their inter-
action during polypharmacy [11] and, together with pharma-
cogenomics, it can improve pharmacotherapy, allowing to 
better explain individual variability in drug response [12]. 
This is particularly useful considering the poor compliance 
of psychiatric patients.  

The study of chemical-clinical correlations and TDM for 
all atypical antipsychotic and mood stabilizers is important 
to reduce adverse effects and optimize treatment dosages. 
This is particularly significant for psychiatric patients, who 
hardly accept long-term drug treatment and its adverse ef-

fects [13, 14]. Moreover, TDM is a useful tool for clinicians 
in order to understand whether a lack of response to therapy 
is caused by inefficacy of the drug or by sub-therapeutic 
drug dosage. Albeit generally safer than the classical neuro-
leptics, atypical antipsychotics may cause side or toxic ef-
fects (e.g., convulsions) which can be related to high plasma 
concentrations of the active substance or some of its metabo-
lites. Therefore, TDM is still a useful procedure to avoid 
toxicity. As regards bipolar disorder and the use of mood 
stabilizers, TDM is useful in various settings and particularly 
for new drugs; in fact, dosage regimes should be assessed 
regularly, so that bipolar patients can obtain optimal thera-
peutic benefits. It is therefore clear that the clinical monitor-
ing of patients can significantly enhance the compliance of 
the patients [15]. Even in cases of drugs, like risperidone, 
that do not show any relationship between plasma levels of 
parent drug and its active metabolite on one hand, and clini-
cal effect on the other, TDM is useful to frame pharmacoge-
netic data [16]. TDM is also able to distinguish cases of true 
drug-resistance from those of pseudoresistance; for example, 
if for some reason, a minimum therapeutic concentration of 
23.2 ng/mL of plasma olanzapine is not reached, a patient 
with schizophrenia will be erroneously classified as drug-
resistant if blood levels are not controlled for [17]. Dose ad-
justment in such cases may allow overcoming resistance and 
avoiding expenses related to a new drug trial that may work 
or may not. Another aspect that adds to the cost effectiveness 
of TDM, is that it may control for side effects in vulnerable 
patients [18]. Although data are still lacking for a 
cost/benefit analysis for TDM of BD, the advantages have 
been clearly remarked in a recent review for antipsychotic 
drugs from C. Hiemke [19], reporting that the savings by 
avoiding hospitalization of a patient for a period of 5 weeks 
corresponds to the costs of 400–500 drug estimations, which 
roughly matches the cost of monthly TDM of about 40 pa-
tients for 1 year. 

The present paper deals with the main atypical antipsy-
chotics available world-wide (quetiapine, olanzapine, 
risperidone and aripiprazole) and antiepileptic agents (lamo-
trigine, valproic acid and oxcarbazepine) used for the treat-
ment of bipolar disorder, focusing on their pharmacody-
namic and pharmacokinetic properties as well as their side 
and toxic effects. In order to carry-out an efficient clinical 
monitoring, suitable analytical methods are obviously re-
quired, allowing the determination of the analytes with good 
accuracy and precision at low concentrations as well as in 
the presence of potential interfering drugs. 

Particular attention will also be addressed to their me-
tabolism, pharmacological interactions and analytical meth-
ods useful for the therapeutic drug monitoring of the antipsy-
chotic and antiepileptic drugs. A summary of the chemical-
clinical properties of these atypical antipsychotics, such as 
usual dose ranges in both schizophrenic and bipolar disor-
ders, and typical plasma levels is reported in Table 1. On the 
other hand, Table 2 shows the characteristics of the antiepi-
leptic agents used as mood stabilizers in patients with BD. 

It should be borne in mind that TDM is not just a tech-
nique sub-serving research purposes, but also a basic part of 
drug treatment, a tool that allows to control compliance, as 
well as a token in the patient-doctor interaction; it requires 
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Table 1. Usual Doses and Plasma Levels of Atypical Antipsychotics used in BD 

Drug Chemical class Daily dose range (mg/day) References Therapeutic plasma level range
 a

400-800 [25] n.r. 

Quetiapine Dibenzodiazepine 
(300-500) [44] 

(50 - 400 ng/mL)  
(0.130 - 1.043 mol/L)

5-20 [75] n.r. 

Olanzapine Thienobenzodiazepine 
(5-20) [85] 

(8 - 40 ng/mL) 
(0.026 - 0.128 mol/L)

1-6 [114] n.r.

Risperidone Benzisoxazole 
 (4-16) [44] 

(10-60 ng/mL) b 

(0.024 - 0.143 mol/L) c

5-30 [148] n.r. 

Aripiprazole Dihydroquinolinone 
(5-30) [44] 

(80-450 ng/mL) 
(0.178 - 1.004 mol/L)

The values in the brackets are referred to daily dose range in the treatment of schizophrenia. 
an.r. = not reported. 
bConcentration of the active moiety (i.e. the sum of risperidone and 9-hydroxyrisperidone). 
cThe concentration expressed in molar units of the active moiety has been calculated from the concentration expressed in ng/mL, assuming an equimolar concentration of risperidone 

and 9-OH risperidone.  

Table 2. Usual Doses and Plasma Levels of Antiepileptic Agents used in BD 

Drug Chemical class Daily dose range (mg/day) References Therapeutic plasma level range
 b

25-400 
a
 [172] n.r.

Lamotrigine Phenyltriazine 
(25-700) 

c
 [177] 

(1-15 g/mL) 
(0.004 - 0.059 mmol/L)

500-3000 [210] 
50-125 g/mL 

0.347 - 0.867 mmol/L
Valproic acid Carboxylic acid 

(600-2500) [223] 
(50-100 g/mL) 

(0.347 - 0.694 mmol/L)

600-2400 [252] n.r. 

Oxcarbazepine Iminostilbene 
(300-2700) [251] 

(15-35 g/mL)d

(0.059 - 0.139 mmol/L)d

The values in the brackets are referred to daily dose range in the treatment of seizures. 
aMax 200 with valproate. 
bn.r. = not reported. 
cMax 200 with valproate. 
dPlasma levels are referred to the main oxcarbazepine metabolite, 10-hydroxycarbamazepine. 

close collaboration between various medical specialists and 
the patient, resulting in improved overall patient care [19]. 

QUETIAPINE 

Quetiapine (2-[2-(4-dibenzo[b,f][1,4]thiazepin-11-yl-1-
piperazinyl)ethoxy]-ethanol, QTP, Fig. (1a)) was approved 
by the Food and Drug Administration (FDA) for the treat-
ment of psychotic disorders, including schizophrenia, in 
1997.  

More recently, in 8-week trials QTP showed to be effica-
cious as monotherapy in adults with bipolar I or II disorder, 
leading to improvements in health-related quality of life [20, 
21]. In the year 2004 the producer (AstraZeneca) announced 
that QTP was approved as monotherapy and adjunct therapy 
for the treatment of mania associated with bipolar disorder 
[22]. It should be noted that QTP is the only atypical antip-

sychotic approved in the US for use as monotherapy in both 
bipolar mania and depression [23]. 

QTP is administered as tablets (Seroquel
®

) containing 
quetiapine fumarate and the dose regimen differs according 
to the prescribing indications. For the treatment of schizo-
phrenia, a target dose of 300-400 mg/day (divided in two or 
three administrations) is recommended, which should be 
reached gradually increasing the initial 25 mg daily dose. 
Higher doses (above 800 mg/day) may be required in some 
patients with persistent symptoms and doses up to 1600 
mg/day can be well tolerated [24]. 

