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Editorial

Genes for Human Personality Traits: "Endophenotypes" of Psychiatric Disorders?

A generation ago a paradigm shift occurred in psychiatry. The idea that psychopathology in an
individual reflected the outcome of untoward early childhood experiences was replaced by the idea
that psychiatric illnesses are caused by chemical aberrations due to faulty genes interacting with
adverse experience throughout the lifespan. This paradigm shift appeared to return psychiatry to the
bosom of medicine and to mark a great divide between psychiatry and psychology. Variations in
normal personality belonged to the field of psychology; psychiatric illnesses were clinical conditions
within the purview of medicine.

At the beginning of the twenty-first century, we have ample proof in hand that mental illnesses are
partly genetic. Concordance rates around 50% for schizophrenia and bipolar disorder in mono-
zygotic twins compared to baseline population rates around 1% leave little room for doubt that there
is an important genetic component to these illnesses. Yet the search for a single major gene has
frustrated even genome-wide linkage approaches.

The question that immediately presents itself is: what is the nature of genes that have common
alleles (so that they must often confer genetic advantage) which in certain combinations can lead to
serious illness? For diabetes a reasonable and testable answer would be: genes for carbohydrate
metabolism. For certain kinds of dwarfism it might be: genes affecting height. We propose that for
mental illnesses a plausible answer is: genes for normal personality traits.

Twin studies of human personality traits in tens of thousands of twin-pairs have convincingly
shown that inter-individual differences in characteristics such as sociability and neuroticism are
approximately 50% due to differences in genes (Loehlin 1992; Plomin 1990; Plomin et al 1997). The
mechanisms of action of such genes (and the environment) are complex and non-linear, but
nevertheless amenable to scientific study. We suggest that some of the genes affecting personality
may be heuristic "endophenotypes" for classic psychiatric disorders.

The term endophenotype was used by Gottesman (1991) to describe a trait that may be intermediate
on the chain of causality from genes to diseases. Some family relatives of affected patients also carry
the endophenotype, although not the disease phenotype. The increased penetrance of the endo-
phenotype, and its closer relationship to the gene than that of the phenotype proper, are expected
to help genetic studies.

As an example, cholesterol levels can serve as endophenotypes for myocardial infarction.
Apolipoprotein E (ApoE) is a lipid-transport protein. Different alleles of the ApoE gene are associated
with different cholesterol levels, and these in turn are associated with different risks for myocardial
infarction. But numerous other factors also influence the risk for myocardial infarction. In a sense
the ApoE gene is a gene "for" myocardial infarction, but the relationship is closer, and therefore
easier to discover, when we consider it a gene for cholesterol levels. Furthermore, we can include all
tamily members in our analysis of this relationship, or at least all those with high cholesterol levels,
not just those with myocardial infarction.

Examples of potential endophenotypes in psychiatry include abnormalities of eye-tracking move-
ments (Holzman et al 1988) and the P50 evoked potential (Freedman et al 1997) in schizophrenic
patients and their relatives. A majority of schizophrenic patients, and 45% of their first-degree
relatives, show abnormal eye movements, especially during smooth pursuit, on electro-optical
recordings. A family study of discordant twins was incompatible with simple Mendelian trans-
mission of schizophrenia; however, when the assessment included schizophrenia and abnormal eye
movements, this phenotype exhibited a pattern consistent with autosomal dominant transmission.
Plainly, the combination of a gene for this characteristic and another gene(s), which together may
lead to outright illness, may exhibit a more complicated transmission pattern. However, the simple
inheritance of the endophenotype may permit rapid identification of at least one risk gene for
schizophrenia.
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Our hypothesis is that personality traits may be heuristic endophenotypes for psychiatric geneticists.
Let us imagine that a certain allele of an "introversion-extraversion" gene increases an individual’s
tendency to prefer to be alone by 10% compared to the commonest allele, and a rarer allele increases
it by 20%. Most individuals with these alleles will still have introversion scores within the normal
range, but an occasional individual who is homozygotic for the rarest allele might be diagnosed with
social phobia. An individual who inherits two of these introversion alleles and an allele that
increases the risk for psychopathology in general, may be more likely to have schizoid personality
disorder. Now consider an individual with this genotype who also inherits a gene that contributes
to unconventional thinking; he may be more liable to schizotypal personality disorder. Another
individual with two of the genes affecting introversion, plus the gene affecting eccentricity, plus a
gene that increases adventurousness, might become an intrepid explorer; his brother might develop
schizophrenia. At the biochemical level a minor change in the dopamine transporter, reducing the
amount of dopamine reuptake, might have striking consequences when paired with a minor change
in a mono-amine oxidase enzyme responsible for dopamine degradation. The biochemical variants
in the brain and the phenotypic personality variants might be two aspects of the same pheno-
menon, much as has been proposed as a general solution to the "mind-body problem" (Feigl 1967).
Cloninger has presented a detailed model (Cloninger 1987) of how various combinations of extreme
personality traits may lead on to personality disorders. We extend this hypothesis to suggest that
major psychiatric illnesses may result from non-linear combinations of genetic-biochemical poly-
morphisms whose phenotype is expressed as personality traits.

We previously reported an association between a human personality trait called "novelty seeking"
and a dopamine D4 receptor exon III polymorphism (D4DR) (Benjamin et al 1996; Ebstein et al
1996). The thinking behind the search for genes that might influence personality traits (Benjamin
et al 1993) was not limited to the desire to advance our understanding of normal personality alone;
we in fact hypothesized (Belmaker and Biederman 1994) that such genes, once discovered, might
yield new insights into the genetics and pathological chemistry of psychiatric disorders.

This idea, that individual genes might influence personality traits and psychopathology, would
appear to be partly supported thus far by the "saga" of the D4DR polymorphism (Ebstein and
Belmaker 1997). The initial reports of an association between D4DR and novelty seeking were
followed by attempts at replication; more relevant for our present purpose is that they were also
followed by reports of associations between D4DR and attention-deficit hyperactivity disorder
(ADHD) in children (LaHoste et al 1997), heroin abuse (Kotler et al 1997) and Tourette’s syndrome
(Grice et al 1996). "Novelty seeking", a factor on the Tridimensional Personality Questionnaire
(Cloninger 1987), refers to a cluster of risk-taking, distractible, impulsive and fickle behaviours. This
behavioural tendency bears some similarity to some features of ADHD and perhaps also to expe-
riments with drug-taking and Tourette’s syndrome; these reported associations have been replicated,
particularly for a large majority of studies of D4DR in ADHD (see Farone et al 1999). These associa-
tions encourage us to look afresh at our current understanding of the psychological substrates of
these phenotypes (e.g. what is common to ADHD and novelty seeking?). Thus genetics and psycho-
logy can enrich each other just as genetics and physiology enrich each other in other disciplines.

A further contribution of replicable behavioural findings with any gene is that such a gene can
provide the first clue on a trail ultimately leading to gene-gene combinations with large effect sizes
on behavioural traits, the kind of effect size that would allow for true prediction in clinical
psychiatry and psychology. Just as each of the putative genes "for" schizophrenia, manic-depression
and so on probably has a small effect size (or none at all) when it acts alone, the same is true of the
"personality" genes reported so far. D4DR, for example, explained only 4% of the variance in novelty
seeking in the initial reports.

We (Benjamin et al 2000; Ebstein et al 1997) and others (Noble et al 1998) have lately begun to study
the interaction component of analysis of variance (ANOVA) of large genetic studies of personality.
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Entering two or more genetic polymorphisms as independent variables allows one to test for inter-
actions between these genes. "Interaction" in this context refers to results beyond those predicted by
simply summing the effects of two or more genes. Examples include synergistic amplification of the
effect of a particular allele of one gene by a particular allele of a second gene, and "permissive"
effects, i.e. one gene cannot be expressed at all unless a particular allele of another gene is present.
In studies of new-born babies (Ebstein et al 1998) and very young children (Auerbach et al 1999),
longer variants of the dopamine D4 receptor exon III polymorphism (DRD4) increased approach
type behaviours only in the absence of short variants of the serotonin transporter promoter linked
polymorphism (5-HTTLPR). This finding prompted the re-examination of adult subjects previously
typed for DRD4, and similar results were found in the adults (Benjamin et al 2000).

A D4DR-serotonin-2C receptor polymorphism interaction affected the personality trait of "reward
dependence" by about ten standard errors of the mean in a preliminary analysis (Ebstein et al 1997),
and this interaction, with a smaller effect size, was later replicated (Kuhn et al 1999). Such an inter-
action would not have been sought without the prior reports of the D4DR association.

One of the important achievements of biological psychiatry over the past generation has been the
reduction of guilt among family members of the mentally ill. The concept of biological causes
opened up the option of a guilt-free medical model of psychiatric illness. Without losing this gain,
we must allow the model to become more complex. The role of diet in heart disease, and of sun
exposure in skin cancer, does not prevent insurance coverage of these illnesses, nor appropriate
caring and sympathy for the sick victims. Similarly, mental illnesses may be related to pre-morbid
personality in a complex and non-linear way. Such relationships do not preclude psychiatry’s
inclusion in the medical model, nor should the medical model prevent our research from consi-
dering personality variables in the aetiology of major mental illnesses.

Jonathan Benjamin
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Thyroid Hormone, Neural Tissue and Mood Modulation
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Summary

The successful treatment of affective disorders with
thyroid hormone exemplifies the suggested inter-
relationship between endocrine and neuronal systems
in these disorders. Thyroid hormones have a pro-
found influence on behaviour and appear to be
capable of modulating the phenotypic expression of
major affective illness. Specifically, there is good evi-
dence that triiodothyronine (T;) may accelerate the
antidepressant response to tricylic antidepressants,
and some studies suggest that T, may augment the
therapeutic response to antidepressants in refractory
depressed patients. Open studies have also indicated
that adjunctive supraphysiological doses of thyroxine
(T,) can ameliorate depressive symptomatology and
help stabilize the long-term course of illness in
bipolar and unipolar patients, especially women
refractory to standard medications.

Despite acceptance of the essential role of thyroid
hormone on brain maturation and differentiation,
and the clinical and therapeutic observations in
association with mood disorders, the molecular
action that may underlie the mood-modulating
properties of thyroid hormone in the adult brain has
only recently become the focus of research. The
identification of nuclear T, receptors, the region-
specific expression of deiodinase isoenzymes and the
molecular analyses of thyroid-responsive genes in the
adult brain have provided the biological bases for a
better understanding of thyroid hormone action in
mature neurons. Also the influence of thyroid
hormones on the putative neurotransmitter systems
that regulate mood and behaviour, serotonin and
norepinephrine, may be helpful in explaining their
mood-modulating effects.
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The thyroid system, behaviour and
affective illness

Diseases affecting the thyroid gland are fre-
quently associated with significant neuro-
psychiatric disturbances (Whybrow and Bauer
2000a,b). The most common psychiatric symp-
toms associated with thyroid disorders are de-
pression, cognitive dystunction and anxiety. In
severe forms of hypothyroidism (myxedema),
even psychotic and delusional symptoms may
occur and the syndrome may mimic melan-
cholic depression and dementia (Treadway et al
1967). The reversible nature of the psychiatric
symptoms after treatment of the thyroid dis-
order indicates that they are secondary to the
hormonal abnormality. The majority of patients
who experience mood, cognitive and psychotic
changes due to thyroid dysfunction will return
to normal with treatment (Whybrow et al 1969).
However, response is not uniform and differen-
ces may be due to other psychiatric illnesses or
the duration or severity of the thyroid disorder.
In some patients, neuropsychiatric sequelae may
persist in spite of a return to euthyroid status,
indicating irreversible central nervous system
(CNS) damage caused by the endocrine disorder
(Bauer and Whybrow In Press).

These observations have stimulated psychiatric
research into possible links between thyroid hor-
mone homeostasis and affective illness during
the past three decades. Although most patients
afflicted by a mood disorder do not have overt
biochemical evidence of hypothyroidism, they
do share numerous clinical stigmata with the
endocrine disorder. The detected biochemical
and endocrine abnormalities in the hypo-
thalamic-pituitary-thyroid (HPT) axis in primary
affective illness, e.g. a blunted thyroid-stimula-
ting hormone (TSH) response to thyrotropin-
releasing hormone (TRH) injection, are more
subtle and findings are contradictory in some
instances (Loosen 1985; Bauer and Whybrow
1988; Baumgartner et al 1988; Haggerty et al
1993).

Early research focused upon the therapeutic
effects of thyroid hormones in the treatment of
affective illness. Research on thyroid-neural
interactions led to the initial hypothesis that
thyroid hormones play an important role in
modulating catecholamine neurotransmission
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(Whybrow and Prange 1981). This hypothesis
has since been modified to extend the modu-
lating influence of thyroid hormone to other
neurotransmitters, e.g. serotonin, and to intra-
cellular molecular mechanisms.

After a brief introduction to thyroid physiology,
this article reviews the studies that have
examined the role of thyroid axis hormones in
the treatment of affective (mood) disorders, and
discusses some of the clinically relevant asso-
ciations between the thyroid and neural systems
that are putatively involved in the modulation
of mood.

Thyroid hormone metabolism in
the periphery and the brain

The thyroid gland produces two thyroid
hormones, thyroxine (T,) and triiodothyronine
(T;), which display significant differences in their
metabolic pathways, biological activity, and
elimination half-life (Larsen et al 1998). T,, the
major secretion product of the thyroid gland, is
converted to its biologically active metabolite,
T,, by widely distributed enzymes called iodo-
thyronine 5’ monodeiodinases (deiodinases).
After release into the general circulation, thyroid
hormones are necessary for the regulation of
various metabolic functions and homeostasis in
all body tissues throughout life. In addition, T,
and T, exert negative feedback on thyroid
hormone release at pituitary and hypothalamic
levels (Larsen et al 1998).

From animal studies it is well established that
the brain thyroid economy is tightly regulated
and largely independent of peripheral metabolic
shifts in thyroid function (Dratman et al 1983).
In contrast to most peripheral tissues, which take
up T, directly from the blood, the brain appears
to regulate its interstitial levels of T, by local
deiodination of T, (Crantz et al 1982). Thus,
the brain is significantly dependent upon the
uptake of T, from the circulation, with local
enzymatic deiodination of T, being the major
source of nuclear T, in the cerebral cortex
(Leonard and Koehrle 2000). Studies indicate
that more than 70% of the T, that is bound to
intranuclear receptors in the brain is locally
derived from T, by deiodination (Crantz et al
1982). The process of deiodination is different in
the adult brain from that in peripheral tissues.
Specifically, the type II (D2) and type III (D3)
deiodinases catalyze these metabolic processes in
spatially distinct patterns in the CNS and appear
to be segregated into specific cell types (St.
Germain and Galton 1997). D2 is expressed
primarily in the brain and anterior pituitary
gland where it metabolizes T, to the active
thyroid hormone form, T;. The activity of D2 in
distinct regions of the brain varies widely, with
the highest levels found in cortical areas and
lower levels in the midbrain, pons, hypo-
thalamus and brainstem (van Doorn et al 1985).

In rat brain D2 is expressed in neurons, in par-
ticular in the nerve terminals, but also in
astrocytes (Leonard 1988).

Hormones of the HPT system in
the treatment of mood disorders

The administration of thyroid hormone as a
treatment in modern psychiatry has existed
since early in the 20th century. Norwegian phy-
sicians were the first to use hypermetabolic doses
of desiccated sheep thyroid gland to treat suc-
cessfully patients with cyclic mood disorders and
periodic catatonia (Gjessing 1938). Since the
identification of T, and T, as the principal thy-
roid hormones in the 1950s, and their subse-
quent synthesis, plus the discovery of TRH and
TSH, the effect of these hormones alone and in
combination with standard psychotropic drugs
in the treatment of mood disorders has been
studied repeatedly.

Treatment with TRH and TSH

Shortly after the identification and purification
of TRH from sheep hypothalami in the late
1960s, two initial reports suggested that adminis-
tration of 500 pg intravenously produced rapid
(within hours) antidepressant effects that per-
sisted for up to three days (Kastin et al 1972;
Prange et al 1972). However, several attempts to
replicate this finding, including controlled
double-blind studies using doses up to 1000 ug
intravenously, showed inconsistent results (Stein
and Avni 1988; Sattin 1998). To date, different
routes of TRH administration (oral, intravenous,
subcutaneous, intrathecal) have been applied in
major depression.

Recent studies have shown promising anti-
depressant effects for TRH by intrathecal infu-
sion (Marangell et al 1997a) and longer-term
intravenous or subcutaneous injection (Callahan
et al 1997). Beside the mood-elevating effects of
TRH, some other interesting observations have
emerged from these studies, suggestive of in-
creased likelihood of response to TRH infusion in
women and in depressed patients with a history
of bipolar disorder (Frye et al 1999).

One placebo-controlled study in 30 depressed
subjects reported a beneficial acceleration effect
of TSH administered intramuscularly when
given in addition to a tricyclic antidepressant
(Prange et al 1970). A high proportion (89%) of
subjects responded in the group that had re-
ceived imipramine and TSH, compared to only
44% of those given imipramine and placebo.
While the authors concluded that the thyroid
stimulation caused by TSH was most likely to be
the reason for the therapeutic effects, they did
not rule out that TSH may exert a direct beha-
vioural effect as well. To date, the findings from
this study have not been replicated or pursued
by other authors.
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Treatment with thyroid hormones alone

Although it is well established that symptoms of
depression that occur in hypothyroid conditions
usually resolve after the euthyroid status has
been restored, treatment effects with thyroid
hormones alone, without the concomitant use
of standard psychiatric medications, have only
rarely been studied in mood disorders. The
initial reports in the late 1950s were case series
with inconclusive results (Flach et al 1958;
Feldmesser-Reiss 1958). In a later study, Wilson
et al (1974) compared up to 62.5 ug/d T, alone
with imipramine in depressed patients in a
double-blind study. At a dose of 50 ug/d, T, alone
was as effective as imipramine. However, later in
the study, when T, doses reached 62.5 ug/d,
patients showed mild thyrotoxicity, and the
study was terminated. Therefore, the study left
unanswered the question whether T, alone in
doses of 50 ug or less might prove a sufficient
treatment for depression (Prange et al 1976).
Okuno and Nakayasu (1988) administered 50 to
100 ug/d of T, alone for two weeks to patients
with primary major depressive disorder without
apparent thyroid dysfunction; the average effects
were modest, although some patients improved
markedly.

In summary, there is no systematic research on
the question whether thyroid hormones alone
are an effective treatment for patients with pri-
mary mood disorders.

Thyroid hormone supplementation in
the treatment of mood disorders

An attempt was made to identify all reports on
the use of thyroid hormone supplementation in
the treatment of mood disorders. A computer-
aided search of the National Library of Medicine
MEDLINE database from 1966 to December 2000
using the subject headings thyroid hormones,
triiodothyronine, thyroxine, affective disorders
and depression was performed, supplemented by
the bibliographies of reports identified. We re-
viewed only those studies which included six or
more patients.

The use of synthetic thyroid hormones, T, and
T,, as supplementary agents in affective disorders
has a long history, with the first reports
published in the late 1960s (Prange et al 1969).
Three groups of studies on the technique of
thyroid supplementation (potentation) of anti-
depressant or mood stabilizing drugs must be
distinguished. The first group, the acceleration
studies, involves the use of supplementation
with thyroid hormone at the initiation of an
antidepressant trial to speed up time to response.
The second group, the augmentation studies,
includes the supplementation with thyroid
hormone after a 4- to 6-week trial of an anti-
depressant has failed or resulted in a partial
antidepressant response. A third group of studies

uses supplementation with thyroid hormone to
prevent future episodes in recurrent mood
disorders, the maintenance (prophylactic) studies.

