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Abstract

This thesis examines the use of the platelet as a peripheral marker of receptor regulated 

calcium second messenger responses of neuronal cells in major depression, subsyndromal 

depression, panic disorder and schizophrenia. These psychiatric disorders have 

substantia] overlap in clinical symptomatology. Identification of a peripheral marker that 

might differentiate the disease conditions in terms of the underlying pathophysiology of 

the illness would greatly benefit the diagnosis and treatment o f the psychiatric illnesses. 

Platelet intracellular calcium in response to neurotransmitter stimulation was measured 

using the fluorescent dye fura-2. This study has shown that in major depression, treated 

with electro-convulsive therapy (to control for a drug effect), the augmented intracellular 

calcium response to serotonin stimulation changes with treatment. The response is 

correlated with clinical improvement and suggests the platelet response as a state marker 

in major depression. This platelet response is specific for major depression, since no 

abnormality in second messenger transduction to serotonin stimulation was seen in 

patients with subsyndromal depression. Furthermore, the platelet response demonstrates 

selectivity; in patients with panic disorder, no difference in the calcium response is seen 

between patients and controls, lending further proof that major depression and panic 

disorder may ha ve differences in terms of serotonergic dysregulation. The role calcium 

influx has in the augmented intracellular calcium response was measured by manganese 

influx and radiolabelled calcium uptake experiments. Calcium influx in response to 

serotonin stimulation is augmented in major depressive patients compared to normal 

controls. An interesting finding is that the uptake response is biphasic which may



substantiate the two-pool model of calcium oscillations within cells that was proposed by 

Berridge, 1991. Although many peripheral markers for depression have been suggested, 

there is a paucity of information concerning peripheral markers of schizophrenia. 

Serotonin and dopamine have not shown encouraging results as agonists in this disorder. 

Glutamate is an excitatory amino acid that has been implicated in the pathogenesis of 

schizophrenia. On stimulation, the platelet glutamate receptoi activates divalent cation 

channels which cause intracellular calcium release, so in truth it is not a second 

messenger response. Schizophrenic patients show augmented intracellular calcium 

responses to glutamate stimulation in comparison to controls. This study supports the use 

of the platelet as a peripheral marker in schizophrenia. The last analysis looked at the 

intracellular calcium response to thrombin in the various psychiatric illnesses. Panic 

disorder and major depression have the highest intracellular calcium responses to 

thrombin stimulation. Electroconvulsive therapy does not alter this response, suggesting 

that it is a trait of the illness. Schizophrenia and subsyndromal depression have no altered 

intracellular response to thrombin. These results support the growing evidence suggesting 

that major depression and panic disorder are associated with significant cardiovascular 

complications, yet whether this is a question of association or causality must still be 

investigated. I feel that the thesis supports the use of the platelet as a peripheral marker of 

the receptor regulated calcium second messenger response of the neuronal cell, and the 

findings may provide some utility in the diagnosis and treatment of the psychiatric 

disorders.
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CHAPTER ONE

1. INTRODUCTION

The diagnosis of psychiatric disorders, especially anxiety and depression, is often 

obscured by complicating factors, including an overlap o f symptoms, discrepancies in 

diagnostic criteria, and the unreliability o f self and observer reporting. The three major 

areas of psychiatric research are depression, anxiety disorders and schizophrenia, which is 

the most common of the “functional psychoses”.

The establishment of a biological basis of psychiatry has helped to explain neurobiological 

abnormalities that underlie the patho-physiologies of the disease conditions. Originally, 

altered concentrations of neurotransmitter, such as serotonin (5HT), noradrenaline (NA) 

and dopamine (DA), in central synapses were hypothesized to underlie the different 

psychiatric conditions. Pure depletion or replenishment of neurotransmitter levels did not 

fully explain the complex pathology underlying the psychiatric illnesses though. Studies of 

receptor density have improved the understanding of the disease processes, but a review of 

the literature shows that the results are to a large extent inconsistent. Perhaps alterations in 

the function of the neurotransmitter-receptor-linked signal transduction system may 

explain the underlying pathophysiology o f psychiatric illnesses that appear to have similar 

neurochemical abnormalities, and present with similar clinical symptomatology.

In this literature review, I have discussed the epidemiology o f depression, panic disorder, 

and schizophrenia; the biological dysfunction implicated in each of these disorders; and 

the research tools that have been used to further the understanding of processes involved 

in the different psychiatric disorders. Direct access to neuronal tissue for neuroscience
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research is not viable. The need for adequate peripheral markers of central nervous system 

structure and function to explain the processes involved in the illnesses is unequivocal. 

The platelet may be such a peripheral marker.

1.1 The epidemiology of major psychiatric illnesses

1.1.1 Depression

The essential feature o f major depression is either a dysphoric mood, or loss of interest or 

pleasure in all or almost all usual activities and pastimes. This disturbance is prominent, 

relatively persistent, and associated with the other symptoms of the depressive episode 

such as appetite disturbances, changes in weight, sleep disturbances, psychomotor 

agitation or retardation, decreased energy, feelings of worthlessness or guilt, difficulty in 

concentrating or thinking, and thoughts o f death or suicide or suicidal attempts.

In 1990, the World Health Organization identified this disease as the fourth ranked cause 

of disability and premature death worldwide (Murray et at., 1996). The lifetime rates for 

major depression range between 0.9% in Taiwan and 17.1% in the USA, and mostly 

between 4 and 12% (Pelissolo and Lepine, 1998). The female: male ratio of 2:1 is the risk 

factor o f developing major depression. The first onset of unipolar major depressive 

disorder initially peaks in the third decade o f life (Angst and Preizig, 1995). Eight o f 10 

people experiencing a major depressive episode will have at least one more during their 

lifetime, and if  episodes o f minor or subsyndromal depression are included, the prevalence 

of recurrence would likely reach 100% (Angst and Preizig, 1995; Keller et al., 1982; 

Keller et al., 1992).
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Kessler et a/.,(1997) observed that minor depressive disorders and major depressive 

disorders among national comorbidity survey subjects were similar in clinical 

characteristics, suggesting that major depressive disorder and minor depression are on a 

symptomatic continuum and are expressions of the same illness. Sherboume et ah, (1994) 

proposed that subsyndromal depression is a subthreshold variant of unipolar major 

depressive disorder.

There is very little research available on patients who have depressive symptoms that fall 

below the thresholds of current classifications, yet the frequency with which 

subsyndromal depression presents is very high. A secondary analysis of the 

epidemiological catchment area study reported that 16.9% of the general population 

reported one or more depressive symptom in the last month (Judd et a/.,1994). In a 

primary care setting, subsyndromal depression was more frequent than syndromal 

depression (9.1 vs 7.3%; Olfson et aZ.,1996). Subsyndromal depression appears to have a 

similar rate (41%) of family history of affective disorder to patients with syndromal 

depression (59%), and was regarded by the authors as a variant o f affective disorder 

(Sherboume et a/.,1994). The Medical Outcomes Study reported that in patients who had 

depressive symptoms that did not meet diagnostic thresholds, there was significant 

disability (Wells et a/., 1989). Recent studies have replicated the finding that the presence 

of subsyndromal depression appears to be associated with significant disability and 

functional impairment (Jaffe et a/.,1994; Olfson et a/.,1996).

The question is whether major depressive disorder is a single disease or a heterogeneous 

cluster of distinct depressive disorders, each with different biological substrates and 

clinical characteristics.
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1 .1.1.1 Comorbidity o f  depression and anxiety

The comorbidity of major depression with other psychiatric disorders has been studied in 

seven countries by the cross-national collaborative group (Weissman et al., 1996). Fifty 

eight percent o f subjects with lifetime major depressive disorder present with at least one 

diagnosis of anxiety disorder. Panic disorder represents the most common anxiety 

disorder. Increased odds ratios for subjects with major depression have been found for 

lifetime comorbidity with panic disorder (4.7-19.5).

1.1.2 Panic disorder

Panic disorder (with or without) phobic avoidance is a common anxiety disorder, having a 

lifetime prevalence o f 7.3% (Eaton et al., 1994). The age at first onset of this disorder is 

in the second decade of life (Weissman et a/,,1997), with females more commonly 

affected than males (3.6% vs 2.0%).

Panic disorder consists of a mixture of characteristic signs and symp toms that persist for at 

least one month. The symptoms include recurrent panic attacks and persistent concern 

about having another attack or worry about the implications and consequences of the 

attacks. Panic attacks are discrete periods of intense fear or discomfort, accompanied by at 

least 4 of the 13 somatic or cognitive symptoms defined by DSM-IV. An attack has an 

abrupt onset and reaches a peak usually within 10 minutes. It is often accompanied by a 

sense of imminent danger and an urge to escape.

Among individuals with panic disorder, the lifetime prevalence of major depression is 50- 

60% (Lesser et a l, 1989). There is significant, overlap between panic disorder and major
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depression and recurrent depression, yet the association between panic disorder and minor 

depression is not clearly defined. Patients with panic disorder, especially with comorbid 

depression are at higher risk for suicide attempts (Weissman et a/.,1989), impaired social 

and marital functions, use of psychoactive medication and substance abuse (Markowitz et 

a l,  1989).

“There is relatively little information on the extent to which comorbidity affects prognosis 

and whether the observed high rates of comorbidity are due to chance or fundamental 

overlaps in psychopathology. Hence a thorough understanding of the relationship between 

panic disorder and other psychiatric disorders is needed”- This quote has been taken from 

the practice guidelines for the treatment of panic disorder in the American Journal of 

Psychiatry 1998. It summarizes the need for research into the biochemical basis of panic 

disorder.

1,1.3 Schizophrenia

Schizophrenia is the most common of the “functional psychoses”. It is a severe, disabling 

neuropsychiatric syndrome affecting nearly 1% of most human populations (Kaplan and 

Sadock, 1994). Family, twin, and adoption studies o f  different ethnic populations have 

consistently implicated genetic factors as having an important pathogenic role in this 

disease (Kendler, 1983),

Schizophrenia is a major psychotic disorder. Its essential features consist of a mix o f 

characteristic signs and symptoms that have been present for a significant length of time. 

The predominant clinical features are delusions, hallucinations, and interference with
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thinking. Features of this kind are called positive symptoms. The chronic features of 

schizophrenia are apathy, lack of drive, slowness and social withdrawal. These features are 

often called negative symptoms.

Schizophrenia is equally prevalent in men and women, however the sexes show 

differences in the onset and course of the illness. Men have an earlier onset of 

schizophrenia than women. More than 50% of all male patients are under 25 years old on 

first hospital admission. For women, the peak age of onset is between 25 to 35 years. Men 

are also more likely than women to be impaired by the negative symptoms o f the disease 

(Kaplan and Sadock, 1994).