When used for the treatment of depressive episodes asso-
ciated with bipolar disorder, the target dose is 300 mg ad-
ministered once daily, while in case of mania as monother-
apy or adjunctive therapy, the efficacious dose is normally 
between 400 and 800 mg/day (divided in two daily doses, 
and to be reached gradually). In 2007, Seroquel XR

®
, a con-
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trolled-release tablet formulation containing QTP, has been 
approved by FDA for the treatment of schizophrenia with a 
once-daily administration within a 400-800 mg dose range 
[25], but approval for bipolar disorder has still to be obtained 
for this formulation. 

Mechanism of Action 

Chemically, QTP is a dibenzothiazepine derivative, pre-
senting a broad receptor binding profile [26], which includes 
interactions with the serotonin, dopamine, histamine and 
adrenergic receptors [27]. The drug exhibits higher affinity 
for serotonin 5-HT2 receptors (in particular the 5-HT2A re-
ceptor) than for dopamine D2 receptors [28], sharing this 
feature with the majority of atypical antipsychotics. QTP acts 
as an antagonist at the dopamine D2 and serotonin 5-HT2

receptors, and is a partial agonist at the 5HT1A receptor; this 
particular binding profile of mesolimbic and mesocortical 
receptors has been related to its antipsychotic action, while 
affecting little the activity of the nigrostriatal dopamine sys-
tem, hence having a low potential for extrapyramidal side 
effects [29]. It has been proposed that the 5-HT2/D2 antago-
nism can be related to the mood stabilizing properties of 
QTP in bipolar depression and mania [40], while the higher 
degree of serotonin 5-HT2 receptor blockade has been corre-
lated to the antidepressant activity [30]. The antidepressant 
and mood-stabilizing properties of QTP in patients with 
schizophrenia or bipolar depression have been correlated 
with the effects of the parent drug and its principal circulat-
ing metabolite, norquetiapine, on 5-HT2 and D2 receptors 
(long-term treatment was shown to induce 5-HT2 receptor 
down-regulation and increase of synaptic dopamine and se-
rotonin) and with the inhibition of the norepinephrine trans-
porter by norquetiapine [31]. The importance of norquetiap-
ine has also been underlined in a recent paper, where it was 
shown that norquetiapine is a potent inhibitor at the human 
norepinephrine transporter and is active on 5-HT1A and 5-
HT7 receptors, thus mediating, at least in part, the antide-
pressant properties of QTP [32]. 

Side Effects 

In patients with bipolar disorder under treatment with 
QTP, as a mono- and combination therapy, the most com-

mon side effects are dry mouth, sedation, dizziness and som-
nolence [33, 34], but also postural hypotension and weight 
gain [35]. Cases of tachycardia have also been reported; 
however, prolongation of the QT interval is rarely significant 
[36]. QTP, as well as other atypical antipsychotics such as 
olanzapine and risperidone, has been associated with the 
development or exacerbation of diabetes mellitus [37]. Cases 
of increased triglyceride and cholesterol concentrations have 
been reported during QTP treatment [36]. The interaction 
with -adrenergic and histamine receptors can explain some 
of the side effects, such as somnolence and orthostatic hy-
potension [38]. Since cataract formation has been observed 
in dogs receiving QTP and asymptomatic changes in the lens 
of the eye have occurred in patients treated for a long period 
[39], in the US a periodical ocular examination is suggested 
when therapy with QTP is started [36, 40]. However, to date, 
only one case of cataract most probably due to QTP has been 
reported [41]. 

Pharmacokinetics and Interactions 

After oral administration, QTP is well absorbed, showing 
almost 100% bioavailability and 83% plasma protein binding 
[42]. QTP exhibits linear pharmacokinetics and the mean 
elimination half-life is quite short, being 5.8 hours in men 
and 6.6 hours in women [42, 43].  

QTP undergoes extensive hepatic metabolism, mainly 
through the CYP3A4 isoenzyme [40], leading to the forma-
tion of at least 11 metabolites [44]. Recent studies have 
found that the main metabolite in humans is norquetiapine 
(Fig. (2)), corresponding to the N-desalkylated metabolite; 
this metabolite has a peculiar receptor affinity and pharma-
cological profile [31]. Other important metabolic pathways 
are represented by the formation of the pharmacologically 
inactive metabolites quetiapine sulfoxide and the parent acid 
metabolite [34]. O-desalkyl-quetiapine and 7-hydroxy-
quetiapine were also found after QTP incubation with human 
liver microsomes. The CYP3A4 isoenzyme is clearly re-
sponsible for the formation of the sulfoxide and the dealky-
lated metabolites, while the formation of 7-hydroxy quetiap-
ine may be due at least in part to the CYP2D6 isoenzyme 
[45]. 
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Fig. (1). Chemical structures of the atypical antipsychotics quetiapine (a), olanzapine (b), risperidone (c) and aripiprazole (d).  
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The pharmacokinetics of QTP are scarcely influenced by 
gender or smoking [42]. QTP must be used with caution in 
patients treated simultaneously with antihypertensive and 
other drugs which prolong QT interval [36]. 

CYP3A4 inhibitors, like fluvoxamine and clozapine [46], 
and the antiepileptic agent phenytoin [47] may increase se-
rum concentration of QTP, while inducers, like carba-
mazepine, enhance QTP metabolism [45], but it is also true 
that QTP itself can play the part of an isoenzyme inhibitor, 
inasmuch it may increase plasma levels of 10,11-dihydro-
10,11-epoxycarbamazepine (the main active metabolite of 
carbamazepine) [48]. The inhibition of CYP3A4 due to flu-
conazole, ketoconazole and erythromycin should also be 
considered when using QTP [44]. Valproate is often used as 
co-medication with QTP in bipolar patients; being a 
CYP3A4 and CYP2D6 modulator, it can increase QTP 

plasma concentrations [49], though another study reported 
that this combination therapy resulted in small and statisti-
cally non-significant pharmacokinetic changes [50]. In such 
cases, TDM is useful in assessing the drug-drug interaction. 

Therapeutic plasma levels of QTP in the treatment of 
schizophrenia correspond to 50-400 ng/mL [44]. Optimal 
therapeutic plasma levels for the treatment of bipolar disor-
ders are not reported, albeit a pharmacokinetic study was 
conducted on both pediatric and adult patients suffering from 
psychotic disorders (including bipolar disorder) and treated 
with QTP, 200 or 400 mg/day. At steady state, in adults, the 
mean Cmin (minimum plasma concentrations) were 47.8 
ng/mL for the 200 mg/daily dose and 86.8 ng/mL for the 400 
mg/daily dose, while the mean Cmax (maximum plasma con-
centrations) were 660.3 ng/mL and 1124.6 ng/mL for the 200 
and the 400 mg/daily doses, respectively [51].  
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In postmortem samples, blood QTP concentrations in-
dicative of toxicity were evaluated as higher than 1 g/mL 
[52]. 

