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Introduction
Bipolar affective disorder (BD) is a severe, cyclical mental disorder which is defined by an
abnormal elevation of mood and depression, interrupted by euthymic episodes. Both types of
episodes can last for weeks or even months (Belmaker 2007).
Episodes of mania are characterizing type I BD, whereas hypomanic episodes define type II
BD (American Psychiatry Association 1994). BD is among the 30 leading causes of global
burden of disease, according to the World Health Organisation (Haldane and Frangou 2004).
Its prevalence is 3% to 7% in the adult population in the United States (Angst 1998).
The basal ganglia region may be implicated in the pathophysiology of mood disorders.
Studies have reported functional abnormalities in this region in patients with bipolar disorder
(Cecil, DelBello et al. 2003;Chang, Adleman et al. 2003;Winsberg, Sachs et al. 2000).
Olanzapine is successfully used in the treatment of bipolar disorder. Although some details
are understood the mechanism of action of olanzapine in brain metabolism is unknown. The
aim of this study was to investigate the influence of olanzapine on the metabolism of Nacetylaspartate (NAA), creatine (Cr), choline (Cho), myoinositol (Ins), glutamate (Glu) and
glutamine (Gln) in the basal ganglia in bipolar patients in comparison with healthy volunteers,
using proton magnet resonance spectroscopy (1H-MRS).
Another aim was to find a specific signature of bipolar disorder.
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Zusammenfassung
Das atypische Neuroleptikum Olanzapin, dessen Wirkmechanismus auf das Gehirn noch nicht
vollkommen verstanden ist, wird erfolgreich zur Stimmungsstabilisierung bei manischdepressiv erkrankten Patienten eingesetzt. Ziel der Studie war es, den Einfluss von Olanzapin
auf die relativen Metabolitenkonzentrationen von N-acetylaspartat (NAA), Kreatin (Cr),
Cholin (Cho), Myoinositol (Ins), Glutamat (Glu) und Glutamin (Gln) bei manisch-depressiven
Patienten im Vergleich zu gesunden Kontrollen mit Hilfe der Magnetresonanzspektroskopie
(MRS) zu erforschen. Ein weiteres Ziel war eine spezifische Signatur der bipolaren Störung
im Gehirnmetabolismus zu finden. 22 Patienten mit diagnostizierter bipolarer Störung und 17
gesunde Kontrollen wurden im 1,5 Tesla SIEMENS MAGNETOM untersucht. Es wurden die
relativen Metabolitenkonzentrationen von NAA/Cr, Cho/Cr, Ins/Cr, Glu/Cr und (Glu+Gln)/Cr
gemessen. Die Spektren wurden mit LCModel ausgewertet. Es stellte sich heraus, dass für
NAA/Cr (p=0,032) und Cho/Cr (p=0,002) ein signifikanter Mittelwertunterschied zwischen
den Gruppen „Patienten mit Olanzapin“ und „gesunde Kontrollen“ besteht. Olanzapin scheint
keinen Einfluss auf die Ins/Cr-Ratio bzw. die (Glu+Gln)-Ratio zu haben. Bipolare Patienten
ohne Olanzapin und gesunde Kontrollen zeigten keine signifikanten Unterschiede in den
relativen Metabolitenkonzentrationen. Interessanterweise stellte sich heraus, dass die Cho/Crund (Glu+Gln)/Cr-Ratios zwar bei bipolaren Patienten geschlechtsabhängig sind, nicht jedoch
bei gesunden Kontrollen. Die Ins/Cr-Ratio korreliert sowohl bei Patienten als auch bei
gesunden Kontrollen positiv mit dem Alter. Unsere Ergebnisse könnten dazu beitragen, die
Wirkungsmechanismen von Olanzapin besser zu verstehen, da andere Studien von reduzierten
NAA/Cr-Ratios bei bipolaren Patienten berichten. Die Geschlechtsabhängigkeit der relativen
Metabolitenkonzentrationen bei bipolaren Patienten könnte auf eine geschlechtsspezifische
Pathophysiologie und/oder Kompensation hinweisen. Weitere Studien mit größeren
Kollektiven sollten durchgeführt werden, vorzugsweise am 3 Tesla MR.
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Abstract
Olanzapine, a neuroleptic, is successfully used as a mood stabilizer. Although some details
are understood the mechanism of action of olanzapine in brain metabolism is mostly
unknown. The aim of this study was to investigate the influence of olanzapine on the
metabolism of N-acetylaspartate (NAA), creatine (Cr), choline (Cho), myoinositol (Ins),
glutamate (Glu) and glutamine (Gln) in the basal ganglia in bipolar patients in comparison
with healthy volunteers, using proton magnetic resonance spectroscopy. Another aim is to
find a specific signature of bipolar disorder. 22 in-patients with DSM-IV-TR diagnosed
bipolar disorder and 17 healthy controls were scanned in a 1,5 Tesla SIEMENS
MAGNETOM. We looked for alterations in the metabolite ratios of NAA/Cr, Cho/Cr, Ins/Cr,
Glu/Cr and (Glu+Gln)/Cr. The acquired spectra were analyzed using LCModel by Steven
Provencher. There was a significant mean difference in the NAA/Cr (p=0,032) - and the
Cho/Cr (p=0,002) ratios between the groups “patients with olanzapine” and “healthy
controls”. There seems to be no influence of olanzapine on Ins/Cr and (Glu+Gln)/Cr ratios.
Bipolar patients without olanzapine and healthy subjects had no significant difference in the
relative metabolite concentrations. Cho/Cr and (Glu+Gln)/Cr concentrations were
significantly different for male and female bipolar patients, but not for male and female
healthy controls. Ins/Cr was positively correlated with age both in bipolar patients and healthy
controls. According to our findings olanzapine seems to increase NAA/Cr and Cho/Cr ratios
in bipolar patients compared to healthy controls. This could contribute to understand the
mechanism of action as other studies report decreased NAA/Cr ratios in bipolar patients.
Gender-dependent relative metabolite levels in bipolar patients might be an evidence for sexdependent differences in pathophysiology and/or compensation. Further studies with larger
samples should be performed to examine whether there is difference between untreated
bipolar patients and healthy subjects, preferred on a 3 Tesla scanner to get a better spectral
resolution.
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Background
Bipolar affective disorder
Definition
It is a severe, cyclical mental disorder which is defined by an abnormal elevation of mood and
depression, interrupted by euthymic episodes. Episodes of mania are characterizing Type I
BD, whereas hypomanic episodes define type 2 BD (Diagnostic and Statistical Manual of
Mental Disorders IV (DSM IV), APA, 1994).

Epidemiology
Bipolar affective disorder (BD) is among the 30 leading causes of global burden of disease,
according to the World Health Organisation (Haldane and Frangou 2004b). Its prevalence is
3% to 7% in the adult population in the United States (Angst 1998a;Kessler, Chiu et al. 2005).
The life time prevalence is approximately 1% (Bland 1997). The time of onset is often in the
adolescent years or young adult life (Akiskal, Bourgeois et al. 2000). Bipolar disorder I is
equally common in women and men, while bipolar disorder II is more common in women
than in men (Pini, Cassano et al. 1997). A study reports that one out of three primary
depressive patients belonged to the bipolar spectrum (Cassano, Akiskal et al. 1989). Bipolar
patients show a high level of functional impairment and comorbidity (Lewinsohn, Klein et al.
1995). In bipolar disorder II the rates of family dysfunction, separation or divorce is higher
than in bipolar disorders I or unipolar disorders (Coryell, Endicott et al. 1985).

