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Antimanic and Mood-Stabilizing Medications

growing number of medications have established efficacy
or are in active development for the treatment of acute bi-
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A
polar mania or long-term mood stabilization.1 These compounds
are diverse in their chemical, pharmacokinetic, and pharmacody-
namic properties. These properties, in turn, have important clini-
cal implications regarding choice of agent, dosing, and drug-drug
interactions. The purpose of this review is to provide a summary
of the pharmacodynamics and pharmacokinetics (Table 1) of anti-
manic and mood-stabilizing agents relevant to clinical practice.

LITHIUM

Pharmacodynamics
Lithium is a simple monovalent cation. Lithium formulations

have been used in the treatment of acute bipolar mania and
in maintenance treatment for patients with bipolar disorder for
over 50 years.2 Lithium is indicated for the treatment of manic
episodes of bipolar disorder and as maintenance treatment. The
precise mechanism of action of lithium in the treatment of bipolar
disorder is unknown. The effects of lithium on depolarization-
provoked and calcium-dependent release of dopamine and nor-
epinephrine from nerve terminals in the central nervous system
(CNS),3 neuronal second messenger signaling pathways, CNS
cytoprotective proteins,4 and the distribution of Na+, Ca2+, and
Mg2+ across neuronal membranes all have been suggested to con-
tribute to its therapeutic effects.5

Pharmacokinetics
Lithium is available as lithium carbonate capsules and tablets,

in slow release tablets, and as lithium citrate syrup (8 mmol/
5 mL).6 Lithium is readily and nearly completely absorbed in the
gastrointestinal tract. Peak concentrations occur within 2 to 4
hours of administration of immediate release formulations. Slow
release formulations are associated with later and lower peak con-
centrations.6 Lithium is not metabolized; approximately 95% is
renally excreted. Renal excretion is biphasic, with rapid clearance
of up to two thirds of an acute dose within 6 to 12 hours followed
by a slower elimination over the next 12 hours.5 The overall elimi-
nation half-life is approximately 24 hours with a corresponding
time to steady-state concentrations of 4 to 5 days.

Hyponatremia, fluid volume depletion, and use with diuretics
or angiotensin converting enzyme (ACE) inhibitors may reduce
lithium renal clearance and lead to toxicity.7 Lithium has a low
therapeutic index, and toxicity is proportional to concentrations
just above the therapeutic range, although some patients may dis-
play signs of toxicity at the upper end of the therapeutic range.
Recommended target therapeutic plasma concentrations range
from 0.8 to 1.5 mmol/L for acute mania and from 0.6 to 1.2
mmol/L for maintenance therapy.5 Toxic reactions and common
lithium side effects have been summarized in many excellent re-
views.5,6 Lithium overdoses can be fatal; hemodialysis is the treat-
ment of choice for severe intoxication. Gastric lavage, correction
of fluid and electrolyte imbalances, and regulation of kidney
function are important interventions.7 Urea, mannitol, and amin-
ophylline all produce significant increases in lithium excretion.7

VALPROATE (DIVALPROEX SODIUM)

Pharmacodynamics
Divalproex sodium is indicated for the treatment of acute

manic episodes in patients with bipolar disorder, as mono-
therapy and adjunctive therapy in the treatment of patients with
complex partial seizures, simple and complex absence seizures,
adjunctively in patients with multiple seizure types that include
absence seizures, and for prophylaxis of migraine headaches.7
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Valproic acid is a simple branched-chain carboxylic acid.
Valproate inhibits pentylenetetrazol-induced and maximal elec-
troshock seizures in animals and suppresses secondarily general-
ized seizures without affecting focal activity in cortical cobalt-
and alumina-lesioned animals.8 Valproate also has antikindling
properties and neuroprotective effects similar to those of lithium;
these properties may be more directly relevant to the antimanic
and mood-stabilizing properties of valproate.4,8

Pharmacokinetics
Valproate is commercially available in the United States in

5 oral preparations: valproic acid, sodium valproate, divalproex
sodium, divalproex sodium sprinkle capsules, and divalproex
sodium extended-release tablets. Divalproex sodium, valproic
acid, and divalproex sodium extended release are not bio-
equivalent and, therefore, not interchangeable. Valproate is also
available intravenously and in suppository form for rectal ad-
ministration.7 In Europe, valpromide, the amide of valproic acid,
is available.

The bioavailability of valproate is nearly complete with all
formulations.9 Peak plasma concentrations are usually achieved
within 2 hours for valproic acid and sodium valproate oral for-
mulations; divalproex sprinkle has an earlier onset but slower
rate of absorption; divalproex and divalproex extended release
reach peak plasma concentrations within 3 to 8 hours. The dival-
proex extended-release formulation requires a 20% upward dos-
age adjustment for equivalence with the non–extended-release
formulation.7 Absorption can be delayed if the oral formulations

Table 1. Selected Pharmacokinetic Parameters of Antimanic and Mood-Stabilizing Agentsa

Medication Protein Binding (%) Metabolism Active Metabolites Mean Elimination Half-Life

Lithium 0 95% renal excretion None 24 h
Divalproex 70–95 β-oxidation Many 16 h

CYP450 system
Glucuronidation

Olanzapine 93 CYP1A2, 2D6 None 30 h (po)
Glucuronidation

Carbamazepine 75–90 Oxidation 10,11-Epoxide 18–55 h,
Hydroxylation then 2–17 h
Conjugation

Oxcarbazepine 40 Hydroxylation 10-Hydroxy OXC 2 h,
CYP450 system 10-OH 9 h

Clozapine 97 N-Oxidation Norclozapine 12 h
N-Demethylation
CYP1A2, 3A4, 2D6

Risperidone 90 Hydroxylation 9-Hydroxy RSP 3 h,
CYP2D6, 3A4 9-OH 20 h

Ziprasidone 99 Aldehyde oxidase None 7 h (po)
CYP3A4 2–4 h (IM)

Quetiapine 83 CYP3A4 sulfoxidation None 2–3 h
and oxidation

Lamotrigine 55 Glucuronidation None 13 h
CYP450 system

Topiramate 13–17 Hydroxylation None 21 h
Hydrolysis
Glucuronidation

 aAbbreviations: 9-OH = 9-hydroxy metabolite, 10-OH = 10-hydroxy metabolite, OXC = oxcarbazepine, RSP = risperidone.

are taken with food. Valproate is highly protein bound, primarily
to serum albumin. Only the unbound drug crosses the blood-
brain barrier and exerts pharmacologic activity. When protein
bound valproate is displaced by other drugs competing for bind-
ing sites, the total drug concentration may not change. However,
the amount of pharmacologically active drug does increase and
may produce signs and symptoms of toxicity. Furthermore,
when the plasma concentration of valproate increases with dos-
age titration, the amount of unbound valproate increases dispro-
portionately and is metabolized more rapidly, at times producing
lower-than-expected total plasma concentrations.9 Protein bind-
ing sites are usually saturated at plasma valproate concentrations
of approximately 45 to 55 µg/mL. Valproate protein binding is
increased by low-fat diets and decreased by high-fat diets.