All the psychiatric disorders are associated with significant increases in social dysfunction 

and disability. Therefore, the identification o f a biological marker could aid in the 

understanding o f different pathophysiologies o f certain illnesses, as well as aid in the 

diagnosis and treatment of the disorders.

1.2 THE BIOLOGICAL APPROACH TO THE STUDY OF PSYCHIATRIC 
DISORDERS

Research into the biological basis of psychiatric illness involves the study of the principal 

neurotransmitters, serotonin (5HT), noradrenaline (NA), and dopamine (DA) in the central 

nervous system (CNS). It also studies the interactions between the neurotransmitters with 

their receptor systems and the consequent generation o f second messengers that are 

responsible for neuronal communication.
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Multiple brain mechanisms are involved and the degree to which underlying brain 

mechanisms differ or overlap remains unknown. The fact that to some extent similar 

neurotransmitter systems are involved in different illnesses does not mean that the 

mechanisms underlying the disorders are identical.

It must be emphasized that none o f the neurotransmitter systems function in isolation. 

Serotonin, as the major neurotransmitter implicated in mood disorders, interacts with 

many neurotransmitter systems. It is a co-transmitter with noradrenaline. Noradrenergic 

input is necessary for post synaptic 5HT receptor sensitization by antidepressant 

treatments. Serotonergic neurons synapse with meso limbic dopaminergic neurons. 

Dopaminergic neurons have serotonin receptors that permit the release of dopamine in 

certain brain regions. Serotonin therefore is closely associated with multiple transmitter 

systems (Benloucif and Galloway, 1991).

The neurobiological basis o f  psychiatric illness may be explained by extrapolating data on 

the mechanism of action of psychotropic drugs. Understanding neurotransmitter 

involvement in different disorders is usually assisted by pharmacological challenges. In 

this section, I  explain the involvement o f neurotransmitters and receptors in depression, 

panic disorder and schizophrenia by the effectiveness o f drugs used to treat the conditions.

1.2.1 Depression- Biological Dysfunction

1.2.1.1 The original monoamine hypothesis o f  depression

The original theory was first proposed on the findings that reserpine, a drug used in the 

treatment of hypertension, produced a disorder resembling endogenous depression in 10- 

15% o f patients. Reserpine depletes the brain of the monoamines; noradrenaline.
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dopamine and serotonin. Conversely, iproniazid, used in the treatment of tuberculosis, was 

reported to have mood elevating properties. This drug increases the availability o f these 

same monoamines in the central nervous system.

The theory was advanced such that reduced availability of monoamine neurotransmitters 

may play a role in the pathogenesis of depression (Schildlcraut, 1965). In addition, based 

on the knowledge o f the mechanism of action of antidepressant drugs, the hypothesis was 

put forward that alterations in receptor systems were also involved.

1.2.L2 Monoamines in the treatment o f  depression

The development o f the initial tricyclic antidepressants in the 1950’s allowed for 

investigation into the role of noradrenaline and serotonin in the pathophysiology of 

depression. The ability o f tricyclic antidepressants to raise the intrasynaptic concentrations 

of serotonin and noradrenaline remains a cornerstone of all monoamine theories.

1.2.L3 Antidepressant therapies

There are different antidepressant therapies available. All involve the increase in synaptic 

levels o f the neurotransmitters, noradrenaline and serotonin. The antidepressant therapies 

differ in terms of their selectivity for the neurotransmitter system.

1.2.1.3.1 Tricyclic antidepressants (TCA)

This was the first generation of antidepressants. Their function is to block the reuptake of 

noradrenaline and serotonin into the presynaptic neuron. Different drugs in this class
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exhibit varying degrees of selectivity for the reuptake pumps for noradrenaline and 

serotonin. This effectively results in increased concentrations of neurotransmitter in the 

synaptic cleft available to interact with postsynaptic receptors. The tricyclic 

antidepressants also block other receptor systems, such as histamine, muscarinic and 

adrenergic receptors. The high risk o f cardiovascular and respiratory complications 

associated with this group of drugs when used in overdose prompted the search for more 

selective agents that had fewer side effects, with the same efficacy.

1.2.1.3.2 Monoamine oxidase inhibitors (MA01)

Monoamine oxid ,s A is the amine oxidase primarily responsible for noradrenaline, 

serotonin and tyramine breakdown. Therefore, the inhibition o f this enzyme results in 

increased levels of serotonin and noradrenaline available presynaptically for release into 

the intrasynaptic cleft. The irreversible monoamine oxidase inhibitors are subject to a high 

risk of hypertensive reactions to tyramine ingested in food. The reversible monoamine 

oxidase inhibitors, such as moclobemide, are not subject to these dietary restrictions.

1.2.1.3.3 Selective serotonin reuptake inhibitors (SSR1)

Fluoxetine was the first entirely specific serotonin reuptake inhibitor. It has little or no 

effect on other neurotransmitter systems which affords a specificity of action that may 

reduce unwanted side effects. It is effective in the treatment of major depression, and so 

lent further proof to the growing evidence in support of serotonin as the principle 

neurotransmitter implicated in the pathophysiology o f mood disorders. It allowed for the
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testing of the relative importance of serotonin and noradrenaline in depression (Hollister 

and Csernansky, 1990).

1.2.1.3.4 Noradrenergic specific serotonimrgic antidepressants (NaSSA)

Mirtazapine is the first noradrenergic and specific serotonergic antidepressant (NaSSA). 

Its pharmacological profile combines the enhancement of both noradrenergic and 

serotonergic transmission with specific blockade o f 5HTz and SHTa receptors (de Boer, 

1996). Noradrenaline released directly from presynaptic noradrenergic nerve terminals 

interacts with specific NA receptors, and the action of noradrenergic transmission on 

presynaptic serotonergic nerve terminals causes an increase in serotonergic neuronal firing 

(deBoer, 1996).

1.2.1.3.5 Electroconvulsive therapy (ECT)

Electroconvulsive therapy is used as a treatment modality for major depression (Weiner 

and Krystal, 1994). Neuroendocrine studies suggest but cannot find consistent evidence 

that a possible mechanism of action of ECT is the elevation of serotonin levels in the brain 

by increasing synaptic release of this neurotransmitter (Wilkinson, 1989; de Montigny, 

1984; Chaput et a l, 1991). In this regard, ECT has a similar mechanism of action to other 

different types of anridepressants which effectively enhance serotonergic transmission in 

the CNS, albeit all by different mechanisms (Trice et al., 1990; Blier et al., 1990).

Several studies have compared deptessed inpatients receiving ECT with those receiving 

antidepressant drugs. In " ;ne -nmparisons with tricyclic antidepressants, ECT was
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therapeutically more effective in six studies and equally effective in the remaining three. 

In five comparisons with monoamine oxidase inhibitors, ECT was superior in each trial. 

These data suggest that in severely depressed patients, ECT is probably superior to 

antidepressant drug therapy. Another point is that ECT may often prove effective hi 

depressed patients who have not responded to full trials of medication.

1.2.1.3.5.1 Mode o f action o f electroconvulsive therapy

The specific therapeutic effects o f ECT must be brought about by physiological and 

biochemical changes in the urain. During ECT, an electrical current is passed through the 

brain for 0.5 to 2 seconds. The seizure resulting from the ECT should be between 20 and 

120 seconds in duration to be of therapeutic value. ECT causes some of the same 

biochemical changes that antidepressants cause: the 5HTz receptor is affected in both ECT 

and TCA therapy (Brown and Mann, 1985). ECT increases the turnover and synthesis 

rates of 5HT in the brain. In ECT net serotonergic transmission increases (Leonard, 1992). 

In another study, ECT increased the responsivity of hypothalamic pituitary neurons to 

serotonin (Chaput et a l, 1991). Increased levels of 5-hydroxyindoleacetic acid (5HIAA), 

the principal serotonin metabolite, have been found in the serum of depressed patients 

following ECT (Hoffman et al., 1996; Jori et al., 1975).

1.2.2 Serotonin in depression

Several lines of evidence suggest that serotonin is the biogenic amine neurotransmitter that 

is most commonly associated with depression. Depletion of serotonin may precipitate 

depression. Decreased serotonin levels in the brain are documented in major depressive
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illnesses (Mann el a i, 1996). Suicidal patients have low cerebrospinal fluid concentrations 

of serotonin metabolites. Serotonin is found in the limbic regions of the brain, indicating 

its involvement in emotional behaviour. An enhancement of serotonin neurotransmission 

might underlie the therapeutic response to antidepressant treatments. All selective 

serotonin reuptake inhibitors are effective in major depression. Since most of these drugs 

belong to different chemical families and the only common property they share is to 

inhibit the serotonin reuptake carrier, it is indisputable that they exert their therapeutic 

effect primarily via the serotonin system.

Although decreased serotonin neurotransmitter levels are reported in major depression, 

pure replenishment of the neurotransmitter does not reverse the symptoms of depression. 

Therefore it is not only decreased levels o f the neurotransmitter itself, but also the 

consequent upregulation of 5HT receptor subtypes, which are reported in major depression 

(Hrdina et al., 1997) that may be responsible for the depressive illness.

The different time courses for the effects of antidepressants can be followed in figure 1.1 

below. Antidepressant therapy changes mood, levels o f neurotransmitter and receptor 

sensitivity. The concentration of neurotransmitter changes relatively rapidly after the 

introduction of antidepressant therapy. However, the clinical effect is delayed, as is the 

down-regulation of neurotransmitter sensitivity. This temporal correlation of clinical 

effects with changes in receptor sensitivity has given rise to the hypothesis that changes in 

neurotransmitter receptor sensitivity may mediate the clinical effects of antidepressant 

therapy.
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Amount of NT

Clinical effect

Antidepressant introduced
Figure 1.1 The different tim e courses fo r  three effects o f  antidepressant drugs 

(Adapted from  Stahl, 1997).

1.2.3 Involvement o f the 5HT2 receptor subtype in depression

At present seventeen types of 5HT receptors have been identified in the brain; they have 

been classified into seven classes from 5HT, to 5HT? receptors, and within each of these 

there are subclasses. With the exception of 5HT3, they all belong to the family o f G- 

protein linked receptors. These receptors transduce signals by activating G-proteins, 

producing responses through second messengers.
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Only the SHTa receptor has been reviewed here. This is because intracellular calcium is a 

second messenger to SHT? receptor stimulation. Also, platelet receptor sites for serotonin 

are of the 5HTz type (Lesch et a i, 1993; Mikuni et al., 1992).