Aetiology
Bipolar affective disorder is a multifactorial illness. It tends to run in families (Mortensen Pb
and Pedersen CB 2003). Studies with identical twins show that both genes and environmental
factors play a role in the development of bipolar disorder (Bertelsen, Harvald et al.
1977;Kendler, Pedersen et al. 1995). Supporting this theory findings from gene research show
that bipolar disorder doesn’t occur because of a single gene (Hyman 1999). Structural
neuroimaging studies show a larger third ventricle and a smaller cerebellum in bipolar
disorder (Soares and Mann 1997a). The risk of bipolar disorder is increased in the relatives of
schizoaffective probands (Gershon, Hamovit et al. 1982).
1

Pathophysiology
At the moment pathophysiological hypotheses are categorized in three groups:
1) presynaptic (electrical signalling), 2) parasynaptic (neurotransmitter, first messenger) and
3) postsynaptic (second and third messenger) (Askland and Parsons 2006).
Nishina, Kato et al. (1999) report that NAA is synthesised in mitochondria and that synthesis
is reduced by mitochondrial respiratory chain inhibitors. Stork and Renshaw (2005a) postulate
an integrative hypothesis which combines impaired oxidative phosphorylation, a resultant
shift toward glycolytic energy production, a decrease in total energy production and/or
substrate availability, and an altered phospholipids metabolism in bipolar disorder.
According to recent re-investigations NAA is expressed in mature oligodentrozytes and can
enter into an intra-compartimental cycling between neurons and oligodentrozytes (YildizYesiloglu and Ankerst 2006j). This mobility indicates, according to Baslow (2000), an
essential component of neuron-glia signalling. Baslow (2000) postulates that this way of
signalling is used by the neurons to request metabolic support, insulation and nutrition.
Alterations in NAA levels may consequently lead to a lack of metabolic support, insulation
and nutrition and this could lead to destruction of the nervous system (Baslow 2000d).
Increased Cho levels are reported in neuronal degenerative diseases such as Alzheimer’s
disease (Meyerhoff, MacKay et al. 1994), Huntington’s disease (Jenkins, Koroshetz et al.
1993) and in active plaques in multiple sclerosis (Kato, Inubushi et al. 1998a). Winsberg,
Sachs et al. (2000b) and Rajkowska, Halaris et al. (2001a) suggest that increased Cho and
decreased NAA levels may be an indicator of active neurodegeneration associated with
increased membrane turnover.
In post-mortem studies a 41 percent decrease of glial cells in subgenual prefrontal cortex of
bipolar patients with a positive family history for mood disorders was reported (Ongur,
Drevets et al. 1998a). Furthermore a significant reduction of neuronal density was observed in
the dorsolateral prefrontal cortex (Rajkowska, Halaris et al. 2001b), hippocampal CA2 sector
(Benes, Kwok et al. 1998) and anterior cingular cortex (Cotter, Mackay et al. 2002).
Yildiz-Yesiloglu and Ankerst (2006i) say that given the fact that both in the developing and
the mature brain, neuronal activity is dependent upon properly functioning glia, these
alterations may represent an underlying glial defect, which leads to a malfunctioning of glia
providing a defective support and/or signalling environment for neurons, and thus provokes a
neurodegenerative process in bipolar disorder. Some studies report structural and functional
abnormalities in the orbitofrontal cortex (OFC) in mood disorders (Soares and Mann
1997b;Steffens and Krishnan 1998). Studies concerning the role of biogenic monoamines and
2

amino acid systems (glutamate and GABA) (Anguelova, Benkelfat et al. 2003a;Anguelova,
Benkelfat et al. 2003b;Mahmood and Silverstone 2001), studies concerning the role of
polymorphism of tryptophan hydroxylase gene (TPH) and serotonin transporter gene 5HTTLPR (Bellivier, Henry et al. 1998;Serretti, Lilli et al. 2002) are still inconsistent.

Symptoms
The manic episode is defined in the Diagnostic and Statistical Manual of Mental Disorders,
4th Edition, Text Revision (DSM-IV-TR; APA, 2000) as:
x

Persistently elevated, expansive or irritable mood, lasting at least one week

x

Inflated self-esteem

x

Decreased need for sleep

x

Overtalkativeness

x

Distractibility

x

Racing thoughts

x

Impulsivity

The depressive episode is characterized by:
x

Pervasively depressed mood or loss of interests for at least 2 weeks

x

Weight loss or gain

x

Appetite disturbance

x

Insomnia or hypersomnia

x

Psychomotor agitation or retartation

x

Fatigue

x

Inability to concentrate

x

Indecisiveness

x

Recurrent thoughts of death

Evans (2000) reports that up to 40% of patients with bipolar disorder have mixed episodes
where both mania and depression occur at the same time. Data suggest that up to 72% of
atypical depression may be bipolar disorder II (Perugi, Akiskal et al. 1998).
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Treatment
For the treatment of bipolar disorder there are two major references: Guidelines published by
the Texas Consensus Conference Panel which offers algorithms to “provide a systematic
guidance and structure to the array of potential treatment options” (Suppes, Dennehy et al.
2002) and guidelines published by the World Association of Biological Psychiatry (Grunze,
Kasper et al. 2003). Adjunctive cognitive therapy (Lam, Hayward et al. 2005) and
psychoeducation (Colom, Vieta et al. 2003) are effective in relapse prevention. Fluoxetine is
effective in short term therapy (Amsterdam, Garcia-Espana et al. 1998) and venlafaxine
showed efficacy in a 6-week study (Amsterdam and Garcia-Espana 2000). Bipolar patients
who discontinued antidepressant therapy and were treated with mood stabilisers only had an
higher risk for depressive relapse than patients with a continuous therapy (Altshuler, Suppes
et al. 2003). Mania can be inducted by antidepressants from all classes (Berk and Dodd 2005),
whereas the risk of induction is lower in bipolar II than bipolar I disorders (Sachs, Lafer et al.
1994). Tricyclis seem to have a higher risk of induction than serotonin specific re-uptake
inhibitors (SSRIs) (Peet 1994). Some studies report that antidepressants may, after years of
treatment, worsen mood and induce mixed states and rapid cycling (Benazzi 1997;El-Mallakh
and Karippot 2002). In a study with a duration of 2,5 years patients with bipolar disorder I
had a better response to lithium as mood stabilizer, patients with bipolar disorder II had a
better response to carbamazepine (Greil, Kleindienst et al. 1998;Greil and Kleindienst 1999).
Lithium seems to decrease the suicide risk significantly (Baldessarini, Tondo et al. 1999).

Prognosis
Bipolar disorder with early onset is correlated to an increase in severity, family history, poorer
treatment response and poorer prognosis (Engstrom, Brandstrom et al. 2003). Recent findings
suggest that disability and poor outcome are prevalent. While syndromal recovery from manic
and depressive periods is achieved in 90%, full recovery is rare and often accompanied by
residual symptoms of fluctuating severity and functional impairment (Huxley and
Baldessarini 2007). Substantial suicide risk is an important clinical feature (Vieta, Benabarre
et al. 1997) and may be particularly related to the mixed phase of the illness (Tondo,
Baldessarini et al. 1999). In up to 50% substance abuse occurs, mostly with alcohol (Feinman
and Dunner 1996). Bipolar patients show on average a less favourable prognosis than patients
with major depression (Kessing 1998).