Valproate is metabolized hepatically by 3 primary pathways
to a large number of metabolites that have pharmacologic activ-
ity. These 3 pathways are mitochondrial β-oxidation to 3-OH-
valproate, 3-oxo-valproate, and 2-en-valproate; cytochrome
P450 metabolism to the toxic 4-en- and 2,4-en-valproate me-
tabolites; and glucuronidation to a number of inactive metabo-
lites.9 The 2-en-valproate metabolite is pharmacologically active
and has a long half-life.10 The mean elimination half-life of val-
proate is approximately 16 hours, but can be altered by drugs
that affect its metabolic pathways. Mitochondrial β-oxidation
is the primary metabolic pathway, especially when valproate is
administered alone. However, when administered with other
agents that induce the P450 system, P450 metabolism is in-
creased, increasing the risk of adverse effects, including, very
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tions are bioequivalent. Olanzapine is well absorbed and reaches
peak plasma concentrations in approximately 6 hours after oral
dosing.17 It is extensively eliminated by first-pass metabolism
with approximately 40% of an oral dose metabolized before
reaching systemic circulation. Food does not affect the rate or
extent of olanzapine absorption.

Olanzapine exhibits linear kinetics over the clinical dosing
range (2.5–20 mg/day). Its mean elimination half-life is approxi-
mately 30 hours with steady-state concentrations occurring in
5 to 7 days. Olanzapine is extensively distributed throughout the
body and is 93% bound to plasma proteins, binding primarily to
albumin and α1-glycoprotein. Glucuronidation and P450 (1A2
and 2D6)–mediated oxidation are the primary metabolic path-
ways for olanzapine. CYP2D6 metabolism appears to be a minor
pathway because olanzapine’s clearance is not significantly
diminished in individuals lacking this enzyme.17 In pharma-
cokinetic studies, neither renal nor hepatic impairment had a
significant impact on olanzapine pharmacokinetics.7 The mean
elimination half-life in elderly patients is increased approxi-
mately 1.5-fold. Olanzapine clearance is increased by approxi-
mately 40% in smokers and decreased by approximately 30% in
women, although dosage adjustment in smokers or women is not
routinely recommended.7

Olanzapine has a comparatively wide therapeutic index, and
doses above 20 mg/day may be needed to achieve efficacy in
patients who have not responded but otherwise tolerate lower
doses. In premarketing trials involving over 3100 patients, over-
dose of olanzapine was identified in 67 patients. In the patient
taking the highest dosage, 300 mg, reported signs and symptoms
included drowsiness and slurred speech.17 In patients who were
evaluated in hospitals, there were no observations indicating an
adverse change in laboratory values or electrocardiogram. Acti-
vated charcoal binds to olanzapine in the gut and can signifi-
cantly reduce absorption of the drug as can use of a laxative.17

Appropriate supportive care is indicated. Rare cases of neuro-
leptic malignant syndrome have been reported.31

The pharmacokinetics of the intramuscular (IM) formulation
of olanzapine differ from those of the oral formulation primarily
in that the IM formulation has a more rapid rate of absorption.32

The Cmax of IM olanzapine is approximately 4 to 5 times greater
than with oral olanzapine. Time to peak concentration for IM
olanzapine ranges from 15 to 45 minutes compared with 3 to 6
hours for oral olanzapine.

CLOZAPINE

Pharmacodynamics
Clozapine is a dibenzodiazepine derivative and is indicated

for the management of severely ill patients with schizophrenia
who fail to respond adequately to standard antipsychotic agents.7

Although there are no double-blind, randomized, controlled
trials of clozapine in the treatment of acute mania, data from nu-
merous clinical reports suggest that clozapine has antimanic and
mood-stabilizing properties.33 Clozapine binds to dopamine
(D1–5) and serotonin receptors (5-HT1A/1C, 5-HT2A/2C, 5-HT3, and

rarely (but especially in children), hepatic necrosis.10 Valproate
formulations are not recommended for administration to patients
with clinically significant hepatic disease or dysfunction. Elderly
patients may be particularly susceptible to the sedative effects of
valproate. In addition to rare hepatotoxicity, valproate formula-
tions also received boxed warnings for teratogenicity and rare
cases of pancreatitis.7

Plasma concentration-response data from one large, random-
ized, acute treatment trial11 indicated a therapeutic range of 50 to
125 µg/mL, with increasing likelihood of response the higher the
plasma concentration within that range.12 One advantage of val-
proate in the treatment of acute mania rests with its ability to be
administered via rapid-loading strategies (e.g., 30 mg/kg/day for
2 days, followed by 20 mg/kg/day13,14 or 20 mg/kg/day at the ini-
tiation of treatment15,16) that achieve therapeutic plasma concen-
trations within 24 hours and may produce more rapid antimanic
activity. Compared with lithium, valproate has a wider therapeu-
tic index. Nevertheless, substantial overdose can produce toxicity
and death. Naloxone has been used to reverse CNS depressant
effects.17 Since the unbound fraction of valproate is high in over-
dose, hemodialysis or tandem hemodialysis and hemoperfusion
may remove significant amounts of the drug.17

OLANZAPINE

Pharmacodynamics
Olanzapine is a thienobenzodiazepine compound with a high

affinity for a number of serotonin (5-HT2A/2C, 5-HT3, and 5-HT6)
and dopamine (D1, D2, D3, and D4) receptors.18 Olanzapine also
binds with high affinity to histamine H1 and adrenergic α1 recep-
tors. Recent data suggest that it has weak postsynaptic muscarinic
M1 antagonism and that its presynaptic effects on M2 and sero-
tonin receptors actually enhance release of acetylcholine.19

Although the precise mechanism of olanzapine’s thymoleptic ac-
tivity is not known, it is likely that its D2 antagonist properties
correspond to antimanic activity and that its serotonergic proper-
ties confer antidepressant activity.20 Olanzapine’s effects on α1

receptors is associated with modest orthostatic changes, and its
effects on H1 receptors may contribute to sedation and appetite
stimulation.21 Olanzapine’s procholinergic properties may ex-
plain its beneficial effects on cognition.

Olanzapine is indicated for the treatment of acute bipolar ma-
nia. In randomized, controlled clinical trials, olanzapine was su-
perior to placebo22,23 and comparable to lithium,24 divalproex,25 and
haloperidol26 in the treatment of acute bipolar manic (and mixed)
episodes. In one trial,27 olanzapine was superior to divalproex. In
addition, the combination of olanzapine and fluoxetine was supe-
rior to either agent alone in patients with treatment-refractory non-
psychotic major depressive disorder.28 Olanzapine was also supe-
rior to haloperidol in alleviating depressive symptoms in patients
with schizophrenia and schizoaffective disorder.29,30

Pharmacokinetics
Olanzapine is available in tablets, rapidly disintegrating oral

tablets, and an intramuscular formulation.7 Both oral formula-
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5-HT6) with moderate-to-high affinity. It also has affinity for
α1- and α2-adrenergic, H1, and M1 receptors.34–38 As with olan-
zapine, D2 receptor antagonism may be one mechanism of
clozapine’s antimanic activity, and its serotonergic and α2-
adrenergic effects may confer antidepressant activity.20 Its α1

antagonism is associated with orthostatic effects, H1 antagonism
with sedative and appetite stimulating effects, and M1 antago-
nism with anticholinergic side effects.