The density o f 5HT2 receptors is increased in post mortem brain samples from depressed 

subjects and depressed suicide victims (Yates et al., 1990; Ilrdina et ah, 1993), but 

unchanged in other similar studies (Cheetham et ah, 1988). Upregulation of these receptor 

sites may compensate for the decreased efficacy of serotonergic transmission caused by 

decreased serotonin availability (Meltzer et ah, 1984). In experimental animals, 

antidepressants decrease the density o f 5HT2 receptors in the brain (Peroutlca and Snyder, 

1980), On the other hand, electroconvulsive shock (ECS) and fluoxetine treatment 

increase the number of 5HT2 receptor sites (Hrdina and Vu, 1993; Klimek et ah, 1994). 

Hrdina et al., (1997) and Bakish et al,, (1997) failed to support the notion of altered 5HT2 

transporter receptor density in depression. Then findings showed that antidepressant 

therapy did not significantly alter the 5HT2 receptor density, with responders and non­

responders showing no difference in mean receptor number.

The upregulation of receptor sites reported by Hrdina et ah, (1997) was not corroborated 

by other similar studies (Cowen et ah, 1987; McBride et ah, 1994). Regulation of the 

function o f these receptor sites corresponds with clinical improvement in the patients and 

is thought to be the mechanism o f action behind antidepressant drug therapy (Dubovsky, 

1995).

1.2,4 Panic Disorder-Biological Dysfunction
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Among the anxiety disorders, panic disorder has been the most extensively studied from a 

biological perspective. A number of theories are proposed to explain the etiology o f panic 

disorder, including the dysfunction of one or more neuronal system: serotonin, 

noradrenaline, gamma-amino-n-butyric acid (GABA) and cholecystokinin.

The identities of the neuronal pathways involved are still being discovered, but a variety of 

drugs with seemingly divergent mechanisms o f action are effective in the treatment of 

panic disorder.

Three pathways of panic induction are proposed: benzodiazepine receptor binding, 

noradrenergic function and serotonergic function. Evidence suggests that the serotonergic 

component underlies or modulates the proposed noradrenergic and benzodiazepine 

receptor-binding mechanisms.

1.2.4.1 Benzodiazepine (SDZ) and GABA function

Benzodiazepines have marked anxiolytic action. The benzodiazepine receptor is coupled 

to GABA receptors that regulate chloride ion channels. BDZ may modulate anxiety by 

facilitating the function of GABA as an inhibitor of neuronal excitability. In this way, they 

restore normal levels of receptor reactivity and modulate the onset of anxiety states. 

GABA and 5HT systems are anatomically and functionally linked, primarily in the median 

raphe sites where serotonin containing cell bodies originate. The antipanic activity o f 

benzodiazepines decreases 5HT turnover and reduces the electrical activity o f serotonergic 

neurons.
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1.2.4.2 Noradrenergic function

Yohimbine, an alpha? adrenergic receptor antagonist induces more anxiety and panic 

attacks in patients with panic disorder than in healthy subjects (Charney et aL, 1984). 

Neurochemical and anatomical evidence suggests that the anxiolytic effects of 

noradrenergic agents are mediated through enhancements o f serotonergic function. The 

neurotransmitter systems have complex interconnections (primarily in the locus cerruleus - 

the primary nucleus o f noradrenergic containing neurons). Research has shown that the 

antipanic agents with noradrenergic activity may be related to their non-selective effect on 

serotonin.

1.2.4.3 Serotonergic function

Evidence in support of serotonin in panic disorder came from the findings that 

maprotiline, a tetracyclic antidepressant that has selective action on noradrenaline uptake 

sites, was ineffective in the treatment of panic disorder, whereas the TCA antidepressant 

imipramine blocked spontaneous panic attacks (Klein, 1964). Also, the selective serotonin 

reuptake inhibitor, fluvoxamme significantly reduced the mean state anxiety score (Den 

Boer and Westenburg, 1988). Serotonergic involvement in panic is either because of 

excess serotonin brought about by increased serotonin release or supersensitive post 

synaptic receptors. The converse theory is that o f serotonin deficit. This proposes that 

serotonin has a restraining effect on panic behavior, and when there is a deficit in 

serotonin, this restraint is reduced and panic ensues (Nutt, 1998).
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L2.4.4 Drug treatment

Two drugs have FDA approval for the treatment of panic disorder: alprazolam, an atypical 

benzodiazepine that has anxiolytic and antidepressant properties. Alprazolam prevents the 

upregulation of beta adrenoreceptors produced by reserpine, although on its own it does 

not down-regulate these receptors (Sethy and Hodges, 1982). It also has alpha2 

adrenoceptor agonist activity (Eriksson et a i, 1986).

Paroxetine is the other drug approved by the FDA for use in panic disorder. It is an SSRI 

antidepressant. Traditionally other antidepressants like MAOIs and TCAs have been used 

in the treatment of panic disorder. The effect o f these drugs is to increase the levels of 

serotonin in the intrasynaptic cleft, similar to the effect they have in the treatment of 

depression. Kahn and van Praag (in Sacchetti and Cassano, 1992) have demonstrated that 

these drugs cause an initial worsening o f panic and take at least three to four weeks before 

producing any antipanic effect. The authors explained this by hypothesizing that serotonin 

receptors are hypersensitive in this disorder. The hypersensitive serotonin receptors to 

neurotransmitter stimulation are responsible for the initial deterioration, while repeated 

administration of the drugs leads to down-regulation of postsynaptic receptors and an 

amelioration o f symptoms. Kahn et a l,  (1988) studied the responsivity of 5HT receptors 

in panic disorder by measuring cortisol release after m-chlorophenylpiperazine (m-CPP) 

administration. m-CPP induced an augmented cortisol release in panic disorder patients as 

compared to normal controls. Based on this, the authors suggested that 5HT receptors 

were supersensitive in panic disorder. Ritanserin was able to abolish the m-CPP induced 

increase in cortisol release, suggesting that the response is mediated via 5HTz receptors 

(Seibyl et ah, 1991). There is evidence to suggest that receptor binding in panic disorder is
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normal; uptake studies do not reveal abnormal 3H-imipramine binding characteristics 

(Nutt and Fraser, 1987; Schneider, 1987; Norman et ah, 1989). Abnormal receptor binding 

is seen in major depression though (Nemeroff et al., 1988). This may suggest a different 

pathogenesis of panic disorder than major depression.

Even though similar neurochemical changes are seen in both depression and panic 

disorder, it is unclear and difficult to state whether these two disorders have the same 

underlying pathophysiology.

1.2.5 Schizophrenia- Biological Dysfunction

An extension of the catecholamine hypothesis was that schizophrenia was associated with 

catecholamine elevation. The hypothesis that central biogenic amines may play a role in 

the pathophysiology o f schizophrenia was originally based upon the fact that 

hallucinogenic and antipsychotic drugs have profound effects on central transmitter 

pathways where dopamine and serotonin are involved.

1.2.5.1 Dopaminergic function

The dopamine hypothesis o f schizophrenia proposed that dopamine turnover is increased 

in this disease. The classical neuroleptic drugs available to treat schizophrenia (e.g. 

haloperidol) work on this hypothesis by blocking mainly D% mediated dopaminergic 

neurotransmission, thus decreasing the symptoms o f schizophrenia. Investigation of 

dopaminergic function in schizophrenic patients by the measurement of cerebrospinal 

fluid dopamine and homovanillic acid (HVA), the principal dopamine metabolite, has
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shown no differences between patients and controls (Widerlov, 1988). Direct analysis of 

post-mortem brain from schizophrenic patients has failed to show any evidence of 

increased dopamine turnover. The observation that neuroleptic medication is not able to 

control all the complex symptomatology of schizophrenia suggests that it is increasingly 

unlikely that dopamine is the only neurotransmitter that accounts for the many clinical 

manifestations of the illness.

Dopamine produces its physiological effects by activating postsynaptic receptors. D% 

receptors are the most important postsynaptic receptors mediating behavioural and 

extrapyramidal activity. Most therapeutically effective typical neuroleptics block the D2 

receptor (Leonard, 1992).

1.2.5.2 Serotonergic function

Early theories implicating serotonin in the pathogenesis of schizophrenia were based on 

the observation that lysergic acid diethylamide (LSD), an agent acting at serotonergic 

receptors, could produce a psychosis with features similar to schizophrenia. Many atypical 

neuroleptics (clozapine, risperidone) have serotonergic antagonist properties (Bliech et al.,

1988). Dopamine activity may be modulated by serotonin (Dickinson and Curzon, 1983; 

Korsgaard et a l, 1985).

There are few consistently replicated abnormalities of serotonergic neurotransmission in 

schizophrenia despite numerous studies. Measurements of brain and cerebrospinal fluid 

5HT and 5-hydroxyindoleacetic acid (5HIAA) have produced conflicting results (Leonard, 

1992; Schatzberg and Nemeroff, 1995). In the nucleus accumbeas (Mackay et al., 1978)
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and striatum (Owen et a i, 1981) tb 're is reportedly no difference between schizophrenic 

subjects and controls in terms of SHTa receptor binding.

L2.5.3 Glutamatergicfunction

Increasing attention has been focused on the ro^e of the excitatory amino acid 

neurotransmitter, glutamate and its receptors, particularly the N-meh-yl-D-aspartate 

(NMDA) receptor, in schizophrenia (Weinberger, 1997). Kim et a l, (1980) proposed a 

hypothesis suggesting hypoflinction of the glutamatergic neuronal system in schizophrenia 

Lased on the decreased levels o f CSF glutamate levels in schizophrenic patients compared 

to controls. This finding was replicated by Tsai et ah, (1995) who found decreased 

glutamate levels in frozen brain tissue from schizophrenic patients. Studies by Korpi et al., 

(1987) and Altamura et al., (1993) found no differences in glutamate levels between 

schizophrenic patients and controls though.

The ability o f cortical neurons to modulate subcortical dopamine activity is probably 

dependent on glutamate projections, because glutamate is the dominant neurotransmitter in 

the cerebral cortex. Excitatory cortical efferents project heavily to the subcortical regions 

which contain dopamine cell bodies or terminals (Beckstead 1979, Sesack et al., 1989). 

Hypofunction o f glutamate implies decreased cortical output. Glutamate normally 

stimulates the inhibitory neurotransmitter GABA whereas dopamine inhibits GABA 

release. Dopamine seems to exert an inhibitory influence on glutamate release (Komhuber 

and Komhuber, 1986; Peris et al., 1988; Maura et al., 1988, 1989). Therefore similar 

behavioral effects can be produced with deficient glutamate activity or increased
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dopamine activity (Javitt and Zukin, 1991). The data to date emphasize the possible 

reciprocal interactions between dopaminergic and glutamatergic systems.