Methods of Analysis 

The analysis of QTP in biological samples, sometimes 
along with its metabolites, is usually carried-out by means of 
HPLC using ultraviolet (UV) [53-59] or mass spectrometry 
detection [60-65]. Only one paper reported the use of HPLC 
with electrochemical detection to analyze two hydroxylated 
QTP metabolites in human plasma, while using HPLC-UV 
to determine QTP levels [66]. As regards the biological ma-
trix, the analysis is mainly carried-out on plasma samples, 
while one study analyzed human milk [54] to assess lactating 
infant exposure to QTP when breast feeding mothers were on 
QTP. Sample pre-treatment procedures usually consist in 
liquid-liquid extraction with organic solvents [53, 54, 61, 63, 
66] or solid-phase extraction [55, 56, 58-60, 62, 64]; one 
study [65] reported a protein precipitation procedure, while 
another method [57] employed HPLC with column-
switching for the direct analysis of QTP in biological sam-
ples. 

A recently developed method [55] is able to simultane-
ously determine QTP together with classical neuroleptics and 
other atypical antipsychotics using HPLC with UV detection. 
Sample pre-treatment consists in a solid-phase extraction 
procedure, using cyanopropyl cartridges; a representative 
chromatogram corresponding to the analysis of a plasma 
sample obtained from a patient treated with QTP (1200 
mg/day) is reported in Fig. (3). QTP is detected without in-
terference from the matrix; plasma level was 170 ng/mL. 

Fig. (3). Chromatogram of a plasma sample from a patient who 

received 1200 mg/day of quetiapine. Chromatographic conditions: 

stationary phase, C18 reversed-phase column (150 x 4.6 mm i.d., 5 

m); mobile phase, acetonitrile / 30 mM, pH 3.0 phosphate buffer 

(30:70, v/v), containing 0.5% (v/v) triethylamine; flow rate, 1.0 

mL/min; injection loop, 20 L; detection, 238 nm. 

A few studies reported analytical methods based on gas-
chromatography for QTP determination [67-70]; most of 
them focused on post-mortem specimens using mass spec-
trometry [67, 68] or both mass spectrometry and nitrogen-
phosphorus [69] detection. One method [70] determined 

QTP and the 7-hydroxy metabolite by both HPLC and GC-
MS, but it was not applied to real plasma samples.  

Only one method based on capillary electrophoresis has 
been developed for quality control of pharmaceutical formu-
lations containing QTP [71], but no electrophoretic method 
has been developed for QTP determination in biological flu-
ids. 

OLANZAPINE 

Olanzapine (2-methyl-4-(4-methyl-1-piperazinyl)-10H-
thieno[2,3b][1,5]-benzodiazepine, OLA, Fig. (1b)) is one of 
the atypical antipsychotic drugs, also termed second-
generation antipsychotics (SGAs) [72]. It has been marketed 
by Lilly & Co. in 1996 for the treatment of schizophrenia; 
more recently, the FDA approved OLA for the treatment of 
bipolar disorder [73], precisely in March 2000 for the short-
term treatment of acute manic episodes associated with bipo-
lar disorder, in July 2003 for the use in combination with 
lithium or valproate for the treatment of acute manic epi-
sodes associated with bipolar disorder and in January 2004 
for maintenance treatment of bipolar disorder [74]. 

OLA is usually administered per os as Zyprexa
®

 coated 
tablets. In the last few years new formulations became avail-
able on the market: Zyprexa Zydis

®
 (disintegrating oral tab-

lets suitable for patients who have trouble swallowing and 
when non-compliance is suspected) and Zyprexa IntraMus-
cular

®
 (non-depot intramuscular preparation) for acute con-

trol of agitation [11]. 

OLA is usually administered at doses between 5-20 

mg/day. For the rapid control of agitation and abnormal be-

havior in patients with schizophrenia or mania, OLA may be 
given intramuscularly by means of not more than three injec-

tions in any 24-hour period and the maximum daily dose 

should not exceed 20 mg [73]. However, a double-blind, 
randomized trial evaluated the pharmacokinetics and toler-

ability of 30 or 40 mg/day of oral OLA relative to the highest 

approved dose of 20 mg/day of oral OLA in stable bipolar 
subjects, with positive results [75]. 

Mechanism of Action 

OLA is a selective monoaminergic antagonist with high 

affinity binding for the following receptors: serotonin 5-
HT2A/2C, 5-HT6, dopamine D1–like and D2–like (D2, D3 and 

D4), histamine H1 and adrenergic 1 receptors; it is also a 

moderate antagonist of serotonin 5-HT3 and muscarinic M1-5

receptors [76, 77]. It has been proposed that the drug effi-

cacy for the treatment of schizophrenia and mania in BD is 

mediated through a combination of dopamine and serotonin 
type 2 (5-HT2) receptor antagonism: a higher affinity at D4

receptors compared to D2 receptors has been proposed to 

rationalize the efficacy against positive symptoms and low 
potential for extrapyramidal side effects; similarly, a higher 

affinity for the 5-HT2A receptors compared to the D2 recep-

tors may explain the improvements in negative symptoms 
and the reduced EPS liability [78]. The mechanism of action 

of OLA in the treatment of depression associated with Bipo-

lar I Disorder is unknown. Currently it is unclear which re-
ceptors underline the antidepressant effect of OLA in bipolar 
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treatment without destabilizing mood; probably, it appears 

that OLA through its antagonism of both 5-HT2A and D2 re-

ceptors is an effective mood-stabilizing agent [30]. 

Side Effects 

In comparison with classical neuroleptics, such as phe-
nothiazines and butyrophenones, OLA has the advantage of 
producing minimal extrapyramidal symptoms, hyperprolac-
tinemia, or tardive dyskinesia, when administered at the me-
dium-dose range [44] and is much less associated with sei-
zures and agranulocytosis than clozapine [79]. Its main ad-
verse effects are weight gain, elevated plasma glucose and 
triglycerides (>500 mg/dL); moreover it can cause dry 
mouth, edema and orthostatic hypotension [73]. Finally, ac-
cording to recent findings, patients treated with OLA show a 
higher risk for developing diabetes mellitus or worsening its 
course [80]. 

Pharmacokinetics and Interactions 

After oral administration, OLA is well absorbed from the 
gastrointestinal tract. Peak plasma levels are reached in 5-8 
hours. OLA is predominantly bound to albumin (90%) and 

1-acid glycoprotein (77%) [81]. Mean half-life is about 30 
hours. The drug is extensively metabolized by the liver to the 
4- and 10-N-glucuronide metabolites; the CYP1A2 isoen-
zyme is responsible for the formation of 4-N-desmethylo-
lanzapine, whilst the 2D6 isoform is related to the formation 
of 2-hydroxymethylolanzapine; the flavin-containing mono-

oxygenase system is involved in oxidation of OLA [81]. The 
10-N-glucuronide is the most abundant metabolite, but the 
formation of 4-N-desmethylolanzapine is correlated with the 
clearance of OLA. All OLA metabolites are significantly less 
active than the parent compound [82]. A schematic drawing 
of metabolic pathways involved in the processing of OLA is 
reported in Fig. (4).  