Pharmacokinetics
Clozapine is well absorbed after oral administration with a

mean peak plasma concentration occurring 2.5 hours after dos-
ing following first-pass metabolism. Food does not appear to
affect absorption.17

The liver extensively metabolizes clozapine, mainly by
N-oxidation and N-demethylation.39 The systemic clearance of
clozapine is mediated primarily by metabolism through the
CYP1A2 enzyme. The major metabolite of clinical relevance is
N-desmethylclozapine (norclozapine).40 Norclozapine is a po-
tent 5-HT1C receptor antagonist and has similar affinities to D2

and 5-HT2 receptors as clozapine.41 In addition, norclozapine
was toxic to hematopoietic precursors at serum concentrations
only 3 to 6 times the normal concentration for clozapine.42 For-
tunately, most studies of clozapine pharmacokinetics found that
norclozapine concentrations were lower than clozapine concen-
trations.40 However, coadministered agents that induce CYP1A2
and 3A4 enzymes (e.g., carbamazepine or smoking) could ac-
celerate the conversion of clozapine to norclozapine and in-
crease the risk of hemotoxicity.39,40,43–45 Clozapine is also me-
tabolized by the CYP2D6 enzyme and can have its metabolism
inhibited by agents that are also metabolized by this isoenzyme
(e.g., fluoxetine, risperidone).40,45 The mean elimination half-
life of clozapine after a single dose was 8 hours, but increased to
12 hours at steady-state. Smoking had a greater effect on plasma
clozapine concentrations in men than in women.40 Women and
the elderly have a slower clearance of clozapine. Ethnicity
also exerts an important influence on clozapine metabolism.46,47

Clozapine is 97% protein bound, and interactions with other
protein-bound drugs may be clinically significant.

At steady-state, clozapine metabolism appears to follow lin-
ear kinetics. A significant correlation between  plasma clozapine
concentration and response has been reported in a number of
studies.48–54 A threshold plasma concentration ranging from
> 350 to 420 ng/mL was identified in these studies.

Clozapine has boxed warnings for agranulocytosis (necessi-
tating frequent white blood cell count monitoring), seizures, and
acute cardiac and respiratory events. Rare cases of neuroleptic
malignant syndrome have been reported.31 The most common
signs and symptoms of clozapine overdose were altered con-
sciousness, including drowsiness, delirium, and coma; tachycar-
dia; hypotension; respiratory depression or failure; and sialor-
rhea. Aspiration pneumonia, seizures, and cardiac arrhythmias
also have been reported. Fatal overdoses have been reported
with clozapine at doses > 2500 mg. However, some patients
have recovered from overdoses > 4000 mg.7

RISPERIDONE

Pharmacodynamics
Risperidone, a benzisoxazole derivative, is indicated for the

management of the manifestations of psychotic disorders. Data
from 2 randomized, controlled clinical trials suggest that risperi-
done has antimanic efficacy.55,56 In addition, risperidone was su-
perior to haloperidol in alleviating depressive symptoms in pa-
tients with schizoaffective disorder in a randomized, controlled
trial.57 Risperidone has high affinity for the D2, 5-HT2A/2C, α1- and
α2-adrenergic, and H1 receptors. It has low-to-moderate affinity
for 5-HT1C/1D and 5-HT1A receptors, weak affinity for D1 recep-
tors, and no significant affinity for M1 or β-adrenergic receptors.58

As with other atypicals, risperidone’s D2 receptor antagonism may
confer antimanic activity and its serotonergic effects, antidepres-
sant activity. In addition, α2 antagonism may also confer anti-
depressant activity.20 α1-Adrenergic antagonism is associated with
orthostatic changes and H1 antagonism with sedation and appe-
tite stimulation.

Pharmacokinetics
Risperidone is nearly completely absorbed following oral ad-

ministration. Approximately one third of risperidone is metabo-
lized via first-pass effect in the liver before reaching systemic cir-
culation. 9-OH-risperidone is the primary metabolite and is nearly
equipotent with risperidone as a 5-HT2 and D2 antagonist.40 Thus,
the absolute bioavailability of risperidone and 9-OH-risperidone
is combined to be nearly 100% after oral administration. Time to
peak plasma concentration ranged between means of 0.8 to 1.4
hours. Food has no effect on the absorption of risperidone.

Risperidone is cleared primarily by 9-hydroxylation via
CYP2D6 and 3A4 isoenzymes.40,58,59 9-OH-risperidone is cleared
primarily by renal excretion. In poor CYP2D6 metabolizers, the
mean elimination half-life of risperidone was approximately 19
hours compared with about 3 hours in extensive CYP2D6 me-
tabolizers.58 Mean half-life for 9-OH-risperidone was 19 to 23
hours. The combined elimination half-life of risperidone and the
9-OH metabolite was approximately 20 hours in both poor and
extensive metabolizers.58 Coadministration with medications
that compete for 2D6 metabolism can significantly increase ris-
peridone plasma concentrations. In contrast, risperidone and
9-OH-risperidone do not appear to significantly block the 2D6
metabolism of other agents. Time to steady-state for risperidone
ranged from 1 to 7 days, and 5 to 6 days for 9-OH-risperidone.40

Most studies have demonstrated linear kinetics for risperidone
and 9-OH-risperidone. Risperidone protein binding is approxi-
mately 90%; the 9-OH metabolite is approximately 77% protein
bound. Neither compound significantly displaces the other from
protein binding sites and other agents only weakly displace ris-
peridone and 9-OH-risperidone.58 Risperidone clearance is sig-
nificantly reduced in patients with renal or hepatic impairment
and in the elderly. Corresponding dosage adjustments are re-
quired for patients with these characteristics.

In premarketing studies, there were 8 reports of risperidone
overdose.7 Doses ranged from 20 to 300 mg with no fatalities.
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Reported signs and symptoms included drowsiness and seda-
tion, tachycardia and hypotension, and extrapyramidal symp-
toms. One case of overdose of approximately 240 mg was asso-
ciated with hypokalemia, hyponatremia, and QTc prolongation
and widened QRS. Another case of overdose of 36 mg was asso-
ciated with a seizure. Postmarketing reports have been consis-
tent with the signs and symptoms reported in clinical trials. Ap-
propriate supportive care is indicated for risperidone overdose.7

Like other atypicals, risperidone has been reported in associa-
tion with rare cases of neuroleptic malignant syndrome.31

ZIPRASIDONE

Pharmacodynamics
Ziprasidone is a benzothiazolylpiperazine indicated for

the treatment of psychosis. Ziprasidone has high affinity for
5-HT2A/2C, 5-HT1D, 5-HT7, and D2 receptors as an antagonist
and for 5-HT1A receptors as an agonist.60 Ziprasidone exhibits
modest antagonism of α1-adrenergic and H1 receptors and of the
serotonin and norepinephrine transporters.60 Ziprasidone’s D2

antagonism may confer antimanic properties as demonstrated to
date in one randomized, placebo-controlled trial.61 Its effects on
the 5-HT2, 5-HT1A, and 5-HT1D receptors and inhibition of sero-
tonin and norepinephrine reuptake suggest multiple antidepres-
sant actions.60 Ziprasidone’s antidepressant effects have been
demonstrated in patients with schizophrenia and schizoaffective
disorder.62–64 Ziprasidone’s α1 antagonism is associated with
modest orthostatic effects and H1 antagonism with sedation.
Ziprasidone was also associated with mean QTc prolongation of
6 to 10 msec in fixed-dose trials.65

Pharmacokinetics
The absorption of ziprasidone is substantially increased when

taken with food. Peak plasma concentrations occurred 6 to 8
hours postdose in multiple dosing studies.66 The mean elimina-
tion half-life was approximately 7 hours, and steady-state con-
centrations were achieved within 1 to 3 days with b.i.d. dosing.
Over the 40 to 160 mg/day therapeutic dosage range, ziprasidone
exhibited linear kinetics at steady-state.67 Age, gender, and mild-
to-moderate renal or hepatic impairment had no clinically sig-
nificant effects on ziprasidone metabolism.