Glutamate receptors can be categorized into two groups termed ionotropic and 

metabotropic receptors. The ionotropic receptors contain integral, cation-specific ion 

channels. The receptor on this ion channel is located on the protein complex of the ion 

channel itself, whereas the metabotropic receptors are coupled to G proteins and modulate 

the production of intracellular messengers. The ionotropic receptors can be subdivided 

into NMDA receptors, kainate receptors, and alpha-amino-3-hydroxy-5-methyl-4- 

isoxazolepropionate (AMPA) receptors. NMDA receptor dysfunction is hypothesized as 

an etiological factor in the pathogenesis o f schizophrenia (Olney and Farber, 1995). 

NMDA receptors are involved in the regulation of intracellular free calcium 

concentrations and as such are linked to divalent cationic channels (Javitt and Zukin, 

1990). Phencyclidine (angel dust or PCP), a NMDA antagonist is capable of producing a 

psychotic picture similar to schizophrenia (Javitt and Zukin, 1991). The binding site for 

PCP is located within the NMDA channel where it blocks this channel non-competitively.

The study of psychiatric illness has progressed since the first catecholamine theories 

suggested that concentrations of neurotransmitter in the synaptic cleft could explain the 

symptomatology of the illnesses. Pure replenishment of neurotransmitter levels did not 

correct the disease conditions.

Chemical neurotransmitters produce their effects as a consequence of their interactions 

with appropriate receptors. The study of receptor changes that occur in psychiatric 

illnesses managed to improve the understanding of the pathophysiologies of the disease 

processes, yet there is plenty of conflicting data. This inconsistency in the data raises
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questions about whether down-regulation of receptors is a necessary component of 

antidepressant effect (Hrdina et al., 1997), and by extension other psychiatric illnesses.

Receptors on neurons communicate brain signals via synaptic transmission. This is 

performed through the generation of intracellular second messenger signalling systems. 

One of the most common intracellular signalling systems in the body is calcium (Ca2+). 

Perhaps the function o f the receptor linked second messenger system is associated with the 

pathophysiology o f the disease processes.

1.3 NEURONAL COMMUNICATION

1.3.1 Synaptic transmission

An action potential arriving at the presynaptic neuron causes a change in the membrane 

potential o f  the cell. This opens calcium channels on the cell membrane and allows 

extracellular calcium to enter the cell. The increase in intracellular calcium causes the 

release of neurotransmitter into the synaptic cleft. Once the neurotransmitter diffuses 

across the synaptic cleft, it binds to receptor sites on postsynaptic neurons. This has been 

described diagramatically in figure 1.2 below.
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Figure 1.2 A  key postsynaptic regulatory receptor (Adaptedfrom  Stahl, 1997).

Neurotransmitter-receptor complexes affect the regulation of many intracellular functions 

via the stimulation of intracellular second messengers. A simple diagramatic explanation 

for this is shown below in figure 1.3.
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Figure 1.3 Second messenger generation from  receptor activation  (Adapted from  

Stahl, 1997).

1.3.2 Calcium as a second messenger

Calcium is the most dynamic second messenger known. No other intracellular signalling 

pathway fluctuates so rapidly in response to receptor activation. In mammalian cells, 

stimulation of specific receptors by agonists is accompanied by a non-voltage-regulated 

mobilization of intracellular calcium stores. This results in the elevation of cytosolic 

calcium concentrations, which can evoke cellular changes such as, in the platelet; 

secretion, shape change and aggregation. The calcium supply appears to originate from
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specific, non-mitochondrial sites in the cell, probably the endoplasmic reticulum or the 

platelet dense tubular system (Berridge, 1994).

Calcium is a second messenger o f particular interest because of its involvement in the 

regulation of many processes implicated in the affective disorders. Synthesis, release of, 

and receptor responsiveness to neurotransmitter activation, maintenance, and termination 

of action potentials, as well as neuronal memory of previous stimulation all involve 

calcium (Dubovsky et ah, 1989).

It seems reasonable to study second messengers in an attempt to gain more insight into 

common cellular dysfunctions that could be associated with the manifestations of mood 

disorders.

I.3.2.1 Mechanism o f  calcium activation

The mechanism by which agonists cause a receptor-mediated Ca2* mobilization has been 

extensively studied over recent years. A schematic representation of the second messenger 

pathway linked to receptor systems is shown below in figure 1.4. It appears that the 

transduction mechanism o f occupied receptors is mainly through the phospholipase C 

catalysed hydrolysis o f inositol phospholipid, specifically phosphatidylinositol-4-5- 

biphosphate (PIP;). The immediate products of this reaction are diacylglycerol (DAG), 

which can activate protein kinase C, and inositol triphosphate (IP3) which will mobilize 

the hormone sensitive Ca2+ stores when applied to permeabilized cells. Therefore, the 

connection between receptor and calcium store mobilization has been quite convincingly 

established (Pacheco and Jope, 1996).
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Figure 1A  Schematic representation o f  second messenger pathw ays linked to 

receptors.

Serotonin and other neurotransmitters bind to cell surface receptors and result in a rise in 

the intracellular concentration of ionised calcium. This transient rise in calcium sets off a 

discrete set of cellular responses (Murray et al., 1988).

Calcium is one of several intracellular signal transducers utilized by eukaryotic cells as 

part of their integrated response to external stimuli. Calcium is involved in regulating 

various kinases and enzymes of cyclic nucleotide generation and degradation.
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Mobilization of calcium represents the primary mode of action of many external signals, 

including neurotransmitter, hormones and growth factors. The term mobilization is used 

loosely to imply an action of such agents on both the entry of external calcium across the 

plasma membrane as well as the release of this ion from intracellular stores. IP3 acts to 

mobilize calcium from internal stores.

Alterations in any o f the individual events in the sequence o f reactions responsible for 

generating or metabolizing the messenger IP3 are potentially capable of distorting the 

signalling pathway (Berridge, 1994).

Lithium, as a medication in bipolar disorder, has as one of its actions an inhibiting effect 

on the formation of free inositol. This in turn decreases IP3 formation and desensitizes the 

signalling pathway that employs! this second messenger (Berridge et a l, 1989).

Changes in signal transduction could increase calcium mobilization or inhibit the removal 

of calcium. This may be because of alterations in the phosphatidyl-inositol system or other 

elements of the second messenger cascade (Dubovsky et a l, 1992). Alterations in 

Intracellular calcium may be because of alterations in membrane function. Structural 

abnormalities in red blood cell and lymphocyte cell membranes have been reported in 

bipolar depressed patients (Pettegrew et al., 1982). Alterations in either the G-protein or 

membrane coupling to the G-proteir. could also affect calcium regulation. Enhanced G- 

protein responses to agonists in leucocyte membranes has been found in bipolar disorder 

(Schreiber et a/.,1991), as have elevated levels of G-proteins (Young et ah, 1994). In the 

brain, regionally selective deficits in G-protein function associated with phosphoinositide
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signalling have been reported in subjects with major depression and with bipolar affective 

disorder.

Cells have access to two sources o f calcium; an internal source from the endoplasmic 

reticulum and an external source, the extracellular environment. The mechanisms 

employed by the body for calcium homeostasis function in a way that results in 

extracellular concentrations o f calcium being approximately 1 mM whereas the 

intracellular concentration is approximately 106 times lower at resting level (Hallam and 

Rink, 1985). Internal calcium stores are the major source of signal calcium. The initial 

source o f calcium appears to be the intracellular organelle reservoirs, which seem to be 

sufficient for the early effects of the hormones. More prolonged action appears to require 

enhanced influx through the cytoplasmic membrane (Murray et al., 1988). Calcium carries 

out its signalling role in very short bursts (Berridge, 1994).

Some authors suggest that the presence of extracellular calcium is essential for the 

increase in intracellular calcium (Rink, 1988). Other authors argue that intracellular 

calcium responses occur independently o f extracellular calcium influx (Andersson et ah, 

1986), although the increase in intracellular calcium is greater in the presence of external 

calcium. Other authors suggest that changes in intracellular calcium are the result of both 

intracellular calcium mobilization, and calcium entry; processes that occur independently 

and sequentially (Nishio et al., 1993).

The brain is an area o f intensive cell signalling. Because calcium has such a critical role 

in cell activation, alterations in this system may be the cause of a number of pathological 

states, such as depression, panic disorder and scliizophrenia.
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As already stated, receptor activation by neurotransmitters leads to the cascade of second 

messenger signalling. Perhaps alterations in the function of these receptor sites account for 

disorders seen. The density o f receptor sites for neurotransmitter stimulation and the 

function of these neurotransmitter receptor systems may be independent entities as 

suggested by numerous authors (Mikuni et ah, 1992; Hrdina et ah, 1997).

1.4 THE * • TH FOR PERIPHERAL MARKERS OF CENTRAL NERVOUS 
SYSk, M STRUCTURE AND FUNCTION

The feasibility of accessing neuronal tissue for neuroscience research into the function of 

neuronal cells is impractical for a variety of reasons. The availability of fresh human brain 

tissue is limited. Post mortem brain is useful, but constraints such as functional changes 

that occur after death are a concern. Therefore, the understanding o f functional changes 

linked to receptor systems for neurotransmitters may be derived from data using peripheral 

tissues that have relationships with CNS function.

Peripheral markers of CNS function have evolved as the research into the biological basis 

of psychiatry has advanced. Initially, only peripheral neurotransmitter levels were 

measured. Then, challenge studies using pharmacological agents were used to elucidate 

the physiological responses under neurotransmitter control. With the advent o f advanced 

computer technology it has become possible to view the structure and function of the CNS 

directly. This has greatly improved the understanding o f psychiatric illness. The platelet 

has been used as a model o f CNS structure and function, since 5HTi receptors are present 

on the platelet membranes and the receptor regulated second messenger calcium response, 

which can be measured, may serve as an index of second messenger responses to 

neurotransmitter stimulation in the brain.
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It is beyond the scope of this review to discuss other neurotransmitters but serotonin in 

terms of its involvement in peripheral markers o f CNS function in relation to depression, 

panic disorder and schizophrenia.

1.4.1 The measurement of catecholamine levels in the body

Since the blood system throughout the body is in equilibrium with the blood circulating 

through the brain, changes in the blood stream should detect abnormal levels o f 

catecholamines or metabolites that would be present in the brain.

1.4J . l  5-Hydroxyindole.acetic acid (5HIAA) levels

5HIAA is the major serotonin metabolite found in the blood system. The measurement of 

5HIAA as an index of serotonin availability in the system has been extensively used in the 

literature. The level o f 5HIAA was shown to be significantly decreased in the CSF of 

depressed patients with suicidal behaviour (Asberg et at., 1976). Korpi et ah, (1986) 

confirmed this by finding decreased levels of 5HT and 5HIAA in the hypothalamus of 

suicide victims.