4

Metabolites
Proton magnetic resonance spectroscopy is supposed to be a powerful technique for in-vivo
analysis of brain metabolism. It is a non-invasive, operator independent, selective, continuous
method which allows looking at several metabolites at the same time. It has been used among
others to study Alzheimer’s disease (Jessen, Block et al. 2000;Shonk, Moats et al. 1995),
multiple sclerosis (Kapeller, McLean et al. 2001), malignant tumor (Shino, Nakasu et al.
1999) and herpes simplex encephalitis (Menon, Sargentoni et al. 1990).
In the past studies have shown alterations in the brain metabolism in different neuropsychiatric disorders (Stanley 2002a).

N-Acetyl-L-aspartate
N-Acetyl-L-aspartate (NAA) is the main peak in proton magnetic resonance spectroscopy and
is synthesized from acetyl-coenzyme A and aspartate, primarily in neurons, by the
mitochondrial enzyme L-aspartate-N-acetyltransferase (Baslow 2000b). The NAA-resonance
is composed predominantly of NAA but also contains smaller contributions of Nacetylaspartylglutamate (NAAG) (Moore GJ and Galloway MP 2002). NAA is mainly
synthesized in neurons, where it is concentrated in the cytosol (Tsai and Coyle 1995a). NAA
works as an acetyl group donor in the de novo synthesis of neuronal membrane phospholipids
synthesis (Tsai and Coyle 1995b).
NAA is considered to be a putative neuronal marker and may be involved in the formation
and maintenance of myelin (Stanley 2002b). It is an essential component of neuron-glia
signalling (Baslow 2000a). A glial defect is postulated to be crucial in the pathophysiology of
bipolar disorder (Yildiz-Yesiloglu and Ankerst 2006h).
NAA seems to be important in myelination and neuronal survival during neurodevelopment,
suggesting that NAA is a useful marker for neuronal integrity (Tsai and Coyle 1995c).
In the cerebellar vermis of children with mood disorders and at familial risk for bipolar
disorder decreased NAA levels were found (Cecil, DelBello et al. 2003a). Furthermore a
decreased NAA level was found in patients with fully developed bipolar disorder (Winsberg,
Sachs et al. 2000a). Bipolar subjects had lower NAA/Cr ratios in the right dorsolateral
prefrontal cortex (Chang, Adleman et al. 2003b).
A negative correlation between NAA levels in right hippocampus and illness duration has
been reported (Deicken, Pegues et al. 2003). Post mortem studies of adults with bipolar
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disorder have shown a reduction in neuronal and glial density in DLPFC (dorsolateral
prefrontal cortex) (Gallelli, Wagner et al. 2005a).
Previous research suggests that decreased NAA levels in bipolar disorder may be a result of a
neurodegenerative process (Gallelli, Wagner et al. 2005b).
There seems to be no correlation between severity of depression in bipolar disorder and NAA
levels (Franqou S, Lewis M et al. 2006).
Abnormalities of NAA levels have also been found in white matter diseases, such as multiple
sclerosis (Narayana, Wolinsky et al. 2004).
Chronic treatment with lithium increases the NAA level significantly (Silverstone, Wu et al.
2003). Frontal NAA has been shown to increase after 4 weeks of olanzapine treatment
(DelBello, Cecil et al. 2006b).
An integrative hypothesis proposes an involvement of impaired oxidative phosphorylation, a
resultant shift to glycolytic energy production, a decrease in total energy production and/or
substrate availability and an altered phospholipids metabolism (Stork and Renshaw 2005b).
Indeed, there is a body of evidence that suggests that the DLPFC is a region probably
involved in the pathophysiology of bipolar disease and this assumption is consistent with
clinical symptoms of maniac patients, as the prefrontal cortex is believed to modulate volition,
motivation and mood regulation (Frey, Folgierini et al. 2005b).
Significantly decreased concentrations of NAA in chronically stressed animals and reversal of
that decrease upon treatment with antidepressants are reported (van der Hart, Czeh et al.
2002).

Summing up, N-Acetyl-L-aspartate (NAA) may be
- a putative marker for neuronal integrity
- involved in the formation and maintenance of myelin
- important for the myelination and neuronal survival during neurodevelopment
- an essential component of neuron-glia signalling
- reduced in patients with fully developed bipolar disorder
- increased in bipolar patients chronically treated with lithium
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Choline
Choline resonance consists predominately of phosphorylcholine (PC) and glycerolphosphorylcholine (GPC). Therefore choline is considered as a potential biomarker for the
status of membrane phospholipids metabolism (Moore GJ and Galloway MP 2002).
Immobile, membrane bound choline compounds are generally considered to be invisible for
MRS. Pathologies marked by membrane breakdown liberate bound choline moieties into the
free choline pool, that may explain the increase of choline levels in neurodegenerative states
(Moore GJ and Galloway MP 2002). Manic adolescents treated with olanzapine had an
increase in medial and right lateral ventral prefrontal Cho/Cr ratio, that may indicate an
alteration in cell membrane metabolism or second messenger pathways that might be involved
in the pathophysiology of bipolar disorder (DelBello, Cecil et al. 2006a).
Existing data over 25 studies on 366 adult bipolar and 393 control subjects, although
inconsistent, may suggest higher Cho/Cr ratios in the basal ganglia of euthymic bipolar
patients (Yildiz-Yesiloglu and Ankerst 2006g). A positive correlation between depression
scores and Cho levels in the anterior cingular cortex (ACC) has been reported (Moore, Breeze
et al. 2000). Age was directly correlated with Cho in healthy controls but not in bipolar
patients (Brambilla, Stanley et al. 2005).

Summing up, choline (Cho) may be

-

a potential biomarker for the status of membrane phospholipids metabolism

-

increased in maniac patients treated with olanzapine

-

increased in the basal ganglia of euthymic bipolar patients

-

positively correlated with depression scores

-

directly correlated with the age of healthy controls, but not with the age of
bipolar patients
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Creatine
The creatine peak contains both creatine and phosphocreatine, and as creatine is a substrate of
creatine kinase, measures of creatine reflect energy metabolism status (Kato, Inubushi et al.
1998b).

Myoinositol
Myoinositol is a sugar involved in the regulation of neuronal osmolarity, the metabolism of
membrane bound phospholipids, and in the phosphoinositide secondary messenger pathway
(Yildiz-Yesiloglu and Ankerst 2006f).
It is suggested that myoinositol may be associated with psychiatric disorders such as bipolar
disorder (Gould, Quiroz et al. 2004). Bipolar depressed patients showed in several studies a
reduction in myoinositol concentrations (Kim, McGrath et al. 2005c). Findings in manic or
hypomanic patients suggest that there may be increased myoinositol concentrations, possibly
normalizing with treatment, whereas euthymic bipolar patients show normal myoinositol
concentrations (Kim, McGrath et al. 2005b).
Frey BN et al. (2005) report an increased myoinositol ratio in the DLPFC in bipolar patients
during acute mania. The metabolite myoinositol seems to be increased both in euthymic and
manic bipolar children (Yildiz-Yesiloglu and Ankerst 2006e).
The alterations in the myoinositol ratios may indicate a dysfunction in the phosphoinositidesignalling pathway (Frey, Folgierini et al. 2005a).