Ziprasidone is highly protein bound (> 99%) and is ex-
tensively metabolized by the liver. The primary metabolic path-
way of ziprasidone is via aldehyde oxidase. Metabolism via
CYP3A4 is also an important secondary pathway. Ziprasidone’s
metabolites are not known to be clinically active.60 Ziprasidone
does not appear to significantly interfere with the metabolism of
other agents via interactions at the 3A4 or 2D6 isoenzymes.
Ketoconazole, a potent 3A4 inhibitor, increased peak-dose peak
plasma ziprasidone concentrations by up to 35%.68 Coadminis-
tration with carbamazepine produced 27% to 36% increases in
ziprasidone clearance.69 Since ziprasidone is not metabolized
by CYP1A2 (induced by smoking), smoking is unlikely to sig-
nificantly affect ziprasidone kinetics. In other studies, ziprasi-
done had no clinically significant interactions with lithium,

aluminum and magnesium antacids, and combination oral
contraceptives.60

An IM formulation of ziprasidone is in development and in-
tended for the management of acute agitation in patients with
psychosis. The formulation is completely bioavailable after ad-
ministration with an elimination half-life of 2 to 4 hours. In
single-dose pharmacokinetic studies, Cmax of ziprasidone 20 mg
IM was approximately comparable to 80 mg p.o. b.i.d., with peak
concentrations of the IM dose occurring within 1 hour of admin-
istration.70

QUETIAPINE

Pharmacodynamics
Quetiapine is a dibenzothiazepine derivative indicated for the

management of manifestations of psychotic disorders. There are
no data from randomized, controlled trials indicating efficacy of
quetiapine monotherapy in acute mania, although anecdotal evi-
dence suggests that it may have efficacy in reducing manic symp-
toms.71,72 Quetiapine was superior to placebo as combination
therapy with divalproex in the treatment of adolescents with acute
bipolar mania.73

Quetiapine has weak affinity for D2, D1, M1, and 5-HT1A re-
ceptors and modest affinity for H1, 5-HT2A/2C, and α1- and α2- re-
ceptors.74 Its D2 receptor antagonism may confer antimanic effects,
and its serotonergic and α2-adrenergic actions may confer antide-
pressant activity.20 Quetiapine’s α1 and H1 antagonism correlate
with orthostatic, sedative, and appetite-stimulating properties.

Pharmacokinetics
Quetiapine fumarate is rapidly absorbed after oral administra-

tion, reaching peak plasma concentrations in approximately 1.5
hours.74,75 The bioavailability of quetiapine is minimally affected
by administration with food, with increases in Cmax of 25%, and
area under the curve (AUC) of 15%. Quetiapine is 83% bound to
plasma proteins. In vitro studies did not demonstrate significant
protein binding displacement of warfarin or diazepam, nor did
these agents alter quetiapine binding.7

The liver extensively metabolizes quetiapine via CYP3A4
sulfoxidation and oxidation. Both metabolites are pharmacologi-
cally inactive. The mean elimination half-life is 2 to 3 hours.
Clearance of quetiapine was reduced by up to 40% in the el-
derly.74 Patients with renal impairment had a reduction in quetia-
pine clearance of 25% but without clinically significant eleva-
tions in plasma concentrations.74 In contrast, patients with hepatic
impairment had reductions in quetiapine clearance of 30% but
with clinically significant elevations in plasma concentrations.
Thus, dosage adjustment downward is recommended for patients
with hepatic impairment.7 Age, gender, ethnicity, and smoking
status have no significant effects on quetiapine pharmacokinetics.
Quetiapine kinetics in adolescents were dose proportional and
similar to those in adults.76

Quetiapine overdoses were reported in 6 cases during pre-
marketing trials with estimated doses ranging from 1200 to 9600
mg and no fatalities. Signs and symptoms of overdose included
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drowsiness, sedation, tachycardia, and hypotension. One case of
an overdose of 9600 mg was associated with hypokalemia and
first-degree heart block.7 As with other atypicals, rare cases of
neuroleptic malignant syndrome have been reported.31

CARBAMAZEPINE

Pharmacodymanics
Carbamazepine is an iminostilbene derivative with a tricyclic

structure similar to that of the tricyclic antidepressant imipra-
mine.9 Carbamazepine’s pharmacologic properties fall into 2
major areas: its effects on neuronal ion channels to retard high-
frequency repetitive firing of action potentials and its effects on
synaptic and postsynaptic transmission.9 Carbamazepine blocks
voltage-sensitive sodium channels and may also act on potas-
sium channels to increase potassium conductance. It also affects
a number of neurotransmitter systems implicated in the patho-
physiology of mood disorders. Specifically, carbamazepine
alters neurotransmission mediated by adenosine, dopamine, nor-
epinephrine, serotonin, acetylcholine, GABA, glutamate, sub-
stance P, and aspartate.9 To date, these mechanisms have not
been clearly linked to carbamazepine’s psychotropic effects.
Carbamazepine is indicated for the treatment of partial seizures
with complex symptomatology, generalized tonic-clonic sei-
zures, mixed seizure patterns, which include partial or general-
ized tonic-clonic seizures, absence seizures, and trigeminal neu-
ralgia.7 Carbamazepine has been efficacious in the treatment of
acute bipolar mania and depression and as maintenance therapy
in randomized, controlled trials.77

Pharmacokinetics
Carbamazepine solutions, suspensions, syrups, slow-release,

and chewable formulations are available.7 Slow-release formu-
lations appear to produce more stable plasma concentrations.9

The absorption of carbamazepine following oral administration
is often slow and erratic. Peak plasma concentrations are usually
reached 4 to 8 hours after ingestion with bioavailability of ap-
proximately 85%. Carbamazepine absorption may be slower in
the evening than in the morning. It is rapidly distributed to all
tissues, and 75% to 90% is protein bound, including proteins
other than albumin.9

Carbamazepine undergoes extensive hepatic metabolism pre-
dominantly by conversion to a 10,11-epoxide. This metabolite is
pharmacologically active and is associated with neurologic side
effects. Its plasma concentration may reach 50% of the parent
drug. The 10,11-epoxide, in turn, is metabolized further to inac-
tive compounds, primarily by glucuronidation.9 Conjugation and
hydroxylation also inactivate carbamazepine. The elimination
half-life ranges from 18 to 55 hours at the initiation of treatment,
but usually falls to 2 to 17 hours during sustained treatment be-
cause of metabolic autoinduction. Carbamazepine is a potent in-
ducer of the P450 system, and this induction can accelerate the
metabolism of coadministered agents.9 Recommended therapeu-
tic plasma concentrations for carbamazepine range from 3 to 14
µg/mL, but there has not been an established concentration-

response relationship within this range.78 Carbamazepine has a
narrow therapeutic index, and signs of toxicity (e.g., vertical nys-
tagmus, ataxia) can occur at the upper end of the therapeutic
range. Carbamazepine has boxed warnings of rare cases of aplas-
tic anemia and agranulocytosis.7 Severe dermatologic reactions
including toxic epidermal necrolysis (Lyell’s syndrome) and
Stevens-Johnson syndrome have been associated with carbamaze-
pine. These reactions have been very rare. Carbamazepine is also
teratogenic. Overdose with carbamazepine can be lethal. Acti-
vated charcoal can bind to carbamazepine remaining in the gut,
and laxatives can facilitate elimination.17 In cases of massive over-
dose, peak plasma concentrations may not occur for 2 to 3 days
after ingestion.9

OXCARBAZEPINE

Pharmacodynamics
Oxcarbazepine is the 10-keto analogue of carbamazepine.