Studies with triiodothyronine (T;)

e Acceleration studies

Prange et al (1969) were the first to investigate
the immediate addition of thyroid hormone to
speed up antidepressant treatment response.
Despite this study, and other controlled studies
with a positive outcome in the early 1970s
which followed the initial report by Prange, the
thyroid hormone acceleration paradigm has
received less attention in the past 25 years. To
date, seven placebo-controlled studies have been
published, five of which showed a positive acce-
leration outcome (Table 1). A recent meta-
analysis examined whether evidence exists to
support the clinical efficacy of thyroid hormone
acceleration (Altshuler et al In Press). Five of six
double-blind, placebo-controlled studies inclu-
ded in the meta-analysis found that the addition
of T, had a statistically significant effect on the
time to response compared with the effects of
placebo. Results of this meta-analysis support an
acceleration of antidepressant response when
adjunctive T, is included early in antidepressant
treatment; it also revealed that women may be
more likely than men to benefit from the ad-
dition of T,. Although some of the placebo-con-
trolled studies had some methodological limita-
tions, they were homogeneous with respect to
the type of antidepressant (all TCAs, five of six
studies used imipramine), the dose of T, and the
rating scale used to measure outcome (HAMD).
Unfortunately, no T, acceleration studies have
been performed to date with the selective sero-
tonin reuptake inhibitors (SSRIs). Thus, further
studies to assess the efficacy of T, acceleration
with the newer antidepressants and to evaluate
the use of T; as an acceleration agent in women
are warranted.

e Augmentation studies

Studies assessing the effects of thyroid hormones
in treatment-resistant depression have largely
focused on T, as the augmenting thyroid hor-
mone. Numerous case series and at least 13
prospective trials (nine open and four controlled
double-blind studies) have evaluated the use of
T, (most studies have used 20 to 50 ug/d) to
potentiate the response to tricyclic antidepres-
sants in non-responders to treatment (Table 2).
The open studies consistently showed that about
50% of TCA non-responders are converted to
responders within two to three weeks after the
addition of T,. However, the controlled double-
blind studies (Goodwin et al 1982; Gitlin et al
1987; Joffe and Singer 1990; Joffe et al 1993b) are
only partially supportive of the data given in the
open studies. The largest placebo-controlled
study in 33 unipolar depressed outpatients (11
women, 22 men) displayed significant improve-
ment with T, compared to placebo after two
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Table 1

Results of double-blind, placebo-controlled T, acceleration studies®

Author, Year Subjects Study Group Day T, No. of Days T, Dose Comedication Acceleration
Size Added Assessed (ug/d) Antidepressant  Outcome

N (F/M) Post-Treatment® (mg/d)

Prange et al 1969 "Retarded" depression 20 (16/4) 5 28 25 IMI 150 +

Wilson et al 1970 "Nonretarded" UP 20 (16/4) 5 28 25 IMI 150 +

Coppen et al 1972 UP, BD 15 (8/7) 1 28 25 IMI 150 +

Feighner et al 1972 Primary depression 21 (15/6) 1 22 25 IMI 200

Wheatley 1972 Neurotic depression 30 (21/9) 1 21 20 AMI 100 +

Wilson et al 1974 up 19 (19/0) 3 28 25,1 t0 62.5 (day 7)  IMI 150 +

Steiner et al 1978 UP, BD 8 (8/0) 1 35 25 IMI 150

* Adapted from Altshuler et al
* Change in depression severity assessed with HAMD
Abbreviations: AMI=amitriptyline; BD=bipolar disorder, depressed; HAM-D=Hamilton Rating Scale for Depression (Hamilton 1960); IMI=imipramine;
TCA= tricyclic antidepressant; T=triiodothyronine; UP=unipolar depression

Table 2

Results of open and controlled triiodothyronine (T;) augmentation studies

Author, Year Subjects Study Group Size  Design Duration T; Dose  Antidepressant Outcome
N (F/M) (days) (ug/d) No. of
Responder (%)
Earle 1970 "Retarded" depression 25(22/3) Open ns. 25 TCA 14 (56)
Ogura et al 1974 Mixed diagnoses 44 (22/22) Open 7-126 20-30 TCA 29 (66)
Banki 1975 UP, BD 96 (96/0) Open 10 20-40 TCA 39 (75)
Banki 1977 UP, BD 33(33/0)  Historical controls 7 20-40 AMI 23 (70)
Tsutsui et al 1979 Depression, n.s. 11 (1/10) Open 14-56 5-25 TCA 10 (91)
Goodwin et al 1982 UP, BD 12 (6/6) DB 26-112 25-50 AMI, IMI 8(67)
Schwarcz et al 1984 upP 8 (4/4) Open 28 25-50 DMI 4 (50)
Targum et al 1984 up 21 (14/7) Open 21 25 or T, 100 Mixed 7 (33)
Gitlin et al 1987 up 16 (7/9) RA, DB, P, X 14 25 IMI T,=placebo
Thase et al 1989 up 20 (15/7) Open 28 25 IMI 5(25)
Joffe & Singer 1990 upP 38 (14/24)  DBvs. T, (150 pg) 21 37.5 DM, IMI T, 9 of 17 (53);
T>T,
Joffe et al 1993b upP 33 (11/22) RA, DB, P 14 37.5 DMI, IMI Ty 10 of 17 (53);
T,=Li>P
Birkenhaeger et al 1997 upP 14 (12/2) Open 28 37.5 TCA 2(14)

Abbreviations:

AD=antidepressant, BD=bipolar disorder, DB=double-blind, Li=lithium, n.s.=not specified, RA=randomization, P=placebo-controlled,
TCA=tricyclics, T,=L-thyroxine, T,=triiodothyronine, UP=unipolar depression, X=cross-over design.

Antidepressants: AMI=amitriptyline, DMI=desipramine, IMI=imipramine

weeks of treatment (Joffe et al 1993b). However,
not all controlled double-blind studies showed
significant results in favour of T;; thus, the data
are only partially supportive of the results given
in the open studies. For example, in a 4-week,
randomized, cross-over study of 16 unipolar de-
pressed outpatients (seven women, nine men),
there was no significant effect of T, compared to
placebo (Gitlin et al 1987). As a result of these
data, the efficacy of T, augmentation remains
equivocal with criticisms noting the methodo-
logical deficiencies in the studies, e.g. lack of
power in the randomized controlled trials due to

small sample sizes (Stein and Avni 1988; Patten
et al 1992). Furthermore, the efficacy of T, aug-
mentation with today’s widely used non-tricyclic
antidepressants, e.g. SSRIs, has only been studied
in one case series (Joffe 1992). Subsequently, a
recent meta-analysis did not show consistent
results in favour of T, augmentation (Aronson et
al 1996). In this meta-analysis, for example,
improvements in depression scores were mode-
rately large. However, study quality was uneven,
and among the four randomized double-blind
studies, pooled effects were not significant.
Aggregating eight prospective studies (unblinded
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and double-blinded studies) with a total of 292
patients, patients treated with T, augmentation
were twice as likely to respond as controls. As a
result of their meta-analysis, Aronson et al
(1996) concluded that additional placebo-
controlled data are required for a "definite
verdict". In the studies performed to date, anti-
depressant response to T, was not affected by
gender, bipolar/unipolar diagnosis, type of anti-
depressant used, or the pre-augmentation thy-
roid status of the patients (Joffe et al 1993a; Jofte
and Sokolov 1994).

e Maintenance studies

To our knowledge, T, has not been systematically
studied in the continuation and maintenance
treatment of affective disorders.

Studies with thyroxine (T,)

e Acceleration studies

T, has not been studied systematically as an
acceleration agent, probably because it acts as a
prohormone for T,. Also, its long half-life
(approximately five to eight days) does not make
T, a promising candidate for the acceleration
paradigm.

e Augmentation studies

Compared to the large number of trials on T,
supplementation, adjunctive treatment with
T, has been studied less frequently in the treat-
ment of depressive disorders. Joffe and Singer
(1990) directly compared the augmenting effects
of T;(37.5 mcg/d) versus T, (replacement dose,
150 mcg/d) in depressed patients. In this 3-week,
randomized, double-blind study, nine of 17 pa-
tients (response rate: 53%) responded to T,
which was significantly higher than the response
rate to T, (four of 21 patients; 19%). However, it
must be emphasized that due to the long half-
life of T, (one week, leading to a steady state for
approximately three to four weeks after the last
increase), the therapeutic effects of T, may not
have been evident in a 3-week trial, as suggested
by the authors in a later review (Joffe and
Sokolov 1994). In a recent 8-week, randomized,
double-blind, crossover study, Spoov and Lahdel-
ma (1998) compared lithium augmentation, an
established strategy for refractory depressed pa-
tients, with T, augmentation (T, dose 200 mcg/d)
in a group of unipolar depressed patients. The
percentage reduction in the Montgomery-Asberg
Depression Rating Scale (MADRS) was signifi-
cantly greater in patients who started on T,.
However, the lithium dose was relatively small in
this study, making the comparison somewhat
unfair for lithium. Recent data from two open
trials suggested that augmentation with supra-
physiological doses of T, may cause substantial
improvement in some patients with treatment-
resistant and chronic depression. In an 8-week,
open study of 17 patients (16 women, one man)
with treatment-resistant major depressive dis-
orders (bipolar and unipolar), significant impro-

vement was achieved in approximately 50% of
patients between weeks four and eight of treat-
ment with T, (mean dose: 377 mcg/d) (Bauer et
al 1998). Rudas et al (1999) reported that an
8-week augmentation trial with high-dose T,
(mean dose: 235 mcg/d) showed antidepressant
effects in six of seven patients with chronic
depression and dysthymia. Placebo-controlled
studies are warranted in the future to assess
objectively the augmenting effects of supra-
physiological T, doses in acute major depression.

e Maintenance studies

Open studies investigating the prophylactic
effects of supraphysiological T, doses in addition
to conventional mood stabilizers have suggested
that T, may improve the course of patients with
rapid cycling and non-rapid cycling bipolar
disorder (Stancer and Persad 1982; Bauer and
Whybrow 1990; Baumgartner et al 1994; Afflelou
et al 1997; Bauer et al 2001) (Table 3).

In one study that used T, alone as a prophylactic
medication, Stancer and Persad (1982) reported
that rapid cycling ceased in five out of eight
women with bipolar disorder, but did not in two
men, following treatment with supraphysio-
logical doses with up to 500 ug/d of T,. In
prospective open studies, our investigations
demonstrated that adjunctive supraphysio-
logical doses of T, may be beneficial in patients
with mood disorders resistant to established
medications for these disorders. Initially, the
effects of adjunctive supraphysiological doses of
T, in 11 patients (10 women, nine of whom were
premenopausal, one male) with refractory rapid
cycling bipolar illness were studied. Adjunctive
treatment with T, reduced the manic and the
depressive phases in both amplitude and fre-
quency, and even led to remittance in some
patients. Four patients also underwent single- or
double-blind placebo substitution: after swit-
ching to placebo, three patients relapsed into
depression or cycling (Bauer and Whybrow
1990). Later, in an 8-year maintenance study,
adjunctive treatment of seriously ill and pre-
viously prophylaxis-resistant unipolar and
bipolar patients with supraphysiological doses of
T, also proved successful in preventing affective
episodes in approximately 60% patients. There
was a significant reduction in the number of
affective recurrences and Morbidity Indexes
during T, treatment compared with the same
time period before T, administration. Although
these results must be seen as preliminary, these
studies indicate that in otherwise refractory
patients with affective disorders, treatment with
supraphysiological doses of T, is a viable aug-
mentation strategy (Bauer et al 2001, Submitted).

Concerns regarding the high doses of T4 are
related to bone metabolism and the cardiovas-
cular system. Pre- and postmenopausal women
with mood disorders who received supraphysio-
logical T, treatment for 12 months or longer
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Table 3

Results of thyroxine (T,) supplementation in mood disorders: augmentation and maintenance studies

Author, Year Subjects  Study Group Design  Thyroid Status  T,-Dose = Comedication Duration Outcome
Size Pre T, (ng/d) of T, No. of
(N F/M) Treatment Responder
Augmentation Studies
Joffe & Singer 1990 upP 38 (24/14) RA, DB Euthyroid T, 150 DMI, IMI 3 wks T 4/21R
Tyvs. T, Ty 37.5 T:9/17R
Bauer et al 1998 Treatment-resistant 17 Open Euthyroid 482 Various AD and MS 8 wks 8R, 2PR, 7NR
depression (16/1) (300-600)
(unipolar/bipolar)
Spoov & Lahdelma 21 UP, 1BD 22 (16/6) RA, DB, TSH elevated 200 Various AD 4 wks T, > lithium
1998 Li-X, in 2 subjects
Rudas et al 1999 Chronic depression 9 (7/2) Open Euthyroid 235 Various AD, 8 wks Response rate 55%
UP/dysthymia (150-300) Lithium, CBZ
Maintenance Studies
Stancer & Persad 1982 RC-BD, refractory 10 (8/2) Open Euthyroid 240-500 None, except ~ 9mo-9yrs 5 R (women),
to prophylaxis NLP in 1 case 3 PR, 2NR
Bauer & Whybrow RC-BD, refractory 11 (10/1) Open 7 hypothyroid 150-400 Various MS, 123 d-150 wks 9 R, 1 PR, 1 NR
1990 to prophylaxis 8 on lithium
Bauer et al UP, BD, SAD, refractory 20 Open Euthyroid 377.5  Various MS and AD 53 mo (range Significant reduc-
(Submitted) to prophylaxis (16/4) (200-600) 27-104)  tion of episodes and
morbidity indexes
Afflelou et al 1997 RC-BD 6 (4/2) Case series Euthyroid 50-325  Various CNS drugs S wks-3yrs 2R, 2PR, 2NR

* Double-blind, cross-over with lithium augmentation; " Placebo substitution in 4 patients; < Preliminary results in Baumgartner et al. 1994.
Abbreviations: AD=antidepressant, BD=bipolar disorder, CBZ=carbamazepine, DMI=desipramine, Li-X=cross-over study with lithium, MS=mood stabilizer,
NLP=neuroleptic, NR=non-response, PR=partial response, R=response, RC-BD=rapid cycling bipolar disorder, SAD=schizoaffective disorder, TCA=tricyclic
antidepressant, UP=unipolar major depression, IMI=imipramine, RA=randomization, DB=double-blind

displayed no clinically significant loss of bone
mineral density (Gyulai et al 1997; Gyulai et al
In Press). With respect to the cardiovascular sys-
tem, monitored with electrocardiograms and
measurements of blood pressure, and body
weight, no changes or adverse effects during
long-term treatment with T, were detected
(Baumgartner et al 1994; Whybrow 1994, Bauer
et al Submitted). The long-term effects of
treatment with supraphysiological doses of T, on
other cardiovascular functions, e.g. ventricular
function, cardiac output, systemic vascular resis-
tance, remain to be studied objectively. However,
there is no evidence from preliminary follow-up
studies that the cardiovascular system is
clinically impaired during supraphysiological T,
treatment in patients with affective disorders
(unpublished data).

Actions of thyroid hormones in
the adult brain

Although there is substantial clinical literature
supporting the role of thyroid hormone in mood
disorder, relatively little is known about the
effects of thyroid hormone on the adult
mammalian brain and the molecular mecha-
nisms that may underlie its mood-modulating

properties. Despite an accepted body of know-
ledge on the essential role of thyroid hormones
in the maturation and differentiation of the
brain (Bernal and Nunez 1995), and in disregard
of the clinical and therapeutic observations in
association with affective illness, the action of
thyroid hormones in CNS function in adults has
not been widely acknowledged. This lack of
interest seems to have originated in the 1950s
and 1960s, when early physiological studies sug-
gested that oxygen consumption in the mature
human brain did not change with changing
thyroid status, an effect that is considered a
marker of thyroid hormone activity in the
periphery (Sokoloff et al 1953; Sensenbach et al
1954; O'Brien and Harris 1968). Thus, in contrast
to our understanding of the thyroid hormones'
critically important role in the development of
the CNS, until recently little has been known
about the function and actions of thyroid
hormones in the mature mammalian brain
(Anderson et al 2000). However, improved
methodology in basic science is providing better
understanding of thyroid hormone action in
mature neurons (Henley and Koehnle 1997).
Among the most important findings are the
identification of 1) specific homeostatic mecha-
nisms by which thyroid hormone levels in the
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brain are tightly regulated and largely indepen-
dent of peripheral metabolic shifts, 2) significant
amounts of T, and T, in the brain, 3) several
forms of nuclear T, receptors, 4) the region-
specific expression of deiodinase isoenzymes in
brain and pituitary, and 5) the molecular ana-
lysis of thyroid-responsive genes in adult brain
(Oppenheimer et al 1974; Schwartz and Oppen-
heimer 1978; Ruel et al 1985; Evans 1988). The
T,-receptor complex interacts with specific
sequences (thyroid hormone-response elements)
in regulatory regions of target genes modifying
their expression (Brent 1994; Anderson et al
2000). Molecular studies have shown that the
adult brain has various genetic loci that are
responsive to thyroid hormones (e.g. RT3/neuro-
granin, growth hormone, TRH, corticotropin-
releasing hormone, brain-derived neurotrophic
factor [BDNF], nerve growth factor [NGF],
neurotrophin 3, vasoactive intestinal peptide
[VIP] and angiotensinogen) (Bernal et al 1992;
Kohrle 2000; Anderson et al 2000; Baumgartner
2000).

Thyroid-monoamine system interaction
in the brain and its implications for
the mood-modulating effects of thyroid
hormones

Changes of the brain thyroid hormone economy
are associated with aberrant behaviour in pa-
tients with thyroid disease and with changes in
the phenotypic expression in psychiatric disease.
Examples include: the profound mental distur-
bances that are found in both hypo- and hyper-
thyroidism; depressive symptoms in subclinical
hypothyroidism; the association of the rapid
cycling variant of bipolar illness with hypo-
thyroidism; and the therapeutic effect of thyroid
hormones in both depression and bipolar illness.

It has been suggested that the biogenic amines,
putatively disturbed in both affective and thy-
roid disorders, may mediate some of these asso-
ciations (Whybrow and Prange 1981). These sys-
tems, specifically the norepinephrine and seroto-
nin system, which have their origins in the
brainstem and extend through the midbrain into
the limbic system and cortex, modulate the
activity of many of the brain regions related to
emotion, mood and memory (Maes and Meltzer
1995).

e Thyroid-catecholamine

system interaction

The catecholaminergic system was initially
investigated because of the physiological associa-
tion between sympathetic nervous system acti-
vity and thyroid hormones (Harrison 1964).
Thyroid hormones appear to play an important
role in regulating central noradrenergic (NA)
function, and it has been suggested that thyroid
dysfunction may be linked with abnormalities in
central NA neurotransmission (Whybrow and
Prange 1981). In the rat brain, the NA receptor

systems are responsive to changes in HPT axis
function; studies demonstrated that thyroidec-
tomy results in region- and receptor-specific pre-
and postsynaptic NA system changes (Tejani-
Butt et al 2000). Thyroidectomy decreases ligand
binding to f- and o,-adrenergic receptors in the
cortex and limbic regions of the rat brain. These
changes can be reversed by administration of T,,
suggesting a neuromodulatory link between thy-
roid hormones and central NA systems (Tejani-
Butt and Yang 1994). Further evidence for a
thyroid-NA interaction stems from immuno-
histochemical mapping studies which indicate
that T, is concentrated in both nuclei and
projection sites of central NA systems (Rozanov
and Dratman 1996). Recent evidence that T; is
also delivered from the locus coeruleus to its NA
targets via anterograde axonal transport suggests
that T, may function as a cotransmitter with
norepinephrine in the adrenergic nervous sys-
tem (Gordon et al 1999).

e Thyroid-serotonin system interaction
Recent studies in animals and humans have
shown that thyroid hormones also influence the
activity of serotonin, as well as the functioning
of its receptors (Tejani-Butt et al 1993; Kulikov et
al 1999). Some evidence exists from neuro-
endocrine challenge studies in patients with
thyroid dysfunction that the hypothyroid status
is associated with a reduced 5-HT responsiveness,
which is reversible with thyroid replacement
therapy (Cleare et al 1995, 1996). Results from
studies in animals provide evidence that the
thyroid status has a considerable impact on sero-
tonergic neurotransmission in the adult brain
(reviewed in: Bauer et al Accepted). Expe-
rimentally-induced hypothyroid states result in
an increase in 5-HT turnover in the brainstem
(Henley and Koehnle 1997). Also, thyroid hor-
mone application may increase cortical seroton-
ergic neurotransmission via two independent
mechanisms: 1) A recent in vivo microdialysis
study by Gur et al (1999) indicated a loss of
autoinhibitory 5-HT,, receptor sensitivity media-
ted by T, in this study, the decrease in
hippocampal and cortical serotonin release that
usually follows the application of a 5-HT,,
agonist was significantly reduced by T, or
combined T; and clomipramine administration
in euthyroid rats; results indicate that thyroid
hormone application may desensitize auto-
inhibitory 5-HT,, receptors, and thus increase
cortical and hippocampal serotonin release; 2)
By increasing cortical 5-HT, receptor sensitivity,
creating a potentially independent way of in-
creasing 5-HT transmission (Heal and Smith
1988). A recent study in adult rats indicated
synergistic effects of T, and 5-HT,, receptors on
the expression of hippocampal brain-derived
neurotrophic factor (BDNF) (Vaidya et al 2001).
In this study, thyroid hormone (T;) adminis-
tration prior to treatment with a 5-HT,, agonist
caused a downregulation of BDNF mRNA expres-
sion in the hippocampus.
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Novel approaches to studying the
thyroid system and brain metabolism
in vivo

The metabolic effects of thyroid hormones in the
adult mammalian brain have rarely been
investigated in vivo. However, modern brain ima-
ging techniques, e.g. positron emission tomo-
graphy (PET) and spectroscopy, allow us to
evaluate the thyroid system and brain function
and have been initiated recently in human and
animal studies. They may provide some clues for
a better understanding of the thyroid-brain
interaction.