The risks of using OLA in combination with other drugs 

should be carefully evaluated. In particular, caution should 
be used when OLA is administered in combination with 

other centrally acting drugs or alcohol; moreover, OLA may 

enhance the effects of certain antihypertensive agents and 
antagonize the effects of levodopa and dopamine agonists 

[76]. Therapeutic doses of OLA should affect little or not at 

all the activity of CYP; however, in a study of 17 psychiatric 
patients, significant and substantial inhibition of the 

CYP1A2 activity was shown, that may contribute to drug 

interactions [83]. Conversely, some known inhibitors or in-
ducers of CYP enzymes can interact with the metabolism of 

OLA. In fact, the CYP1A2 inhibitor carbamazepine (an 

antiepileptic agent often administered as a mood stabilizer) 
positively increases OLA levels when the two drugs are co-

administered; a similar effect on the metabolism of OLA is 

obtained with the antidepressant fluvoxamine [44]. In the last 
few years, this interaction has been exploited in clinical trials 

suggesting that the co-administration of a sub-therapeutic 

dose of fluvoxamine (25 mg/day) reduces by 26% daily OLA 
dose requirement [84], thus reducing overall treatment costs. 
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Fig. (4). Main metabolic pathways of olanzapine. 
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Therapeutic plasma levels of OLA correspond to a 8-40 
ng/ml window [85]. In clinical studies, steady state plasma 
concentrations of OLA are seldom reported to be higher than 
150 ng/mL, although potential toxicity has been suggested to 
occur at values close to 100 ng/mL [86]. 

Methods of Analysis 

Several papers reported the determination of OLA in bio-
logical fluids or tissues, based on the use of HPLC with UV 
(or diode-array) [87-92], mass spectrometry [65, 93-100] or 
electrochemical [101-107] detection and by means of gas 
chromatography with nitrogen phosphorus detection (GC-
NPD) [108]. Some of these analytical methods simultane-
ously determine OLA together with its metabolites [103-107] 
or other CNS drugs [65, 95, 97, 107]. Usually, the stationary 
phases used in the HPLC methods are represented by re-
versed-phase columns (C6, C8,C18 or cyano-column) and 
the mobile phases can be acidic [65, 88, 95, 97, 99, 103, 
104], neutral [93, 101], or basic [91]. The sample pre-
treatment employed to clean-up the biological matrix has 
been carried out mainly by means of liquid-liquid extraction 
(LLE) with organic solvents [87, 88, 90, 93-95, 98, 102], 
solid-phase extraction (SPE) procedures with different kinds 
of cartridges [89, 99-101, 103, 104, 106, 107], or using a 
simple protein precipitation step [65, 97, 105]. 

A recently developed method [107] is able to simultane-
ously determine OLA and lamotrigine in the same plasma 
sample drawn from patients with bipolar disorder undergoing 
combination treatment with these two drugs, using HPLC 
with a coulometric detector connected in series with a diode 
array detector. The sample pre-treatment consists in a solid-
phase extraction procedure, using phenyl cartridges; a repre-
sentative chromatogram corresponding to the analysis of a 
plasma sample obtained from a bipolar patient treated with 
OLA (20 mg/day) and lamotrigine (250 mg/day) is reported 
in Fig. (5). Plasma levels are 26.8 ng/mL for OLA, 2.6 

ng/mL for N-desmethylolanzapine and 2.5 g/mL for lamo-
trigine. This method has been successfully applied to the 
analysis of plasma from thirteen bipolar patients. 

RISPERIDONE 

Risperidone (3-{2-[4-(6-fluoro-1,2-benzisoxazol-3-yl)- 
1-piperidinyl]ethyl}-6,7,8,9-tetrahydro-2-methyl-4H-pyrido 

[1,2- ]pyrimidine-4-one, RISP, Fig. (1c)), is an atypical an-

tipsychotic with a benzisoxazolic structure, not chemically 
related to other atypical antipsychotics such as olanzapine. 

RISP (Risperdal
®

 by Janssen-Cilag) has been approved in 

1993 for the treatment of schizophrenia, but it also proved to 
benefit schizoaffective and bipolar disorders [109, 110], es-

pecially when used in combination with antidepressant drugs 

[111]. In 2003, the FDA approved RISP for the short-term 
treatment of mixed and manic states associated with bipolar 

disorder; in 2006, the FDA approved it for the treatment of 

irritability in children and adolescents with autism [112]. 

Risperidone is currently available as oral tablets (Risper-

dal
®

, 0.25-4 mg strength range), orally disintegrating tablets 
(Risperdal

®
M-TAB™, 0.5-2.0 mg strength range), and oral 

solution (Risperdal 
®

, 1 mg/mL). Equivalence studies of 

these formulations showed that they can be considered bioe-
quivalent [113]. RISP is usually administered at doses be-

tween 4-16 mg/day for the treatment of schizophrenia and at 

1-6 mg/day for the treatment of mania [44, 114].  

Recently, a depot intramuscular injectable formulation 
(Risperdal Consta

®
 and Risperdal Long-Acting

®
) has be-

come available for patients who have difficulty taking oral 
medication for any reason. This formulation could be admin-
istered at 2-week intervals and appears to be bioequivalent to 
tablet administration (although a lower maximum plasma 
concentration was observed), with comparable efficacy and 
emergence of adverse effects [44]. 

Fig. (5). Chromatograms of a plasma sample from a patient treated with olanzapine (20 mg/day) and lamotrigine (250 mg/day). 

Chromatographic conditions: stationary phase, C8 reversed-phase column (150 x 4.6 mm i.d., 5 m); mobile phase, methanol / 50 mM, pH 

3.5 phosphate buffer (27:73, v/v), containing 0.63% (v/v) triethylamine; flow rate, 1.2 mL/min; injection loop, 20 L; coulometric detection, 

+500mV; diode array detection 220 nm. 
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Paliperidone (Invega
®

) is an extended release formulation 
(Oral Release Osmotic System) containing the primary ac-
tive metabolite of RISP, 9-hydroxyrisperidone. It has been 
approved by the FDA for the treatment of schizophrenia in 
2006 and later for the treatment of mania [112]. 

Mechanism of Action 

RISP shows strong affinity for 5-HT2A and 5-HT7 recep-
tors, for dopamine D2 receptors, and high affinity for  and 

2 adrenoceptors, and histamine H1 receptors [44, 115], 
while it has weaker affinity for D1, D3 and D4 receptors. A 
high 5-HT2A/D2 affinity ratio has been proposed to character-
ize the receptor binding profile of atypical antipsychotics 
[116]. The dose-dependence of 5-HT2 receptor blockade by 
RISP, which is observed at lower doses, and its D2 blocking 
effects, which are manifested progressively with increasing 
dosage, may be the basis of the efficacy of RISP in non-
psychotic conditions at doses lower than the ones used to 
treat major psychoses [117].  

Side Effects 

RISP can cause extrapyramidal symptoms at high doses 
[118]; in fact, this side effect may decrease with the reduc-
tion of the administered dose. Other frequent side effects 
consist in weight gain, tachycardia, and hyperprolactinemia 
[119], as well as headache, dizziness and abdominal pain 
[120]. RISP can rarely prolong the QT interval in elderly 
patients [121]. 

RISP toxicity manifests primarily as lethargy, spasm/  
dystonia, hypotension, tachycardia and dysrhythmia, for pa-
tients who may accidentally or purposely (with a suicidal 
intention) take RISP doses as high as 180 mg [122]. Other 
symptoms reported with overdose comprise drowsiness, 
slurred speech, altered levels of consciousness, hypertension, 
electrocardiographic abnormalities, atypical motor behavior, 
and tremor [123]. 

Pharmacokinetics and Interactions 

RISP is well absorbed after oral administration. The oral 
bioavailability of both RISP and its 9-hydroxy metabolite is 
approximately 100% and the maximum plasma concentra-
tions are reached after 1.4 hours (RISP) and 1.8 hours (active 
moiety) [124]. Early experiments found that RISP is exten-
sively bound (90%) to plasma proteins, while protein binding 
for the active 9-hydroxy metabolite is lower (77%) [125]. 