It has similar efficacy to carbamazepine in suppressing gen-
eralized tonic-clonic seizures and partial seizures with and with-
out secondary generalization. Oxcarbazepine blocks voltage-
sensitive sodium channels, stabilizing hyperexcited neuronal
membranes, inhibiting repetitive firing, and decreasing the
propagation of synaptic impulses.17 It also increases potassium
conductance and modulates the activity of high-voltage calcium
channels. The relationship, if any, between these mechanisms
and the drug’s psychotropic effects is uncertain. Oxcarbazepine
is indicated for use as monotherapy or adjunctive therapy in the
treatment of partial seizures in adults with epilepsy and as ad-
junctive therapy in the treatment of partial seizures in children
with epilepsy aged 4 to 16 years.7 Like carbamazepine, oxcar-
bazepine may also be beneficial in the treatment of neuropathic
pain.9 Oxcarbazepine was comparable to haloperidol and lithium
in the treatment of acute bipolar mania in 2 small randomized,
controlled trials.79,80

Pharmacokinetics
Oxcarbazepine has a distinctly different pharmacokinetic pro-

file from carbamazepine. It is only a weak inducer of the P450
system and is not metabolized to an epoxide with neurologic side
effects. Oxcarbazepine is completely absorbed and rapidly and ex-
tensively converted to a 10-hydroxy metabolite that is active and
primarily responsible for the drug’s antiepileptic activity.9 Com-
pared with carbamazepine, oxcarbazepine appears to have fewer
drug-drug interactions and better overall tolerability. Nevertheless,
like carbamazepine, oxcarbazepine is also associated with neuro-
logic side effects, hyponatremia, and dermatologic reactions.7

The 10-hydroxy metabolite is approximately 40% protein
bound. The elimination half-life of the parent compound is 2
hours, and 9 hours for the 10-hydroxy compound. The half-life of
the 10-hydroxy metabolite is prolonged up to 19 hours in renally
impaired patients.17 The recommended dosage adjustment for pa-
tients with renal impairment is to initiate treatment at one half the
usual starting dose to subsequently titrate slowly. Time to peak
serum concentration is approximately 2 to 3 days.17
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No fatalities from oxcarbazepine overdose have been re-
ported. The maximum dose ingested among reported cases was
24,000 mg. All patients recovered with supportive and symp-
tomatic treatment.7

LAMOTRIGINE

Pharmacodynamics
Lamotrigine is an antiepileptic drug of the phenyltriazine

class. Its precise mechanism of action in epilepsy is unknown
as is its thymoleptic mechanism(s). In vitro pharmacology stud-
ies indicate that lamotrigine inhibits voltage-sensitive sodium
channels, thereby stabilizing neuronal membranes and modu-
lating the presynaptic release of excitatory amino acids (e.g.,
glutamate, aspartate).81 Lamotrigine also has weak affinity for
the 5-HT3 receptor. Data from randomized, controlled clinical
trials suggest that lamotrigine may have efficacy in the treat-
ment of bipolar depression and possibly as a maintenance
agent.82,83

Pharmacokinetics
Lamotrigine is available in tablet and chewable dispersable

tablet formulations. Lamotrigine is rapidly and completely ab-
sorbed after oral administration with little first-pass metabo-
lism. Its absorption is not affected by food. Peak plasma con-
centrations occur at a mean of 1.4 to 4.8 hours after oral
administration. Both formulations obey similar kinetics.84

Lamotrigine is approximately 55% bound to plasma proteins
and is not likely to interact significantly with other drugs with
high protein binding. It is metabolized primarily by glucuroni-
dation to an inactive 2-N-glucuronide conjugate.81 Although the
effects of lamotrigine on specific hepatic microsomal enzymes
have not been well established, lamotrigine can induce its own
metabolism. In multiple dose studies, the mean elimination
half-life of lamotrigine was 13 hours. The kinetics of lamotri-
gine appear to be linear at steady-state within a dose range of
100 to 700 mg/day.81 Lamotrigine clearance is significantly re-
duced in patients with hepatic or renal impairment. Age, gen-
der, and smoking status do not appear to significantly affect
lamotrigine pharmacokinetics. However, lamotrigine clearance
was 25% lower in nonwhites compared with whites.81 The most
significant factor affecting lamotrigine clearance is coadminis-
tration with other antiepileptics, valproate in particular. Valpro-
ate more than doubles the elimination half-life of lamotrigine.
Thus, if lamotrigine is administered with valproate, the lamotri-
gine dose must be lowered by half and the titration rate slowed.7

Lamotrigine has a boxed warning of serious rash which in-
cludes Stevens-Johnson syndrome.7 The estimated risk of such
rashes is approximately 1% in patients < 16 years old and 0.3%
in adults. In patients < 16 years old, lamotrigine is approved for
use only for those who have seizures associated with the
Lennox-Gastaut syndrome.7 The risk of rash may be increased
when lamotrigine is administered with valproate formulations,
at doses exceeding the initial dosage recommendations, and at
titration rates exceeding the recommended schedule. Most

cases of life-threatening rash have occurred within 2 to 8 weeks
of treatment initiation, although isolated cases have occurred af-
ter prolonged treatment. The appearance of rash is an indication
for immediate discontinuation of lamotrigine.7

Overdoses with lamotrigine up to 15 g have been reported
with some fatalities. Signs and symptoms of overdose included
ataxia, nystagmus, increased seizures (in patients with epilepsy),
delirium, coma, and intraventricular conduction delay.7 Appro-
priate supportive care is indicated. Up to 20% of lamotrigine may
be removable by hemodialysis.17

TOPIRAMATE

Pharmacodynamics
Topiramate is a sulfamate-substituted monosaccharide indi-

cated for adjunctive therapy for adults and pediatric patients aged
2 to 16 years with partial onset seizures or primary generalized
tonic-clonic seizures. Preliminary data suggest that topiramate
may have antimanic and mood-stabilizing properties, but these
observations require confirmation in randomized, controlled tri-
als.85,86 The precise antiepileptic and putative antimanic mecha-
nism(s) of action of topiramate is unknown. In vitro studies
indicate that topiramate blocks action potentials elicited by sus-
tained depolarization, suggesting a state-dependent blockade of
sodium channels; increases the frequency of γ-aminobutyric acid
(GABA) activation of GABAA receptors and enhances GABA-
induced chloride ion flux; antagonizes kainate/AMPA (α-amino-
3-hydroxy-5-methylisoxazole-4-propionic acid) subtype of glu-
tamate receptors; and inhibits carbonic anhydrase (CA-II and
CA-IV) isozymes.87