A 31" magnetic resonance spectroscopy (MRS)
study reported that hypothyroid patients exhibit
decreased cerebral metabolism in the frontal
lobes that returns to normal after T, replacement
therapy (Smith and Ain 1995). Another indi-
cation that the adult brain is metabolically
responsive to thyroid hormone stems from
studies in adult rats using *C nuclear magnetic
resonance (NMR) spectroscopy. These studies
revealed that experimentally-induced hypothy-
roidism markedly reduces the cerebral meta-
bolism of acetate and increases the concen-
trations of glutamate and GABA (Chapa et al
1995). A significant decline in "C-2-deoxy-
glucose uptake (as measured with autoradio-
graphy, an analogue method to the FDG-PET
techniques used in animals) was demonstrated
in hypothyroid adult rats throughout the brain,
except for the brainstem and pons, indicating a
general decline in metabolic/functional activity
during thyroid hormone deficiency; the extent
of these effects correlated with the duration of
the thyroid dysfunction (Calza et al 1997).

In patients with major depression, Marangell et
al (1997b) investigated relationships between
serum levels of hormones of the HPT system and
cerebral blood flow (CBF) and cerebral glucose
metabolism using PET with [*F]fluorodeoxy-
glucose (FDG). Serum TSH was inversely related
to both global and regional CBF and cerebral
glucose metabolism; left dorsolateral and mesial
prefrontal cortices were the areas of maximal
negative correlation between regional CBF and
TSH. In a recent ongoing study, the effects of
supraphysiological T, on regional cerebral glu-
cose metabolism in women with bipolar depres-
sion were determined using FDG-PET. A pre-
liminary analysis in six subjects indicated that
the treatment with T, significantly improved
mood, an effect that was accompanied by signi-
ficant cerebral metabolic effects. The volume of
interest (VOI) analyses displayed a significant
increase in metabolism in the left middle frontal
gyrus and a decrease in the left hippocampus by
T, treatment; statistical parametric mapping
(SPM99) analysis revealed that the T,-induced
reduction in hippocampal activity was part of a
widespread deactivation of limbic and subcor-
tical structures, including the amygdala. This

deactivation was maximal in parahippocampal
gyri and thalamus/brainstem. The findings sug-
gest that T, may produce improvement in mood
by actions on specific limbic/cortical and sub-
cortical circuits that have been implicated in the
pathophysiology of mood disorders (Bauer et al
In Press).

Summary and conclusions

The therapeutic use of thyroid hormone supple-
mentation in affective disorders has been studied
in a series of clinical trials since the late 1960s.
Indications, diagnostic groups, type of thyroid
hormone and dosages studied in these trials
varied widely. Initially, T; was the thyroid hor-
mone on which clinical research focused because
it was recognized that T, is the thyroid hormone
with the highest biological activity. Later,
research also paid attention to the use of T,
because it had been discovered that the brain is
dependent on the uptake of T, from the circu-
lation, and that it is well tolerated even in
higher, supraphysiological doses.

Acceleration strategies remain a major objective
of research in depression. T, is the prime can-
didate among the thyroid hormones for such
studies. In the past, the T, acceleration paradigm
has yielded promising results that should be
replicated in larger study groups controlling for
thyroid status and placebo effects while evalua-
ting the newer, more selective antidepressant
agents. Studies to specifically assess the use of T,
in combination with antidepressants in women
may shed light on any gender-specific effect of T,
on accelerating antidepressant response (Alt-
shuler et al In Press). The therapeutic and pro-
phylactic effects resulting from adjunctive use of
supraphysiological T, doses in refractory mood
disorders are promising but remain preliminary
due to the open study design that has been
applied in these severely ill patient populations.
Double-blind, placebo-controlled trials to con-
firm these optimistic results are required. The
acute treatment and prophylaxis of bipolar
patients with T,, particularly women, are among
the most promising strategies. The optimal doses
of T, are also a matter of debate; our own ex-
perience would suggest 200 to 400 mcg/d as the
preferred dose range, depending on individual
tolerability and response.

The interaction of thyroid hormone with brain
noradrenergic and serotonergic systems may be
relevant for the understanding of the mood-
modulating effects of thyroid hormones in the
clinical setting, and thus may enhance the
understanding of the pathophysiology and treat-
ment of mood disorders. However, the precise
molecular actions underlying the efficacy of
thyroid hormone treatment in patients with
mood disorders, and in patients with primary
hypothyroidism who have comorbid depression,
remain to be elucidated. Functional brain ima-
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ging techniques to further elucidate the relation-
ship between thyroid status, brain and mood
disorders may provide new insights into the pa-
thophysiology and treatment of these disorders.
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Summary

Abnormal phospholipid metabolisms may play
important roles in the pathophysiology of schizo-
phrenia. Phosphorus magnetic resonance spectros-
copy (*'P-MRS) offers a new method for studying
phosphorus-related metabolism in vivo. A decrease in
the level of phosphomonoesters (PME) and an
increase in the level of phosphodiesters (PDE) has
been demonstrated in the prefrontal lobe of neuro-
leptic-naive schizophrenic patients. Most of the
studies in medicated schizophrenic patients have
shown decreased PME and/or increased PDE. The
decreased PME in the frontal lobe appears to be
associated with negative symptoms and poor working
memory performance. 'H-decoupled *'P-MRS revealed
a reduction in the phosphocholine element of PME
and an elevation in the mobile phospholipids of PDE
in the prefrontal region of medicated schizophrenic
patients. PDE were elevated in the temporal lobes of
neuroleptic-naive schizophrenic patients, and this
increase was partially normalized by haloperidol
administration. Data about the temporal lobes of
medicated schizophrenic patients have not been
consistent. Except for the reduction in the adenosine
triphosphate (ATP) in the basal ganglia and the
correlation between the increase in the frontal lobe
phosphocreatine (PCr) and negative symptomatology,
data related to changes in high-energy phosphates
are contradictory. No consensus on the effect of
neuroleptics on phosphorus metabolites has been
achieved. Methodological problems inherent in
#P-MRS may have contributed to the confusion in
understanding available data. Future directions of
MRS studies are suggested in the last section of the

paper.
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Introduction

Functional and morphologic brain imaging
studies have revealed subtle but significant ab-
normalities in the brains of schizophrenic pa-
tients. The most consistent structural abnorma-
lities are ventricular enlargement and decreased
cortical volume, especially in the superior tem-
poral gyrus and the medial temporal lobe
(Harrison 1999; McCarley et al 1999; Wright et al
2000). Functional imaging modalities have
uncovered a variety of types of physiologic dys-
functions that involve diverse brain regions
(Andreasen et al 1997; Egan and Weinberger
1997; Buchsbaum and Hazlett 1998; McClure et
al 1998). These aberrances in function and struc-
ture are thought to be developmental in origin.
Several lines of evidence suggest that frontal lobe
dysfunction is associated with "negative" symp-
toms and the disorganization syndrome (Liddle
et al 1992; Kaplan et al 1993; Shioiri et al 1994;
Deicken et al 1995c¢), while temporal lobe dys-
function may be more closely related to
"positive" symptoms (McCarley et al 1993;
Fukuzako et al 1996; Klemm et al 1996; Nordahl
et al 1996; Sabri et al 1997).

Disturbed phospholipid metabolism has been
proposed as a neurodevelopmental element in
the pathogenesis of schizophrenia (Horrobin
1998), and deficiencies of essential fatty acid
components of red blood cell (RBC) membrane
phospholipids have been reported in schizo-
phrenic patients (Walker et al 1999; Fenton et al
2000). Changes in fatty acid composition affect
membrane structure by changing its fluidity, and
hence altering the functions of membrane-
bound receptors, ion channels and enzymes.
Membrane lipids are also important in cell
signalling and are precursors for inositol-
triphosphate and diacyl-glycerol synthesis. In
vivo *'phosphorus magnetic resonance spec-
troscopy (*'P-MRS) is able to quantitate mem-
brane phospholipids and high-energy phosphate
metabolism in the brain (Kegeles et al 1998;
McClure et al 1998; Keshavan et al 2000; Vance
et al 2000). Therefore, *’P-MRS may be a
technique to test such a hypothesis directly.

The general principles, strengths and weaknesses
of MRS have been outlined in several review
articles (Maier 1995; Kegeles et al 1998; McClure
et al 1998; Vance et al 2000). This paper provides
a thorough review of the literature on *'P-MRS
that is relevant to schizophrenia, with a brief
introduction into spectroscopic techniques to
assist the understanding of conflicting results in
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this field. Suggestions for future studies are pre-
sented in the last section.

Methodological issues of 3'P-PMS

P has a nuclear magnetic moment and is
present in 100% of naturally occurring phospho-
rus-containing compounds, so no labelling is
required for *'P-MRS imaging. The metabolites
easily identified by clinical MR instruments
include phosphomonoesters (PME), inorganic
orthophosphate (Pi), phosphodiesters (PDE),
phosphocreatine (PCr), and v-, p-, and a-phos-
phates of 5’-adenosine triphosphates (ATP).
Phospholipids are integral constituents of cell
membranes and are involved in the preservation
of structure, ion conduction, signal transduc-
tion and the maintenance of concentration
gradients. The PME resonance obtained from in
vivo *'P-MRS is generated by freely mobile PME
[mainly phosphocholine (PC) and phospho-
ethanolamine (PE)], less mobile PME moieties
(phosphorylated proteins), and PME inserted
into membrane phospholipids (McClure et al
1998). The PDE resonance arises from free mo-
bile PDE [glycerophosphoethanolamine (GPE)
and glycerophosphocholine (GPC)], mobile PDE
moieties (small membrane phospholipid struc-
tures, such as micelles and vesicles) and bilayer
membrane phospholipids (Murphy et al 1989;
McNamara et al 1994; McClure et al 1998).
Changes in levels of these metabolites provide
information on metabolisms and components of
membrane phospholipids. ATP is the fuel of
virtually all energy-requiring reactions, inclu-
ding synthesis, membrane transport and muscle
contraction. Any excess of energy is stored as
PCr. PCr, the most metabolically labile of the
brain high-energy phosphates, combines with
adenosine diphosphate (ADP) to form ATP and
creatine. ATP in turn is broken down to ADP and
Pi and energy is released. The B-ATP peak is
generally considered the most reliable indicator
of tissue ATP levels because the y- and o- reso-
nances usually contain contributions from ADP
(Bottomley 1989). Hypoxia, ischemia, anaerobic
metabolism and impaired energy utilization all
result in abnormal ATP, PCr and Pi concen-
trations.

Although *'P-MRS has the potential to generate
insights not available by other imaging tech-
niques, methodological limitations inherent in
this technique need to be addressed before inter-
preting the findings listed in Table 1. Differences
in the spin-lattice (T,) or spin-spin (T,) relaxation
time constant of phosphorus metabolites be-
tween schizophrenic patients and controls may
yield positive results, without any real change in
the concentration of the phosphorus metabo-
lites. T, and T, prolongation have been reported
in the frontal and temporal lobes and in the left
basal ganglia of medicated patients with chronic
schizophrenia (Williamson et al 1992). T, relaxa-
tion effects are negligible because changes in the

T, of a metabolite usually do not reflect a change
in spectral peak area (Stanley et al 1995).
However, the PME and PDE spectra, which
include short T, components, could be affected
by the difference in T, values, when the MR
acquisition method has a preacquisition delay
time (Twieg et al 1989). On the other hand, the
observed *'P MR signal, which comprises long T,
species, does not fully recover its equilibrium
magnetization when a short repetition time is
used between acquisitions. For example, an
increase in the T, of PME could account for the
decrease in the PME concentration observed in
schizophrenic patients. Signal collection and
spectral processing methods significantly affect
the results. Surface coil methods, such as depth-
resolved surface coil spectroscopy (DRESS), do
not eliminate signals from the skull and cranial
muscles. Chemical shift imaging (CSI) has the
advantage of obtaining data from large areas of
the brain in a single scan. However, it takes
longer to acquire the image, and its spectra may
be degraded by signal contamination (Frahm et
al 1989). All spectroscopic methods have in
common the problem that each voxel usually
contains varying percentages of grey matter,
white matter and cerebrospinal fluid (CSF), each
of which may have different concentrations of
metabolites. Phosphorus metabolites in the CSF
contribute little if anything to the spectrum
obtained by in vivo *P-MRS (Hugg et al 1992;
Ernst et al 1993), while the concentrations of
phosphorus metabolites are different in grey and
white matter (Kilby et al 1990). Grey matter
volume has been reported to be reduced in
schizophrenic patients, especially in the superior
temporal gyrus and the medial temporal lobe
(McCarley et al 1999; Harrison 1999). Therefore,
interpretation of MRS findings related to the
temporal lobes should take into account this
partial volume effect. Quantifying of the data in
the frequency domain, such as phasing the
spectral peaks and correcting baseline distortion,
usually requires interaction by an operator,
which can introduce a bias. Defining the spectral
peaks itself also produces a bias, whether it is
done manually or is automated, as does the
choice of what number of fitted spectral peaks is
to be used, e.g. singlet or triplet for PDE and -
ATP. In addition, cancellation of broad peaks by
postprocessing (e.g. convolution difference me-
thod) significantly decreases the peak areas of
PDE (Kilby et al 1991). All these methodological
issues have been fully addressed in a recent
review article by Stanley et al (2000).

MRS findings in schizophrenia

Findings from published studies and interesting
abstracts are summarized in Table 1.

e Membrane phospholipids

Decreased levels of PME and increased levels of
PDE have been observed in the prefrontal cortex
of drug-naive schizophrenic patients relative to
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Table 1:
#'P-MRS in schizophrenia
Author (yr) Subject MRS Location & Findings
method Voxel size
Keshavan (1991) A 31-year-old woman who suffered from DRESS Prefrontal cortex ~ PME | (27.5%), PDE 1 (25.6%)
schizophrenia one year after the MRS 15-20 cm? (left + right)
examination as a control
O’Callaghan (1991) 18 medicated patients (31 yo, 11M/7F, 10 yrs Surface coil ~ Temporoparietal — pH 1 (12.9%, M)
illness duration), 10 controls (36 yo, 6M/4F) cortex (left)
Pettegrew (1991) 11 drug-naive, first-episode patients (24 yo, 7M/4F),  DRESS Prefrontal cortex ~ PME | (23.6%), PDE 1 (13.0%),
10 controls (24 yo, 6M/4F) 15-20 cm? (left + right) B-ATP 1 (21.6%), Pi | (20.2%)
Williamson (1991) 10 medicated patients (39 yo, 9M/1F, 16 yrs), FROGS Prefrontal cortex ~ PME | (25.7%), PCr 1 (10.1%),
7 controls (matched for age, sex, and handedness) 15-20 cm? (left) Pi 1 (19.5%)
Calabrese (1992) 11 patients (2 neuroleptic-free, 9 medicated, 39 yo,  ISIS Temporal lobe left B-ATP 1 (11.1%), right PCr/p -ATP 1
10M/1F), 9 controls (35 yo, IM) 87 cm’® (14.9%), left PDE 1 (8.7%); Inverse
correlation between thinking disorder
and PCr/ B-ATP
Fujimoto (1992a) 16 medicated patients (39 yo, 16M, 12 yrs), CSI Temporal lobe left PDE 1 (5.4%), left ATP | (7.8%)
20 controls (34 yo, 15M/SF) 36 cm’ Frontoparietal left PCr | (9.2%)
region
Fujimoto (1992b) 17 medicated patients (39 yo, 17M), 20 controls CSI Basal ganglia left PME 1 (10.9%), right PDE |

Keshavan (1993)

Deicken (1994)

Fukuzako (1994)

Shioiri (1994)

Stanley (1994)
Deicken (1995a)

Deicken (1995b)

Deicken (1995¢)

Kato (1995)

Keshavan (1995a)

Keshavan (1995b)

Stanley (1995)

(34 yo, 15M/5F) 36 cm’

9 drug-naive, first-episode patients (8 schizophrenia, DRESS

1 schizophreniform disorder, 25 yo, 7M/2F, 1.7 yrs) ~ 15-20 cm’
20 patients (6 neuroleptic free, 14 medicated, CSI

39 yo, 20M, 14 yrs), 16 controls (40 yo, 16M) 25 cm?

16 medicated patients with treatment-resistant CSI
positive symptoms (40 yo, 8M/8E, 17 yrs), 36 cm’

16 controls (40 yo, 8M/8F)

26 patients (6 neuroleptic free, 20 medicated, 32 yo, DRESS
16M/10F, 9 yrs), 26 controls (32 yo, 16M/10F)

19 medicated patients (32 yo, 11 yrs), 18 controls FROGS
(31 yo, 18M) 15-20 cm?

18 patients (5 neuroleptic-free, 13 medicated, 39 yo, CSI

(
18M, 14 yrs), 16 controls (40 yo, 16M) 25 cm’
18 patients (5 neuroleptic-free, 13 medicated, 39 yo, CSI
18M, 14 yrs), 14 controls (39 yo, 14M) 25 cm?
16 medicated patients (40 yo, 16M, 14 yrs), CSI
13 controls (42 yo, 13M) 25 cm?
27 patients (10 neuroleptic-free, 17 medicated, CSI
30 yo, 12M/15E, 7 yrs), 26 controls
(34 yo, 11M/15F)
15 drug-naive, first-episode patients DRESS
(9 schizophrenia, 6 other psychotic disorder) 15-20 cm?
19 neuroleptic free patients (14 schizophrenia, DRESS
4 psychotic depression, 1 unspecified psychosis, 15-20 cm?
29 yo, 9M/10E, 8 yrs), 19 controls (29 yo, IM/10F)
29 patients (11 drug-naive, 26 yo, 8M/3F, 2yrs; 8 FROGS
newly diagnosed medicated, 23 yo, 8M, 4yrs; 10 15-20 cm?

long-term medicated, 43 yo, 9M/1F, 18 yrs),
21 controls (31 yo, 17M/4F)

Prefrontal cortex
(left + right)

Frontal and
parietal lobes

Medial temporal
lobe

Prefrontal lobe
(left + right)

Prefrontal cortex
(left)

Basal ganglia

Temporal lobe

Frontal lobe

Frontal lobe
Prefrontal cortex
(left + right)

Prefrontal cortex
(left + right)

Prefrontal cortex
(left)

(7.4%); right p-ATP | (4.0%)

Positive correlation between PDE and
total corpus callosal area (especially
anterior portion)

PDE 1 (frontal>parietal, left 11.8%, right
11.8%), PCr | (frontal>parietal, left 2.9%,
right 11.2%), right>left Pi (patients);
Correlation between right frontal PDE
(positive) and right frontal IPCr (negative),
and hostility-suspiciousness and anxiety-
depression subscale

PDE 1 (left 12.6%, right 9.1%),

left B-ATP | (23.0%)

No differences between the groups;
Association of low PME with negative
symptom score

PME | (20.7%), PDE 1 (9.5%, newly
diagnosed patients)

B-ATP | (left 13.1%, right 8.2%)

right PCr 1 (23.8%), right p-ATD | (21.4%);
Negative correlation between thinking
disturbance subscale of the BPRS and left
PCr and degree of asymmetry for PCr

PDE 1 (12.2%), Association of lower left
PME with fewer categories achieved, lower
percent conceptual level, and greater total
errors on WCST performance

PME | (left 29.2%, right 26.9%), left
B-ATP 1 (19.8%), left PCr 1 (Patients with
high negative symptoms, 14.1%)

Negative correlation between
pretreatment PDE and improvement

in BPRS positive symptoms

Correlation between PME and stage

4 sleep

PME | (20% in all three patient group),
PDE { (drug-naive patients), Pi | (newly
diagnosed patients)
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Williamson (1995)

Fukuzako (1996)

Hinsberger (1997)

Shioiri (1997)

Volz (1997a)

Volz (1997b)

Christensen (1998)

Volz (1998a)

Volz (1998b)
Bliiml (1999)
Fukuzako (1999a)

Fukuzako (1999b)

Potwarka (1999)

Riehemann (1999)

Stanley (1999)

Volz (1999)

Puri (2000)

Volz (2000)

19 medicated patients (12yrs), 18 controls (matched
for age, handedness, education, parental education)

31 medicated patients (39 yo, 22M/9F, 16yrs),
31 controls (40 yo, 22M/9F)

10 patients (5 neuroleptic-free, 5 medicated, 35 yo,

8M/2F, 12yrs), 10 controls (27 yo, IM/1F)

36 patients (9 neuroleptic free, 27 medicated, 30 yo,

22M/14F, 7yrs)

13 medicated patients (30 yo, 11M/6F, 7 yrs),
14 controls (33 yo, 10M/4F)

60 patients (10 neuroleptic-free, 34 yo, 6M/4F,
6 yrs; 50 medicated, 38 yo, 31M/19E, 10 yrs),
36 controls (35 yo, 20M/16F)

17 patients (8 neuroleptic-free, 11 medicated),
19 controls

26 medicated patients (42 yo, 18M/8F, 12 yrs),
23 controls (35 yo, 11M/12F)

50 patients (47 medicated, 38 yo, 31M/19F,

10 yrs), 36 controls (35 yo, 20M/16F)

13 patients (2 neuroleptic-naive, 11 medicated,
34 yo), 15 controls (25 yo)

17 neuroleptic-naive patients (23 yo, 10M/7F,
0.5 yrs), 17 controls (23 yo, 10M/7F)

13 drug-naive, first-episode patients (23 yo, 7M/6F,

0.6 yrs), 13 controls (22 yo, 7M/6F)

11 medicated patients (46 yo, 10M/1F, 21 yrs),
11 controls (45 yo, 10M/1F)

51 patients (31M/20F), 32 controls (19M/13F)

15 drug-naive, first-episode patients (9 with FH,
21 yo, 8M/1F; 6 without FH, 20 yo, 4M/2F),

39 controls (without FH, 21 yo, 28M/11F)

8 patients (36 yo, SM/3E, 6 yrs)

A 31-year-old neuroleptic-free man

11 patients (7drug-naive, 4 neuroleptic-free, 33 yo,

8M/3E, 7 yrs), 11 controls (34 yo, 8M/3F)
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Prefrontal cortex
(left)
Temporal lobe

Prefrontal cortex
(left)

Prefrontal lobe
(left + right)

Prefrontal cortex
(left + right)
Prefrontal cortex
(left + right)

Prefrontal cortex
(left + right)

Prefrontal cortex
(left + right)
Prefrontal cortex
(left + right)
Parietal lobe

Temporal lobe

Temporal lobe

Prefrontal region

Frontal lobe

Prefrontal cortex

(left + right)

Frontal lobe

Frontal lobe

PME |, Negative correlation between
SANS score and both $-ATP and PCr
PDE 1 (left 3.9%, right 5.1%), left f-ATP
| (9.3%), Correlation between BPRS
positive symptoms and left PDE

PME | (21.0%), No correlation between
PME and prefrontal grey matter volume
PME | in patients with disorganized
type, Correlation of decreased PME with
psychomotor retardation, Association
between increased PDE and emotional
withdrawal and blunted affect

PDE | (7.0%)

PCr 1 (neuroleptic-treated 11.0%), PDE |
(neuroleptic-free 8.6%, neuroleptic-
treated 6.8%); In neuroleptic-free
patients, correlations of SANS total score
with ATP (negative), PCr/ATP (positive),
and Pi (positive) were observed.