There is conflicting evidence though. There is data which showed no difference in CSF 

concentrations of 5HTAA between depressed patients who had attempted suicide, between 

depressed patients with no suicide attempts and controls (Roy et ah, 1986). Also, no 

difference in the 5HT and 5HIAA concentrations were found in post mortem brain tissue 

of depressed suicide patients and controls (Cheetham et ah, 1989).
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There is only one report of 5HIAA concentrations in the CSF of panic disorder patients 

(Eriksson et a l, 1991). Patients did not differ from age and sex matched controls. This 

does not suggest that 5HT function is abnormal in panic disorder, and may point to a 

neurobiological difference between panic disorder and depression.

1.4J.2 Homovanittic acid (HVA) levels

In order to develop the catecholamine hypothesis of schizophrenia, homovanillic acid 

(HVA), as the major metabolite o f dopamine found in the blood system has been studied. 

Analysis of metabolite levels in the CSF and plasma o f schizophrenic patients have shown 

great variation in results. In general, CSF dopamine and HVA levels in schizophrenic 

patients have not been shown to differ from control.1 f -crlov, 1988). The study of 

dopamine and HVA in post mortem brain tissue has also yielded inconsistent results 

(Davis etal., 1991).

Pure replenishment or depletion o f neurotransmitter levels did not completely reverse the 

symptoms of the illness. Human subjects receiving biogenic amine depleting drugs do not 

show any significant tendency to develop true depressive disorders. Similarly, decreased 

dopamine levels produced by neuroleptic medication does not reverse schizophrenia.

1.4.2 Neurotransmitter Challenge Studies

Neuroendocrine challenge studies are frequently used to make inferences about the 

pathophysiology of psychiatric illness or about the effects o f drug treatment on brain 

monoamine function.
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1.4.2.1 Tryptophan challenge studies in depression

Tryptophan is the amino acid precursor to serotonin synthesis. It is transported from the 

blood into the brain by carrier mediated transport, and taken up into serotonergic nerve 

terminals. Here it is converted by the rate limiting enzyme, tryptophan hydroxylase to 5- 

hydroxytryptophan (5HTP). Serotonin is produced from 5HTP by aromatic acid 

decarboxylase, and released from the presynaptic nerve terminal into the synaptic cleft.

In 1975, Shopsin et al. administered para-chloro-phenylalanine (PCPA), an inhibitor of 

tryptophan hydroxylase, to depressed patients in clinical remission. The patients’ 

depressive symptoms returned within one and a half days and remitted after 

discontinuation o f PCPA. To examine the involvement of other neurotransmitters in 

depression, the authors administered alpha-mcthyl-para-tyrosine to diminish dopamine and 

noradrenaline levels to other patients in clinical remission. These patients did not 

experience any return of depressive symptoms.

The admiustration o f a tryptophan deficient diet to rats showed that the frontal cortex 

tissue concentrations of tryptophan, serotonin and 5HIAA fell. The tryptophan depletion 

leads to a decrease in extracellular serotonin and therefore decreased concentrations of 

5HT at post synaptic receptors sites (Heslop et a l, 1991). Tryptophan depletion in healthy 

subjects showed mood lowering effects (Smith et al., 1987).

1,4.2.2 Prolactin Response to D-fenfluramine in Depression



Neuroendocrine challenge tests can also be used to study brain serotonin function because 

stimulation of brain serotonin produces increases in the secretion of certain anterior 

pituitary hormones, notably prolactin.

D-fenfluramine acts selectively on serotonergic pathways and increases prolactin mediated 

via release o f serotonin in the hypothalamus. Many studies have used this response as an 

indirect measure of serotonergic transmission in depression, but the results are not 

conclusive. The prolactin response to D-fenfluramine was reduced in patients with major 

depression in some studies (Siever et ah, 1984; Coccaro et al., 1989; Mitchell and Smythe 

1990), unchanged in others (Asnis et a/.,1988; Maes et al., 1991; Park et al., 1996) and 

even increased in one (Maes et a l,  1989). Flory et al., (1998) found that the blunted 

prolactin response to D-fenfluramine persisted in the recovered state. The prolactin 

rc 3ponse to D-fenfluramine increased significantly in major depression treated with ECT 

indicating enhanced serotonergic responsivity following the therapy (Shapira et al., 1992), 

This has not been a consistent finding in the literature since Mann et al., (1995) found a 

blunted prolactin response to D-fenfluramine, whereas Park et al.s (1996) found no 

significant difference between patients and controls.

1,4.2,3 Challenge studies in panic disorder

Experimental evidence links changes in serotonergic transmission in panic disorder 

(Krystal et ti/.,1996). Three such studies compared the effect of serotonin precursors on 

neuroendocrine responses in healthy subjects and in patients with panic disorder. Two 

showed no differences in prolactin release in response to the serotonin precursor 

tryptophan between patients and controls (Chamey and Heninger, 1988; Den Boer and 

Westenburg,1990). A small study o f the effects o f D-fenfluramine reported more
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anxiogenic responses and greater elevations in plasma cortisol and prolactin among nine 

panic disorder patients than in a group of healthy control subjects (Targum and 

Marshall, 1989). A study of the cortisol response to 5-hydroxytryptophan did not clearly 

differentiate panic patients from controls (van Vliet et a/.,1996). Examination of 

postsynaptic serotonin function in panic disorder with the mixed agonist-antagonist m- 

CPP has shown some evidence of serotonergic dysregulation (Charney et a/.,1987; Kahn 

et a/., 1988; Kahn and Wet2ler,1991). These neuroendocrine challenge studies do not 

robustly support the involvement o f the serotonin transporter in panic disorder, Binding of 

3H- paroxetine to the serotonin transporter in panic disorder was not found to differ from 

controls or patients with social phobia (Stein et a/., 1995).

1.4.2.4 Challenge studies in schizophrenia

The prolactin response to L-tryptophan, which is blunted in major depression compared to 

controls, shows no difference in response between patients with panic disorder, 

schizophrenia and control subjects (Price et ah, 1990).

Clozapine produced a significant attenuation o f prolactin and cortisol response to 

fenfluramine challenge. Changes in symptom ratings correlated significantly with the 

decrease in prolactin response to D-fenfluramine challenge showing that functional 

alterations occur in the serotonin system following treatment (Curtis et al.} 1995).

1.4.2.5 Problems with challenge studies
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The problem with such studies is often the lack of selectivity of the challenge agents used 

and the complexity of the mechanisms controlling the hormones under serotonergic 

control. They do not permit any definite conclusion about the pathogenesis of the diseases 

because the effects are equivocal and elicited by non-selective agents.

1.4.3 Indirect measurements of centra! nervous system function

1.4.3.1 The hypothalamic-pituitary-adrenal (HPA) axis

The HPA axis has been extensively studied in the mood disorders. Hypothalamic 

hypophysiotropic hormone secretion is controlled by many of the classical 

neurotransmitters, including serotonin. Components of the neuroendocrine axes, like 

corticotropin releasing factor (CRT) may contribute to depressive symptomatology. No 

significant correlations between plasma cortisol levels and platelet serotonin 

concentrations were found in depressed patients (Pivac et a l,  1997). Another study by 

Mokrani et a l,  (1997) compared the relationship between the dexamethasone suppression 

test (DST) status and hormonal responses to D-fenfluramine to examine the 

interrelationship between the HPA axis and serotonergic systems. Prolactin responses 

were comparable in suppressors and non suppressors.

1.4.3.1.1 The dexamethasone suppression test (DST)

One method used to assess the activity o f the HPA axis is the measurement of cortisol 

levels. In depression, elevated cortisol levels have been found (Carpenter and Bunney, 

1971; Sachar et al., 1970). The dexamethasone suppression test has been used for
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biological studies. This test shows that the rate of cortisol nonsuppression after 

dexamethasone administration is correlated with the severity of the subtype of depression 

(Schatzberg et al., 1984). DST uonsuppressors have elevated corticotropin releasing factor 

concentrations in the CSF (Pitts et al., 1990). The DST usually normalizes after recovery 

from the depression (Nemeroff and Evans, 1984).

The clinical implications o f this phenomenon remain contraversial (American Psychiatric 

Association Task Force, 1987). In addition to depression, patients with dementia (Rasicmd 

et al„ 1982; Balidin et al., 1983), alcoholism (Oxenkrug, 1978), schizophrenia (Castro et 

al., 1983; Dewan et al., 1982; Jakovljevic et al., 1998), mania and atypical psychosis 

(Arana et a l,  1983; Coccaro et al., 1984) as well as other disorders exhibit DST non 

suppression. Other important limitations o f this test include that patients have to be 

hospitilized, and the diagnosis o f depression is only accurate in approximately 40% of 

cases ( Brown et a l, 1979; Evans et al., 1983).

1.4.3.2 The hypothalamic-pituitary-thyroid axis

Patients with primary thyroid disease have high rates of depression. The use of thyroid 

hormone has been reported to increase the rapidity of onset of tricyclic antidepressants 

(Prange and Loosen, 1980), but thyroxine replacement did not affect the binding of 

imipramine to 5HT uptake sites in any brain region (Tejani-Butt, 1993).

The thyroid stimulating hormone (TSH) response to thyroid releasing hormone (TRH) is 

considered one of the most sensitive measures of hypothalamic function. 25% of 

depressed patients exhibit a blunted TSH response to TRH (Prange et al., 1972). The
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blunted response is due to chronic hypersecretion o f TRH in the hypothalamus. There are 

reports that show that 15% of depressed patients exhibit an exaggerated TSH response to 

TRH (Extern et a l, 1981).

1.4.4 Direct Measurement of central nervous system structure and function

1.4.4.1 Brain imaging studies

The above studies indirectly assess the function of neurotransmitter systems by the 

measurement of neuroendocrine parameters. The characterization of neuroreceptor 

function in the living brain has up until now been hampered by the lack of techniques 

available for the measurement of physiological events within the human brain in vivo.

The advent of computerized tomography (CT) imaging, magnetic resonance imaging 

(MRI), single photon emission computerized tomography (SPECT) and positron emission 

tomography (PET) has made this possible.

Using PET, neuronal activity can be characterized by measurements of cerebral blood 

flow (CBF), oxygen uptake and utilization of glucose. Positron emitting isotopes, like UC 

and 1SF are attached to selective ligands for i afferent receptor subtypes and quantitative 

measurements can be performed. Location, density and activity o f receptor systems can be 

measured.

1.4.4.1.1 Brain imaging studies in depression
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In major depression, there is decreased cerebral glucose metabolism in the basal ganglia 

(Baxter et ah, 1985). This is consistent with MRI documented morphological 

abnormalities of the basal ganglia. There are changes in cerebral blood flow on recovery 

from depression. Improvement in cerebral blood flow was state dependent on clinical 

remission o f symptoms. Currently it is impossible to make a positive diagnosis of 

depression in individual patients on the basis of CT or MRI findings.