Topiramate blocks maximal electroshock seizures in rat and
mouse experiments. It is only weakly effective in blocking
pentylenetetrazol-induced clonic seizures. Topiramate exerts an-
ticonvulsant activity in tonic and absence-like seizure models of
epilepsy in rodents and clonic seizures induced by amygdala
kindling or global ischemia.87

Pharmacokinetics
Topiramate is available in tablets and sprinkle capsules. The 2

formulations are bioequivalent. Topiramate is rapidly absorbed
with peak plasma concentrations occurring approximately 2
hours after oral administration. The bioavailability of topiramate
is approximately 80% and is not affected by food.7

The pharmacokinetics of topiramate are linear over the dos-
age range of 200 to 800 mg/day. The mean plasma elimination
half-life is 21 hours, and steady-state is reached in about 4 to 5
days. Topiramate is weakly (13%–17%) bound to plasma proteins.
It is not extensively metabolized, and approximately 70% is elimi-
nated unchanged in urine. Six metabolites are formed from hy-
droxylation, glucuronidation, and hydrolysis.87 Topiramate under-
goes some renal reabsorption through renal tubules. The clearance
of topiramate was reduced by 42% in patients with moderate re-
nal impairment and by 54% in patients with severe renal impair-
ment. The use of half the usual dose is recommended in patients
with significant renal compromise.7 The clearance of topiramate
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in patients with hepatic impairment may also be decreased. Age,
gender, and ethnicity do not appear to affect topiramate clearance.

Topiramate is associated with a risk (approximately 1.5%) of
nephrolithiasis probably due to its carbonic anhydrase inhibition,
which increases urinary pH and decreases urinary citrate excretion.
Use of topiramate with other carbonic anhydrase inhibitors or in
patients on a ketogenic diet may further increase the risk of neph-
rolithiasis. Hydration is a recommended preventative measure.7

In topiramate overdose, gastric lavage or emesis is recom-
mended following recent ingestion. Topiramate can be removed
by hemodialysis. Appropriate supportive care is indicated.17

DISCUSSION

The pharmacodynamics of the medications reviewed differ
substantially. The pharmacologic mechanisms of action provide a
basis of understanding the common and rare side effects of these
medications as well as clues to their therapeutic actions. There are
important pharmacologic differences, even among the atypical
antipsychotic agents, that may affect their thymoleptic profiles.
Similar pronounced differences exist in the pharmaokinetics of
these agents. These differences are important to appreciate in day-
to-day prescribing and in the administration of these medications
in combination with other drugs.

Drug names: carbamazepine (Tegretol and others), clozapine (Clozaril and oth-
ers), diazepam (Valium and others), divalproex sodium (Depakote), fluoxetine
(Prozac and others), haloperidol (Haldol and others), lamotrigine (Lamictal), nal-
oxone (Narcan and others), olanzapine (Zyprexa), oxcarbazepine (Trileptal), que-
tiapine (Seroquel), risperidone (Risperdal), topiramate (Topamax), valproic acid
(Depakene), warfarin (Coumadin), ziprasidone (Geodon).

Disclosure of off-label usage: The authors of this article have determined that, to
the best of their knowledge, carbamazepine, clozapine, lamotrigine, oxcarbaze-
pine, quetiapine, risperidone, topiramate, and ziprasidone are not approved by the
U.S. Food and Drug Administration for the treatment of bipolar disorder.

REFERENCES

  1. McElroy SL, Keck PE Jr. Pharmacological agents for the treatment of acute
bipolar mania. Biol Psychiatry 2000;48:615–624

  2. Baldessarini RJ, Tondo L. Does lithium treatment still work? evidence of
stable response over three decades. Arch Gen Psychiatry 2000;57:187–190

  3. Baldessarini RJ, Vogt M. Release of 3H-dopamine and analogous mono-
amines from rat striatal tissue. Cell Mol Neurobiol 1988;8:205–216

  4. Chen G, Huang LD, Zeng WZ, et al. Mood stabilizers regulate cytoprotective
and mRNA-binding proteins in the brain: long-term effects on cell survival
and transcript stability. Int J Neuropsychopharmacol 2001;4:47–64

  5. Baldessarini RJ, Tarazi FI. Drugs and the treatment of psychiatric disorders:
psychosis and mania. In: Hardman JG, Limbird LE, eds. Goodman &
Gilman’s The Pharmacological Basis of Therapeutics. 10th ed. New York,
NY: McGraw Hill; 2001:485–520

  6. Jefferson JW, Greist JH, Ackerman DL. Lithium Encyclopedia for Clinical
Practice. Washington, DC: American Psychiatric Press; 1983

  7. Physicians’ Desk Reference. 55th ed. Montvale, NJ: Medical Economics;
2001

  8. Fariello R, Smith MC. Valproate: mechanisms of action. In: Levy RH,
Dreifuss RE, Mattson RH, et al, eds. Antiepileptic Drugs. 3rd ed. New York,
NY: Raven Press; 1989:567–575

  9. Keck PE Jr, McElroy SL. Antiepileptic drugs. In: Schatzberg AF, Nemeroff
CB, eds. American Psychiatric Association Textbook of Psychopharmacol-
ogy. 2nd ed. Washington, DC: American Psychiatric Press; 1998:431–454

10. Wilder BJ. Pharmacokinetics of valproate and carbamazepine. J Clin
Psychopharmacol 1992;12(1 suppl):64S–68S

11. Bowden CL, Brugger AM, Swann AC, et al. Efficacy of divalproex vs
lithium and placebo in the treatment of mania. JAMA 1994;271:918–924

12. Bowden CL, Janicak PG, Orsulak P, et al. Relation of serum valproate con-
centration to response in mania. Am J Psychiatry 1996;153:765–770

13. Martinez JM, Russell JM, Hirschfeld RMA. Tolerability of oral loading of
divalproex sodium in the treatment of acute mania. Depress Anxiety 1998;
7:83–86

14. Hirschfeld RMA, Allen MH, McEvoy J, et al. Safety and tolerability of oral
loading divalproex sodium in acutely manic bipolar patients. J Clin Psychi-
atry 1999;60:815–818

15. Keck PE Jr, McElroy SL, Tugrul KC, et al. Valproate oral loading in the
treatment of acute mania. J Clin Psychiatry 1993;54:305–308

16. McElroy SL, Keck PE Jr, Tugrul KC, et al. Valproate as a loading treatment
in acute mania. Neuropsychobiology 1993;27:146–149

17. Fuller MA, Sajatovic J. Drug Information for Mental Health. Cleveland,
Ohio: Lexi-Comp; 2001

18. Moore NA, Tye NC, Axton MS, et al. The behavioral pharmacology of
olanzapine, a novel “atypical” antipsychotic agent. J Pharmacol Exp Ther
1992;262:545–551

19. Shirazi S, Rodriguez D, Nomikos GG. Effects of typical and atypical anti-
psychotic drugs on acetylcholine release in the hippocampus. Soc Neuro-
science Abstr 2000;26:2144

20. Keck PE Jr, McElroy SL. Redefining mood stabilization. J Affect Disord.
In press

21. Keck PE Jr, McElroy SL. Olanzapine: a novel antipsychotic medication.
Todays Ther Trends 1996;14:63–78

22. Tohen M, Sanger TM, McElroy SL, et al. Olanzapine versus placebo in the
treatment of acute mania. Am J Psychiatry 1999;156:702–709