RISP is mainly hydroxylated in the liver by cytochrome 
P450 isoenzymes (CYP2D6 and CYP3A4 isoforms); 9-
hydroxyrisperidone (RISP-9OH) is the main active metabo-
lite, which can be present in plasma at much higher levels 
than those of the parent drug [11]. Moreover, it seems that 
this metabolic pathway is stereoselective; CYP2D6 would be 
responsible for the formation of the most abundant enanti-
omer (+)-9-hydroxyrisperidone while CYP3A4 would pro-
duce the less abundant (-)-9-hydroxyrisperidone [11]. On the 
other hand, 7-hydroxylation and oxidative N-dealkylation at 
the piperidine nitrogen pathways are less important. RISP-
9OH possesses similar pharmacological activity to that of the 
parent drug. For this reason, the “active moiety” during RISP 
treatment, is considered to be the sum of RISP and  

RISP-9OH concentrations [11]. Plasma steady-state levels of 
the “active moiety” are usually in the 10-60 ng/ml range. The 
elimination half-life of the “active moiety” is about 22 hours 
[44].  

Age, impaired renal and hepatic function, body weight 

and concomitant administration of other drugs can influence 

the levels of the “active moiety” in human plasma [11]. 
Moreover, potent inhibitors of the CYP2D6 isoform such as 

the Selective Serotonin Reuptake Inhibitors, or SSRI antide-

pressants (i.e. fluvoxamine, paroxetine, fluoxetine), can in-
crease RISP plasma levels in both poor and extensive me-

tabolizers [11]. These interactions are of crucial importance 

if it is considered that the combined RISP-SSRI therapy for 
bipolar disorder has increased in the last few years [11]. A 

complex interaction has been found between RISP and car-

bamazepine; in fact, during co-administration of the two 
drugs, carbamazepine seems to reduce RISP and active moi-

ety levels because of its CYP2D6 induction, while RISP in-

creases carbamazepine plasma levels [44]. 

Methods of Analysis 

Since the “active moiety” during RISP therapy is the sum 

of RISP and its 9-hydroxy metabolite, almost all analytical 

methods developed for the therapeutic drug monitoring of 
this drug simultaneously determine the two active species. 

Several papers have been published on the determination of 

the active moiety' levels in the plasma of patients treated 
with RISP. 

Most of them proposed HPLC methods with UV or Di-

ode Array detection [55, 126-133]; other methods used elec-
trochemical detection [134-138] or mass spectrometry [139-

145]. For the sample pretreatment, most of methods used 

liquid-liquid extraction with organic solvents [127, 128, 130-
132, 134-138, 142, 144, 145]; a few of them used SPE pro-

cedure [55, 129] or deproteinization techniques [126, 143].  

ARIPIPRAZOLE 

Aripiprazole (7-[4-[4-(2,3-dichlorophenyl)-1-piperazinyl] 

butoxy]-3,4-dihydro- 2(1H)-quinolinone, ARP, Fig. (1d)) is 

an atypical antipsychotic drug approved by FDA at the end 
of 2002 [11] for the treatment of patients with schizophrenia 

or schizoaffective disorder. In 2004, it was approved as 

monotherapy for the treatment of manic and mixed episodes 
associated with Bipolar Disorder type I, with or without psy-

chotic features, in adults. In May of 2008 ARP obtained 

FDA approval also as an adjunctive therapy to either lithium 
or valproate for the acute treatment of manic and mixed epi-

sodes associated with Bipolar Disorder type I with or without 

psychotic features in adults [146], and also in adolescents 
and pediatric patients [147]. 

The drug is commercially available in tablets, orodis-
persible tablets (both containing 5, 10 or 15 mg of ARP) and 

as oral solution, containing 1 mg/mL of the drug. The daily 

dose ranges between 5 and 30 mg. The starting and target 
dose is 15 mg/day when the drug is used as monotherapy for 

the treatment of Bipolar Disorder type I in adults, and 30 mg 

is the maximum daily dose [148].  
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Mechanism of Action 

The mechanism of action of ARP is quite peculiar. It be-
haves as a partial agonist to both dopamine D2 and serotonin 
5-HT1A receptors. The anxiolytic properties of ARP could be 
explained by its partial agonistic activity on the 5-HT1A re-
ceptor [149]. More recently however, it has been suggested 
that ARP may act as a selective dopamine D2 partial agonist 
while its effect on serotonin receptors is questionable [150]. 
The partial agonist activity at the D2 receptor may explain its 
efficacy in the treatment of both, positive and negative 
symptoms of schizophrenia, and the very low incidence of 
extrapyramidal side effects [151, 152]. The stabilization of 
the dopamine receptors instead of their blockade has also 
been suggested as a mechanism of action [153]. 

Side Effects 

Overall ARP presents a positive safety and tolerability 
profile. It has a low potential for weight gain and metabolic 
disruption [154]. QTc prolongation and hyperprolactinemia 
are not frequent as well as extrapyramidal side effects [155, 
156]. The main side effects are represented by nausea, vom-
iting, light-headedness, somnolence, constipation and pos-
tural dizziness [44]. In particular, the risk for somnolence 
was evaluated higher when the drug is administered for the 
treatment of mania, rather than for schizophrenia [157]. 

Pharmacokinetics and Interactions 

Oral bioavailability of tablets is about 87% and the 
pharmacokinetics is linear. Steady-state is reached after 14 
days, albumin binding is high and maximum plasma levels 
occur after 3 hours, while the mean elimination half-life is 
about 75 hours [149]. Therapeutic steady-state plasma levels 
correspond to 80-450 ng/mL [11]. 

ARP is extensively metabolized by the liver by the 
CYP3A4 and CYP2D6 enzymes [158]. 

The main metabolic pathways are represented by dehy-
drogenation, hydroxylation and N-dealkylation, that take 
place in the liver due to the cytochrome P450 system 
(CYP3A4 and CYP2D6 enzymes), being dehydroaripipra-
zole the main active metabolite [152]. In particular, dehy-
droaripiprazole reaches plasma levels corresponding to about 
40% of the parent drug and has been shown to have affinities 
for D2 receptors similar to the parent drug [148]. 

The role played by CYP3A4 in the metabolism of 
aripiprazole is responsible for possible drug interactions. 

ARP dose should be increased when carbamazepine (a 
CYP3A4 inducer) is simultaneously administered. On the 
contrary, ARP dosage should be reduced if carbamazepine is 
suspended [159]. 

Methods of Analysis 

The analysis of ARP in biological fluids has been carried 
out mainly using HPLC coupled to different detectors. Mass 
spectrometry detection is often employed [160-163], while 
less frequent is the use of UV detection [164]. Gas-
chromatography coupled with mass spectrometry detection 
has also been employed for the determination of ARP to-
gether with its main metabolite in plasma samples obtained 
from psychiatric patients [165].  

The biological fluids most commonly analyzed are 
plasma or serum; few papers report the analysis of ARP to-
gether with the active metabolite dehydroaripiprazole [160, 
161, 165].  

The sample pre-treatment consists in liquid-liquid extrac-
tion [161, 162] or protein precipitation [160, 163], while a 
solid-phase extraction procedure was employed before gas-
chromatographic analysis [165]. An interesting method is the 
use of a column switching procedure for the direct pre-
treatment and analysis of serum samples [164]. 