Decreased metabolism o f L-tryptophan in brain regions correlated with increased 

depressive symptoms. Using PET, a decrease in brain metabolism was evident in the 

dorsolateral prefronta! cortex, thalamus and orbitofrontal cortex. Other studies also report 

decreased metabolism (Francois et a!., 1995; Sackheim et al., 1990), but not all studies 

replicate these findings (Maes et al., 1993).

Mann et al., (1996) showed direct visualization o f blunted regional brain responses to 

serotonin release in the brain of patients with major depression, a finding that supports the 

hypothesis of impaired serotonergic transmission in depression.

14.4.1.2 Braiu imaging studies in panic disorder

With the au1. of PET, it was shown that patients with panic were vulnerable to lactate 

ir.fusioi'1, a panic inducing agent (Den Boer et al., 1989; Goetz et ah, 1997). There was 

lower lefl to right cerebral blood flow ratios in the parahippocampal gyrus of patients 

susceptible to lactate than to those noi vulnerable tc lactate and controls. Reiman et a l, 

(1986) replicated their previous findings.
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In SPECT studies of panic disorder, whole brain blood flow is increased in patients 

vulnerable to lactate even at rest. With panic induced by lactate infusion, cerebral blood 

flow changes were further observed. Patients with panic had lower increases in cerebral 

blood flow, especially in the left hemisphere, confirmation of the previous findings.

The use of brain imaging techniques has not been extensively used in panic disorder, and 

most do not appear to show anatomical abnormalities (Llepola et al., 1990).

1.4.4.1.3 Brain imaging studies in schizophrenia

Tn order to clearly show that 5HT2 receptor involvement is a major mechanism of action of 

neuroleptic treatment in schizophrenia, PET studies have shown that clozapine and 

risperidone have shown high occupacy of 5HT2 receptor sites in regions of the brain 

(Sedvall et al., 1995; Farde et al., 1995). Proof of serotonin’s influence on dopamine came 

from PET studies which showed that serotonin selective drugs like citalopram can produce 

changes in striatal dopamine (Dewey et al., 1995).

Although the effect of neuroleptics on 5HT% receptors is well documented in brain 

imaging studies, PET does not conclusively show that there are any major alterations of 

5HT2 receptor characteristics in schizophrenia (Sedvall et al., 1995). No significant 

difference in 5HTz receptor cortical density was observed between schizophrenic patients 

and controls using PET (Trichard et al., 1998).
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This is an excellent and effective technique for measuring receptor number and receptor 

function together, yet the cost of the isotopes, equipment, and availability of trained 

technicians make PET expensive and only available in research centres.

1.4.5 The platelet as a peripheral m arker of the neuronal cell

Human platelets share several characteristics with CNS neurons which make them 

convenient models for studying CNS receptors (Stahl, 1977; Da Prada et al., 1988). They 

have common biochemical and morphological features, allowing for comparisons of both 

structure and function with CNS neurons. The similarities between the platelet and the 

serotonergic neuron are robust (see table 1.1). A comparison of noradrenergic and 

dopaminergic properties with the platelet is less compelling (table 1.2).

Table 1.1 Comparison of properties of platelets and serotonergic synaptosomes 

(Stahl, 1977).

PLATELETS SEROTONERGIC
SYNAPTOSOME

Limiting Membrane Yes Yes

Mitochondria Yes Yes

Storage Granules Yes Yes

Active transport mechanism 
for tryptophan and 5HT

Yes Yes

Synthesis of 5HT 
tryptophan hydroxylase

Disputed Yes

Aromatic amino acid 
decarboxylase

Disputed Yes

Catabolism of 5HT Yes Yes

Storage o f 5HT Yes Yes
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Table 1.2 Com parison of Properties of Platelets and N oradrenergic Synitptosomes

(Stahl, 1977).

PLATELET NORADRENERGIC
SYNAPTOSOME

Active transport mechanism 
for tyrosine

No Yes

Active transport mechanism 
for dopamine

? Yes

Active transport mechanism 
for noradrenaline

? Yes

Active transport mechanism 
for adrenaline

? Yes

Synthesis o f tyrosine 
hydroxylase

? Yes

Synthesis of aromatic acid 
decarboxylase

Disputed Yes

Synthesis o f dopamine beta 
hydroxylase

No Yes

Synthesis o f Phenyl-
ethanolamine-N-methyl
transferase

? Yes

Catabolism of 
catecholamines by MAO

Yes Yes

Catabolism of 
catecholamines by catechol- 
O-methyltransferase

No Yes

At least three organelles in the platelet are related in function to serotonergic neurons.

a) the cytoplasmic membrane has an active transport system for serotonin with binding 

sites for drugs and neurotransmitters. The kinetic characteristics for this transport are 

similar and various drug effects on serotonin transport can be determined and 

extrapolated as an indication of their action in the brain (Healy and Leonard, 1987).

b) Subcellular organelles which store serotonin

c) Mitochondria with monoamine oxidase (MAO) which catabolizes serotonin
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Platelets and neurons have common embryological origins, both derived from neural crest 

tissue. They are both part o f the amine precursor uptake decarboxylation (APUD) system 

"'earse, 1986). Platelet vesicles act as storage sites for serotonin that is released by a 

calcium dependent excitation coupling mechanism. Unlike the nerve terminal, the platelet 

cannot synthesize serotonin directly, and it depends on the APUD system that contains all 

the relevant enzymes to drive the processes.

There are major differences though between the platelet and the neuron. One main 

difference is that nerve terminals are part of a nerve network with more than forty 

neurotransmitters and neuromodulators playing an essential role whereas platelets are 

unconnected with other cell types (Leonard, 1992).

The most convincing evidence for the use of the platelet as a peripheral marker of 

serotonergic neuronal function is that the protein for the human platelet serotonin uptake 

site and the brain serotonin transporter are identical in structure, and are encoded by the 

same single-copy gene assigned to chromosome 17 (Lesch et al., 1995).

1.4.5.1 Platelet receptor studies

1.4.5.1.1 Platelet receptor studies in depression

A dysregulation o f platelet 5HT2 receptors in the affective disorders has been documented 

using tritiated lysergic acid diethylamide (LSD) binding (Arora and Meltzer, 1989). 

Platelet 5HT2 receptors were found to be significantly elevated in a group of young suicide 

attempters (Biegon et al., 1990). Hrdina et al., (1997) also found that the density of
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platelet 5HTa receptors was higher in depressed patients than in controls. As already 

mentioned, he suggested that the increased receptor density was a trait of the depressive 

illness. Treatment with antidepressant drugs of differing pharmacological profile had no 

significant effect on the density of the receptors and this nv-ber did not predict the 

response to treatment.

Major depression is associated with a reduction in the number o f platelet binding sites fcr 

3H-imipramine that increases with antidepressant therapy (Nemeroff et al., 1988). The 

tritiated imipramine binding site on the platelet is thought to be closely associated with the 

serotonin uptake site in the brain. In the study by Hrdina et al., (1997) although 5HT?, 

receptor density was not altered with antidepressant therapy, there were changes in 

serotonin uptake. This was further confirmation of mounting evidence that function of 

receptor systems and number of receptor sites may be independent entities.

Mikuni et ah, (1992) suggested that it is not necessary to have an increase in the number 

of receptor sites to have an increased response. Serotonin-induced phospho-mositol (PI) 

hydrolysis is enhanced after subchronic administration of PCPA (Kusumi et al., 1991), 

while PCPA has little effect on the density of SHTi receptors (Conn and Sanders-Bush, 

1986). Thus, 5HT2 receptor mediated intracellular responses may be facilitated 

independently of the concentration o f the receptor.

1.4.5.1.2 Platelet receptor studies in panic disorder

The maximal binding capacity (Bmax) for 3H-imipramine and 3H-paroxetme was lower in 

panic patients than controls (Faludi et al., 1994). 3H-5HT uptake into platelets is abnormal 

in panic disorder (Butler et al., 1992; Norman et al., 1989). Butler et al., (1992) suggested
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that the abnormal 3H-5HT uptake and abnormal receptor binding in panic disorder is a trait 

of the Dlnr ;s.

In order to identify any neurochemical link between anxiety and depression, platelet 3H- 

imipramine and 3H-paroxetine binding was measured in panic disorder and depression. No 

significant differences in maximal binding capacity were present between the two 

disorders (Iny et. al., 1994). The data is equivocal and does not clearly show whether 

abnormal serotonergic dysfunction is present in panic disorder.

1.4.5.1.3 Platelet receptor studies in schizophrenia

Bmax values of SHTa receptors on platelets for l25I-LSD showed higher levels in 

schizophrenic patiei, s than controls. Platelet studies o f 5HT2 receptors that showed 

increased receptor number in schizophrenics (Pandey et al., 1993) were not replicated by 

Arora and Meltzer, (1993) once the statistical corrections for age and sex effects were 

made.

Comparisons of platelet 3H-imiprainine binding in depression, schizophrenia and panic 

disorder found decreased Bmnx values in all groups compared to controls (Marazziti et al.,

1989).

The lack of specificity in these studies is a common denominator. This points to the fact 

that the measurement of receptor density is not an accurate or physiological means of 

explaining the pathophysiologies o f different psychiatric conditions.
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1.4.5.2 Studies ofplatelet function

The study of augmented platelet intracellular calcium in response to serotonin is well 

documented in the affective disorders. The 5HT?, receptor is closely associated with the 

increase in intracellular calcium since blockade of 5HTz receptor sites by ketanserin, 

abohshes the augmented intracellular response (Kusumi, 1993; Milcuni et al., 1992). 

Noradrenaline does not cause an agonist induced rise in platelet intracellular calcium 

(Mikuni et al., 1992; Berk et a l, 1995), nor does dopamine (Berk et a l, 1994).

The measurement of intracellular calcium as a second messenger linked to receptor 

systems is perhaps the most physiologically accurate means of testing the function of 

receptor systems as these responses mimic what occurs in the body.

Konopka et al., (1996) found that exaggerated increases in intracellular calcium in 

response to serotonin were found in depressed patients, in both calcium free and 1 mM 

calcium media. This suggests that intracellular calcium is the major source of the 

augmented response to neurotransmitter stimulation. This increased response to serotonin 

was characteristic of the depressed patients and not shared with schizophrenic or substance 

abusers, suggesting that the response is specific to mood disorders and not found in all 

psychiatric conditions. A further suggestion from this study was that since an increased 

intracellular calcium response was found in both hypertension and depression, the 

association warranted further study.
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1.5 MOTIVATION AND OVERVIEW OF THE THESIS

Approximately 30%-50% of patients with major depression have anxiety disorders (Pini et 

al., 1997; Nisenson et al., 1998). Patients with panic disorder have a 70% lifetime 

prevalence rate for major depression. Cognitive dysfunction and psychosis may occur in 

both depression and schizophrenia. Subsyndromal depression has a one year prevalence of 

12 %, exceeding the prevalence rates for all mood disorders combined (Judd et al., 1994).