23. Tohen M, Jacobs TG, Grundy SL, et al. Efficacy of olanzapine in acute bi-
polar mania: a double-blind, placebo-controlled study. Arch Gen Psychi-
atry 2000;57:841–849

24. Berk M, Ichim L, Brook S. Olanzapine compared to lithium in mania: a
double-blind randomized controlled trial. Int Clin Psychopharmacol 1999;
14:339–343

25. Zajecka J. Divalproex versus olanzapine in the treatment of acute mania.
Presented at the 39th annual meeting of the American College of Neuro-
psychopharmacology; Dec 10–14, 2000; San Juan, Puerto Rico

26. Tohen MF, Zhang F, Feldman PD, et al. Olanzapine versus haloperidol
treatment of acute mania. In: New Research Abstracts of the 155th Annual
Meeting of the American Psychiatric Association; May 8, 2001; New
Orleans, La. Abstract NR387:105

27. Tohen M. A randomized controlled study of olanzapine versus divalproex
in acute bipolar mania. Presented at the 13th annual Congress of the Euro-
pean College of Neuropsychopharmacology; Sept 9–13, 2000; Munich,
Germany

28. Shelton RC, Tollefson GD, Tohen M, et al. A novel augmentation strategy
for treating resistant major depression. Am J Psychiatry 2001;158:131–134

29. Tollefson GD, Sanger TM, Beasley CM, et al. A double-blind, controlled
comparison of the novel antipsychotic olanzapine versus haloperidol or
placebo on anxious and depressive symptoms accompanying schizophre-
nia. Biol Psychiatry 1998;43:803–810

30. Tran PV, Tollefson GD, Sanger TM, et al. Olanzapine versus haloperidol in
the treatment of schizoaffective disorder: acute and long-term therapy. Br J
Psychiatry 1999;174:15–22

31. Caroff SN, Mann SC, Campbell EC. Atypical antipsychotics and neurolep-
tic malignant syndrome. Psychiatr Ann 2000;30:314–321

32. Wright P, Birkett M, David SR, et al. Double-blind, placebo-controlled
comparison of intramuscular olanzapine and intramuscular haloperidol in
the treatment of acute agitation in schizophrenia. Am J Psychiatry 2001;
158:1149–1151

33. Tohen M, Zarate CA Jr. Antipsychotic agents and bipolar disorder. J Clin
Psychiatry 1998;59(suppl 1):38–48

34. Jann MW, Grimsley SR, Gray EC, et al. Pharmacokinetics and pharmaco-
dynamics of clozapine. Clin Pharmacokinet 1993;24:161–176

35. Canton H, Verriele L, Colpaert FC. Binding of typical and atypical antipsy-
chotics to 5-HT1C and 5-HT2 sites: clozapine potently interacts with 5-HT1C

sites. Eur J Pharmacol 1990;191:93–96
36. Newman-Tancredi A, Chaput C, Verriele L, et al. Clozapine is a partial ago-

nist at cloned, human serotonin 5-HT1A receptors. Neuropharmacology
1996;35:119–121

37. Watling KJ, Beer MS, Stanton JA, et al. Interaction of the atypical neuro-
leptic clozapine with 5-HT3 receptors in the cerebral cortex and superior
cervical ganglion of the rat. Eur J Pharmacol 1990;182:465–472



© Copyright 2002 Physicians Postgraduate Press, Inc.

One personal copy may be printed

11J Clin Psychiatry 2002;63 (suppl 4)

Antimanic and Mood-Stabilizing Medications

38. Burnet PWJ, Chen SPL-H, McGowan S, et al. The effects of clozapine and
haloperidol on serotonin-1A, -2A, and -2C receptor gene expression and
serotonin metabolism in the rat forebrain. Neuroscience 1996;73:531–540

39. Fang J, Coutis RT, McKenna KF, et al. Elucidation of individual cyto-
chrome P450 enzymes involved in the metabolism of clozapine. Naunyn
Schmiedebergs Arch Pharmacol 1998;358:592–599

40. Byerly MJ, DeVane CL. Pharmacokinetics of clozapine and risperidone: a
review of recent literature. J Clin Psychopharmacol 1996;16:177–187

41. Kuoppamaki M, Syvalahti E, Hietala J. Clozapine and N-desmethylcloza-
pine are potent 5-HT1C receptor antagonists. Eur J Pharmacol 1993;245:
179–182

42. Gerson SL, Arce C, Meltzer HY. N-desmethylclozapine: a clozapine me-
tabolite that suppresses hematopoiesis. Br J Haematol 1994;86:555–561

43. Tugnait M, Hawes EM, McKay G, et al. Characterization of the human he-
patic cytochromes P450 involved in the in vitro oxidation of clozapine.
Chem Biol Interact 1999;118:171–189

44. Mauri MC, Rudelli R, Bravin S, et al. Clozapine metabolism rate as a pos-
sible index of drug-induced granulocytopenia. Psychopharmacology (Berl)
1998;137:341–344

45. Jerling M, Lindstrom L, Bondesson U, et al. Fluvoxamine inhibition and
carbamazepine induction of the metabolism of clozapine: evidence from a
therapeutic drug monitoring service. Ther Drug Monit 1994;16:368–374

46. Chang WH, Chein CP, Lin SK, et al. Elevated clozapine concentrations in
Chinese patients. Neuropsychopharmacology 1993;9:1175–1185

47. Chong SA, Remington G. Ethnicity and clozapine metabolism [letter]. Br J
Psychiatry 1998;172:97

48. Perry P, Miller D, Arndt S, et al. Clozapine and norclozapine plasma con-
centrations and clinical response of treatment-refractory schizophrenic pa-
tients. Am J Psychiatry 1991;148:231–235

49. Piscitelli SC, Frazier JA, McKenna K, et al. Plasma clozapine and halo-
peridol concentrations in adolescents with childhood-onset schizophrenia:
association with response. J Clin Psychiatry 1994;55(suppl B):94–97

50. Hasegawa M, Gutierrez-Esteinou R, Way L, et al. Relationship between
clinical efficacy and clozapine concentrations in plasma in schizophrenia:
effect of smoking. J Clin Psychopharmacol 1993;13:383–390

51. Miller DD, Fleming F, Holman TL, et al. Plasma clozapine concentrations
as a predictor of clinical response: a follow-up study. J Clin Psychiatry
1994;55(suppl B):117–121

52. Owen JA, Delva NJ, Lawson JS. Clozapine concentrations and clinical re-
sponse in schizophrenic patients. Am J Psychiatry 1992;149:1120–1121

53. Kronig MH, Munne RA, Szymanski S, et al. Plasma clozapine levels and
clinical response for treatment-refractory schizophrenic patients. Am J
Psychiatry 1995;152:179–182

54. Bennett JA, Keck PE Jr. A target dose finding study of clozapine in patients
with schizophrenia. Ann Clin Psychiatry 1996;8:19–21

55. Segal J, Berk M, Brook S. Risperidone compared with both lithium and
haloperidol in mania: a double-blind randomized controlled trial. Clin
Neuropharmacol 1998;28:176–180