No significant difference between the
groups; Inverse correlation between PDE
and positive symptoms after 4 weeks

of haloperidol treatment

PME 1 (11.0%); Negative correlation
between PCr and PCr/ATP and WCST
performance only in controls

PDE |(6.8%), PCr 1 (11.0%)

GPC 1 (25.8%), GPE 1 (18.1%), PME 1
(27.8%), PCr 1 (9.2%)

PME | (bilateral 9.0%), PDE 1 (bilateral
8.1%), left PCr 1 (10.3%)

left PDE | by 12 weeks of haloperidol
(4.5%), Positive correlation between PDE
decrease and BPRS positive symptom
reduction

PC | (left 20.0%, right 15.2%), PDE }
(left 10.5%, right 8.1%), MP 1 (left
14.6%, right 10.3%), Pi | (left 42.8%,
right 33.1%); Negative correlation
between SANS and right prefrontal
p-ATP

Pi 1 and PCr | in female controls
compared to male controls, No such
gender difference in schizophrenic
patients

PME | (patients with FH vs. controls);
Negative correlation between PME, PDE,
and B-ATP levels with time in patients
without FH

left PDE | (15.3%), right PDE 1 (4.9%)
by 3 weeks of neuroleptic treatment
PME |, PDE | after 6 months
eicosapentaenoic acid treatment

right PDE |, left PCr |, right ATP |

Abbreviations: ATD, Adenosine triphosphates; BPRS, Brief Psychiatric Rating Scale; CSI, Chemical Shift Imaging; DRESS, Depth-Resolved Surface Coil
Spectroscopy; F, Female; FH, Family History; FROGS, Fast Rotating Gradient Spectroscopy; GPC, Glycerophosphocholine; GPE,
Glycerophosphoetanolamine; 1H-D, 1H-Decoupled; ISIS, Image-Selected In Vivo Spectroscopy; M, Male; PC, Phosphocholine; PCr, Phosphocreatine;
PDE, Phosphodiesters; Pi, Inorganic Orthophosphate; PME, Phosphomonoesters; PRESS, Point-Resolved Spectroscopy; SANS, Scale for the Assessment of

Negative Symptoms; WCST, Wisconsin Card Sorting Test; yo, years old

Demographic variables and MRS technique were not fully described in several studies.
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healthy controls (Pettegrew et al 1991; Stanley et
al 1995). Medicated patients have also showed
decreased PME (Williamson et al 1991; Kato et al
19935; Hinsberger et al 1997) and increased PDE
(Deicken et al 1994) in their frontal lobes. Some
reports have found an association between the
decrease in frontal lobe PME and negative
symptoms, poor performance on the Wisconsin
Card Sorting Test (WCST), and reduced slow
wave sleep (Shioiri et al 1994; Keshavan et al
1995b; Deicken et al 1995¢). The magnitude of
the phospholipid abnormalities (PME decrease
and PDE increase) in the frontal lobes may be
greater in patients with the disorganized subtype
than in those with other subtypes (Shioiri et al
1997). On the other hand, Volz et al (2000)
found a reduction in PDE levels in the frontal
lobe of neuroleptic-free schizophrenic patients.
They also demonstrated a decrease in PDE (Volz
et al 1997a, 1997b, 1998a, 1998b) and an in-
crease in PME (1998a) in the frontal lobes of
medicated schizophrenic patients. In order to
elucidate the relationship between morphologic
change in brain structures and phosphorus
metabolite levels, Hinsberger et al (1997) com-
pared phosphorus metabolites and the volume
of the prefrontal cortex in patients and healthy
subjects. While PME concentrations were lower
in the patient group, the prefrontal grey matter
volume was not significantly different in the two
groups, and the level of PME did not correlate
with the left prefrontal grey matter volume in
the schizophrenic patients. These findings
suggest that phosphorus metabolite abnorma-
lities may antedate the morphologic changes
observed in schizophrenia. The volume of the
anterior portion of the corpus callosum corre-
lated with the concentration of prefrontal PDE
(Keshavan et al 1993). This finding was inter-
preted as suggesting that failure to ‘prune’ callo-
sal axons may be related to impaired prefrontal
cortical proliferation.

Few studies have investigated phosphorus meta-
bolites in the temporal lobes. *'P-MRS specifically
investigating the temporal lobes has yielded
contradictory results in medicated schizophrenic
patients (Kegeles et al 1998; McClure et al 1998).
An increase in PDE among schizophrenic pa-
tients was noted by three groups of investigators
(Calabrese et al 1992; Fujimoto et al 1992a; Fuku-
zako et al 1994, 1996), while two other groups
found no difference between schizophrenic
patients and controls (O’Callaghan et al 1991;
Deicken et al 1995b). Reduced PME levels in the
temporal lobes have not been reported. Neuro-
leptic-naive patients showed higher levels of PDE
and lower levels of PME in the temporal lobes
than healthy subjects (Fukuzako et al 1999a). In
long-term medicated schizophrenic patients, a
positive correlation was observed between the
PDE level in the left temporal lobe and the
positive symptom score on the Brief Psychiatric
Rating Scale (BPRS) (Fukuzako et al 1996). These
results suggest that membrane phospholipid

metabolism is disturbed in both temporal lobes
of drug-naive schizophrenic patients, and that
the disturbance in the left temporal lobe is
associated with neuroleptic-resistant positive
symptoms in chronic schizophrenic patients.

MRS methods employed in the above mentioned
studies could not discriminate which PME and
PDE components contribute to the changes in
resonance observed in schizophrenic patients.
Several recent studies have used 'H-decoupled
3P-MRS to try to resolve this problem (Bliml et
al 1999; Potwarka et al 1999). A preliminary
study found that PC is decreased and mobile
phospholipids (MP) of PDE are increased in the
frontal lobes of schizophrenic patients with
long-term medication (Potwarka et al 1999).
Bliml et al (1999) have demonstrated elevations
of PME, GPE and GPC concentrations in the
parietal lobes of medicated schizophrenic pa-
tients compared with healthy controls. PME was
decreased in the frontal lobe in drug-naive
schizophrenic patients, suggesting a disturbance
in the production of membrane phospholipids.
No 'H-decoupled *P-MRS study of temporal
lobes in schizophrenic patients has been repor-
ted. A preliminary study of in vitro *’'P-MRS in the
temporal lobes of post-mortem brains showed a
nonsignificant decrease in the amount of
phosphoethanolamine (PE) and increases in GPE
and GPC in schizophrenic subjects; these
changes were smaller than, but otherwise similar
to, in vivo findings (Williamson et al 1996).
Stanley et al (1997, 1999) used another tech-
nique, with application of a longer preacquisi-
tion delay time, to extract components that
contribute to the breakdown and production of
membrane phospholipids.

e Membrane phospholipids and
phospholipase A,

In vivo detection of abnormalities in membrane
phospholipids in schizophrenic brains by
P-MRS further emphasizes the importance of
lipid neurochemistry in understanding the pa-
thophysiology of schizophrenia. There is abun-
dant evidence that lipids and fatty acids play
important roles in brain neurotransmission.
Changes in rat brain fatty acid concentrations
induced by dietary fatty acid deficiency alter
dopaminergic and serotonergic neurotransmis-
sion (Delion et al 1994; de-la-Presa-Owens and
Innis 1999) and induce an increase in 5-HT, and
a decrease in D, receptor density in the frontal
cortex (Delion et al 1996). Fatty acids have been
reported to modify agonist binding affinity for
several neurotransmitters, including dopa-
minergic, GABAergic, cholinergic and NMDA
receptors (Miller et al 1992; Witt and Nielsen
1994; Chalon et al 1998; Kjome et al 1998). A
number of studies have suggested that mem-
brane phospholipids are altered in patients with
schizophrenia. Phosphatidylethanolamine was
found to be decreased in the frontal lobe
(Horrobin et al 1991) and caudate region (Yao et

74



al 2000) of post-mortem brains of schizophrenic
patients. The rate of turnover of platelet arachi-
donic acid (AA) and phosphatidylinositol has
been reported to be accelerated in schizophrenia
(Demisch et al 1987; Vial and Piomelli 1995; Yao
et al 1992). In addition, most of the studies that
have measured the tissue concentrations of
essential fatty acids found that schizophrenia is
associated with a deficiency in AA and docosa-
hexaenoic acid (DHA) in the cell membrane
(Walker et al 1999; Fenton et al 2000). Decreased
concentrations of AA and DHA in RBC phospho-
lipids have been found in patients presenting
primarily with negative symptoms (Glen et al
1994), and the severity of the positive symptoms
was inversely related to dietary eicosapentaenoic
acid (EPA) (Mellor et al 1995). In addition, admi-
nistration of EPA resulted in a reduction in the
Positive and Negative Syndrome Scale (PANSS)
score of treatment-resistant patients by 24%
(Peet and Mellor 1998). Puri et al (2000) reported
a patient with schizophrenia who was treated
only with EPA and who was completely remitted
of his symptoms for more than two years. His
repeated MRI scans, performed before and six
months after EPA treatment, showed normali-
zation of the cerebral atrophy. Serial *’P-MRS
revealed a decrease in PME and PDE, suggesting
a reduced neuronal membrane phospholipid
turnover caused by the EPA supplementation.

Many enzymes are candidates for producing the
phospholipid abnormalities that characterize
schizophrenia, and phospholipid catabolic
enzyme phospholipase A, (PLA,) is one of the
front-runners. PLA, is a key enzyme in the
metabolism of phospholipids that also affects
receptor function and signal transduction
(Farooqui et al 1992; Horrobin and Bennett
1999). Biochemical studies found higher serum,
platelet and brain PLA, activity in schizophrenic
patients than in healthy controls (Gattaz et al
1987, 1995; Noponen et al 1993; Ross et al 1997,
1999), although contradictory results have also
been published (Albers et al 1993; Katila et al
1997; Doris et al 1998). In post-mortem studies
of the brains of schizophrenic patients, calcium-
independent PLA, activity has been shown to be
higher in the temporal cortex than it is in the
brains of matched controls (Ross et al 1999). This
finding seems to be consistent with the increased
PDE found in temporal lobes of schizophrenic
patients (Fukuzako et al 1999a). However, our
preliminary investigation of both the phospho-
rus metabolites observable by *P-MRS and serum
PLA, activity in 21 neuroleptic-naive schizo-
phrenic patients failed to demonstrate any
significant correlation between these two
parameters (unpublished data). This result could
imply that the rise in the PDE level in
schizophrenic patients is not a direct effect of
higher serum PLA, activity. However, the failure
to identify an association may reflect technical
factors involved in measuring PDE resonance by
MRS.

e High-energy phosphates

Pettegrew et al (1991) demonstrated that the
levels of B-ATP are higher and Pi levels are lower
in the prefrontal cortex of drug-naive patients
than in controls. In contrast, the levels of ATP
and PCr were decreased in frontal lobes of
neuroleptic-free patients (Volz et al 2000). No
significant differences in any high-energy phos-
phate metabolite were found between drug-
naive patients and healthy control subjects in
another study (Stanley et al 1995). Several groups
of investigators have reported changes in the Pi,
PCr and ATP levels in the frontal lobes of medi-
cated schizophrenic patients; however, the direc-
tion of their change was not consistent across
studies (increase vs. decrease; Pi 1:2, PCr 2:1, ATP
1:0) (Williamson et al 1991, 1995; Fujimoto et al
1992a; Kato et al 1995; Stanley et al 1995; Volz et
al 1997b, 1998b; Potwarka et al 1999). The one
relatively consistent finding is a higher PCr in
medicated patients than in controls. The PCr
decrease reported by Fujimoto et al (1992a) was
observed in the left medial frontal lobe. On the
other hand, studies presenting an increase in PCr
obtained signals from the dorsal prefrontal lobe
(Williamson et al 1991, 1995; Volz et al 1997b,
1998b). Patients who presented with predomi-
nantly negative symptoms (n=14) showed an
increase in frontal PCr, while data from the
whole patient group (n=27) were not different
from those in controls (Kato et al 1995). The
dorsal part of the frontal lobe has been reported
to be related to negative symptoms (Liddle et al
1992; Kaplan et al 1993). Volz et al (1997b)
reported that the % PCr is increased in neuro-
leptic-treated patients whereas no differences
were detected in neuroleptic-free patients. In
addition, the degree of negative symptoms
correlated inversely with the ATP level and
positively with the PCr/ATP ratio. These authors
suggested that the energy demand in the frontal
lobes is reduced by either neuroleptics or a trait
in schizophrenic patients with predominantly
negative symptomatology. These results are con-
sistent with the report of a decreased activation
pattern in the frontal lobes of schizophrenic
patients with high negative symptoms (Catafau
et al 1994). In contrast, one study demonstrated
a negative correlation between the PCr level and
negative symptoms (Williamson et al 1995). The
% PCr and PCr/ATP ratio were reported to be
inversely correlated with WCST performance in
healthy subjects but not in schizophrenic pa-
tients (Volz et al 1998a). These correlations may
represent an association between reduced per-
formance in a specific frontal lobe task and
decreased energy demand at rest. The authors
speculated that the lack of correlation in schizo-
phrenic patients might be caused by a ceiling
effect during mental activity or may be a direct
effect of neuroleptic medication.

Fukuzako et al (1999a) demonstrated that the
level of PCr is increased in the left temporal lobe
of neuroleptic-naive schizophrenic patients. PCr
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is known to be transformed rapidly into ATP
when ATP is consumed by neuronal activity
(Sappey-Marinier et al 1992). An increased per-
centage of PCr may represent reduced ATP
utilization in the left temporal lobe of
neuroleptic-naive schizophrenic patients. This
asymmetric abnormality in energy metabolism
agrees with the left-sided functional impair-
ments observed in the temporal lobes of schizo-
phrenic patients by single photon emission
computed tomography (SPECT) (Catafau et al
1994; Klemm et al 1996; Russell et al 1997).
However, these findings appear to contradict the
increased glucose utilization in the left temporal
lobe identified by positron emission tomography
(PET) (DeLisi et al 1989; Gur et al 1995). A
negative correlation was noted between the
thought disturbance subscale of the BPRS and
the PCr/p-ATP ratio bilaterally in the temporal
lobes (Calabrese et al 1992). Using a more advan-
ced MRS technique, the same group of investiga-
tors demonstrated a higher right relative to left
temporal PCr/ATP ratio, PCr/Pi ratio and % PCr,
as well as significantly lower right relative to left
temporal lobe ATP (Deicken et al 1995b). No
asymmetries in temporal lobe phosphorus meta-
bolites were observed in the control group. In
addition, both the left temporal PCr level and
the degree of asymmetry in the temporal lobe
PCr level showed a high negative correlation
with the thought disturbance subscale of the
BPRS. Their results suggest a link between im-
paired high-energy phosphate metabolism and
thought disturbance in schizophrenic patients.
Our studies, however, did not show any signifi-
cant associations between high-energy phos-
phate metabolites and specific symptoms in
either neuroleptic-naive or chronically medica-
ted patients (Fukuzako et al 1996, 1999a).

The PCr concentration was increased in the
parietal lobe of medicated schizophrenic pa-
tients, implying decreased energy demand in
this region (Bliml et al 1999). Two reports have
found lower ATP concentrations in the basal
ganglia, suggesting an imbalance between ATP
production and ATP utilization by oxidative
phosphorylation (Fujimoto et al 1992b; Deicken
et al 1995a).

Except for the reduction in the ATP level in the
basal ganglia and the correlation between the
increase in the PCr level in the frontal lobe and
negative symptomatology, data related to high-
energy phosphates in schizophrenia are
contradictory.

¢ Neuroleptics and phosphorus
metabolites

Neuroleptics have been reported to affect
regional cerebral blood flow and glucose meta-
bolism, although the direction of reported
changes in these parameters has not been consis-
tent across studies (Nilsson et al 1977; Gur et al
1985; Berman et al 1996; Miller et al 1997;

Bartlett et al 1998; Buchsbaum and Hazlett
1998). Few MRS studies have examined the
effects of neuroleptics on phosphorus meta-
bolites. Stanley et al (1994) observed an increase
in the % PDE in left prefrontal cortex in newly
diagnosed patients but not in chronic patients. It
is not certain whether this difference between
groups is due to chronicity of illness or neuro-
leptic treatment. Keshavan et al (1995a) reported
that the levels of PDE were increased at
pretreatment imaging and no significant change
in PDE was observed after four weeks of halo-
peridol treatment. Volz et al (1999) performed
serial *'P-MRS of the frontal lobe in schizophre-
nic patients first after a one-week neuroleptic-
free period and second after three weeks of
neuroleptic treatment. The % PDE increased
significantly in the left frontal lobe and tended
to decrease on the right with medication.
Therefore, it is not yet possible to determine
what neuroleptic-induced changes in phos-
phorus metabolites occur in the frontal lobe.

Fukuzako et al (1999b) examined changes in the
levels of phosphorus metabolites in the temporal
lobes following a 12-week administration of
haloperidol. Prior to treatment, the patients had
higher levels of PDE in both temporal lobes than
healthy subjects. Haloperidol administration
significantly reduced the excess PDE in the left
temporal lobe, although the PDE level remained
somewhat higher bilaterally than in controls.
Treatment was associated with a decline in the
total BPRS symptom score, and the decline in the
positive symptom score correlated highly with
the reduction of the PDE in the left temporal
lobe. The PDE reduction in the right temporal
lobe showed a weak correlation with the decline
in the positive symptom score. The total amount
of haloperidol did not correlate significantly
with changes in any metabolite levels. The
authors suggested that haloperidol may partially
normalize the disturbed metabolism or correct
abnormalities in membrane phospholipid com-
ponents in the left temporal lobe of untreated
schizophrenic patients, and that these changes
are responsible for symptom alleviation. These in
vivo results seem to be consistent with
biochemical findings which demonstrate that
supernormal PLA, activity is reduced by neuro-
leptic administration (Gattaz et al 1987, 1995),
even though it remains higher than in healthy
subjects (Ross et al 1997). Neuroleptics may alter
brain phospholipid metabolism and composi-
tion by regulating PLA, activity in a manner
similar to that seen in platelets and RBCs. In fact,
the PLA, activity in rat brain plasma membranes
declined after either a single dose or four-week
administration of chlorpromazine, trifluopera-
zine, haloperidol and sulpiride (Trzeciak et al
1995). Moreover, a two-week course of halope-
ridol in rats reduced calcium-independent PLA,
by 21% in the striatum (Ross et al 1999). Addi-
tionally, haloperidol has been shown to reduce
the synthesis of a number of phospholipids in
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rat brain (Singh and Shankar 1996). It is un-
known whether typical and atypical neuroleptics
have any different effects on the *'P-MR
spectrum in humans. Administration of halo-
peridol and clozapine for three weeks increased
the level of y-, B-, and a-ATP in the brains of rats
(Skinner et al 1995). Clozapine was shown to be
associated with a rise in the RBC membrane
concentrations of several polyunsaturated fatty
acids (Horrobin et al 1997). Effects of neuro-
leptics on membrane phospholipid metabolism
and composition remain areas of active inves-
tigation.