Summing up, myoinositol (Ins) may be
-

decreased in depressed bipolar patients

-

increased in hypomanic or manic bipolar patients

-

normal in euthymic bipolar patients

Glutamate and glutamine
Several studies report that abnormally high glutamate (Glu) levels appear in neurodegenerative conditions due to acute events, such as stroke, traumatic brain injury or bacterial
meningitis (Castillo, Davalos et al. 1996b;Johnston, Jeon et al. 2001a;Johnston, Trescher et al.
2001a). Glu and Gln levels in adult bipolar patients were higher in all mood states compared
to controls (Yildiz-Yesiloglu and Ankerst 2006d). This might be a sign of neurodegeneration.
8

Olanzapine
The following information was taken from the package insert of Zyprexa (Eli Lilly and
Company 2006).

Description
“Olanzapine is a psychotropic agent that belongs to the thienobenzodiazepine class. The
chemical designation is 2-methyl-4-(4-methyl-1-piperazinyl)-10H-thieno[2,3-b]
[1,5]benzodiazepine.
The molecular formula is C H N S, which corresponds to a molecular weight of 312.44.
17
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4

Fig. 1: Figure 1 shows the chemical structure of olanzapine (Eli Lilly and Company 2006)

Olanzapine is a yellow crystalline solid, which is practically insoluble in water. Each tablet
contains olanzapine equivalent to 2.5 mg (8 μmol), 5 mg (16 μmol), 7.5 mg (24 μmol), 10 mg
(32 μmol), 15 mg (48 μmol), or 20 mg (64 μmol). Inactive ingredients are carnauba wax,
crospovidone, hydroxypropyl cellulose, hypromellose, lactose, magnesium stearate,
microcrystalline cellulose, and other inactive ingredients. The colour coating contains
Titanium Dioxide (all strengths), FD&C Blue No. 2 Aluminum Lake (15 mg), or Synthetic
Red Iron Oxide (20 mg). The 2.5, 5, 7.5, and 10 mg tablets are imprinted with edible ink
which contains FD&C Blue No. 2 Aluminum Lake.”
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Clinical pharmacology

Pharmacodynamics

“Olanzapine is a selective monoaminergic antagonist with high affinity binding to the
following receptors: serotonin 5HT

2A/2C

D

1-4

, 5HT , (K =4, 11, and 5 nM, respectively), dopamine
6

i

(K =11-31 nM), histamine H (K =7 nM), and adrenergic Į receptors (K =19 nM).
i

1

i

1

i

Olanzapine is an antagonist with moderate affinity binding for serotonin 5HT (K =57 nM)
3

and muscarinic M

1-5

i

(K =73, 96, 132, 32, and 48 nM, respectively). Olanzapine binds weakly
i

to GABA , BZD, and ȕ adrenergic receptors (K >10 μM).
A

i

The mechanism of action of olanzapine, as with other drugs having efficacy in schizophrenia,
is unknown. However, it has been proposed that this drug’s efficacy in schizophrenia is
mediated through a combination of dopamine and serotonin type 2 (5HT ) antagonism. The
2

mechanism of action of olanzapine in the treatment of acute manic episodes associated with
Bipolar I Disorder is unknown.
Antagonism at receptors other than dopamine and 5HT may explain some of the other
2

therapeutic and side effects of olanzapine. Olanzapine’s antagonism of muscarinic M

1-5

receptors may explain its anticholinergic-like effects. Olanzapine’s antagonism of histamine
H receptors may explain the somnolence observed with this drug. Olanzapine’s antagonism
1

of adrenergic Į receptors may explain the orthostatic hypotension observed with this drug.”
1

Pharmacokinetics

“Olanzapine, orally administrated, is well absorbed and reaches peak concentrations in
approximately 6 hours following an oral dose. It is eliminated extensively by first pass
metabolism, with approximately 40% of the dose metabolized before reaching the systemic
circulation. Food does not affect the rate or extent of olanzapine absorption. Pharmacokinetic
studies showed that ZYPREXA tablets and ZYPREXA ZYDIS (olanzapine orally
disintegrating tablets) dosage forms of olanzapine are bioequivalent.
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Olanzapine displays linear kinetics over the clinical dosing range. Its half-life ranges from 21
to 54 hours (5th to 95th percentile; mean of 30 hr), and apparent plasma clearance ranges
from 12 to 47 L/hr (5th to 95th percentile; mean of 25 L/hr).
Administration of olanzapine once daily leads to steady-state concentrations in about one
week that are approximately twice the concentrations after single doses. Plasma
concentrations, half-life, and clearance of olanzapine may vary between individuals on the
basis of smoking status, gender, and age
Olanzapine is extensively distributed throughout the body, with a volume of distribution of
approximately 1000 L. It is 93% bound to plasma proteins over the concentration range of 7
to 1100 ng/mL, binding primarily to albumin and Į -acid glycoprotein.
1

14

Following a single oral dose of C labelled olanzapine, 7% of the dose of olanzapine was
recovered in the urine as unchanged drug, indicating that olanzapine is highly metabolized.
Approximately 57% and 30% of the dose was recovered in the urine and faeces, respectively.
In the plasma, olanzapine accounted for only 12% of the AUC for total radioactivity,
indicating significant exposure to metabolites. After multiple dosing, the major circulating
metabolites were the 10-N-glucuronide, present at steady state at 44% of the concentration of
olanzapine, and 4´-N-desmethyl olanzapine, present at steady state at 31% of the
concentration of olanzapine. Both metabolites lack pharmacological activity at the
concentrations observed.
Direct glucuronidation and cytochrome P450 (CYP) mediated oxidation are the primary
metabolic pathways for olanzapine. In vitro studies suggest that CYPs 1A2 and 2D6, and the
flavin-containing monooxygenase system are involved in olanzapine oxidation. CYP2D6
mediated oxidation appears to be a minor metabolic pathway in vivo, because the clearance of
olanzapine is not reduced in subjects who are deficient in this enzyme.”
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Previous experiences

The clinical effectiveness of olanzapine was tested in several studies. Tohen, Sanger et al.
(1999a) report that olanzapine is superior to placebo (49 vs. 24% responder) in the treatment
of mania, in another study Tohen et al. (2000) report that olanzapine has more responder than
placebo (64 to 43%) in the treatment of mania (Tohen, Jacobs et al. 2000b). Berk (1999)
compared olanzapine with lithium and found that both are equal in the treatment of mania
(Berk, Ichim et al. 1999). Tohen et al. (2002) found that olanzapine is superior than valporat
in the treatment of mania (Tohen, Chengappa et al. 2002a). Zajecka et al. (2002) suggest that
olanzapine and valproat are equal in the treatment of mania (Zajecka, Weisler et al. 2002a),
Tohen et al. (2003) found that olanzapine and haloperidol are equal in the treatment of mania
(Tohen, Goldberg et al. 2003a). Mehehan et al. (2001) compared olanzapine, lorazepam and
placebo and found that olanzapine is superior than lorazepam or placebo in the treatment of
mania (Meehan, Zhang et al. 2001b). Tohen et al. (2003) postulates that olanzapine and
olanzapine + fluoxetin is superior to placebo in bipolar depression (Tohen, Vieta et al.
2003b).
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Material and methods
Subjects
Twenty two patients with bipolar disorder and 17 healthy controls were recruited from
University Clinic Graz. After obtaining oral and written consent semi-structured interviews
were conducted. We used the Hamilton Depression Scale (HDS) and the Young Manic Rating
Scale (YMRS) to evaluate the patients. Subjects were evaluated by trained master-level
research assistants. Inter-rater-reliability was obtained by rating videotaped interviews and
observing trained rater interviews. All subjects had normal physical examination results and
no history of neurological problems.
To be included in the study patients (age: mean = 44,81 years; SD = 13,41 years) could be
male or female aged between 20 and 60. Each subject met criteria of bipolar disorder as
defined in DSM-IV-TR. The subject had olanzapine as treatment or they were
pharmacologically untreated. Patients with other medication used in bipolar therapy, highly
manic patients (because of severe movement), and patients with co-morbid psychiatric
diagnoses were excluded from the study.