56. Sachs GS. A randomized, placebo-controlled study of risperidone versus
haloperidol as adjunctive therapy in acute mania. Presented at the 38th
annual meeting of the American College of Neuropsychopharmacology;
Dec 13–17, 1999; Acapulco, Mexico

57. Janicak PG, Keck PE Jr, Davis JM, et al. A double-blind, randomized,
prospective evaluation of the efficacy and safety of risperidone versus
haloperidol in the treatment of schizoaffective disorder. J Clin Psycho-
pharmacol 2001;21:360–368

58. Heykants J, Huang M-L, Mannens G, et al. The pharmacokinetics of risper-
idone in humans: a summary. J Clin Psychiatry 1994;55(5, suppl):13–17

59. Fang J, Bourin M, Baker GB. Metabolism of risperidone to 9-
hydroxyrisperidone by human cytochromes P450 2D6 and 3A4. Naunyn
Schmiedebergs Arch Pharmacol 1999;359:147–151

60. Keck PE Jr, McElroy SL, Arnold LM. Ziprasidone: a new atypical anti-
psychotic. Expert Opin Pharmacother 2001;2:1033–1042

61. Keck PE Jr, Ice KN, and the Ziprasidone Study Group. Controlled treat-
ment trial of acute mania with ziprasidone. Presented at the 153rd annual
meeting of the American Psychiatric Association; May 13–18, 2000;
Chicago, Ill

62. Keck PE Jr, Reeves KR, Harrigan EP. A double blind, placebo-controlled
study of ziprasidone in the acute treatment of patients with schizoaffective
disorder. J Clin Psychopharmacol 2001;21:27–35

63. Keck PE Jr, Buffenstein A, Ferguson J, et al. Ziprasidone 40 mg and 120
mg/day in the acute exacerbation of schizophrenia and schizoaffective
disorder: a 4-week placebo-controlled trial. Psychopharmacology (Berl)

1998;140:173–178
64. Daniel DG, Zimbroff DL, Potkin SG, et al. Ziprasidone 80 mg/d and 160

mg/d in the acute exacerbation of schizophrenia and schizoaffective disor-
der: a 6-week placebo-controlled trial. Neuropsychopharmacology 1999;
20:491–505

65. Romano SJ. Cardiovascular safety profile of ziprasidone: review of clinical
development data. Presented at the 39th annual meeting of the American
College of Neuropsychopharmacology; Dec 13, 2000; San Juan, Puerto
Rico

66. Miceli JJ, Wilner KD, Hansen RA, et al. Single- and multiple-dose pharma-
cokinetics of ziprasidone under non-fasting conditions in healthy male
volunteers. Br J Clin Pharmacol 2000;49:5–15

67. Miceli JJ, Hunt T, Cole MJ, et al. The pharmacokinetics of CP-88,059 in
healthy male volunteers following oral and intravenous administration.
Clin Pharmacol Ther 1994;55:142–145

68. Miceli JJ, Smith M, Robarge L, et al. The effects of ketoconazole on zipra-
sidone pharmacokinetics: a placebo-controlled crossover study in healthy
volunteers. Br J Clin Pharmacol 2000;49(suppl 1):71S–76S

69. Miceli JJ, Anciano RJ, Robarge L, et al. The effect of carbamazepine on the
steady-state pharmacokinetics of ziprasidone in healthy volunteers. Br J
Clin Pharmacol 2000;49(suppl 1):65S–70S

70. Miceli JJ, Wilner KD, Tensfeldt TG. Pharmacokinetics of intramuscular
ziprasidone in healthy volunteers: results from 2 controlled studies. Pre-
sented at the 39th annual meeting of the American College of Neuro-
psychopharmacology; Dec 13, 2000; San Juan, Puerto Rico

71. Ghaemi SN, Katzow JJ. The use of quetiapine for treatment-resistant
bipolar disorder: a case series. Ann Clin Psychiatry 1999;11:137–140

72. Dunayevich E, Strakowski SM. Quetiapine for treatment-resistant mania
[letter]. Am J Psychiatry 2000;157:1341

73. DelBello MP, Schwiers ML, Rosenberg HL, et al. Quetiapine as adjunctive
treatment for adolescent mania. Presented at the 4th International Confer-
ence on Bipolar Disorder; June 14–16, 2001; Pittsburgh, Pa

74. Saller CF, Salama AI. Seroquel: biochemical profile of a potential atypical
antipsychotic. Psychopharmacology (Berl) 1993;112:285–292

75. Dev V, Raniwalla J. Quetiapine: a review of its safety in the management of
schizophrenia. Drug Saf 2000;23:295–307

76. McConville BJ, Arvanitis LA, Thyrum PT, et al. Pharmacokinetics, toler-
ability, and clinical effectiveness of quetiapine fumarate: an open-label trial
in adolescents with psychotic disorders. J Clin Psychiatry 2000;61:
252–260

77. Keck PE Jr, McElroy SL, Nemeroff CB. Anticonvulsants in the treatment
of bipolar disorder. J Neuropsychiatry Clin Neurosci 1992;4:395–405

78. Ketter TA, Frye MA, Cora-Locatelli G, et al. Metabolism and excretion of
mood stabilizers and new anticonvulsants. Cell Mol Neurobiol 1999;19:
511–532

79. Muller AA, Stoll K-D. Carbamazepine and oxcarbazepine in the treatment
of manic syndromes: studies in Germany. In: Emrich HM, Okuma T,
Muller AA, eds. Anticonvulsants in Affective Disorders. Amsterdam, the
Netherlands: Excerpta Medica; 1984:134–147

80. Emrich HM. Studies with oxcarbazepine (Trileptal) in acute mania. Int Clin
Psychopharmacol 1990;5(suppl):83–88

81. Leach MJ, Lees G, Riddall DR. Lamotrigine: mechanisms of action. In:
Levy RH, Mattson RH, Meldrum BS, eds. Antiepileptic Drugs. 4th ed.
New York, NY: Raven Press; 1995:861–869

82. Calabrese JR, Bowden CL, Sachs GS, et al. A double-blind, placebo-
controlled study of lamotrigine monotherapy in outpatients with bipolar I
depression. J Clin Psychiatry 1999;60:79–88

83. Calabrese JR, Suppes T, Bowden CL, et al. A double-blind, placebo-
controlled, prophylaxis study of lamotrigine in rapid-cycling bipolar disor-
der. J Clin Psychiatry 2000;61:841–850

84. Parsons DN, Dickins M, Morley TJ. Lamotrigine: absorption, distribution
and excretion. In: Levy RH, Mattson RH, Meldrum BS, eds. Antiepileptic
Drugs. 4th ed. New York, NY: Raven Press; 1995:877–881

85. Calabrese JR, Keck PE Jr, McElroy SL, et al. A pilot study of topiramate as
monotherapy in the treatment of acute mania. J Clin Psychopharmacol
2001;21:340–342

86. Calabrese JR. A double-blind, placebo-controlled trial of topiramate mono-
therapy in the treatment of acute mania. Presented at the 13th annual meet-
ing of the European College of Neuropsychopharmacology; Sept 2000;
Munich, Germany

87. Ben-Menachem E. Topiramate. In: Levy RH, Mattson RH, Meldrum BS,
eds. Antiepileptic Drugs. 4th ed. New York, NY: Raven Press; 1995:
1063–1070


	Table of Contents