It is a matter of debate whether prediction of
treatment response is possible using *'P-MRS.
Keshavan et al (1995a) reported that poor
response to neuroleptic treatment was associated
with the higher pretreatment % PDE in the
prefrontal cortex of psychotic patients. Christen-
sen et al (1998) investigated whether regional
brain concentration of phosphorus metabolites
predicted the level of residual symptoms after
four weeks of neuroleptic treatment. The
prefrontal PDE concentration in schizophrenic
patients was not different from the concentra-
tion in controls. However, the positive and the
negative symptom score each correlated nega-
tively with the prefrontal PDE concentration.
These results suggest that the PDE concentration
is associated with a trait that determines the
responsiveness to drug treatment and is consis-
tent with the findings of Keshavan et al (1995a).
On the other hand, no pretreatment level of any
metabolite in the temporal lobe predicted
treatment response (Fukuzako et al 1999b).

Future directions of 3'P-MRS research

As described above, results of *'P-MRS studies are
often inconsistent. Age and gender are potential
confounding factors. The PCr level (expressed as
PCr/ATP or % PCr) in the frontal lobes has been
reported to correlate positively with age (Longo
et al 1993; Smith et al 1995). On the other hand,
one study has shown that PME levels in the
dorsal prefrontal cortex decrease and PDE levels
increase with age, without age-related changes in
the levels of Pi, PCr and ATP (Pettegrew et al
1995). Riehemann et al (1999) have demon-
strated that healthy women have higher Pi and
lower PCr levels in their frontal lobes than men,
but gender differences were not observed in
schizophrenic patients. However, age and gender
were comparable between schizophrenic pa-
tients and comparison subjects in most pu-
blished studies (Table 1). The number of subjects
that have been recruited for MRS studies so far is
relatively low (9-60 schizophrenic patients). As
schizophrenia is characterized by heterogeneity
in symptomatology, treatment response, clinical
course and other features, inconsistencies be-
tween published data may reflect differences in
patient characteristics. More than 100 subjects
are needed to clarify the degree of contribution

of these factors to MRS results. Because the
effects of neuroleptics and other drugs on the
MRS spectra have yet to be determined, inves-
tigation with a prospective design in neuro-
leptic-naive patients is essential.

There is no doubt that genetic factors contribute
to the aetiology of schizophrenia. Data from
brain imaging studies such as MRS may help
identify intermediate phenotypes linking gene-
tic factors and clinical phenotypes. An associa-
tion between a genetic marker and cerebral
ventricular enlargement and parietal cortex
atrophy has already been reported (Shihabudin
et al 1997). The existence of an association
between allele 3 of neurotrophin-3 and reduced
hippocampal volume has also been suggested
(Kunugi et al 1999). Wassink et al (1999) failed to
demonstrate an association between the
presence of allele 1 of brain-derived neuro-
trophic factor and schizophrenia. Subjects who
had at least one copy of allele 1, however, had
larger parietal lobes than those who did not
when controlling for overall cortical volume and
age at the time of MRI. Subjects with the 9-
repeat/10-repeat genotype showed a significant
reduction in dopamine transporter protein
availability in the putamen compared with 10-
repeat homozygous individuals (Heinz et al
2000). These findings suggest that allelic varia-
bility influences brain morphology and function
in humans. On the other hand, D, receptor bin-
ding potential, as measured by '*I-IBZM SPECT,
was not related to Taql polymorphism at the D,
receptor gene (Laurelle et al 1998). To date, no
study has attempted to correlate phosphorus
MRS data with a specific gene or genetic marker.
Reported associations between polymorphisms
of cytosolic PLA, (excess of long poly-A repeats,
variation in the BAN-1 polymorphism site in the
first intron) and schizophrenia are contradictory
(Hudson et al 1996; Price et al 1997; Doris et al
1998; Peet et al 1998; Wei et al 1998). The com-
bined examination of phosphorus MRS, PLA,
activity and gene polymorphism of PLA, may
determine whether MRS phosphorus metabolite
abnormalities are caused by gene-related aber-
rant PLA, activity. However, the genetic coding
of calcium-independent PLA, has not yet been
determined (Horrobin and Bennett 1999), and
this is the type of PLA, that is believed to be most
intimately involved in the pathophysiology of
schizophrenia (Ross et al 1997). Similar investi-
gations of other enzymes, such as phospholipase
C, phospholipase D, fatty acid coenzyme A liga-
ses and acyl-coenzyme A: lyso-phospholipid
acyltransferase, are also important in the clarifi-
cation of enzyme-MRS parameter relationships.

Reports examining relationships between MRS
and genetic factors in schizophrenia are rare.
Stanley et al (1999) presented preliminary results
that the levels of PME were decreased in the
prefrontal lobes of neuroleptic-naive schizo-
phrenic patients, and that the reduction in PME
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was more pronouced in patients with a family
history of mental illness. In addition, longitu-
dinal investigation revealed that the % PME
decreased progressively more in patients without
a family history of mental illness compared with
patients with such a family history. Keshavan et
al (1991) presented a patient who showed
decreased PME levels and increased PDE levels by
3P-MRS prior to the onset of schizophrenia. This
finding suggests that a person with genetic
predisposition to schizophrenia has membrane
phospholipid pathology that antedates the first
outbreak. Hopefully, clinical studies will help to
identify children at high risk of developing
schizophrenia, and will guide clinicians towards
early intervention. 'H-MRS may also play a role
in detecting such pathology (Callicott et al
1998). Longitudinal investigation of high-risk
children using *P-MRS and 'H-MRS may help to
discriminate between the children who will and
those who will not develop schizophrenia. In
addition, *P-MRS studies in monozygotic twins
discordant for schizophrenia may offer valuable
information on the pathophysiology of schizo-
phrenia.

Cognitive dysfunction, as measured by electro-
encephalography and evoked potentials, has
been reported in schizophrenic patients
(McCarley et al 1993; Takeuchi et al 1994;
Hughes 1996; Adler et al 1999). A number of
neurochemical abnormalities, involving neuro-
transmitters, neurotrophic factors and cytokines,
have also been observed in schizophrenic
patients (Byne et al 1999; Muller et al 1999). No
correlative studies between these parameters and
'P-MRS in schizophrenic patients have been
published, as far as I know.

Methodological problems that limit the inter-
pretation of earlier findings need to be over-
come. First, reliability is improved by fully auto-
mated processing of data. Second, most previous
studies employed mole percentages of total
phosphorus metabolites. Absolute metabolite
quantitation is preferable, although it is time-
consuming and is easily affected by the partial
volume effect, as compared with metabolite per-
centage. Third, sophisticated software that
collects signals from grey matter, white matter
and CSF separately may be better able to deter-
mine how subtle morphologic abnormalities in
schizophrenic patients might interact with
phosphorus MRS findings in vivo. However, *P-
MRS is only about 5% as sensitive as 'H-MRS,
primarily because of the lower gyromagnetic
ratio of *'P, which hampers correction for the
partial volume effect. MRS with higher magnetic
field strengths of 3.0-7.0 tesla will improve both
the signal-to-noise ratio and spectral resolution.
The next generation of *'P-MRS, which addresses
these problems, will soon be available (Bliml et
al 1999; Jensen et al 1999; Potwarka et al 1999).
Combined investigations wusing improved
#P-MRS and molecular genetics will offer new

opportunities to identify the causes of distur-
bances in membrane phospholipid and high-
energy phosphate metabolisms, and should
expand our knowledge of the pathophysiology
of schizophrenia.
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Summary

Which patients presenting with depression in late life
will progress to a dementia syndrome has been an
important research question in recent times. In this
paper we review selectively structural neuroimaging
investigations of late-life depression (LLD) that have
been performed over the past two decades. These
studies indicate that there are neuroimaging changes
commonly observed in LLD patients when compared
to normal controls. Findings include ventricular en-
largement and sulcal widening, and reduction in
volume size of frontal lobes, hippocampus and
caudate nucleus. White matter lesions are more
common in depressed subjects and tend to be more
severe. Some studies report these changes to be more
pronounced in patients who present with late-onset
depression (LOD) but this has been contradicted by
other studies. Preliminary work suggests that these
changes may be associated with a poor prognosis but
there is a dearth of systematic, well-controlled
longitudinal studies.
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Introduction

A relationship between the depressions of late
life and dementia has long been clinically
recognised. That elderly depressed patients may
present with cognitive impairment (CI) which
resolves with remission of depressive symptoms
has been referred to as "pseudodementia". Re-
cently, however, research observations suggest
that not all depressed patients who present with
memory impairment will recover fully and that
some will in fact progress to develop a dementia
syndrome. It has been suggested that in cases
such as this, the depressive state is an early war-
ning sign and the prodrome of a degenerative
disorder.

In the past, the depression of late life had been
largely studied as a single entity. The majority of
individuals who present with depression in late
life have in fact a recurrent depressive disorder,
experiencing their first depressive episode during
early or middle adulthood. The depressions that
begin for the first time in late middle age or later,
although less common than early-onset depres-
sion (EOD), have been the subject of considera-
ble research interest over the past decade.
Clinical and biological differences between
depressive disorders that emerge for the first
time in middle age or late life, (EOD) and late-
onset depression (LOD), have been reported.
LOD patients are more likely to have associated
cognitive impairment (Steingart and Herrmann
1991; van Ojen et al 1995), possibly more likely
to develop dementia (Alexopoulos et al 1993;
Steffens et al 1997), are less likely to have bipolar
disorder, more likely to have medical co-
morbidity and have a poorer prognosis than
EOD patients. It has been argued that LOD may
be a prodromal syndrome for the development
of dementia (Weiner et al 1994; Buntinx et al
1996; Steffens, et al 1997; Sunderland et al 1997;
van Reekum et al 1999).

Structural neuroimaging has been a tool that has
been applied extensively in the investigation of
the neurodegenerative disorders, and more
recently in late-life depression. In this paper we
review selectively structural neuroimaging in-
vestigations of late-life depression (LLD) that
have been performed over the past two decades,
focussing on differences and similarities between
late-life depression and dementia, and LOD and
EOD.
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Structural neuroimaging studies

e Whole brain volumes

Most studies show no significant differences
between LLD and normal control subjects when
whole brain volumes are determined (Sheline et
al 1999; Kumar et al 1998; Krishnan et al 1993).
Sheline’s group, who selected women with
recurrent depression with no medical co-morbi-
dity and matched for age (23-86 years),
educational level and height (a predictor of
general brain volume) with normal controls,
found no differences in overall brain size
between the women with a history of recurrent
depression and controls. Kumar et al (1999)
studied age of onset of depression and volume-
tric neuroanatomic measures in a group of
depressed elderly, and treated age of onset as a
continuous as well as a dichotomised variable.

They found no significant relationship between
total brain volume and age of onset or between
the EOD and LOD groups after controlling for
age. Pantel and colleagues (1997a), on the other
hand, found a significantly smaller whole brain
volume in patients with late-onset depression
compared to age-matched normal controls.

e Cerebral cortex and ventricles

Cerebral atrophy and ventricular enlargement is
almost a universal finding in dementia, while
similar but substantially less severe changes are
reported in major depression. A meta-analysis of
29 studies assessing ventricular enlargement
and/or cortical sulcal prominence (23 with com-
puted tomography (CT) and six by magnetic
resonance imaging (MRI)) yielded a statistically
significant effect size between depressed subjects
and normal controls (Elkis et al 1995).

There are few structural imaging studies compa-
ring LODs to EODs, however, differences
between the two groups have been reported.
Alexopoulos et al (1992) studied elderly depres-
sed subjects with CT. Late-onset subjects (older
than 60 years) had larger ventricules than those
with an earlier age of illness onset. Alexopoulos'
group judged CT parameters of LODs to be
comparable to those of patients with Alzheimer's
Disease (AD). EODs had significantly smaller
ventricles and less sulcal widening than demen-
ted patients. Rabins et al (1991) found cortical
sulcal atrophy to correlate with age at onset of
depression in a study of 21 depressed patients
aged 60 years and older.

e Frontal lobes

Coftey et al (1993) and Kumar et al (1998) found
reductions in the volumes of the frontal lobes of
depressed elderly patients. The latter study
found similar changes in patients with minor
depression and those with major depression. On
the other hand, Pantel et al (1997a) reported no
difference in frontal lobe volume in patients
with LOD when compared to normal controls.

e Temporal lobe structures

Atrophy affecting temporal structures, in parti-
cular the hippocampus, has been consistently
reported in AD. Several groups have found
atrophy of temporal lobe structures in patients
with AD with CT and MRI (Jack et al 1992;
Desmond et al 1994; Laakso et al 1995; Heun et
al 1997). The reliability of radiological diagnosis
of clinical AD based on temporal lobe measures
has been substantiated by neuropathological
studies (Davis et al 1995). This group compared
premortem neuroimaging findings and neuro-
pathology evidence at autopsy of temporal lobe
atrophy. A significant correlation between gene-
ral CI and the volume of the amygdala-hippo-
campus complex and temporal lobe bilaterally
found by Pantel et al (1997b) was supported by
Kesslak et al (1991), Scheltens et al (1992) and
Murphy et al (1993), but not by Seab et al (1988),
Pearlson et al (1992) and Wahlund et al (1993).
All these studies were case-control studies.

A smaller number of studies have examined tem-
poral lobe structures in depression. Our group
found that visualization of the temporal lobe
structures was able to discriminate accurately
between AD and depression. Forty-three patients
with AD were compared with 32 patients with
depression using visual rating of hippocampal
atrophy; 89% of patients were correctly grouped
overall (O'Brien et al 1994). In this study no
significant differences were found between
depressed patients and normal controls. Subjects
in this study had been carefully defined, that is,
depressed patients with no significant CI and AD
subjects who were non-depressed (O'Brien et al
1994). Furthermore, O’Brien et al (1997) were
able to distinguish dementia of the Alzheimer’s
type from vascular and other causes of dementia
by visualisation of temporal lobe structures.

Sheline et al (1999) used quantitative MRI me-
thods to compare a group of older, recurrently
depressed women with age-matched normal
controls. The depressed group had bilateral
smaller hippocampal volumes which correlated
with lifetime duration of depression. This was
not supported by a study in 40 elderly, unipolar
male and female depressives and 46 controls, all
aged over 65 years, where significant differences
in hippocampal-amygdala volumes were not
found between the two groups (Ashtari et al
1999). A recent study found that the left hip-
pocampus was significantly smaller (19%) in 16
remitted major depressives compared to case-
matched, non-depressed control subjects with a
mean age of 43 and 45 years, respectively
(Bremner et al 2000).

Our group (O'Brien et al 1994) also identified a
small subgroup of depressed subjects with
anterior hippocampal atrophy on MRI. These
patients were significantly older than those
without atrophy and showed a trend for a later
age at onset of the first episode of depression.
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Furthermore, we followed over two years a small
subsample of elderly depressives and normal
controls who showed evidence of hippocampal
atrophy (Swann et al 1997). Of seven depressed
subjects, two developed dementia and two died.

The first study to investigate systematically dif-
ferences in temporal lobe structures in early- and
late-onset depression was by Greenwald and
colleagues (Greenwald et al 1997), who found
that later onset depressives had significantly
more left medial temporal and left caudate
atrophy than early-onset counterparts of similar
age. Medial temporal atrophy correlated with CI
in the depressed group, and depressives with
medial temporal lobe atrophy (n=7) had a later
age at onset of depression than those without
atrophy (Greenwald et al 1997). Ashtari et al
(1999) from the same group of researchers later
reported on a larger cohort using quantifiable
volumetric methods; there were no significant
differences between LOD and EOD. The authors
suggest that volume calculations may miss subtle
indications of brain pathomorphology. Hippo-
campal volumes were correlated with age, cog-
nitive rating on the Mini-Mental State Examina-
tion (MMSE) and depression ratings in the
depressed group.

Vakili et al (2000) studied hippocampal volume
in 38 patients with unipolar depression and 20
controls matched for age, sex and education. No
significant differences in hippocampal volume
were found, although there was a correlation
between left hippocampal volume and depres-
sion rating scores in the male patients. It must be
noted that subjects in this group were under 60
years; the authors suggest that the effects of
severity and gender may influence hippocampal
volume.

e Basal ganglia

Krishnan et al (1992) reported reductions in
basal ganglia structures. Depressed patients had
decreased caudate nucleus volumes compared
with normal controls (mean age 48 years). This
has not been widely investigated. Elderly
hospitalised depressed patients were found to
have greater cortical, subcortical and more basal
ganglia white matter lesions than their control
group (Rabins et al 1991).

e White matter lesions

MRI has been used to investigate deep white
matter lesions (DWMLs) in late-life depression
and several studies have shown them to be more
common in depressed subjects than age- and
sex-matched normal control subjects (NCs)
(Coffey et al 1990; Rabins et al 1991; O'Brien et
al 1996a). In addition, a number of research
groups, including our own, have reported that
an increased severity of DWMLs, particularly
those of a subcortical nature, is present in LOD
compared to EOD (O'Brien et al 1996b; Figiel et
al 1991; Salloway et al 1996). Our research group

(O’Brien et al 1996b) found that 50% (8/16) of
LODs (age over 65 years) had severe DWMLs
compared to 20% (6/30) of EODs and 9.5%
(2/21) of NCs. DWMLs were more common in
the left basal ganglia, lending support to the role
of left basal ganglia/frontal dysfunction in
depression (O'Brien et al 1996b). Figiel’s group
reported lesions in the basal ganglia in six of 10
LOD (age of onset after 60 years) subjects, com-
pared to one of nine of the EOD group (Figiel et
al 1991). Salloway et al (1996) found greater
severity of subcortical hyperintensities and more
cognitive impairment in patients with LOD than
EOD. Lesser et al (1996) found that LOD subjects
had larger areas of white matter lesions than
psychiatric controls. Severe white matter chan-
ges were found in 17% of LOD subjects com-
pared with 6% in the matched non-depressed
group. The presence of large amounts of white
matter lesions was associated with significantly
poorer executive function on neuropsycho-
logical testing.

Hickie et al (1995) found a strong association
between white matter lesions and later age of
onset of affective disorder (over 50 years). More
severe white matter changes was associated with
a reduction in psychomotor speed. In a follow-
up study (Hickie et al 1997) they reported that 10
of 37 (29%) developed a probable dementia syn-
drome of the vascular type. The syndrome was
predicted by age of onset of depression and
white matter lesions. Our group (O’Brien et al
1998) similarly found that severe DWMLs were
predictive of poor outcome in a sample of 60
depressive elderly outpatients.

An association between MRI hyperintensities
and poorer course of depressive illness was
reported by Baldwin et al (2000). Later develop-
ment of dementia or earlier death were shown to
be related to later age of onset of depression,
deep periventricular hyperintensities, and con-
fluent DWMH. This was a three-year follow-up
study of 38 patients using retrospective case
analysis.

Miller et al (1994) and Greenwald et al (1996)
found no differences in high intensity signals
between LODs and EODs after controlling for
cerebrovascular risk factors, nor did Kumar and
colleagues in a group of 51 elderly depressives,
where age of onset was analysed as a continuous
as well as a dichotomous variable (Kumar et al
1999). Van Swieten et al (1991) found that
hypertensive patients with confluent lesions of
the white matter had poorer performance on the
MMSE, the Stroop colour-word test, Trailmaking
test, and the visual subtest of the Weschler
Memory Scale.

The finding of increased white matter lesions in
depression, particularly late-onset depression,
has led some to propose the concept of "vascular
depression" (Alexopoulos et al 1997; Krishnan et
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al 1997). Though such lesions, particularly when
large and confluent, may reflect vascular
changes (Fazekas et al 1993), some caution is
necessary as similar appearances on MRI can be
caused by diverse pathological mechanisms
(Chimowitz et al 1992; Fazekas et al 1993;
Scheltens et al 1995). Thomas et al (2001) perfor-
med a postmortem study on 20 patients who
had a history of depression and compared them
to 20 controls; the depressed subjects had signifi-
cantly greater degrees of atheromatous disease
affecting the aortic and cerebral vessels but there
was no increase in microvascular disease.
Although the depressed patients had not been
scanned and therefore correlation with antemor-
tem findings had not been possible, nonetheless
these findings give some credence to the concept
of a vascular depression in late life.