These alarmingly high comorbidity statistics beg for the identification o f a peripheral 

marker that will differentiate the disorders in terms of their underlying neurobiochemical 

abnormalities, so that an improved clinical diagnosis and consequently, an unproved 

therapy may be available.

In the literature review, I have shown that the hypothesis o f neurotransmitter availability 

in central synapses as an explanation for psychiatric illnesses was oversimplified. 

Receptor systems that are linked to neurotransmitter activation have explained the 

pathophysiology surrounding psychiatric illnesses to a greater extent, but the results are 

inconsistent.

Once neurotransmitters bind to receptors, they elicit a series of second messenger 

responses. In this way, neuronal cells communicate with one another. Serotonin is 

purported to be the major neurotransmitter involved in psychiatric illnesses. Calcium is the 

most widespread second messenger throughout the body, and there is abundant 

information available in support of its role in psychiatric illness.
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In terms of peripheral markers, examining platelet intracellular calcium in response to 

neurotranstritcer stimulation is probably the most physiologically accurate means of 

explaining what is occurring in the brain. The platelet has previously been used as a 

peripheral marker of the neuronal cell.

The measurement of intracellular calcium is made possible because of the fluorescent dye, 

fura-2. Once inside a cell, it binds to calcium. With the use of a spectrofiuorometer, the 

measured ratios of free calcium to bound calcium are used to determine the amount of 

calcium released on receptor activation.

The'"' are three sections to this thesis, alt encompassing the use of the platelet as a 

peripheral marker in psychiatric illness. The first section deals with the use of the platelet 

as a peripheral marker in major depression. The next section deals with the possible use of 

the platelet as a peripheral marker in schizophrenia, and the final section discusses the use 

of the platelet to mark the predisposition o f certain psychiatric illnesses to cardio-vascular 

disease. The investigations developed from questions concerning the information already 

available in the literature. These questions formed the objectives of this study.

Although intracellular calcium in response to 5HT is augmented in major depression, is 

this response a trait of the depressive illness, or does this response normalize gfter 

antidepressant treatment? This question formed the objective of chapter 3 where the issue 

of state or trait marker status o f the platelet in major depression was investigated. Patients 

suffering from major depression and undergoing a course of ECT as a treatment modality 

wore included in the study. ECT was selected as the treatment modality in order to control 

for a drug effect on the platelet response. Patients were interveiwed for each week of their
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treatment and the platelet intracellular calcium response to serotonin measured. This 

measurement was performed at the same time of day for each week of the study. 

Experimentation continued until the remission of depressive symptoms as measured on 

Hamilton Depression Rating Scales (HAMD-see appendix). The intracellular calcium 

response to serotonin stimulation was correlated with the HAMD rating scales to see if the 

response could be used as a state marker o f the depression.

The role that calcium influx plays in the augmented intracellular calcium response to 

serotonin stimulation reported in major depression is not widely documented, although 

there are conflicting reports concerning the role calcium influx plays in intracellular 

calcium responses. In chapter 4, calcium influx was measured using two methods, 

manganese influx and 45Ca2+. The calcium influx response to serotonin stimulation was 

measured in patients with major depression and age and sex matched control subjects.

The specificity and selectivity o f the augmented intracellular response to 5HT is crucial to 

its utility as a marker for major depression. Schizophrenics and substance abusers were not 

found to have any differences in response from controls (Konopka et al., 1996). 

Augmented responses were seen in bulimia but not in anorexia nervosa where major 

depression was excluded (Okamoto et al., 1995). The augmented response seen in the 

anorexia group was only seen if there was concommitant subsyndromal depression, and 

not in those patients with HAMD’s less than 10 (Berk et a l, 1997). This perhaps 

suggested that the augmented response was due to subsyndromal depression.
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In chapter 5 of this section of the thesis, the intracellular calcium response to serotonin 

was tested in a group of patients with subsyndromal depression. This would identify the 

specificity of the platelet response for major depression.

Another potential issue in the use o f the platelet as a peripheral marker in psychiatric 

illness is to assess if the specificity of the response reflects the pathology of depression, or 

whether it is a non-selective response present in other disorders.

Panic disorder, as the most common anxiety disorder, often is comorbid with depression. 

As stated earlier, patients with panic disorder are more prone to develop a major 

depressive episode. Chapter 6 deals with the selectivity of the platelet intracellular 

response and was tested in a group of patients with panic disorder without major 

depression. This was crucial to the establishment of the platelet as a peripheral marker of 

major depression rather than a non-specific response.

Although a plethora o f information exists concerning peripheral markers in depression, 

there is hardly any information concerning peripheral markers in schizophrenia. Section 2 

discusses whether the platelet may be used as a peripheral marker for schizophrenia, using 

an agonist other than serotonin (Konopka et al, 1996), noradrenaline (Mikuni et a/., 1992) 

or dopamine (Berk et al. 1994) which have not shown encouraging results in terms of their 

effects on platelet intracellular calcium. These studies, while demonstrating an agonist 

response, did not differentiate patients from controls.

Glutamate, as the most abundant excitatory amino acid in the brain has recently been 

implicated in the pathophysiology o f schizophrenia. NMDA receptors for glutamate
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activation have been identified on platelet membranes (Almazov et al., 1988). Increases in 

free intracellular calcium in response to agonist stimulation in non-neuronal cell lines have 

been linked to the NMDA receptor complex (Grant et al., 1997). Kinetic properties of 

glutamate uptake in platelets and brain slices revealed similar measurements and was 

stated as sufficiently suited for future clinical studies (Mangano and Schwarcz, 1981).

Platelet intracellular calcium responses to glutamate stimulation were measured in 

schizophrenic patients and compared to control responses. This would perhaps suggest the 

use of the. platelet as a possible peripheral marker in schizophrenia. It must be stated that 

the glutamate receptor complex is located on the calcium ion channel itself, and so does 

not represent a true second messenger response.

The last section of the thesis discusses whether intracellular calcium responses to thrombin 

stimulation differ between psychiatric illnesses. Recent evidence shows an association 

between cardiovascular disease and psychiatric illnesses, notably depression. Platelets are 

implicated in the pathophysiology o f atherosclerosis and thromboembolic disorders. An 

evaluation of the intracellular calcium response to thrombin stimulation in the various 

mood disorders may suggest the predisposition o f certain mood disorders to cardiovascular 

complications. It is not known if it is an association or causality. This would extend the 

use of the platelet as a peripheral marker of both psychiatric illness and its linkage with 

cardiovascular disease.
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CHAPTER TWO

2. MATERIALS AND  METHODS

2.1 Patient selection

This differed depending on the limb o f the study. Each chapter specifies exactly which 

criteria needed to be met for inclusion in each study. For all groups, patients and controls 

were between 18-70 years of age. To cancel the subjective influence that various raters 

may have had on the rating scores, one interviewer was used for all patients and controls 

within each study. Exclusion criteria included significant medical illness, the use of 

alcohol or social drugs, and for controls, a family history of mental illness. Raised 

intracellular calcium is reported in patients with hypertension (Lindner el a l, 1987; Sang 

et al., 1987) and so this was another exclusion criteria.

Informed consent was obtained from all patients and controls that took part in the studies. 

Ethical clearance was granted by the University of the Witwatersrand Ethics committee 

for research on human subjects. The ethical clearance number was 29/2/92

2.2 Platelet collection

20 ml blood was drawn from an antecubital vein into 2x 10 ml siliccne-coated vacutainer 

tubes. This blood sample was taken at approximately the same time o f day (9am-1 lam) for 

all samples to control for any diurnal variation in serotonin release (Pietraszek et al., 

1991). Although there are reports that season may affect serotonin concentration in the 

body (Jakovljevic et al., 1997), it was not possible to collect all the samples within one
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season, but controls which were age and sex matched were collected within the same 

season as the study group tested.

The blood was immediately placed in a 50ml plastic NUNC® centrifuge tube containing 

an acid-citrate-dextrose (ACD) buffer with lOOpM aspirin to prevent platelet activation.

Platelet rich plasma (PRP) was obtained by centrifuging the blood sample at 150g for 15 

minutes. Thereafter, the PEP was recentrifuged for a further 5 minutes at 850g to obtain a 

platelet pellet.

2.3 The measurement of intracellular calcium in response to serotonin stimulation

2.3.1 Background

Small concentrations of calcium ions that are free within cells can be detected by 

fluorescent intracellular calcium chelators. When a lipophilic membrane permeant ester of 

such an indicator is incubated with cells being studied, it enters the intracellular space, 

where cytosolic esten ses split off the ester group, leaving the hydrophilic membrane- 

impermeant free acid trapped within the cell. In some intracellular indicators, the lipid 

insoluble form shifts the peak of its excitation spectrum to a shorter wavelength when it 

binds calcium.

As the intracellular calcium concentration, [Ca2+,], increases, the shorter wavelength of 

light excites more fluorescence, while the amount o f fluorescence excited by the longer 

wavelength decreases. By comparing the intensity o f fluorescence excited by the shorter
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versus the longer wavelength, it is possible to determine how much dye has become bound 

to calcium and how much remains unbound. The ratio of calcium bound to calcium 

unbound dye can be used to calculate the actual [Ca2+j] if  the intensity o f the fluorescence 

at the two wavelengths is known at low Ca2+ concentrations, when most dye molecules 

that emit light are calcium free, and at high concentrations when most fluorescent dye 

molecules are bound to calcium.

Fura-2 is a ratiometric indicator which exhibits not only intensity changes with changing 

calcium concentrations but the calcium free and calcium bound forms of the indicator have 

distinct spectra (figure 2.1). For fura-2, significant shifts are observed in the excitation 

spectra, but not in the emission spectra. Because calcium free and calcium bound forms 

are characterized by spectral peaks at different wavelengths, intensity measurements can 

be made at two wavelengths and a ratio can be obtained. Obtaining a ratio minimises the 

effect of many artifacts that are unrelated to changes in intracellular calcium.
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Figure 2.1 Excitation spectra o f Ca24-bound and Ca2+free fo n n s  offura-2 (emission 

wavelength -  SlOnm).

The measurement of platelet intracellular calcium was adapted from the method by 

Grynckiewicz et ah, (1985). The rationale is that the fluorescence excitation spectra shift 

to shorter wavelengths as intracellular calcium concentrations increase, much as the 

absorption spectra do (figure 2.2).
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Figure 2.2 Excitation spectra, fo r  4fiM fura-2-A M  a t  20°C in buffer w ith  free Ca2* 

values ranging from  < lnM  to >1 OmM.