Recently, two different methods, with a common pre-
treatment sample procedure based on solid-phase extraction 
with cyanopropyl cartridge, have been developed and ap-
plied to analysis of ARP in human plasma. One method is 
based on HPLC with diode-array detection, while the second 
one is based on capillary zone electrophoresis. Results ob-
tained with both methods are satisfactory for the analysis of 
ARP plasma levels [166].

LAMOTRIGINE 

Lamotrigine (6-(2,3-dichlorophenyl)-1,2,4-triazine-3,5-
diamine, LMT, Fig. (6a)) is an antiepileptic agent. It has 
been introduced in US since 1994 as adjunctive therapy for 
partial seizures, generalized seizures of the Lennox-Gastaut 
syndrome, and primary generalized tonic-clonic seizures in 
adult and pediatric patients ( 2 years of age) [167, 168]. If 
there is a need to switch from a single enzyme-inducing anti-
epileptic drug or from valproate [168] to LMT, the latter may 
provide a suitable monotherapy for the treatment of partial 
seizures in adult patients. In psychiatry, LMT is useful for its 
activating properties [169]. In June 2003, it was approved for 
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Fig. (6). Chemical structures of the antiepileptic agents lamotrigine (a), valproic acid (b) and oxcarbazepine (c).
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the maintenance treatment of adults with Bipolar Disorder 
type I to prevent recurrence of mood episodes. Moreover, 
current American Psychiatric Association practice guidelines 
for the treatment of bipolar disorder have included LMT as a 
first-line treatment option for bipolar depression, as well as 
an alternative to lithium or valproate in the acute treatment 
of rapid cycling bipolar disorder or in the maintenance 
treatment of bipolar disorder [170, 171]. 

LMT is usually administered per os as Lamictal
®

 tablets 
or chewable/dispersible tablets at daily doses ranging from 
25 to 700 mg (maximum dose is 200 mg if administered to-
gether with valproate) for the treatment of seizures. In the 
management of BD, a dose range of LMT between 25 and 
400 mg /day (maximum dose is 200 mg with valproate) is 
suggested [172]. 

Mechanism of Action 

LMT is chemically unrelated to existing antiepileptic 
drugs. The main mechanism of anticonvulsant effect in-
volves the blockade of voltage-dependent sodium channels, 
thereby stabilizing neuronal membranes and, consequently, 
modulating the release of excitatory neurotransmitters such 
as glutamate and aspartate [173]. The mechanisms by which 
LMT exerts its therapeutic action in BD have not been estab-
lished, but the reduction of the antiglutamatergic effect, due 
to neuronal voltage-dependent sodium and calcium channel 
blockade, seems to be related to its antidepressant effect 
[174]. 

Side Effects 

The most commonly observed adverse effects during 
LMT monotherapy are represented by dizziness, ataxia, 

somnolence, headache, double vision, blurred vision, nausea, 
vomiting and rash [172]. Clinical data suggest a higher inci-
dence of rash, including serious rash, in patients receiving 
concomitant treatment with valproate [175].  

Pharmacokinetics and Interactions 

LMT is rapidly and completely absorbed after oral ad-
ministration with negligible first-pass metabolism (absolute 
bioavailability is 98%). The LMT chewable/dispersible tab-
lets were found to be equivalent to LMT compressed tablets 
[168]. Peak plasma concentrations occur anywhere from 1.4 
to 4.8 hours and elimination half-life is about 30 hours [176]. 
Drug plasma levels at the steady state range from 1.02 to 
15.37 g/mL [177] with pronounced inter-individual vari-
ability [178]. LMT undergoes extensive metabolism, primar-
ily by glucuronidation, and its main inactive metabolite is 
lamotrigine 2-N-glucuronide [176]. The minor 2-N-methyl-
ated lamotrigine metabolite, whose formation is probably 
catalyzed by a methyltransferase, seems to cause dose-
dependent cardiovascular effects. These effects are not an-
ticipated in humans because only trace amounts of this me-
tabolite (< 0.6% of LMT dose) have been found in human 
urine [179].  

However, it is conceivable that plasma concentrations of 
this metabolite could be increased in patients with a reduced 
capacity to metabolize LMT (i.e., in patients with liver dis-
ease). A scheme of the main metabolic pathways for lamo-
trigine is reported in Fig. (7). 

Carbamazepine, phenytoin, phenobarbital and primidone 
have been shown to increase the apparent clearance of LMT, 
which on the contrary decreases with valproate. Valproate 
has been shown to double LMT’s elimination half-life [180]. 
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Fig. (7). Main metabolic pathways of lamotrigine. 



1474    Current Medicinal Chemistry,  2009 Vol. 16, No. 12 Musenga et al. 

Recent papers suggest that LMT plasma levels can be de-
creased by oral contraceptives [181, 182] as well as preg-
nancy [183, 184], with a consequent increased risk of sei-
zures. 

For these reasons, determination of plasma concentra-
tions of the drug and its metabolites seems to be necessary in 
patients at risk, such as the elderly or patients with renal in-
sufficiency or hepatic disease and in presence of some other 
co-medications. 

Methods of Analysis 

Few studies can be found in the literature regarding the 
determination of LMT as a single analyte or together with 
other drugs or its metabolites in biological fluids by means 
of HPLC with UV (or diode array) [107, 185-195], or mass 
spectrometry [196-198] detection and by means of gas-
chromatography (GC) [199-201] or capillary electrophoresis 
(CE) methods [202-205]. Only a few papers describe the 
determination of LMT and its metabolites in biological fluids 
by means of HPLC with DAD detection [195], electrokinetic 
chromatography (MEKC) [205], Automated Sequential 
Trace Enrichment of Dialysates HPLC [206] and HPLC 
mass spectrometry [196]. The pre-treatment of biological 
samples is usually carried out by means of deproteinization 
by solvents [186, 187, 196], liquid-liquid extraction [185], 
solid phase extraction (SPE) [188, 205] and solid phase mi-
cro-extraction (SPME) [200] procedures. Only one method 
[107] based on HPLC with coulometric and diode array de-
tectors allows for the simultaneous analysis of LMT and 
OLA in the same plasma sample of bipolar patients (see Fig. 
(5)).  

VALPROATE 

VPA (2-propyl-pentanoic acid, VPA, Fig. (6b)) is an or-
ganic solvent, whose anticonvulsant properties were seren-
dipitously discovered in 1962 while testing a series of drugs 
as potential anticonvulsants. The drug was later approved for 
the treatment of epilepsy in France in 1967 and, in 1983, in 
the USA; FDA approval of VPA for mania occurred in 1995. 
Finally, in 1996 VPA received FDA approval also for mi-
graine [207]. 

Regarding the treatment of BD, VPA is considered a 
front line therapy (alternative to lithium) for the treatment of 
acute mania, cyclothymia, mixed states and rapid cycling 
bipolar disorder [208]. 

VPA (Depakin
®

 and Depakin Chrono
®

) is administered 
in the form of sodium salt or valproic acid and hemisodium 
mixture; several different formulations are available on the 
market, including oral (long-release tablets, modified-release 
granulate, oral solution) and injectable formulations. 