Discussion

We have reviewed the structural neuroimaging
literature of late-life depression. In summary,
there is evidence that elderly depression is
associated with cerebral cortical atrophy and
ventricular enlargement and that this is greater
in LOD than EOD. It is likely that atrophy of the
frontal lobe occurs in LLD as does a shrinking of
the caudate nucleus. The evidence regarding
temporal lobe structures, in particular the hippo-
campus, is conflicting, nonetheless the current
indication is that hippocampal atrophy does
occur in depressed subjects when compared to
normal controls; whether this is more likely in
LOD’s than EOD’s awaits further research. The
prognostic significance of these atrophic chan-
ges in depressed subjects who have no or mini-
mal CI and who do not have AD is uncertain as
these patients have not been systematically
studied with long-term follow-up. There is only
one small longitudinal study of depressed
subjects with hippocampal atrophy which
indicates a poor prognosis in this group.

The evidence regarding DWMLs is more
consistent in depression. Though DWMLs are
common in normal controls, they are more
extensive in depressed patients. DWMLs are
more severe in depressions that have a later age
of first episode onset and these lesions are
associated with some evidence of CI. There are
three longitudinal studies and each has reported
a poor prognosis for patients with severe
DWML'’s with an increased likelihood for the
development of dementia. The link of a "vascular
depression" that progresses to a "vascular demen-
tia" is further supported by recent neuropatho-
logical findings.

Conclusions from the findings of structural
neuroimaging investigations have been limited
by methodological differences between studies:
selection and diagnostic criteria have not been
standardized; there are selection biases and a lack
of controls in some of the studies; the cut-off

point separating EOD and LOD is always
arbitrary and varies from study to study. Not all
studies have clearly accounted for medical co-
morbidity, such as vascular risk factors. From a
technical perspective, scanner parameters and
acquisition parameters have varied, as have the
methods for defining regions of interest. As can
be seen from the above, most studies have been
cross-sectional, with only a small number
being prospective and long-term. Nonetheless,
despite these difficulties, there is now a large
body of evidence indicating that at least some
forms of elderly depression are associated with
signicant changes in structural neuroimaging
that are suggestive of neurodegenerative chan-
ges, and it is likely that some patients will go on
to develop a dementia. While DWMLs appear
to be associated with the development of a
vascular dementia, the presence of cortical atro-
phy would be expected to be a non-specific
indicator for dementia. If hippocampal atrophy
is present one would predict the development of
AD as being the most likely, though with the
absence of long-term follow-up studies this
remains conjectural.

These studies have made it abundantly clear that
depression in the elderly cannot be concep-
tualized as being of a single disease type. There
are certainly those types that begin for the first
time in middle to later life, and these are to be
distinguished from young age of onset depres-
sion. Further divisions must also be considered,
however, such as those with medical co-
morbidity and those without, and those who
have major depression versus those with minor
depression. The role of psychosocial stressors,
such as bereavement, are of particular impor-
tance in some depressions of late life and not
others. Such divisions of a clinical population
are by necessity arbitrary and artificial but, just
as in other phases of life, they have heuristic
value in a similar way as endogenous versus
reactive depression. The current data suggest
that elderly depressed subjects who have CI and
are LOD are at increased risk of developing
dementia. Evidence of possible neurodege-
nerative changes on MRI may add to the clinical
picture but for the present many of the
techniques described above are only available to
the researcher and not the clinician. Also, on a
clinical level, the interpretation of individual
scans must continue to be made cautiously
because of the overlapping nature of group data.
Interpretation of the neuroimaging findings
must take into account the age of the individual
as many of these changes are to some degree age-
related. This is particularly the case for the so-
called "old-old", that is, over the age of 85.

It should certainly not be concluded that all
LODs or all depressed patients who have CI or
neurodegenerative changes on MRI will inevi-
tably go on to develop dementia, but merely that
some may.
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Pathophysiological mechanisms underlying the
development of a depressive syndrome as a pre-
lude to a chronic degenerative condition are not
known. It may be speculated that this mecha-
nism may reside in the observation that
depletion of most neurotransmitters occurs in
dementia and as such would include serotonin,
dopamine and noradrenaline; the role of these
neurotransmitters in depression is established.
Cell loss and structural change in structures of
the limbic system in dementia are also likely
mechanisms.

Our understanding of cross-sectional biological
changes in elderly depression is now vast.
However, our scientific knowledge base remains
scant concerning carefully controlled studies
that combine biological indices and psycho-
social variables and that are performed over the
long term.
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Summary

In healthy humans, sleep deprivation (SD) has
consistently been demonstrated to impair different
parameters of the host defence system and of psycho-
social functioning. However, the individual timing of
these alterations and their possible association have
remained unknown so far. We therefore investigated
functional measures of the individual host defence
system as well as of subjective well-being and
psychosocial performance in 10 healthy male adults
before and after SD, as well as after recovery sleep. In
detail, we examined the number of leukocytes,
granulocytes, monocytes, lymphocytes, B cells, T
cells, T helper and cytotoxic T cells, natural killer
(NK) cells as well as the interleukin-1f8 (IL-1f3)
release from platelets after serotonin (5-HT) stimu-
lation. Mood and psychosocial performance (excite-
ment, energy, ability to work and timidity) were
measured by visual analogue scales. Taken together,
SD induced a deterioration of both mood and ability
to work, which was most prominent in the evening
after SD, while the maximal alterations of the host
defence system could be found twelve hours earlier,
i.e., already in the morning following SD. Our
findings therefore suggest an SD-induced alteration
of these psychoimmune response patterns in healthy
humans preceding deterioration of mood and psycho-
social functioning.
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Introduction

Sleep deprivation (SD), sleep disruption and
rotating shift work have become a fundamental
part of the modern high-tech based economy in
order to allow industry to run 24 hours a day and
thereby to amortize high financial investments
in this area. On the other hand, SD has con-
sistently been demonstrated to impair individual
mood and psychosocial functioning, especially
in those people who are professionally exposed
to such working conditions, for example rotating
shift workers (Chang et al 1993), airline pilots
(Price and Holley 1990), firefighters (Paley and
Tepas 1994) or hospital physicians (Engel et al
1987; Lingenfelser et al 1994; Orten and
Gruzelier 1989), but also in controls (Meney et al
1998).

In detail, these alterations of subjective well-
being and psychosocial functioning include
lower positive and higher negative mood scores
or depression-like changes in mood 24 hours or
longer after SD, as well as fatigue and greater
sleepiness ratings (Engel et al 1987; Orten and
Gruzelier 1989; Paley and Tepas 1994), reduced
cognitive function (Lingenfelser et al 1994), se-
vere performance decrements (Price and Holley
1990), and psychological disturbances and fami-
ly dysfunctions (Chang et al 1993). The above-
mentioned impairments could be further corro-
borated by respective neuropsychological testing
including vigilance tests, reaction time tasks and
code tests (Opstad et al 1978).

Host defence mechanisms are of decisive impact
for the regulation of sleep (Benca and Quintas
1997; Pollmicher et al 1995). As regards inter-
leukin-1f5 (IL-1f3), the key cytokine of neuro-
immune sleep control, the endogenous release of
IL-1f3 peaks at the beginning of non-rapid eye
movement (NREM) sleep. In parallel, an increase
of NREM sleep has been repeatedly reported after
the application of IL-1f3. Finally, animal trials
have revealed a correlation of the somnogenic
potency of IL-1{3 with the injected IL-1{3 dosage
(Opp et al 1992). Since SD represents an exo-
genous variant of sleep dysregulation, one would
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expect respective alterations of the immune sys-
tem. In fact, an increase in plasma IL-1{ is seen
after SD (Krueger and Majde 1995), which is fol-
lowed by a decrease of IL-188 during and after re-
covery sleep (Dinges et al 1995; Moldofsky et al
1989).

With respect to further parameters of the host
defence system, Dinges et al (1994) found a
leukocytosis and a decrease in the number of T
helper cells after SD, in contrast to the other
lymphocyte subpopulations which remained
unaltered. Both partial SD (PSD) and total SD
(TSD) led to a reduction of cell number and of
activity of NK cells. After a night of recovery
sleep, NK activity returned to baseline levels
(Irwin et al 1996; Moldofsky et al 1989). After
stress and SD, neutrophils and monocytes were
found to be increased in contrast to a decrease of
eosinophils and all lymphocyte subgroups
(Boyum et al 1996).

Based on these results, which clearly show that
mood and immune function are affected by
sleep deprivation, we were interested to evaluate
the timing of alterations of mood, psychosocial
functioning and variations within the host de-
fence system in healthy, sleep-deprived human
volunteers.

Subjects and methods

e Experimental design

Ten paid male volunteers (age: 27.4 + 2.8 years)
were enrolled in this study. Their medical history
was carefully screened, and a thorough physical
and psychiatric examination, including a com-
plete blood count, electrolytes, c-reactive-pro-
tein, serum protein electrophoresis, liver enzy-
mes, amylase, lipase, creatinine, urea, serotonin,
norepinephrine and cortisol, was performed to
exclude any present illness (including sleep
disorders) or current stressful life events. None of
the participants had been exposed to rotating
shift work or other disturbances of internal
circadian rhythms such as intercontinental
tlights within the last year.

The investigation took place on three conse-
cutive days and included a night of total sleep
deprivation (TSD) between day one and day two,
and a recovery night between day two and day
three. During the daytime, all participants fol-
lowed their usual daily work schedule. Whereas
the nights before and after TSD were spent at
home, to ensure undisturbed nocturnal sleep,
TSD was carried out in our laboratory rooms in
groups of three or four participants. To prevent
unwanted sleep, including short naps, conti-
nuous personal supervision was provided. Blood
samples were drawn on each day at 7 a.m., 1
p.m. and 7 p.m., after a rest period of at least 30
minutes in which the participants remained in a
half-supine position. All participants were non-
smokers (Schreiber et al 1997).

The experimental protocol was approved by the
local ethics committee and was performed in
accordance with the ethical standards laid down
in the 1964 Declaration of Helsinki. Before enter-
ing the study, and after the nature of all proce-
dures had been fully explained to them, all parti-
cipants gave their written informed consent.

e Measurement of subjective well-being
and psychosocial functioning

All probands were asked to fill out question-
naires to assess individual well-being (Adjective
Mood Scale AMS and its parallel version AMS’,
each with 28 items (von Zerrsen 1986)) and
psychosocial functioning (Visual Analogue Scale
VIS-A for the retrospective assessment of
excitement, energy, ability to work and timidity
(Ott et al 1981)). The AMS and AMS’ were filled
out three times (7 a.m., 1 p.m., 7 p.m.) on each
of the three consecutive days to measure the
present degree of well-being (high AMS scores
indicate a low degree of individual well-being),
while the VIS-A was recorded once a day in the
evening (7 p.m.) to assess psychosocial func-
tioning for this particular day (Heiser et al
2000Db).

e Differentiation of leukocytes

100 pl of blood and 10 pl of the specific antibody

solution (FACS Ak, IQ Products, Netherlands)

were incubated for 30 minutes at room tempe-
rature in darkness. The differentiation of white
blood cells was performed as follows:

e Monocytes from leukocytes by co-incubation
of anti-CD 45 antibodies (leukocytes) and
anti-CD 14 antibodies (monocytes).

e T helper cells from T cells by co-incubation of
anti-CD 3 antibodies (T cells) and anti-CD 4
antibodies (T helper cells).

e Cytotoxic T cells from T cells by co-incuba-
tion of anti-CD 3 antibodies and anti-CD 8
antibodies (cytotoxic T cells).

e B cells from lymphocytes by co-incubation of
anti-CD 3 Fits antibodies (lymphocytes) and
anti-CD 19 Pe antibodies (B cells); the number
of T cells was determined indirectly.

e NK cells from T cells by co-incubation of anti-
CD 3 antibodies and anti-CD 16 antibodies
(NK cell macrophages) as well as anti-CD 56
antibodies (NK cells).

The solutions were then incubated with 2 ml
lysis reagent for 10 minutes. After this step, the
solutions were centrifuged for five minutes at 4°
C with 300 gMAX. The supernatant was discar-
ded and the pellet was resuspended with 2 ml
PBS (2 % FCS) and again centrifuged in the
above-mentioned way. The pellet was mixed
with 500 pl sheet fluid. The results were ob-
tained with FACS (Becton Dickinson FACS Scan,
New Jersey).

Granulocytes were counted in a cell counter. For
further methodological information, see Heiser
et al (2000a).
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e IL-113 release from platelets after

5-HT activation

EDTA blood was sampled and centrifuged with
1280 rotations/min for 15 minutes at 15°C (Om-
nifuge 2.0 RS, Fa. Heraeus) to obtain platelet rich
plasma (PRP). PRP was sampled and layered onto
two Percoll density gradients (Fa. Pharmacia)
with a density of 1.040 g/ml and 1.080 g/ml,
respectively. This solution was centrifuged with
3500 gmax for 15 minutes at 4°C. The platelets
are located between the density layers (Jung et al
1985). In this way, we obtained platelet-free
plasma (PFP). The platelets were washed twice
with Gainter wash buffer with 1000 gmax for 15
minutes at 15°C. After this step the platelets were
resuspended in Tyrode buffer and an aliquot was
used for counting (Sysmex Microcellcounter F-
800, Fa. Digitana).

Platelets were then stimulated with 50 puM sero-
tonin + 2 mM calcium + 1 mM magnesium and
incubated for 10 minutes at 37°C. After incuba-
tion the suspension was immediately centrifu-
ged with 7000 gmax for two minutes (Minifuge
2, Fa. Heraeus). The supernatant was used
according to the instructions of the Quantikine
High Sensitivity Human II-18 Immunoassay (Fa.
R&D Systems). The results were compared to a
standard curve and related to the platelet num-
ber of 10°/ml (Heiser et al 1997).

e Data analysis

For statistical evaluation, a parametric analysis of
variance (ANOVA) with repeated measurements
(two levels: day and hour) was used. In case of
significant effects, a comparison by planned con-
trast analysis was performed to verify significant
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Figure 1

Mean values (= SD) of psychosocial functioning and subjective
well-being before and after sleep deprivation, and after recovery
sleep (Note, that high AMS scores indicate a low degree of
individual well-being)

differences between day one, day two and day
three. The statistics were performed using STA-
TISTICA software (StatSoftInc., Tulsa OK 74104,
USA).

Results

e Subjective well-being and

psychosocial functioning

ANOVA with repeated measurements revealed
significant differences concerning the overall
time course pattern (p = 0.0015) and interaction
between day and hour (time of day) of the
Adjective Mood Scale ( *AMS + AMS’* / 2) scores
(p = 0.014). Comparison of the 7 p.m. values by
planned contrast analysis yielded significant
differences between days one, two and three (p =
0.008) due to an increase of the *AMS + AMS’* /
2 score after SD (Figure 1).

An examination of the Visual Analogue Scales
(VIS-A) for the assessment of psychosocial
functioning revealed a significant interaction
concerning the VIS-A ability to work (p = 0.009),
which was found to be lowest after SD (Figure 1).
No significant interactions were seen for VIS-A
energy, VIS-A excitement and VIS-A timidity.
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Figure 2

Mean values (+ SD) of granulocyte and NK cell counts as well as
IL-1R release from platelets before and after sleep deprivation, and
after recovery sleep
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¢ Leukocytes

Comparison of the 7 a.m. values by contrast ana-
lysis yielded significant differences for granulo-
cytes (p = 0.044) and NK cells (p = 0.001) (Figure
2). NK cells decreased and granulocytes increased
after SD and after recovery sleep. Significant dif-
ferences between single points in time across the
day were found for granulocytes (p = 0.022), mo-
nocytes (p = 0.031), T cells (p = 0.005), T helper
cells (p = 0.004), cytotoxic T cells (p = 0.005) and
NK cells (p = 0.017). Contrast analysis yielded
significant differences between days one, two
and three for monocytes (p = 0.017) and NK cells
(p = 0.0001). No significant interaction at all
could be found for leukocytes, lymphocytes and
B cells.

e IL-113 release from platelets

With respect to the IL-183 release from platelets
after 5-HT stimulation, our data analysis revealed
a significant difference concerning the overall
time course pattern (p = 0.004) (Figure 2). The
significant interaction between the day and hour
(time of day) of IL-18 release was reflected by the
steep decline from high morning to low evening
levels before SD, as well as by an inverted course
of values on the day after SD. Further compa-
rison of the 7 a.m. values by contrast analysis
yielded no statistically significant differences
between days one, two and three.

Discussion

Taken together, our study revealed two main

findings:

1. Sleep deprivation (SD) - induced alterations of
the host defence system in healthy subjects
were characterized by a significant increase of
granulocytes, a significant decrease of NK cells
and IL-18 release from platelets, all of which
were evident as early as the morning after SD.

2. On the other hand, an evening-prone deterio-
ration of subjective well-being was observed
in these probands after SD, which was para-
lleled by a decrease of subjective psychosocial
functioning in regard to their ability to work.

In more detail, the 7 a.m. number of gra-
nulocytes was increased after SD, which persisted
beyond recovery sleep. These findings parallel
the results of Dinges et al (1994), who found an
increase of granulocytes even 64 hours after SD.

The observed reduction of NK cells is likewise in
line with the respective results of Dinges et al
(1994). In our experiment, however, the NK cell
number remained significantly reduced after
recovery sleep, whereas in other studies NK cell
activity returned to baseline levels after a night
of recovery sleep (Irwin et al 1996; Moldofsky et
al 1989; Palmblad et al 1979).

Monocytes, T cells, T helper cells and cytotoxic T
cells yielded significant differences between
single points in time during the day in this

study, suggesting a significant circadian varia-
tion. No significant variation at all could be de-
tected for leukocytes, lymphocytes and B cells
after SD and/or recovery sleep. These obser-
vations contrast in part the respective findings of
Dinges et al (1994), who reported a reduction in
CD4 cells (T helper cells) as well as in CD16 and
CDS7 lymphocytes, while other lymphocyte
subpopulations remained unchanged after one
night of SD.

After a combination of stress and SD, an increase
in neutrophils and monocytes as well as a
reduction of eosinophils and of all lymphocyte
subgroups was seen by Boyum et al (1996).
Compared with lasting wakefulness, consecutive
nocturnal sleep reduced the numbers of mono-
cytes, NK cells and counts of all lymphocyte
subsets. However, in the afternoon and evening
of the day following recovery sleep, counts of NK
cells and lymphocytes were higher than after
nocturnal wakefulness (Born et al 1997).

In line with previous findings, the results of our
study provide some evidence that the SD-
induced alterations of the host defence system,
especially of the NK cells, lead to enhanced
nocturnal plasma IL-1-like and IL-2-like activities
(Moldofsky et al 1989), since central adminis-
tration of IL-18 is associated with suppressed NK
cell activity (Hodgson et al 1999). This increase
of somnogenic IL-18 after SD (Krueger and
Majde 1999) is followed by a decrease of IL-183
during and after recovery sleep (Dinges et al
1995; Moldofsky et al 1989).

The deterioration of mood after sleep depriva-
tion — as observed in this study - is a well-known
finding in healthy subjects. A variety of studies
could consistently show that SD impairs mood,
cognitive performance and psychosocial func-
tioning (Chang et al 1993; Paley and Tepas 1994;
Price and Holley 1990). In contrast to these
effects of SD on mood in healthy subjects, SD in
patients with major depression displays an anti-
depressant, mood-elevating efficacy in about
60% of patients (Wiegand et al 1993; Wu and
Bunney 1990).

As compared to healthy subjects, alterations of
different immunological parameters have been
repeatedly demonstrated in major depression as
well as in dysthymia (Dantzer et al 1999; Maes et
al 1995; Licino and Wong 1999; Ravindran et al
1996a; Seidel et al 1996), which were character-
ized by an elevation of the number of circulating
leukocytes and granulocytes, and a reduction of
NK cells and NK cell activity (Maes et al 1995;
Schleifer et al 1996).

The immunological response patterns to SD in
healthy subjects in this and other investigations
reflect these immunological profiles in depressed
patients under basal conditions, thus providing
additional hints for a possible relationship
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between alterations of the host defence system
and mood changes.

The suggestion of a relationship between chan-
ges of mood and immune function, which were
both affected by SD in this study, is further sup-
ported by the finding that in major depression a
negative correlation between the severity of
depression and the activity of NK cells has been
detected (Irwin et al 1990). Also, the observation
that NK cell activity increased in parallel with a
reduction of depressive symptoms under anti-
depressant treatment (Irwin et al 1992), and that
NK cell levels were correlated with an emotion-
focused coping style (Ravindran et al 1996b),
support this assumption. Finally, it could be
demonstrated that sleep disturbances - which are
closely linked to a worsening of mood (Lingen-
felser et al 1994; Orten and Gruzelier 1989) —
display a negative correlation with NK cell
activity in depression (Cover and Irwin 1994).