For inclusion in the control group (age: mean = 38,45 years; SD = 13,94 years), healthy
volunteers did not have psychiatric diagnoses. Volunteers taking any kind of psychiatric
medication were excluded from the study.

The study was approved by the Ethics Committee of the Medical University of Graz and was
conducted in accordance with the Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. After complete description of
the study written informed consent was obtained both from patients and healthy volunteers.
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Characteristics

Age (years)
Gender, male
HDS
YMRS
Manic episode
Depressed episode

Bipolar patients
with olanzapine
(n=12)
44,81 ± 13,41
7
12,6 ± 7,63
(range 5-23)
10 ± 2,82
(range 8 - 12)
3
9

Bipolar patients
without olanzapine
(n=10)
43,55 ± 14,94
2
17 ± 3,46
(range 15 - 21)
12 ± 1,41
(range 11 - 13)
2
8

Healthy subjects
(n= 17)
38,45 ± 13,94
8
N/A
N/A
N/A
N/A

Table 1: Comparative demographic and diagnostic characteristics of patients with bipolar disorder and healthy
subjects.

Fig. 2: Figure 2 shows the smallest non-outlier observation, lower quartile (Q1), median, upper quartile (Q3),
and largest non-outlier observation of the age at scan of controls (0) and patients (1).
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MRI/1H-MRS spectroscopy procedures
In vivo 1H-MRS was conducted on a Siemens MAGNETOM Symphony whole body scanner
at field strength of 1,5 T. In order to localize the voxel a set of transversal and coronal scans
were performed. Nineteen transversal images were obtained using a turbo spin echo (TSE)
sequence (TR= 3320 ms, TE= 13 ms, flip angle = 150 deg, FOV = 20 cm, slice thickness = 3
mm, base resolution = 256, phase resolution = 90 %). Nineteen coronal images were obtained
using a T2-wheigthed turbo spin echo (TSE) sequence (TR= 5180 ms, TE= 98 ms,
flip angle = 150 deg, FOV = 21 cm, slice thickness = 5 mm, base resolution = 384, phase
resolution = 80 %).
Water suppressed spectra were acquired by a single voxel (30x20x14 mm) with a spin echo
(SE) sequence (TE =30 ms, TR = 1500 ms, bandwidth = 1000 Hz, averages = 162,
vector size = 1024, acquisition time = 1024 ms) located in left caudate nucleus and putamen,
which were identified on the set of transversal and coronal MR images using standard
anatomical atlases. Automated optimization of gradient shimming, transmitter pulse power
and water suppression was used. Additionally the T2*-time was optimised by manual
shimming.

The following relative metabolites concentrations were evaluated in all spectra:
-

N-acetylaspartate (NAA)

-

Creatine (Cr)

-

Choline (Cho)

-

Myoinositol (Ins)

-

Glutamate (Glu)

-

Glutamate and glutamine (Glu+Gln)
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Fig. 3: Figure 3 shows the 1H-MRS volume of interest in the left putamen and caudate nucleus. The white box
represents the location of the volume of interest (30x20x14 mm) in the sagittal (red), coronal (green) and
transversal (blue) layer.

Fig. 4: Figure 4 shows a sample spectrum gained at the Siemens MAGNETOM 1,5 Tesla scanner.
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LCModel
The raw spectra such as in figure 4 were analyzed using the software LCModel, a program for
the automatic quantification of proton spectra, which uses a linear combination model that
yields concentrations for NAA, Cho, Cr, Ins, Glu and Glu+Gln (Provencher 1993). The basis
set used for this study included among others N-acetylaspartate, creatine, choline,
myoinositol, glutamine and glutamate.
Metabolite concentrations were calculated as a ratio of Cr. The in vivo proton detectable Cr
peak consists of creatine and phosphocreatine and remains approximately constant under
different metabolic conditions (Huppi, Fusch et al. 1995).

Fig. 5: Figure 5 shows the control-file of LCModel, that is used for quantification of the raw spectra.

Deltat is the time between two consecutive real points; it is also called sample time or dwell
time and is calculated as the reciprocal of the bandwidth. Echot describes the echo time used
in the acquisition sequence. Fcalib is a calibration factor used for the correction of differences
between the basis set and the acquired data. Filbas fixes the directory where the basis set is
found. Filps is the directory where the result file in postscript format is saved. Filraw tells
LCModel where to find the RAW-files from the scanner. Hzpppm describes the field strength
in terms of the proton resonance frequency in MHz. Key shows the license key for our copy of
LCModel. Nunfil determines the number of complex pairs of data points in one scan. Owner
describes the holder of the software license. Ppmend determines the lower limit of the ppmrange; i.e., the right edge of the analysis window. Ppmst determines the upper limit of the
ppm-range, i.e. the left edge of the analysis window. Title contains the labeling of the output
file. Doecc indicates whether the eddy-current correction is enabled (doecc=T) or disabled
(doecc=F). Filh2o tells LCModel where to find the RAW-files without water suppression
from the scanner (Provencher Stephen 2005).
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Fig. 6: Figure 6 shows the 1H-MRS spectra from putamen and caudate nucleus computed by LCModel.
Chemical shifts are indicated in parts per million (ppm).

In order to ensure reliability we decided to use only relative metabolite concentrations with
standard deviations smaller than 15%. These concentrations are marked in blue. Another
marker for the quality of the spectrum is the signal-to-noise ratio (SNR) found in the field
“miscellaneous output”.

Fig. 7: Figure 7 shows the distribution of the signal-to-noise ratio of our analyzed data.
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Statistical analysis
Statistical analysis was performed using SPSS 14.0 for Windows (SPSS, Chicago). ANOVA
was used to compare relative metabolite concentrations between groups and Pearson’s
correlation coefficients were used to examine the effects of age and specific clinical variables
on the metabolite concentrations. To ensure normal distribution, which is essential for
applying ANOVA, we used the Kolmogorov-Smirnov test. Post-hoc-tests were performed
using Scheffé. Results were considered significant for p<0,05.

Kolmogorov-Smirnov test
At first the relative metabolite concentrations of each group were analyzed with the onesample Kolmogorov-Smirnov Test which compares an observed cumulative distribution
function to a theoretical cumulative distribution. The theoretical distribution can be i.e.
normal, uniform or Poisson. We were interested whether the distribution of the data is normal
or not as this is a precondition in order to apply ANOVA. Large significance values (p>0,05)
indicate that the observed distribution corresponds to the theoretical distribution.
All relative metabolite concentrations have normal distribution (see tables below).
One-Sample Kolmogorov-Smirnov Test PATIENTS WITHOUT OLANZAPINE
NAA/Cr
N
Normal Parameters(a,b)
Most Extreme
Differences

Cho/Cr
8

InsCr
8

GluCr

Glu+Gln

7

6

7

Mean

1,18338

,23188

,60629

1,08450

1,87486

Std. Deviation

,117841

,035922

,110069

,145433

,258100

,187

,238

,229

,268

,148

Absolute
Positive

,187

,238

,168

,268

,117

Negative

-,132

-,158

-,229

-,136

-,148

Kolmogorov-Smirnov Z

,530

,673

,606

,657

,392

Asymp. Sig. (2-tailed)

,941

,756

,856

,780

,998

a Test distribution is Normal.
b Calculated from data.