The treatment of seizures usually starts at 600 mg/day 
dosage , then gradually increased to a daily dose correspond-
ing to 1-2 g, up to a maximum of 2.5 g daily [209]; for bipo-
lar disorder, VPA is used in doses ranging between 500 and 
3000 mg/day [210]. 

Mechanism of Action 

VPA presents anticonvulsant activity and this seems to 
be related to its efficacy in the treatment of bipolar disorder 

[211], the full mechanism involved in VPA action is how-
ever still unknown. 

VPA can decrease membrane excitability by interacting 
with ion channels. It is able to block voltage-dependent so-
dium channels [212]. However, these effects could not be 
observed in hippocampus slice models, hence, the effects of 
VPA are probably not due to effects on sodium channels in 
this tissue [213]. T-type Ca

2+
 channels may also be involved, 

as VPA can block these channels, thus reducing the T-type 
Ca

2+
 currents [214]. Another proposed mechanism involves 

the GABA system; VPA elevates whole brain GABA levels 
and potentiates GABA responses, probably by enhancing 
glutamic acid decarboxylase (which converts glutamic acid 
into GABA) and inhibiting GABA degradation [215]. Other 
possible mechanisms of action are reduced GABA release 
and attenuation of neuronal excitation induced by glutamate 
NMDA receptors [216]. It has been suggested that the regu-
lation of signaling pathways may play a role in the mecha-
nism of action of VPA as a mood-stabilizer in BD; in fact, it 
has been demonstrated that chronic administration of VPA 
determines a reduction of protein kinase C, but also a modu-
lation of several genes [217]. 

Most likely, the efficacy of VPA in epilepsy, migraine, 
and BD is due to a combination of the biochemical mecha-
nisms and its effects at a genomic level [218]. 

Side Effects 

The most common side effects of VPA are gastrointesti-
nal symptoms (nausea, vomiting, and heartburn) [209], while 
less frequent are dermatological effects (rash, alopecia) and 
neurological effects (drowsiness, irritability and ataxia) 
[219].  

Moreover, being a potent teratogen, VPA is associated 
with significantly increased risk of fetal abnormalities (in 
particular spina bifida aperta); this risk is reduced with lower 
doses and serum levels, as well as with monotherapy and 
supplementary folic acid [211].  

The most severe events occurring with VPA treatment, 
albeit extremely rare and idiosyncratic, are frequently fatal 
idiopathic hepatitis [220] and hemorrhagic pancreatitis [221, 
222].  

Pharmacokinetics and Interactions 

VPA presents good bioavailability after oral administra-
tion (between 96 and 100%) [211] and peak serum concen-
tration occurs approximately 1–3 h after administration 
[219]. Therapeutic plasma levels are usually reported in the 
50-100 g/mL range [223]. 

Protein binding is considerable; the free fraction of VPA 
in human plasma has been reported to be between 7% and 
37% [224]. 

Hepatic metabolism is relevant, mainly by glucuronida-
tion, but also by a variety of complex pathways, in particular 
by -oxidation [225]. It has been shown in animal models 
that several of the metabolites formed by -oxidation present 
anticonvulsant activity, even though most probably their 
pharmacological activity is limited due to their low brain 
concentrations [226]. Valproate inhibits the metabolism of 
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lamotrigine which may result in serious toxic reactions. In-
teractions with co-administered drugs are variable and un-
predictable, thus plasma monitoring becomes advisable, es-
pecially in case of polypharmacy. In any case, caution is 
recommended when administering VPA with other drugs 
such as warfarin or aspirin, which can interfere with blood 
clotting [209]. 

Methods of Analysis 

From an analytical point of view, the determination of 
VPA presents some difficulties, due to the fact that the mole-
cule neither significantly absorbs the UV light nor is fluores-
cent. For this reason, analysis is mainly carried out after a 
derivatization step, or using an indirect detection method. 

HPLC has been widely employed for VPA analysis in 
biological fluids, using MS [227, 228], fluorescence [229-
232] and UV [224, 233-235] detection or both diode-array 
and fluorescence detection [236]. As mentioned above, de-
rivatization prior to analysis is often employed in order to 
overcome detection problems [224, 227, 229-232, 235, 236]. 
The sample pre-treatment procedures often consist in liquid-
liquid extraction with organic solvents [227, 229, 230, 233], 
while one paper reports the use of a protein precipitation 
procedure with acetonitrile [235]; recently, a solid-phase 
extraction procedure using hydrophilic-lipophilic balance 
cartridges has been developed [228]. One recent paper de-
termines the VPA metabolite 2-propyl-4-pentenoic acid to-
gether with the parent compound in plasma samples obtained 
from patients [227]. Some papers also report the determina-
tion of the free fraction of the drug [224, 232, 236]. 

Capillary electrophoresis has also been employed for the 
analysis of VPA for therapeutic drug monitoring purposes. 
The lower sensitivity of capillary electrophoresis, compared 
to HPLC methodologies, does not represent a problem for 
the analysis of VPA, given that therapeutic plasma levels are 
in the g/mL range. Direct UV detection is not possible, 
therefore one paper reports a method based on contactless 
conductivity detection [237], while two other methods make 
use of indirect fluorescence [238] (even if the authors report 
that the application to serum samples was still problematic 
due to matrix interference) and UV [239] detection. In par-
ticular, this method [239] makes use of a benzoate buffer as 
the background electrolyte, containing cetyltrimethylammo-
nium bromide in order to obtain an anionic electro-osmotic 
flow and a faster (an electrophoretic run lasts 3 minutes) and 
efficient analysis, while the sensitivity obtained (limit of 
quantitation corresponding to 450 ng/mL) is appropriate for 
therapeutic drug monitoring. A representative electrophero-
gram is reported in Fig. (8). It corresponds to the analysis of 
a sample obtained from a patient treated with VPA (1g/day); 
VPA concentration reported corresponds to 48 g/mL.  

All the methods reported in literature make use of a sam-
ple pre-treatment procedure consisting in protein precipita-
tion with acetonitrile [237, 238] or methanol [239].  

Gas-chromatography has also been employed for VPA 
analysis. Different biological matrices have been examined, 
including plasma [240-243], serum [244], urine [245] and 
tears [246]. Derivatization is required in order to make VPA 
accessible to GC-analysis. An interesting recent paper re-

ports a sample pre-treatment consisting in a water-phase de-
rivatization step following a headspace solid-phase micro-
extraction (HS-SPME) procedure; analysis is then carried out 
by GC-MS [243].  

OXCARBAZEPINE  

Oxcarbazepine (10,11-dihydro-10-oxo-5H-dibenzo[b,f] 
azepine-5-carboxamide, OXCBZ, Fig. (6c)) is a relatively 
new drug which is used as an antiepileptic agent for the 
treatment of partial seizures and generalized tonic-clonic 
seizures [247, 248] as well as for bipolar affective disorders 
[249]. It is structurally related to well-established antiepilep-
tic drug carbamazepine (5H-dibenzo[b,f]azepine-5-carbo-
xamide) of which it is a keto-derivative [250] and shows a 
similar action.  

Oxcarbazepine is administered orally as coated tablets 
(Trileptal

®
, Tolep

®
 in Italy) containing 300-600 mg of the 

drug. The usual daily doses range from 300 to 2700 mg for 
the treatment of seizures [251] and 600-2400 for BD [252]. 