Based on these findings and the results of this
study, we conclude that SD in healthy subjects
alters mood and immune function to a state
comparable with that found in patients with
major depression under baseline conditions. The
above-mentioned, close relationship between
the severity of depression and the alteration of
immune pattern in patients with depression is in
clear favour of such an assumption. Further-
more, our finding of SD effects on host defence
mechanisms preceding the respective mood-
worsening effects might provide a clue towards a
causal link between alterations of immune
function in the morning and alterations of mood
in the evening; these could be attributed, for
example, to changes within circadian neuro-
endocrinological rhythms (Baumgartner et al
1993; von Treuer et al 1996).

Due to the restrictions of our study design, we
could not perform a causal analysis of this
supposed relationship. Nonetheless, the timing
of SD effects on immune function and mood,
which show that the alteration of different
immune patterns precedes respective mood
changes, supports the assumption of such a link.
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Summary

Background: Inositol monophosphatase (IMPase)
activity was reported to be low in lymphocyte-derived
cell lines of bipolar patients.

Methods: IMPase activity was measured spectro-
photometrically as inorganic phosphate liberated
from inositol-1-phosphate.

Results: The previously reported reduction was repli-
cated in a new, small group of bipolar patients. The
reduction is not present in cell lines of unipolar or
schizophrenic patients. IMPase activity in postmor-
tem frontal and occipital cortical samples of uni-
polar, bipolar and schizophrenic patients was not
different from controls.

Conclusions: A reduction in lymphocyte-derived
IMPase activity without a parallel reduction in corti-
cal IMPase activity could be due to the fact that most
leukocyte IMPase activity is the product of the IMPA-
2 gene.
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Introduction

The aetiology of bipolar disorder (BPD), as well
as the molecular mechanism of action of mood-
stabilizing drugs, are as yet unknown. Lithium
(Li) has therapeutic and prophylactic effects on
both the manic and the depressive phases of
BPD. Several biochemical actions have been at-
tributed to Li (Jope 1999) but none has been
incontrovertibly associated with its effect on
behaviour or mood. In recent years investigation
has focused on the phosphoinositide (PI) cycle as
a possible molecular substrate of Li's mode of
action (Jope et al 1996; Manji et al 1995). Parti-
cular focus has been placed on the enzyme ino-
sitol monophosphatase (IMPase), which is a key
enzyme in this second messenger cycle. Hallcher
and Sherman (1980) first showed that IMPase is
uncompetitively inhibited by therapeutically
relevant concentrations of Li, and Berridge et al
(1989) then proposed that the physiological con-
sequence of the inhibition of IMPase by Li is a
depletion of free inositol and consequent at-
tenuation of neurotransmitter-driven phospho-
inositide second messenger signal generation.

Mammalian IMPase exists as a homodimer with
a subunit molecular weight of 30 kDa. The en-
zyme has three motifs (A, B and C), which con-
tain most of the key amino acids involved in
substrate and metal binding (Atack et al 1995).

Because Li inhibits IMPase, the enzyme was stu-
died for possible overactivity as an aetiology of
manic-depressive illness (Berridge et al 1989).
Counter-intuitively, a 50% decreased IMPase
activity in lymphocyte-derived cell lines of 79
bipolar patients vs. 29 controls was found
(Shamir et al 1998). When the bipolar patients
were grouped according to clinical response to Li
therapy, the Li responders exhibited significantly
lower IMPase activity compared to those patients
with poor Li response (Shamir et al 1998).
Previous Li treatment of the patients seemed an
unlikely explanation, since the cells were grown
in drug-free standard culture conditions for
numerous generations before assay. We specula-
ted that low IMPase activity could be ameliora-
ted by Li treatment because of Li’s ability to
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increase IMPase mRNA transcription (Nemanov
et al 1999a).

In the present study we evaluated the specificity
of low IMPase in lymphocyte-derived cell lines
by using a sample derived from unipolar de-
pressive and schizophrenic patients compared to
a simultaneous run of new control cell lines and
re-assay of the previously studied control cell
lines. We also re-assayed the previously studied
bipolar patients and a new, small group of
bipolar patients. Previous studies of frontal and
occipital cortex and cerebellum postmortem
brain specimens showed no differences between
bipolar and schizophrenic patients and controls
(Shimon et al 1997; Shimon et al 1998), but our
lymphocyte-derived cell lines finding suggested
that a re-evaluation in a larger and well-
standardized series would be justified.

Methods and materials

e Lymphocyte-derived cell lines
Epstein-Barr-Virus (EBV)-transformed lympho-
blastoid cell lines were established and grown as
previously described (Bennett et al 1991; Ebstein
et al 1990). Cell lines were established from four
diagnostic groups of subjects. Thirty-nine con-
trol subjects with no history of psychiatric illness
were recruited from the Beer-Sheva and Jerusa-
lem areas. Non-hospitalized bipolar patients
(7 male, 5 female; average age = 49.8 + 13 (SD)
years; range 29-73) were recruited from the Li
Clinic of the Beer-Sheva Mental Health Center.
Unipolar patients (14 male, 37 female; average
age = 50.6 + 11 (SD) years; range 21-68) were
from the Beer-Sheva Mental Health Center
Outpatient Depression Clinic (B.N), and schizo-
phrenic patients (16 male, 12 female; average age
= 424 + 13 (SD) years; range 20-67) were
hospitalized patients from the Beer-Sheva
Mental Health Center (Y.Y). All patients were
diagnosed according to DSM 1V criteria.

e Postmortem brain specimens

Fifteen frontal and 15 occipital cortex specimens
from each of the four groups (bipolar, unipolar
and schizophrenic patients, and controlled sub-
jects) were obtained from the Stanley Founda-
tion Brain Collection (Torrey et al 1999).

The study of both collections (brain and lym-
phocyte-derived cell lines) was approved by our
hospital ethics committee (IRB).

e IMPase activity

IMPase activity in the postmortem brain spe-
cimens and in the lymphocyte-derived cell lines
was measured as previously described (Nemanov
et al 1999b). Inorganic phosphate liberated from
inositol-1-phosphate was quantified spectro-
photometrically in an ELISA reader (iEMS,
Labsystems) using the malachite green colour
reagent (Nemanov et al 1999b). In order to dis-
tinguish IMPase activity from non-specific

phosphatases, the reaction was carried out in the
presence and absence of 30mM LiCl. LiCl is a
specific inhibitor of this enzyme, and at these
concentrations totally inhibits IMPase activity.
The enzyme activity was calculated as the dif-
ference between the value in the absence of
minus the activity in the presence of lithium.

Results

We found no correlation between IMPase acti-
vity in cell lines from the previous series and the
same cell lines re-assayed in the present study
(controls: r=0.024, n=16; bipolars: r=0.09, n=47).
Comparison between IMPase activity in cell lines
from bipolar patients responding to Li-treatment
vs. those of Li non-responders, including pre-
viously assayed and new cell lines, revealed a
result opposite to that previously reported
(Shamir et al 1998): a significantly higher IMPase
activity [121+13.3 (SE) nmoles/minXmg protein,
n=47] in Li responders vs. Li non-responders
[58.7+12 (SE) nmoles/minXmg protein, n=11]
was now obtained (ANOVA, F=5.001, df=1,56,
p<0.03). However, comparison of the mean
IMPase activity in the re-assayed controls, new
controls, re-assayed bipolars and new bipolars
cell lines (Table 1) using a two-way ANOVA
showed a significant difference between the
control and bipolar lymphocyte-derived cell
lines (F=7.04, df=1,97, p<0.01), no significant
difference between the previous and the present
assays, and no interaction.

Table 1
IMPase activity in re-assayed and new lymphocyte-derived cell lines

IMPase activity,
nmoles/minXmg protein

Control Bipolar
Re-assayed 161£33.4 115.5¢12.3*
subjects n=16 n=47
New 147.4426.9 64.6£16.5*
subjects n=26 n=12

Results are means + SEM
* Two-way ANOVA, bipolar patients differ significantly from control
subjects (p<0.01)

There was no difference in IMPase activity of
lymphocyte-derived cell lines between the uni-
polar patient [155.5 + 20.5 (SE) nmoles/minXmg
protein, n=51], schizophrenic patient [164.9 +
29.5 (SE) nmoles/minXmg protein, n=28] and
control [152.6 £ 20.6 (SE) nmoles/minXmg
protein, n=42] groups (ANOVA, NS). Table 2
shows the absence of differences in postmortem
frontal and occipital cortical IMPase activity
between the four diagnostic groups.
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Table 2
IMPase activity in postmortem brain specimens

Subjects IMPase activity, nmoles/minXmg protein
Frontal cortex Occipital cortex

Bipolar patients 1.520.11 1.5410.11

n=15 n=15
Control subjects 1.6110.10 1.59£0.14

n=14 n=15
Schizophrenic patients 1.6140.14 1.37£0.10

n=13 n=15
Unipolar patients 1.3610.12 1.50£0.12

n=15 n=15

Results are means + SEM
ANOVA for both frontal and occipital cortex = Not Significant

Discussion

The present study does not explain the discre-
pancy in our previous findings of reduced
IMPase activity in lymphocyte-derived cell lines
from bipolar patients (Shamir et al 1998) vs. the
lack of difference in postmortem brain tissue
(Shimon et al 1997). Using the Stanley Brain Col-
lection (Torrey et al 1999), which is a newer and
a better-controlled brain bank, we again found
no difference in the enzyme’s activity among the
groups, and in a small group of lymphocyte-
derived cell lines from bipolar patients we
confirmed a reduced IMPase activity. The latter
reduction was shown to be specific to cells de-
rived from bipolar patients compared with
schizophrenic or unipolar patients.

Lymphocyte-derived cell line IMPase activity is
reduced in bipolar disorder but not in schizo-
phrenia or unipolar depression. However, the
poor re-assay correlation suggests that the fin-
ding is not a consistent trait marker that defines
an individual, in the way that serum cholesterol
is a risk marker for cardiovascular disease. Rather,
the low IMPase activity in lymphocyte-derived
cell lines seems to replicate only as a group ef-
fect. This might be similar to haemoglobin levels
in glucose-6-phosphate dehydrogenase (G6PD)
deficiency, which are low in a group of G6PD-
deficient patients but not low in the same in-
dividual at different points sampled over time
(Lotspeich-Steininger et al 1992). If this analogy
is correct, perhaps the IMPase gene (IMPA) in
bipolar disorder responds with turn-off to va-
rious delicate environmental differences in
handling of cultured lymphocyte-derived cell
lines, whereas the IMPA gene in controls is less
likely to respond this way. Speculatively, this
could be due to a mutation in the promotor
region.

A possible clue to the discrepancy of findings
between brain and lymphocyte-derived cell lines
may be given by the recent cloning of two hu-

man IMPA genes: the IMPA-1 gene was mapped
to chromosome 8q21.13-21.3 (Sjoholt et al
1997); IMPA-2 was located on chromosome
18p11.2 (Yoshikawa et al 1997). Sjoholt et al
(1999) reported that IMPA-1 and IMPA-2 are
similarly expressed in brain, while in peripheral
leukocytes IMPA-2 expression is higher than that
of IMPA-1.

It is possible that, despite the numerous divi-
sions in cell culture, lymphocyte-derived cell
line IMPase is still affected by patients' drug
treatment at the time of sampling, as reported
for O6-alkylguanine-DNA alkyltransferase activi-
ty in lymphocyte-derived cell lines from Hodg-
kin’s disease patients (Sagher et al 1989). Since
most drugs for bipolar disorder affect second
messengers, altered IMPase could be an artifact
of such treatment. However, if lymphocyte-
derived cell lines IMPA-2 levels reflect IMPA-2
levels in some specific brain area where IMPA-2
is the critical IMPase, then our findings could be
aetiologically important for bipolar disorder.
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Summary

Objective: Reports of low levels of dehydro-
epiandrosterone (DHEA) or its sulphate (DHEA-S) in
some schizophrenic patients and in some persons
with poorer motoric and cognitive functioning led us
to examine clinical correlates of serum DHEA and
DHEA-S levels in schizophrenic patients.

Method: Ratings of abnormal movements, memory
and psychiatric symptoms in 17 medicated chronic
schizophrenic or schizoaffective inpatients at a state
hospital were correlated with serum DHEA and
DHEA-S levels, and their ratios with serum cortisol.

Results: Controlling for age, higher DHEA levels
and/or higher DHEA/cortisol ratios were significantly
correlated with lower symptom ratings on the Brief
Psychiatric Rating Scale, better performance on some
measures of memory, and lower ratings of parkin-
sonian symptoms.

Conclusion: Relatively low DHEA levels or
DHEA/cortisol ratios may identify a particularly im-
paired subgroup of medicated patients with chronic
schizophrenia. Potential implications are discussed.
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Introduction

Dehydroepiandrosterone (DHEA) and its sul-
phate (DHEA-S) [together referred to as
DHEA(S)], the major circulating steroids in hu-
mans, are neuroprotective and memory-enhan-
cing, and enhance neuronal plasticity and adap-
tive responses to neuronal injury in animal mo-
dels (Bologa et al 1987; Herbert 1998). Whether
similar effects are seen in humans is unknown.
However, low levels of DHEA(S) have been
reported in some demented patients (for review
see Wolkowitz and Reus 2000) as well as in
community-dwelling elderly with poor memory,
gait and balance (Berkman et al 1993; Wolkowitz
and Reus 2000). Patients with schizophrenia
have variably been reported to have increased or
decreased levels of DHEA(S) (Erb et al 1981;
Oades and Schepker 1994; Wolkowitz and Reus
2000), and early clinical trials in this population
reported favourable treatment effects with DHEA
(Strauss et al 1952). Nonetheless, the clinical
correlates of DHEA(S) levels in schizophrenic
populations have not been studied.

DHEA(S) levels decrease with advancing age in
humans, are generally lower in women than in
men, may be lower in some affectively ill
patients, and are reduced in patients with
diabetes mellitus [(Ganzini et al 1992; Jeste and
Caligiuri 1993; Woerner et al 1993) for review see
(Wolkowitz and Reus 2000)]. Since all of these
are risk factors for developing tardive dyskinesia,
it is possible that low DHEA(S) levels confer
vulnerability to its development. We hypo-
thesized, based on the above data, that lower
levels of DHEA(S) would identify patients with
increased psychiatric symptomatology, more
severe movement disorder and decreased me-
mory. Since the biological activity of DHEA(S)
may be related to circulating cortisol levels
(Herbert 1998; Wolkowitz and Reus 2000), we
also assessed behavioural correlations with
DHEA(S)/cortisol ratios.

Methods

Adult inpatients at Napa State Hospital (Napa,
CA) were recruited. Inclusion criteria were a
DSM-III-R diagnosis of schizophrenia or schizo-
affective disorder, age 18 to 95, and a history of
> one year of continuous neuroleptic use. Neuro-
leptic doses were stabilized (defined as no more
than 50% change in dose for at least three
months and no neuroleptic dosage changes at all
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for one month before testing), no changes in
non-neuroleptic medication doses for two weeks,
and no additional psychotropic medications
(PRNs) for 48 hours. Menstruating women were
assessed between days four and 12 of their
menstrual cycle.

Exclusion criteria were significant acute medical
illness, pregnancy, and current clozapine or
hormone use (including oestrogen replacement
therapy and birth control pills). Subjects who
were taking adjunctive benzodiazepines or
anticonvulsants were not excluded (see below).
After complete description of the study to the
subjects and guardian, if applicable, written
informed consent was obtained.

Abnormal movements were rated using the St.
Hans Rating Scale (Gerlach and Korgard 1993).
Psychiatric symptoms were assessed with the 24-
item Brief Psychiatric Rating Scale (BPRS) (Faust-
man and Overall 1999). A verbal memory test
(Weingartner et al 1992) assessed attention and
working memory, episodic vs. semantic memory,
free recall vs. recognition memory, and effort-
demanding vs. automatic processing. All assess-
ment procedures were performed by the same
rater (DSH). Subjects had blood drawn between
8:00 a.m. and 12 noon for assay of DHEA, DHEA-
S, and cortisol. All blood samples were assayed in
the same batch. Hormones were assayed in
triplicate by double antibody, 1-125 based
radioimmunoassay (Dr. William Raum, UCLA;
reagents from ICN/RLS).

DHEA(S) and DHEA(S)/cortisol ratios were
correlated with the behavioural measures using
partial correlation coefficients, controlling for
age, which is a possible confound (SPSS soft-
ware). In order to assess whether neuroleptic
doses were directly correlated with DHEA(S)
levels and, hence, introduced spurious corre-
lations with clinical measures, we also correlated
neuroleptic doses in chlorpromazine equivalents
(Hollister 1973; Physicians Desk Reference 1997;
Bezchlibnyk-Butler and Jeffries 1997) with hor-
mone levels. Since benzodiazepines and certain
anticonvulsants may alter DHEA levels, we as-
sessed correlations between DHEA(S) levels and
clinical ratings in the whole subject sample as
well as in only those subjects not receiving these
drugs (n = 13). Since results were comparable, we
report correlations using all subjects to conserve
power. Similarly, data from male and female
subjects were not different and were therefore
combined. All subjects were taking typical neu-
roleptics, except one who was receiving risperi-
done. Her measures were similar to those of the
rest of the group and included in the analysis.

Results
e Subjects

Nine male and eight female patients were
recruited. Their average age was 48 years (range =

31-66). Fourteen subjects had schizophrenia and
three schizoaffective disorder. The median daily
dose of neuroleptic in chlorpromazine equiva-
lents was 1000 mg (range 50-4000 mg).

The mean + SD total BPRS rating for the group
was 75 = 16.4, cortisol level 13.0 mcg/dl £ 3.4,
DHEA level 5.2 ng/ml + 4.3, and DHEA-S level
1448 ng/ml + 682. The mean hormone values
were within normal limits for the laboratory
used, though individual subjects had wvalues
outside the normal range.

e DHEA and psychopathology (Table 1)
The DHEA/cortisol ratio (but not the individual
hormones, DHEA, DHEA-S, or cortisol) was signi-
ficantly negatively correlated with total BPRS
ratings (p< 0.05). Statistically significant BPRS
subscales which contributed to this finding were:
positive symptoms (p< 0.01), negative symptoms
(p< 0.05), thinking disturbance (p< 0.05), and
withdrawal-retardation (p< 0.05). Specifically,
higher DHEA/cortisol ratios were associated with
less severe symptomatology.

Table 1
Correlations of hormone levels with measures of psychiatric symptoms,
memory, and movement (values are correlation coefficients)

Controlling for age:

DHEA DHEA-S Cortisol DHEA/ DHEA-S/
Cortisol Cortisol

Psychopathology (BPRS)
BPRS Total -0.38 -0.20 -0.07 -0.56*  -0.18
Memory
Attention and
Working Memory +0.55* 4012 +0.29  +0.63F  +0.07
Free Recall Total +0.45 +0.10 4022 +0.52%  +0.08
Automatic Processing  +0.26 -0.07 +0.09 4030  -0.06
Semantic Memory +0.03 +0.51*  -0.08 +0.27  +0.57*
Movement
Global Parkinsonism  -0.66F +0.07 0.23 -0.70f  +0.18
Global Hyperkinesia ~ -0.22 +0.20  -0.17 -0.19 +0.29
*=p<0.05 T=p<0.01

e DHEA and memory (Table 1)

DHEA was significantly positively correlated
with attention and working memory (p< 0.05)
and the DHEA/cortisol ratio with attention and
working memory (p< 0.01) and total free recall
(p<0.05). DHEA-S and the DHEA-S/cortisol ratio
were significantly positively correlated with
semantic memory (p< 0.05).

e Correlations between DHEA and
movement disorder measures (Table 1)
DHEA and the DHEA/cortisol ratios (but not
DHEA-S or the DHEA-S/cortisol ratios) were
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significantly negatively correlated with ratings of
global parkinsonism (p< 0.01). Statistically signi-
ficant specific parkinsonian items which contri-
buted to this finding were: posture (p< 0.001)
and rigidity (p< 0.05) (DHEA and the DHEA/
cortisol ratio), and bradykinesia (p< 0.05) and
gait (p< 0.05) (the DHEA/cortisol ratio only).
Correlations between hormone levels and the
hyperkinetic ratings (e.g. tardive dyskinesia)
were nonsignificant.

e Hormone levels and neuroleptic dose
Cortisol levels were significantly correlated with
chlorpromazine equivalent doses (r=+0.65,
p=0.007) (i.e. subjects receiving higher neuro-
leptic doses had higher cortisol levels) but DHEA
(r=+0.24, p=0.39) and DHEA-S levels (r=-0.20,
p=0.45) were not. Also, chlorpromazine equiva-
lent doses were not significantly correlated with
clinical variables.