Table 2: One-Sample Kolmogorov-Smirnov Test for patients without olanzapine
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One-Sample Kolmogorov-Smirnov Test PATIENTS WITH OLANZAPINE
NAA/Cr
12

N

Cho/Cr
11

InsCr

GluCr

Glu+Gln

6

4

6

Mean

1,28567

,25864

,52183

1,03175

1,91933

Std. Deviation

,183635

,055421

,134104

,082026

,411774

Absolute

,191

,128

,283

,230

,270

Positive

,138

,126

,283

,193

,270

Negative

-,191

-,128

-,190

-,230

-,162

Kolmogorov-Smirnov Z

,662

,426

,693

,460

,662

Asymp. Sig. (2-tailed)

,774

,993

,723

,984

,773

Normal Parameters(a,b)
Most Extreme
Differences

a Test distribution is Normal.
b Calculated from data.

Table 3: One-Sample Kolmogorov-Smirnov Test for patients with olanzapine

One-Sample Kolmogorov-Smirnov Test HEALTHY CONTROLS
NAA/Cr
N
Normal Parameters(a,b)
Most Extreme
Differences

Cho/Cr

InsCr

GluCr

Glu+Gln

17

17

16

13

13

Mean

1,13206

,20053

,52448

,98777

1,67354

Std. Deviation

,129372

,024408

,168691

,166692

,422342

Absolute

,107

,134

,221

,146

,134

Positive

,107

,084

,123

,146

,134

Negative

-,099

-,134

-,221

-,123

-,090

Kolmogorov-Smirnov Z

,442

,552

,885

,528

,482

Asymp. Sig. (2-tailed)

,990

,921

,414

,943

,974

a Test distribution is Normal.
b Calculated from data.

Table 4: One-Sample Kolmogorov-Smirnov Test for healthy controls

The age difference is not significant (p=0,191).
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Hypotheses
Before data analysis started the following hypotheses were postulated:
Hypothesis 1: Bipolar patients without olanzapine have different levels of NAA/Cr,
choline/Cr, myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr than healthy controls.

Hypothesis 2: Bipolar patients with olanzapine have different levels of NAA/Cr, choline/Cr,
myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr than healthy controls.

Hypothesis 3: Bipolar patients without olanzapine have different levels of NAA/Cr,
choline/Cr, myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr than bipolar patients
treated with olanzapine.

Hypothesis 4: Manic bipolar patients have different levels of NAA/Cr, choline/Cr,
myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr than depressive bipolar patients.

Hypothesis 5: Female and male healthy controls have different levels of NAA/Cr, choline/Cr,
myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr ratios.

Hypothesis 6: Female and male bipolar patients have different levels of NAA/Cr, choline/Cr,
myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr ratios.

Hypothesis 7: There is a correlation between the HDS score and the levels of NAA/Cr,
choline/Cr, myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr in depressed bipolar
patients.

Hypothesis 8: There is a correlation between the YMRS score and the levels of NAA/Cr,
choline/Cr, myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr in manic bipolar
patients.

Hypothesis 9: There is a correlation between age and the levels of NAA/Cr, choline/Cr,
myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr in healthy controls and bipolar
patients.

21

Results
Bipolar patients with olanzapine do not show a difference to patients without olanzapine.
However olanzapine increases the relative metabolite concentrations of NAA/Cr (p=0,032)
and Cho/Cr (p=0,002) in bipolar patients compared to healthy controls. There seems to be no
influence of olanzapine on Ins/Cr and (Glu+Gln)/Cr ratios. Bipolar patients without
olanzapine and healthy subjects have no significant difference in the relative metabolite
concentrations. Cho/Cr and (Glu+Gln)/Cr concentrations are significantly different for male
and female bipolar patients, but not for male and female healthy controls. Ins/Cr is positively
correlated with age both in bipolar patients and healthy controls.

N

Mean

Std.
Deviation

Std. Error

95% Confidence Interval for
Mean
Lower Bound

NAA/Cr

Cho/Cr

InsCr

GluCr

Glu+Gln

Minimum

Maximum

Upper Bound

0

8

1,18338

,117841

,041663

1,08486

1,28189

,998

1,386

1

12

1,28567

,183635

,053011

1,16899

1,40234

,928

1,528

2

17

1,13206

,129372

,031377

1,06554

1,19858

,896

1,453

Total

37

1,19297

,158365

,026035

1,14017

1,24577

,896

1,528

0

8

,23188

,035922

,012700

,20184

,26191

,189

,289

1

11

,25864

,055421

,016710

,22140

,29587

,177

,348

2

17

,20053

,024408

,005920

,18798

,21308

,148

,237

Total

36

,22525

,045444

,007574

,20987

,24063

,148

,348

0

7

,60629

,110069

,041602

,50449

,70808

,401

,712

1

6

,52183

,134104

,054748

,38110

,66257

,404

,735

2

16

,52448

,168691

,042173

,43459

,61436

,034

,720

Total

29

,54368

,149483

,027758

,48682

,60054

,034

,735

0

6

1,08450

,145433

,059373

,93188

1,23712

,925

1,330

1

4

1,03175

,082026

,041013

,90123

1,16227

,920

1,103

2

13

,98777

,166692

,046232

,88704

1,08850

,698

1,255

Total

23

1,02065

,150511

,031384

,95557

1,08574

,698

1,330

7

1,87486

,258100

,097553

1,63615

2,11356

1,528

2,266

1

6

1,91933

,411774

,168106

1,48720

2,35146

1,514

2,626

2

13

1,67354

,422342

,117137

1,41832

1,92876

1,108

2,532

Total

26

1,78446

,385448

,075592

1,62878

1,94015

1,108

2,626

0

Table 5: Descriptives
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ANOVA
Sum of
Squares
NAA/Cr

Cho/Cr

Ins/Cr

Glu/Cr

(Glu+Gln)/
Cr

df

Mean Square

Between Groups

,167

2

,083

Within Groups

,736

34

,022

Total

,903

36

Between Groups

,023

2

,012

Within Groups

,049

33

,001

Total

,072

35

Between Groups

,036

2

,018

Within Groups

,589

26

,023

Total

,626

28

Between Groups

,039

2

,020

Within Groups

,459

20

,023

Total

,498

22

Between Groups

,326

2

,163

Within Groups

3,388

23

,147

Total

3,714

25

Table 6: ANOVA results
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F

Sig.
3,856

,031

7,701

,002

,798

,461

,849

,443

1,108

,347

Multiple comparisons
Scheffé
(J)
grou
p

Dependent
Variable

(I)
group

NAA/Cr

0

1
2

1

Cho/Cr

(Glu+Gln)/Cr

Sig.