Mechanism of Action 

The exact mechanism of action of the active species of 
OXCBZ is currently unknown, especially for BD. However 
electrophysiological studies evidenced that it blocks voltage-
dependent sodium channels and consequently stabilizes ex-
citable membranes. In addition, increased potassium conduc-
tance and modulation of high-voltage activated calcium 
channels could contribute to the antiepileptic action [253, 
254]. 

Fig. (8). Electropherogram of a plasma sample from a patient 

treated with valproic acid (1 g/day). Electrophoretic conditions: 

uncoated fused silica capillaries (effective length: 8.5 cm); BGE 

composition: 15 mM benzoate buffer (pH 6.0), containing and 

CTAB (0.5 mM) and methanol (25%, v/v); capillary temperature: 

25°C; separation voltage: –30 kV; indirect UV detection: 210 ± 20 

nm. 



1476    Current Medicinal Chemistry,  2009 Vol. 16, No. 12 Musenga et al. 

Pharmacokinetics and Interactions 

OXCBZ is well absorbed from the gastrointestinal tract. 
It is reduced rapidly after oral absorption to its therapeuti-
cally active metabolite 10,11-dihydro-10-hydroxy-5H-dibenzo 
[b,f]azepine-5-carboxamide (CBZ-10OH, Fig. (7)) that ex-
hibits efficacy comparable to the parent drug [255, 256]. 

Oxcarbazepine plasma levels result in the hundreds of 
nanograms per milliliter range while its metabolite CBZ-
10OH plasma levels are in the tens of micrograms per milli-
liter range [257]. Consequently, CBZ-10OH represents the 
main active compound during chronic OXCBZ therapy. 

This metabolic pathway probably depends on a non-
inducible aldo-keto-reductase [258]. Approximately 40% of 
CBZ-10OH is bound to serum proteins, predominantly to 
albumin. OXCBZ and CBZ-10OH do not bind to 1-acid 
glycoprotein. CBZ-10OH is mainly eliminated into the urine 
after glucuronidation [259, 260]. Both OXCBZ and CBZ-
10OH showed anticonvulsant efficacy similar to carba-
mazepine in standard animal seizure models [261]. A small 
percentage of CBZ-10OH is metabolized to trans-10,11-
dihydro-10,11-dihydroxy-5H-dibenzo[b,f]azepine-5-carbox-
amide (CBZ-DiOH) which does not show pharmacological 
activity [262]. 3-hydroxycarbamazepine (CBZ-3OH) has 
also been reported to be a minor metabolite of oxcarbazepine 
[260]. A scheme of the main metabolic pathways for oxcar-
bazepine is reported in Fig. (9). 

Side Effects and Interactions 

Although OXCBZ is usually well tolerated, adverse ef-
fects are still possible during treatment [263, 264]; its phar-
maco-toxicological profile is not fully understood.  

OXCBZ is often used for patients who are intolerant to 
carbamazepine treatment, because it seems to be safer and 
less prone to cause severe side effects. In fact, although 
OXCBZ tends to cause clinical side effects similar to those 
of carbamazepine (such as diplopia, ataxia, somnolence, 
equilibrium impairment), their incidence and severity are 
reduced [265, 266]. Idiosyncratic reactions seem to be less 
common with OXCBZ than with carbamazepine [263].
Other most common side effects are dizziness, headache and 
abdominal complaints, whereas a more serious side effect is 
hyponatremia [267]. OXCBZ is relatively free of clinically 
relevant drug interactions [268], thus facilitating its use dur-
ing polypharmacy. Strong inducers of cytochrome P450 en-
zymes (i.e., carbamazepine, phenytoin and phenobarbital) 
have been shown to decrease the plasma levels of CBZ-
10OH (29%-40%) [269]. 

Methods of Analysis 

Several papers deal with the determination of OXCBZ 
and its metabolites or other CNS drugs in human plasma 
[270-283], saliva [284-286] and urine [287, 288] from epi-
leptic patients. Currently, HPLC with UV detector is much 
more widespread [271-276, 278, 280, 281, 283-288]; other 
papers used HPLC coupled with mass spectrometry [270] or 
diode array detection (DAD) [279, 282]. One paper demon-
strates the separation of OXCBZ and its metabolites from 
biological sample by means of capillary electrokinetic chro-
matography (MEKC) [289]. The pre-treatment of biological 

samples is usually carried out by means of solid phase ex-
traction (SPE) [274, 276, 278-280, 289], liquid-liquid extrac-
tion (LLE) [270, 271, 273] and deproteinization [272, 275, 
276, 284, 285] procedures. 

Recently, a fast and reliable method [290] has been de-
veloped for the simultaneous determination of OXCBZ to-
gether with its metabolites in plasma and saliva samples 
drawn from bipolar patients undergoing treatment with 
OXCBZ, using HPLC with a diode array detector. The sam-
ple pre-treatment consists in a novel micro-extraction by 
packed sorbent (MEPS) procedure. A representative chroma-
togram corresponding to the analysis of a plasma sample 
obtained from a bipolar patient treated with OXCBZ (900 
mg/day) together with lithium, duloxetine and lorazepam is 
reported in Fig. (10a), while a chromatogram corresponding 
to the analysis of a saliva sample obtained from the same 
bipolar patient is reported in Fig. (10b). Plasma and saliva 
levels found correspond to 14.0 g/mL and 12.0 g/mL for 
CBZ-10OH, 2.05 g/mL and 2.15 g/mL for CBZ-DiOH, 
0.158 g/mL and 0.109 g/mL for OXCBZ, respectively.  

Oxcarbazepine
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O

NH2O
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HO

NH2O

N

HO

NH2O
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carbamazepine
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Fig. (9). Main metabolic pathways of oxcarbazepine. 
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CONCLUDING REMARKS 

Bipolar patients usually require multiple classes of medi-
cations over the course of their lifetime and during any spe-
cific episode of the illness, because of the complex nature of 
BD symptoms. Atypical antipsychotics and antiepileptic 
agents, used as mood stabilizers, have substantially improved 
the treatment of bipolar disorders. In light of the increasing 
use of polypharmacy in the treatment of BD it is crucial to 
minimize the potential risk for drug interactions. Thus, it is 
important to carry out a reliable TDM of bipolar patients, in 
order to enhance their compliance to treatment and decrease 
the incidence of side effects and hospitalization. The present 
review focused on some atypical antipsychotic drugs and 
antiepileptic agents, which have been recently introduced in 
the treatment of bipolar disorder; usually, these drugs are 
administered in polypharmacy (together with Lithium and 
other drugs). Plasma concentration measurements of atypical 
antipsychotic drugs and antiepileptic agents could be carried 
out, especially when used at high dosage and in patients sub-
jected to polypharmacy. Daily dose, analytical methods and 
therapeutic level ranges have been reported for selected 
drugs for BD. 

Particular attention was given to the atypical antipsychot-
ics olanzapine and quetiapine, while, among the antiepileptic 
agents, we have presented lamotrigine and valproic acid, 
which have been successfully used as mood-stabilizers. 

Ongoing studies suggest the use of the atypical antipsy-
chotic risperidone and aripiprazole in short and long-
treatment of Bipolar Disorder. While risperidone is particu-
larly effective in acute mania, aripiprazole seems to be prom-

ising in long-term treatment, usually combined with lithium 
or anticonvulsants.  

Also the antiepileptic agent oxcarbazepine seems to be 
promising for the treatment of patients affected by bipolar 
disorder, especially in those patients with symptoms of anxi-
ety and irritability.  
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