Discussion

In this study, lower DHEA levels and/or
DHEA/cortisol ratios were associated with higher
ratings of psychopathology, poorer memory
performance, and more severe parkinsonian
movements. These data raise the possibility that,
at least in a medicated, severely treatment
refractory state hospital population, lower DHEA
levels (or ratios to cortisol) identify a particularly
impaired subpopulation of patients with schizo-
phrenia or schizoaffective disorder.

Several mechanisms exist which might account
for the relationships observed, including DHEA'’s
effects on dopamine and serotonin transmission
and on GABA-A, sigma and NMDA receptor acti-
vity (Baulieu 1997). It is challenging to explain
the observed inverse correlations of DHEA/
cortisol ratios with both psychosis and parkin-
sonian ratings, since these clinical phenomena
have been related to increased and decreased
dopamine activity, respectively. However,
preclinical data demonstrate DHEA(S)’s ability to
both increase and decrease regional brain
dopamine content as well as to have both GABA
agonist and GABA antagonist effects (Demir-
goren et al 1991; Spivak 1994; Garcia de Yebenes
et al 1995; Porter et al 1995; Imamura and Prasad
1998). In any event, the association of lower
DHEA/cortisol ratios with higher psychosis
ratings may be consistent with the beneficial
effects of DHEA supplementation in schizo-
phrenic patients noted by Strauss et al (1952).

Higher DHEA levels and higher DHEA/cortisol
ratios were related to better attention and
working memory and free recall, and higher
DHEA-S levels and DHEA-S/cortisol ratios were
related to better semantic memory. This is
consistent with the finding of Reus et al (1993)
that higher DHEA-S/cortisol ratios were corre-
lated with better automatic processing and
semantic memory in normals. However, these

relationships were not seen with all facets of
cognition tested in the present study, so the
clinical significance of this finding is unclear.

DHEA levels and the DHEA/cortisol ratio were
also inversely related to parkinsonian symptom
severity. This may be consistent with findings in
healthy elderly subjects that higher DHEA-S
levels are associated with better gait and balance
(Berkman et al 1993), although in that study
DHEA-S rather than DHEA levels were assessed.
The relationship in our study cannot be
explained by the fact that higher neuroleptic
doses were correlated with higher cortisol levels
(thereby yielding a lower DHEA/cortisol ratio),
since DHEA levels alone were similarly correlated
with the parkinsonian ratings (and cortisol was
not). Also, neuroleptic dose was not related to
clinical variables, so the inverse relationship
between DHEA and parkinsonian ratings and
psychopathology ratings was unlikely to be a
result of neuroleptic treatment. Contrary to our
hypothesis, hormone levels did not show any
consistent relationship with measures of tardive
dyskinesia.

Conclusions from this study are limited by its
small sample size and by the simultaneous
assessment of multiple correlations. Further-
more, the findings may not generalize to less
treatment refractory schizophrenic patients or to
unmedicated patients. Nonetheless, these results
suggest that low DHEA levels and low DHEA to
cortisol ratios are associated with more severe
illness in chronic schizophrenic patients, and
they raise the possibility that DHEA treatment
may have beneficial effects in this population
(Strauss et al 1952; Wolkowitz and Reus 2000).
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Attenuation of HPA Axis Hyperactivity and
Simultaneous Clinical Deterioration in a
Depressed Patient treated with Mirtazapine

Cornelius Schile, Thomas Baghai, Peter Zwanzger, Rainer Rupprecht
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Summary

It has been suggested that hypothalamic-pituitary-
adrenal (HPA) system dysregulation plays an
important role in the pathophysiology of depression
and that normalization of HPA axis hyperactivity
precedes successful treatment with antidepressants.
We report the case of a 61-year-old patient suffering
from a major depressive episode who underwent the
combined dexamethasone suppression/CRH stimula-
tion test (DEX/CRH test) before and again after one
week of mirtazapine treatment. While the patient
showed a marked decrease of cortisol and ACTH
secretion during the DEX/CRH test within one week,
a pronounced and ongoing deterioration of depressive
symptoms with suicidal thoughts occurred that was
resistant to antidepressant medication and had to be
treated with electroconvulsive therapy. Apparently,
mirtazapine rapidly attenuates HPA axis hyper-
activity in depressed patients via direct pharmaco-
endocrinological effects. However, this amelioration
of HPA system dysregulation is not necessarily ac-
companied by clinical improvement.
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cortisol, adrenocorticotropic hormone.
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Introduction

Preclinical and clinical studies suggest that
hypothalamic-pituitary-adrenal (HPA) system
dysregulation is related to the occurrence of
depression (Holsboer 2001). Moreover, there is
evidence that antidepressants may act in part
through normalization of HPA system activity.
Heuser and colleagues performed serial dexame-
thasone suppression/CRH stimulation tests
(DEX/CRH tests) in depressed patients treated
with amitriptyline and found a gradual normali-
zation of the cortisol response during the
DEX/CRH test throughout the clinical course
towards remission (Heuser et al 1996). Further-
more, in patients who responded clinically to
antidepressant therapy but had a substantially
increased cortisol response in the DEX/CRH test
at discharge, a higher risk for relapse within the
following six months was demonstrated (Zobel
et al 1999).

The new antidepressant agent mirtazapine acts
as an antagonist at presynaptic o,-receptors and
at postsynaptic 5-HT, and 5-HT, receptors.
Mirtazapine enhances the release of noradre-
naline (NA) by blocking a, autoreceptors (De
Boer 1995) and increases serotonergic neuro-
transmission, especially in the hippocampus, via
an increase of serotonin (5-HT) cell firing and a
blockade of a,-adrenergic heteroreceptors at the
5-HT nerve terminals (Haddjeri et al 1997). In
contrast to reuptake inhibitors of NA or 5-HT,
mirtazapine showes no evidence of noradrener-
gic or serotonergic stimulatory effects on
anterior pituitary hormones but acutely inhibits
cortisol secretion in healthy subjects when given
as a single dose of 15 mg. This acute cortisol
inhibition by mirtazapine is presumably a result
of 5-HT, receptor antagonism (Laakmann et al
1999). To further assess the impact of mirtaza-
pine treatment on HPA system activity in
depression, we studied a male depressed patient
who underwent the DEX/CRH test before and
again after one week of mirtazapine treatment.

Case report

A 61-year-old farmer was admitted to an open
ward of our Department of Psychiatry. He was
suffering from his second depressive episode
according to DSM-1V criteria and had been trea-
ted with doxepine and trimipramine for several
months without any treatment response. At ad-
mission, he was moderately depressed and had a
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score of 23 on the 21-item version of the
Hamilton Rating Scale for Depression (21-HRSD;
Hamilton 1960). His main complaints were
depressed mood, loss of energy, slight psycho-
motor agitation, insomnia, and loss of libido and
appetite. There were neither paranoid ideas nor
hallucinations. Moreover, the patient had no
suicidal thoughts.

After a drug-free interval of five days (chloralhy-
drate was applied in case of sleep difficulties), the
first DEX/CRH test was performed (Test 1). The
patient received an oral dose of 1.5 mg dexa-
methasone (DEX) at 11:00 p.m. the night before
the CRH challenge. On the following day an in-
travenous catheter was inserted into an anticu-
bital vein at 2:00 p.m. At 3:02 p.m. 100 ug hCRH
was injected within 30 seconds. Blood samples
were collected at 2:00, 3:00, 3:15, 3:30, 3:45, 4:00
and 4:15 p.m. for cortisol and ACTH measure-
ments. During the first DEX/CRH test (Test 1) the
patient showed elevated postdexamethasone
cortisol and ACTH levels (before CRH challenge)
and a pronounced CRH-induced cortisol and
ACTH stimulation (Figure 1). Subsequently, the
patient was treated with mirtazapine at a dosage
of 45 mg per day. During the first four days of
mirtazapine treatment a marked deterioration of
depressive symptoms occurred. The patient de-
veloped hypochondriac delusions in that he was
convinced he was infected with the HIV virus.
He thought he was going to die of AIDS. More-
over, he had the feeling that he was not able to
swallow and would starve as a consequence. The
patient became extremely agitated and could not
sleep any more. He became suicidal and even
wrote a farewell letter announcing his intention,
which fortunately was found by staff. Thus, he
had to be transferred to a closed ward to prevent
a suicide attempt. After one week of mirtazapine
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treatment, the DEX/CRH test was carried out for
a second time. In contrast to the clinical deterio-
ration, the patient showed an amelioration of
HPA dysregulation in the second DEX/CRH test
(Test 2) (Figure 1). The postdexamethasone
cortisol and ACTH levels (before CRH applica-
tion) were markedly lower than in Test 1. Fur-
thermore, the CRH-induced cortisol and ACTH
stimulation were also attenuated. However, the
21-HRSD score was 36 on the day of Test 2.

During the following eight weeks the patient
received two different antidepressants (mirtaza-
pine, clomipramine) at high dosages, two neuro-
leptics (haloperidol, risperidone), benzodiaze-
pines, and lithium. Nethertheless, depressive
symptoms, hypochondriac delusions and sui-
cidal thoughts were resistant to psychopharma-
cological treatment. Therefore, the patient was
subsequently treated with electroconvulsive the-
rapy (ECT). After nine sessions of unilateral ECT
within three weeks, the patient showed a pro-
nounced alleviation of both depressive and delu-
sional symptoms and was distanced from
suicidality.

Discussion

The present case report describes a patient with
moderate depressive symptoms and a hyper-
activity of the HPA system in the DEX/CRH test
at admission to hospital. During the first week of
mirtazapine treatment there was a clinical
worsening and simultaneous attenuation of HPA
axis dysregulation. In this case, amelioration of
HPA axis dysregulation was not followed by a
favourable therapeutic outcome because the
patient was refractory to psychopharmacological
medication and had to be treated with ECT.
Apparently, amelioration of HPA axis hyper-
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Combined dexamethasone suppression/CRH stimulation test (DEX/CRH test) in a depressed patient before mirtazapine treatment
(Test 1) and after one week of mirtazapine treatment at a dosage of 45 mg per day (Test 2)
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activity in the DEX/CRH test does not necessa-
rily predict responsiveness to psychopharmaco-
logical treatment. However, it has to be con-
sidered that in our patient HPA system activity
was still increased after one week of mirtazapine
treatment (DEX/CRH Test 2), in spite of the mar-
ked reduction of cortisol and ACTH secretion.

In contrast to reuptake inhibitors, which are
known to acutely stimulate cortisol secretion via
noradrenergic and serotonergic mechanisms,
mirtazapine is an acute inhibitor of cortisol and
ACTH secretion (Laakmann et al 1999). Obvious-
ly, the rapid attenuation of HPA axis dysregula-
tion in the patient described here is due to a
direct pharmacoendocrinological effect of mirta-
zapine which may be different from the norma-
lization of the hyperactive HPA system observed
in depressed patients who have been successfully
treated with reuptake inhibitors such as amitrip-
tyline (Heuser et al 1996). Whereas mirtazapine
presumably acts as an inhibitor of cortisol
secretion via blockade of central 5-HT, receptors
and acute reduction of hypothalamic CRH
release, reuptake inhibitors may normalize HPA
axis hyperactivity in depressed patients by
means of enhancement of glucocorticoid recep-
tor function (Barden et al 1995). Nethertheless,
the downregulation of the hyperactive HPA
system may contribute to the antidepressant
efficacy of mirtazapine.
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Medical School, Dundee, United Kingdom

The importance of diligent, comprehensive and valid
assessment of the clinical outcome following destructive
neurosurgery for intractable mental disorder cannot be
overstated. Without doubt, crude destructive procedures
have been used despite an absence of critical appraisal of
their efficacy and adverse effects. Nevertheless, considera-
ble evidence has accrued to support the use of irreversible
focal tissue ablation in the management of a restricted
population of severely disabled patients with defined psy-
chopathology. Given the rarity of such procedures within
modern psychiatric practice, the report by Yaryura-Tobias
and colleagues is timely and welcome. However, it is
important that we require equivalent academic rigour when
confronted with reports of negative or positive outcome.

Yaryura-Tobias and colleagues have presented brief clinical
details for a series of five patients who received neuro-
surgical intervention for intractable obsessive compulsive
disorder (OCD). Presenting a series of five patients with
globally negative outcomes potentially casts a shadow over
neurosurgical treatment. Unfortunately, it is difficult to
consider these data within the necessary context. Were
these five patients from a series of eight or 80? No pre-
operative measures are available for two of these patients.
Only one was followed up for over a year. One had a
cingulotomy, three had capsulotomies, and one had both.
How are we to evaluate such heterogeneous data? If we
take Case 3, for example, we are informed of the apparent
unresponsiveness of her obsessional symptoms to capsulo-
tomy and of her subsequent severe depression and suicidal
ideation. How do we know that this reflects a change from
her pre-surgical status? Similarly, Case 4 must be consi-
dered without the benefit of essential pre-operative infor-
mation. Indeed, the clinical description suggests a perva-
sive, severe and disabling neurological condition. Interpre-
tation of the contribution of capsulotomy to his subsequent
clinical course seems fraught with difficulty. Are we now
considering a case series of three? These are, of course, the
entirely legitimate criticisms that we would face if pre-
senting a case series of five positive outcomes.

For Case 1, we do have some pre-operative data, but a
short follow-up period (seven months) and no informa-
tion at all about treatment post-surgery. Neurosurgery,
of course, should never be proposed as a curative interven-
tion - it is a treatment augmentation strategy. Which
psychological and pharmacological treatments were

applied in the post-operative period when symptomatic
improvement was evident? Did these change? Were lesion
placements and sizes confirmed by MRI? Was the early
improvement due to the effects of acute brain oedema that
subsequently resolved? With respect to the data presented,
there was no significant change in Beck Depression
Inventory (BDI) scores (Figure 2). Beck Anxiety Inventory
(BAI) scores were not presented, and there were no attempts
to quantify suicidality or self-harm. The appearance of
generalised cerebral atrophy is acknowledged as a
potentially clinically insignificant observation. Were there
any attempts to assess its functional significance? Case 2
appears to have experienced a brief improvement in
symptoms that was not sustained. Again, where were the
lesions? Were they of adequate size? Could cerebral
oedema have brought about the transient improvement?
Substance misuse is frequently co-morbid with major
depression and it is difficult to relate the cocaine use to

surgery.

These comments ought not to be misinterpreted. We agree
unreservedly with Yaryura-Tobias and colleagues that there
is a duty to report the outcome of all neurosurgical opera-
tions for mental disorder. Only then can we make informed
clinical judgements about the efficacy and acceptability of
these treatments. Only then can we provide adequate
advice to our patients. However, the presentation of nega-
tive outcome data from a small, heterogeneous and poten-
tially unrepresentative series of patients serves no better
purpose than the exaggerated, selective and uncritical
reports of positive outcome.

Stephen Curran
Keith Matthews

Letters published in this Journal do not necessarily reflect
the opinions of the Editors or the Editorial Board.
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Suicide: An Unnecessary Death

Danuta Wasserman, M.D., Ph. D. (Ed),

(Martin Dunitz Ltd, London, 2001,

pp 250, £ 29.95)

Reviewed by Dan Rujescu and Ina Giegling, Department of Psychiatry,

Ludwig-Maximilians-University, Munich, Germany

Danuta Wasserman has succeeded in editing an
outstanding and important book on suicide. Sui-
cide and attempted suicide are rather complex
issues. It is therefore a pleasure to see how this
book manages to be clear in extracting the
essentials while at the same time avoiding over-
simplifications. It performs a major service by
providing an up-to-date source of information
on this important topic.

A considerable number of people who commit
suicide have had prior contact with staff from
the health care sector. Under these circum-
stances, it is surprising that many health care
professionals are not sufficiently aware of this
problem. This book is based on work and re-
search carried out by people who are well known
in this field, and it addresses those clinicians
who take care of suicidal patients. The book also
gives a good overview and is a good introduction
for those who want to begin work as researchers
in the field of suicidology.

The book gives a good description of the editor,
Danuta Wasserman, who wrote or co-authored
several chapters, and of the contributors. The
structure of the book, in eight major sections,
helps with orientation. "Epidemiology" by José
M. Bertolote is written from the global WHO
perspective and gives an epidemiological over-
view of suicide in the world for the years 1959-
2000. It seems a good chapter to start with since
it points out the whole extent of the problem;
among others, one million people take their own
life every year and at least ten times as many
attempt suicide. The section "Theoretical model
of suicidal behaviour" has a chapter presenting
an elaborated stress-vulnerability model for the
development of the suicidal process. Danuta
Wasserman succeeds in integrating the various
neuropsychobiological permissive and protective
factors into one model, including a plausible
graph. The neurobiology of suicide and at-
tempted suicide, an emerging field in suicido-
logy, is highlighted by John Mann and Victoria
Arango in the subsequent chapter. Family, twin
and adoption studies, molecular genetic studies
and studies on the serotonin metabolite 5S-HIAA
in cerebrospinal fluid and post-mortem brains
are summarized. The third section elaborates on
important risk groups for suicide and addresses
psychiatric disorders and somatic diseases as well
as social conditions in several chapters by
Danuta Wasserman, Jan Fawcett, Alec Roy, Jouko
Lonngvist and Ilkka Henrik Madikinen. The

chapters on affective disorders and alcoholism
give detailed reflections on the importance of
these risk factors. The section "Risk situations for
suicide and risk assessment" starts with two
chapters by Danuta Wasserman which describe a
wide range of negative life events that are asso-
ciated with elevated suicide risk and the patients’
distinctive experiences of them. For the clini-
cian, the chapter by Nils Retterstol and Lars
Mehlum on attempted suicide as a risk factor for
suicide should be especially important. What
makes this chapter so interesting is that it uses
epidemiological data, but is written from a clin-
ical perspective. Two chapters by Danuta
Wasserman, one on suicide risk assessment and
one on the suicidal patient-doctor relationship,
describe very nicely this sensitive topic. Suicide
risk assessment is the most difficult kind of
assessment in psychiatric practice, since it is
about life and death, as stated by Danuta
Wasserman. These chapters are also of imme-
diate use for everyday clinical practice since the
particularities and pitfalls in the management of
the suicidal patient are described. Per Bech, Lis
Raabaek Olsen and Anders Niméus contribute
with a chapter on psychometric scales in suicide
risk assessment. They concentrate on short and
thus applicable scales, which measure different
facets of this complex behaviour, and elaborate
on the quality of the scales. The next section is
dedicated to treatment. While there are an over-
whelming number of different psychothera-
peutic approaches to the suicidal patient, until
now only cognitive-behavioural and dialectical
behaviour therapy have proven to be effective in
controlled clinical trials. These therapies are de-
scribed in the chapter by Paul Salkovskis,
including the two prominent cognitive mecha-
nisms identified in suicide attempters: problem-
solving deficits and hopelessness. The chapter on
pharmacotherapy by Hans-Jiirgen Moller gives a
clear overview of the treatment of suicidal
patients and should be of special interest for the
clinician. It deals with both the management of
suicidal patients after psychosocial stress condi-
tions and suicidal patients with a comorbid
psychiatric diagnosis. It delineates the important
distinctions of these patient groups and the
appropriate treatment. The next section deals
with two particular age groups: adolescents,
written by Alan Apter, and the elderly, written by
Diego De Leo and Gaia Meneghel. In many ways,
both chapters are a book in a book as they cover
all aspects of the respective topic. The next
section is devoted to prevention, the ultimate
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goal. In the introductory chapter, Danuta
Wasserman describes the two major approaches
to prevention, the health care and the public
health approach. Next, she writes on suicide pre-
vention in psychiatric patients by optimisation
of treatment. Wolfgang Rutz gives an impressive
example of reduction of suicide rates by ade-
quate training of general practitioners, who
often do not recognize the signs and symptoms
of depression and suicidality and are not trained
to give efficient pharmacotherapy. Jean-Pierre
Soubrier highlights the cooperation with other
physicians, Danuta Wasserman the impact on
and of the psychiatric staff. Karen Dunne-Maxim
and Edward Dunne emphasize the role of the
family. In a surprising chapter, Danuta Wasser-
man and Airi Véarnik help to understand why
Peristroika in the former USSR was history's most
effective suicide-prevention programme for
men. Antoon Leenaars describes how controlling
the environment, e.g. by controlling the availa-
bility of fire arms, can be an effective method to
prevent suicide. Armin Schmidtke, Sylvia
Schaller and Danuta Wasserman present guide-
lines for media communication of suicide, to
prevent imitation, and the prevention of clus-
tered suicide on psychiatric wards. And last but
not least, Danuta Wasserman and Véronique
Narboni give examples of suicide prevention in
schools.

In summary, this book is written by outstanding
experts in their field for "busy clinicians" who are
interested in a compact, but comprehensive,
overview of different aspects of suicide. It is
designed for a broad audience who should profit
immediately in the everyday treatment of
patients. Thus, it is also of benefit for the pa-
tients, which is why this book should be of
interest to a broad audience, and a great success.
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