95% Confidence Interval

-,102292
,051316

,067152
,063079

,326
,721

Lower Bound
-,27418
-,11014

Upper Bound
,06959
,21278

0

,102292

,067152

,326

-,06959

,27418

2

,055471
,063079
,055471

,032
,721
,032

,01162
-,21278
-,29559

,29559
,11014
-,01162

2

0
1

0

1

-,026761

,017956

,341

-,07279

,01926

2
0
2
0

,031346
,026761
,058107(*)
-,031346

,016568
,017956
,014953
,016568

,183
,341
,002
,183

-,01112
-,01926
,01978
-,07381

,07381
,07279
,09643
,01112

1

-,058107(*)

,014953

,002

-,09643

-,01978

0

1

1

2
0

,084452
,081811
-,084452

,083770
,068233
,083770

,607
,497
,607

-,13300
-,09531
-,30190

,30190
,25893
,13300

2

Glu/Cr

Std. Error

,153608(*)
-,051316
-,153608(*)

1

Ins/Cr

Mean
Difference (I-J)

2

-,002642

,072080

,999

-,18975

,18446

2

0

0

1
1
2

-,081811
,002642
,052750
,096731

,068233
,072080
,097828
,074799

,497
,999
,866
,448

-,25893
-,18446
-,20581
-,10097

,09531
,18975
,31131
,29443

1

0

-,052750

,097828

,866

-,31131

,20581

2
2

0
1

,043981
-,096731
-,043981

,086654
,074799
,086654

,880
,448
,880

-,18505
-,29443
-,27301

,27301
,10097
,18505

0

1

-,044476

,213527

,979

-,60309

,51414

2
0
2
0

,201319
,044476
,245795
-,201319

,179928
,213527
,189424
,179928

,544
,979
,444
,544

-,26940
-,51414
-,24977
-,67204

,67204
,60309
,74136
,26940

1

-,245795

,189424

,444

-,74136

,24977

1
2

* The mean difference is significant at the .05 level.

Table 7: Multiple comparisons
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Hypothesis 1: Bipolar patients without olanzapine have different levels of NAA/Cr,
choline/Cr, myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr than healthy controls.
Æ Results:
According to our data there is no significant difference in the levels of NAA/Cr,
choline/Cr, creatine/Cr, myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr
between bipolar patients without olanzapine and healthy controls.
NAA/Cr
Cho/Cr

30

InsCr
GluCr
Glu+Gln

2,5

1,4

2,0

1,2

1,0
1,5

0,8
22

1,0

0,6

0,4
0,5

0,2

44
42
0,0

0,0
0

0

2

2

group

group

Fig. 8: These two boxplots show the smallest non-outlier observation, lower quartile (Q1), median,
upper quartile (Q3), and largest non-outlier observation of the NAA/Cr, choline/Cr, creatine/Cr,
myoinositol/Cr, glutamate/Cr and (Glu+Gln)/Cr ratios for bipolar patients without olanzapine (0) and
healthy controls (2).

Æ Discussion:
Winsberg et al. (2000) report decreases in NAA/Cr levels in bipolar patients with fully
developed bipolar disorder. Our data don’t show this effect, perhaps due to the small
sample size.

Hypothesis 2: Bipolar patients with olanzapine have different levels of NAA/Cr, choline/Cr,
myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr than healthy controls.
Æ Results:
Our findings suggest that bipolar patients with olanzapine have significant higher
NAA/Cr levels (p=0,032) than healthy controls. Furthermore patients treated with
olanzapine have significant higher choline/Cr levels (p=0,002) than healthy controls.
The levels of glutamate/Cr, myoinositol/Cr and (Glu+Gln)/Cr are not significantly
different.
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Fig. 9: These two boxplots show the smallest non-outlier observation, lower quartile (Q1), median,
upper quartile (Q3), and largest non-outlier observation of the NAA/Cr, choline/Cr, myoinositol/Cr,
glutamate/Cr and (glutamate+glutamine)/Cr ratios for bipolar patients with olanzapine (1) and healthy
controls (2).

Æ Discussion:
We think that the significant increase of NAA/Cr in patients with olanzapine versus
healthy controls might reflect a part of olanzapine’s mechanism of action as lower
NAA levels are reported in bipolar patients. Increasing NAA, which is an essential
component of neuro-glial-signalling (Baslow 2000), might reflect an increased
formation and maintenance of myelin (Stanley 2002). As a glial defect is postulated to
be crucial in the pathophysiology of bipolar disorder (Yildiz 2006) higher NAA levels
could explain part of olanzapine’s efficiency by enhancing neuro-glial-signalling and
consequently the formation and maintenance of myelin, compensating an underlying
pathophysiological effect.

Hypothesis 3: Bipolar patients without olanzapine have different levels of NAA/Cr,
choline/Cr, myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr than bipolar patients
treated with olanzapine.
Æ Results:
According to our data patients with olanzapine don’t have significantly different levels
of NAA/Cr, choline/Cr, myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr
compared to bipolar patients without olanzapine.
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Fig. 10: These two boxplots show the smallest non-outlier observation, lower quartile (Q1), median,
upper quartile (Q3), and largest non-outlier observation of the NAA/Cr, choline/Cr, myoinositol/Cr,
glutamate/Cr and (glutamate+glutamine)/Cr ratios for patients without olanzapine (0) and patients
treated with olanzapine (1).

Æ Discussion:
DelBello et al. (2006b) showed that olanzapine increases the NAA level after 4 weeks
of treatment. As we only found non-significant mean differences between the two
groups, we could not reproduce these findings. Perhaps this is due to small sample
size. Nevertheless we observed 2 cases (out of three) which showed an increase in the
NAA/Cr and the Cho/Cr level after being treated with olanzapine (for further details
look at the section case reports).

Hypothesis 4: Manic bipolar patients have different levels of NAA/Cr, choline/Cr,
myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr than depressive bipolar patients.
Æ Results:
According to our data there is no significant difference in the levels of NAA/Cr,
choline/Cr, myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr between
manic and depressed bipolar patients.
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Fig. 11: This boxplot shows the smallest non-outlier observation, lower quartile (Q1), median, upper
quartile (Q3), and largest non-outlier observation of the NAA/Cr, choline/Cr, myoinositol/Cr and
(glutamate+glutamine)/Cr ratios for depressed (D) and manic (M) bipolar patients.

Æ Discussion:
Available data suggest decreased NAA levels in the euthymic and manic phases of
bipolar disorder, whereas no alteration could be detected in the depressed states
(Yildiz-Yesiloglu and Ankerst 2006c). Kim, McGrath et al. (2005a) report in their
review that myoinositol may be decreased in depressed bipolar patients and increased
in hypomanic or manic bipolar patients. These findings could not be reproduced. In
our study group there were only 5 manic patients and no euthymic patients, so further
studies with a higher number of manic and euthymic patients will be needed.

Hypothesis 5: Female and male healthy controls have different levels of NAA/Cr, choline/Cr,
myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr ratios.
Æ Results:
According to our findings there is no gender-dependent difference in the levels of
NAA/Cr, choline/Cr, myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr
ratios in healthy controls.

28

NAA/Cr
Cho/Cr

InsCr
GluCr
Glu+Gln

2,5

1,4

1,2

2,0

1,0
1,5

0,8

0,6

1,0
30

0,4
0,5

0,2

42

0,0

0,0

1

2

1

2

sex

sex

Fig. 12: These two boxplots show the smallest non-outlier observation, lower quartile (Q1), median, upper
quartile (Q3), and largest non-outlier observation of the NAA/Cr, choline/Cr, myoinositol/Cr, glutamate/Cr
and (glutamate+glutamine)/Cr ratios for male (1) and female (2) healthy controls.

Æ Discussion:
In the literature this question wasn’t discussed until now. It seems, that both male and
female healthy controls have the same relative metabolite concentrations.
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Hypothesis 6: Female and male bipolar patients have different levels of NAA/Cr, choline/Cr,
myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr ratios.
Æ Results:
According to our findings male bipolar patients have significantly higher levels of
Cho/Cr (p=0,048) and (Glu+Gln)/Cr (p=0,030) ratios than female bipolar patients.
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Fig. 13: These two plots show the means of Cho/Cr and (Glu+Gln)/Cr ratios for male (1) and female (2)
patients with bipolar disorder.
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Fig. 14: These two boxplots show the smallest non-outlier observation, lower quartile (Q1), median, upper
quartile (Q3), and largest non-outlier observation of the NAA/Cr, choline/Cr, myoinositol/Cr and
(glutamate+glutamine)/Cr ratios for male (1) and female (2) bipolar patients.

Æ Discussion:
These data are interesting, as healthy controls don’t show gender-dependent
differences. This might indicate differences in the pathophysiology and/or
compensation of bipolar disorder. In the literature this question wasn’t discussed until
now.

Hypothesis 7: There is a correlation between the HDS score and the levels of NAA/Cr,
choline/Cr, myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr in depressed bipolar
patients.
Æ Results:
According to our findings there is no correlation between the Hamilton Depression
Scale (HDS) and the relative metabolite concentrations of NAA/Cr, choline/Cr,
myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr.
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Fig. 15: These five scatter plots show the relation between the Hamilton Depression Scale (HDS) and the
NAA/Cr, choline/Cr, myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr ratios.

Æ Discussion:
The small number of depressed bipolar patients may have limited the validity of the
correlation analysis.

Hypothesis 8: There is a correlation between the YMRS score and the levels of NAA/Cr,
choline/Cr, myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr in manic bipolar
patients.
Æ Results:
Because of poor data quality a correlation analysis wasn’t possible.
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Hypothesis 9: There is a correlation between age and the levels of NAA/Cr, choline/Cr,
myoinositol/Cr, glutamate/Cr and (glutamate+glutamine)/Cr in healthy controls and bipolar
patients.
Æ Results:
According to our data there is a positive correlation (correlation coefficient = 0,665,
p=0,005) between the age of healthy controls and the Ins/Cr-ratio. Bipolar patients
show a positive correlation (correlation coefficient = 0,773, p=0,002) between age and
Ins/Cr-ratio. NAA/Cr, Cho/Cr, Glu/Cr and (Glu+Gln)/Cr are not correlated with the
age of the subject (both healthy control and bipolar patient) scanned.
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Fig. 16: These two scatter plots show the relation between the age at scan and the myoinositol/Cr ratio for
bipolar patients and healthy controls.

Æ Discussion:
Our findings suggest that the Ins/Cr ratio depends on the age both in bipolar patients
and healthy controls, while all other metabolites don’t depend on the age of the
subject.
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Case 2
A 38 yeear old wom
man with diaagnosed bippolar disordeer was scannned before treatment and after
3 weekss olanzapinee treatment..
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Discussion
The present study explored the effect of olanzapine on relative metabolite concentrations in
putamen and caudate nucleus in bipolar patients. Olanzapine’s efficacy in the treatment of
bipolar disorder was reported in several studies (Kruger 2006; Meehan et al. 2001; Tohen et
al. 2003a; Tohen et al. 2000; Tohen et al. 2003b; Tohen et al. 1999; Tohen et al. 2002;
Zajecka et al. 2002). We hypothesized that olanzapine leads to metabolite alterations in basal
ganglia.
Patients with and without olanzapine did not show significant differences in relative
metabolite concentrations, perhaps due to small sample size. However bipolar patients with
olanzapine showed significantly higher levels of NAA/Cr and Cho/Cr ratios than healthy
controls, assuming that the Creatine peak remains approximately constant under different
metabolic conditions (Huppi et al. 1995b), while bipolar patients without olanzapine and
healthy controls do not show any differences in relative metabolite concentrations.
Nevertheless we think that the significant increase of NAA/Cr in patients with olanzapine
versus healthy controls might reflect a part of olanzapine’s mechanism of action as lower
NAA levels are reported in bipolar patients. Increasing NAA, which is an essential component
of neuro-glial-signalling (Baslow, 2000), might reflect an increased formation and
maintenance of myelin (Stanley 2002). As a glial defect is postulated to be crucial in the
pathophysiology of bipolar disorder (Yildiz-Yesiloglu and Ankerst 2006) higher NAA levels
could explain part of olanzapine’s efficiency by enhancing neuro-glial-signalling and
consequently the formation and maintenance of myelin, compensating an underlying
pathophysiological effect.
These findings could contribute to understand the mechanism of action of olanzapine in
bipolar disorder, as lower NAA levels are reported in bipolar subjects compared to healthy
controls (Frye et al. 2007).
Our data suggest that olanzapine seems to increase the Cho/Cr ratio in bipolar patients
compared to healthy controls. In post-mortem studies a 41 percent decrease of glial cells in
subgenual prefrontal cortex of bipolar patients with a positive family history for mood
disorders was found (Ongur et al. 1998). Choline is supposed to be a potential biomarker for
the membrane phospholipids metabolism (Moore and Galloway 2002). Regressive changes
such as enhanced apoptosis and necrosis of oligodendroglial cells were found in bipolar
patients (Uranova et al. 2001). The level of choline increases when the number of neuroglia
enhances (Lai et al. 2001). According to these findings olanzapine might support the
formation of neuroglia.
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According to our findings there was no significant difference in relative metabolite ratios
between manic and depressed bipolar patients. This could be due to the fact that our patients
were not in very manic respectively very depressed mood. So it could have been hard to
detect differences in metabolite ratios between the two states of bipolar disorder.
Our data show no gender-dependent difference of relative metabolite concentrations in
healthy controls. Interestingly male bipolar patients have significantly higher levels of Cho/Cr
and (Glu+Gln)/Cr than female bipolar patients. This might be a possible hint for sexdependent differences in pathophysiology and/or compensation.
Strength of our study was that we included only patients who had olanzapine and no other
antipsychotic drugs and phase prophylaxis. That is why metabolic effects by other
antipsychotic drugs or lithium can be excluded. Furthermore the patients were scanned always
at the same time in the morning to exclude circadian physiological effects (Soreni et al. 2006).
Further studies with larger samples should be done to examine whether there is a significant
difference between untreated bipolar patients and healthy subjects.

Prospect
What should be examined in further studies?
Future studies should not have sample sizes smaller than 40 (Yildiz-Yesiloglu and Ankerst
2006a). MR spectroscopy at higher field strengths (3T or higher) will allow better resolution.
Another interesting approach could be to illuminate the influence of glutamate and glutamine
in bipolar disorder referred to supposed neurodegeneration. Several studies report that
abnormally high glutamate levels appear in neurodegenerative conditions due to acute events,
such as stroke, traumatic brain injury or bacterial meningitis (Castillo, Davalos et al.
1996a;Johnston, Jeon et al. 2001b;Johnston, Trescher et al. 2001b).
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