2.3.2 Loading o f  platelets with fura-2-AM

The platelets were incubated at 37°C for 45 minutes with 4 jiM final concentration of fura- 

2 AM in an ASSAY buffer (containing 137 mM NaCl, 2 mM KC1, 1 mM MgCh, 5 mM 

dextrose, 5 mM HEPES, pH=7,4). The membrane-permanent acetomethoxyl derivative is 

used to permeate the plasma bilipid membrane. Once inside the cell, this portion is 

hydrolysed by the cytosolic esterase leaving behind the now trapped fura-2 which then 

binds to the calcium inside the cell. The acetomethoxy group masks the negative charges
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on the carboxyl groups present in the indicator molecule. The AM form is uncharged and 

can cross the lipid membrane of cells. The carboxyl groups are essential to the ability of 

the indicator molecule to sense calcium, so enzymatic hydrolysis to remove the AM group 

is essential. The negatively charged indicator dye effectively becomes trapped within the 

cell and binds to calcium.

After the loading period, the excess dye was washed off by centrifuging the sample at 

350g for 5 minutes. The supernatant was diseased and the sedimented labelled platelets 

were resuspended in a HEPES buffer (containing 145 mM NaCl, 1 mM MgCli, 10 mM 

HEPES, 5 mM glucose, 0,5 mM NaiHPO,), 1 mM CaCl2, pH=7,55), 1 mM calcium in the 

buffer mimicks the physiological calcium concentration of the extracellular environment.

Before fluorescence measurements, the platelet suspension was counted in a coulter 

counter and the final concentration adjusted to 107 /ml. The cells were analysed at room 

temperature since leakage of dye is strongly dependent on temperature, and although 37°C 

would have been more physiologically suited, the loss rate of dye is maximal at this 

temperature (Nuccitelli, 1994).

2.3.3 Fluorescence measurements

Measureinents were performed in a Perkin-Elmer LS50 spectrofluorometer. 3 ml i f  

platelet suspension was placed in a quartz cuvette with continuous gentle stirring to 

prevent agg* ;ation. Fluorescence measurements at excitation wavelengths of 340 and 380 

mn were measured at an emission wavelength of 510 run. Excitation and emission slit 

widths were 2.5 mn and 4.6 nm respectively. Serotonin was added sequentially in
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increasing concentrations from 0-100 jiM and the fluorescence measured for each 

concentration. Thrombin (0.1 lU/ml) was then added to measure the maximal calcium 

response.

To obtain fluorescence values at both wavelengths when there was either saturation or 

depletion o f calcium, the cell suspension was first solubilised with Triton-X 100 and then 

an excess o f 2 mM EGTA at a pH of 8.3 was added. This effectively samples free and 

bound forms of calcium and acts as a calibration.

The intracellular free calcium concentration was calculated from the equation:

[Ca2+]= [(R-Rmin)/ (Rmax -  R)] x 2 2 4 x B

where; 224 represents the dissociation constant (K d);

R = ratio o f fluorescence at 340/380 run for each experimental measurement;

Rmin = fluorescence ratio of the standard Rtnin solution containing EGTA; F340/380;

Rmax =fluorescence ratio o f the standard Rmax solution containing Triton-X 100;F34o/380 

B = F min 380/ F max 380
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2.4 The measurement of calcium influx

The intracellular calcium response may in part rely on calcium influx from the external 

environment. Two methods of calcium influx measurement are described below. The one 

uses the divalent cation, manganese, and the other utilizes the more established method of 

calcium uptake, radiolabelled 45Ca2+. Two methods of calcium influx were used because of 

reports stating that it is difficult to be sure that the cell-associated radioactivity measured 

with radiolabelled calcium is because of calcium influx into the cytosol, or whether the 

radioactivity measured is bound to the cell surface (Brass and Shattil, 1982).

2.4.1 Measurement o f  calcium influx using the divalent cation manganese

2.4.1.1 Background

Hallam and Rink, (1985) developed an approach using manganese entry across the platelet 

plasma membrane to identify calcium influx into the cell. These experiments exploited 

the fact that manganese binds to fura-2 AM more avidly than does calcium and quenches 

its fluorescence. It was postulated that any agent that promotes manganese influx into 

fura-2 loaded cells will cause a resultant reduction in the fluorescence signal.

In fura-2 loaded human blood platelets, agonists have been found to stimulate a quench in 

intracellular dye fluorescence in the presence of extracellular manganese, from which it 

can be concluded that agonists can stimulate manganese entry via calcium channels.
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Yang el ah, 1994; Kass el ah, 1990; Serres el a t, 1994 decided to not only idcur'iy 

quench, but to also measure the quenching rate as a measure of the magnitude of lb; 

response that different agonists ir.ake to manganese entry. The use of serotonin as the 

agonist to stimulate manganese entry into platelets as an indication of calcium influx was 

examined in this study. A Medline® search for similar experiments failed to find this 

application of the method.

2.4.1.2 Loading o f  platelets with fura-2-AM

Platelets were collected (refer 2.2) and incubated in the same manner as for the 

intracellular calcium measurements (refer 2.3.2). Once the incubation time was completed 

though, the cells were suspended in a calcium free assay buffer and the final cell 

suspension adjusted to 107/ml.

2.4.1.3 Calcium influx measurements

Calcium influx was indirectly measured using the ability of manganese (50 |iM) to enter 

platelets and quench intracellular fura-2 fluorescence. 50 nM was chosen as the optimal 

concentration o f manganese to use for these experiments from pilot studies. Higher 

concentrations o f manganese produced quenchs of such magnitude that made 

measurements o f different quenching rates with serotonin addition impossible to measure. 

The rate of quenching recorded after excitation at a wavelength o f 360 nm reflects the 

manganese influx into the cells. At this excitation wavelength the intracellular calcium 

modifications do not influence the fluorescence level (see isosbestic point, figure 2.2).
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A time drive application o f the Perkin-Elmer LS50 spectrofluorometer was used for these 

experiments. The excitation wavelength was set at 360 nm, with emission at 510 run. 

Excitation and emission slit widths were set at 2.5 and 4.6 nm, respectively. The interval 

and response times were set at 0.5 and 1 second, respectively. The ratio between interval 

and response times was calculated in pilot experiments that tested which graph had the 

best smoothness of fit. The scan ran for a period of 60 seconds only since the quench 

observed was immediate and no further quenching after the initial one was seen in pilot 

experiments.

The rate of fluorescence quenching is calculated as the slope of the decrease in 

fluorescence for the first time period where there is a consistent rate of decrease after the 

addition of MnCh (50pM) and is expressed in terms of the fluorescence intensity per 

second (fluor.int.sec"1).

The experiments initially developed by Hallam and Rink in 1985 have been replicated 

here, and the effects of serotonin on the manganese quench have been quantitated. 

Manganese inside the cell can only be present because of influx from the external 

environment. Figure 2.3 shows how the rate of fluorescence quenching by manganese was 

measured.
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Figure 2.3 The calculation o f M n2+ influx into platelets by the rate o f  fura-2  

fluorescence quenching.

The quench in fluorescence with manganese addition is because of: (a) an increase in the 

permeability o f the plasma membrane to Mn2"1" which enters and quenches the fluorescence 

o f intracellular fura-2, or (b) a non-selective increase in the permeability of the plasma 

membrane so that there is an increased leakage of fura-2 into the extracellular medium. 

Such an effect would cause an overall drop in the fura-2 fluorescence because an 

increasing proportion of the dye would be quenched by extracellular Mn2+.
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Experiments like those shown in figure 2.4.1 and figure 2.4.2 suggest that quenching is 

largely due to Mn2+ entry. Following the stimulated quench, the membrane-impermeant 

heavy metal chelator, diethylenetriaminepentaacetic acid (DTPA) was added in excess. If 

the Mn2+-quenched dye was extracellular, chelation o f extracellular Mn2+ should allow the 

dye to bind Ca2+ and cause an increase in fluorescence. However, it is clear that addition 

o f DTPA had very little effect on the fluorescence signal, confirming that most of the 

Mn2+-quenched dye was intracellular. Addition of Rmax (figure 2.4.3), which lyses the 

cells, now causes a rapid increase in fura-2 fluorescence since the dye inside the cell is 

now exposed to excess DTPA which binds Mn2+ and thus relieves the quenching effect, 

leaving the dye to be saturated by calcium. Sufficient DTPA was added to chelate the 

extracellular Mna+. When Mn2+ was removed by addition o f DTPA before stimulation 

with 5HT, no subsequent stimulated quench was observed (figure 2.4.4).
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Figure 2.4 Evaluation o f manganese influx into platelets.

Figure 2.5 shows the effect of Ni2+ on the fura-2 quench. Like Mn2"1", this divalent cation 

also strongly quenches fura-2. On addition of Ni2+, there is a drop in the fluorescence 

signal presumably due to quenching of leaked dye. Here, DTPA reverses the effect of this 

quench completely, proving that Ni2+ does not enter the cell (figure 2.5.1). When Mn24" is 

added after Ni2+, a further decrease in fluorescent signal is observed (figure 2.5.2). This 

suggests that Ni2"1" is excluded from the divalent cation channel entry system whereas Mn2"1" 

enters the platelet through the divalent calcium channel.
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Figure 2.5 The effect o fN i2+on thefura-2 fluorescence quench.

Evidence suggests that this calcium channel is receptor operated, not voltage gated 

(Hallam and Rink, 1985). This calcium-receptor operated channel may be selective as it 

does not allow Ni2+ to enter the platelet as it does Mn2+
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Differing concentrations of serotonin accelerate the rate of Mn2+ quenching o f fura-2 

(figure 2.6). Mn2+ (50|iM) and 5HT were added to 3 ml of platelet suspension with 

continuous gentle stirring. Influx was measured as a percentage of the baseline response, 

where no serotonin was added. This was performed to cancel the effect different baseline 

values would have had on the significance of the results. This is an indirect method of 

calcium uptake, and absolute values o f quenching rates do not have any meaning. Because 

o f the limited volume of platelet suspension, only three concentrations o f verotonin were 

used as agonists. Concentrations o f 1 -lOfiM 5HT are reported to have the most sig1 leant 

effect on intracellular calcium release (Mikuni et ah, 1992; Konopka et al., 1996) and so 

were used in these experiments.
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Figure 2.6 The effect o fS H T  on the quenching ra te o ffura-2  by manganese.

In the presence of ionomycm, an ionophore which increases the permeability o f  the 

platelet, serotonin is unable to produce any measurable further increase in fura-2 

fluorescence quenching, and so was not used in future experiments, (figure 2.4.2).
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2.4.2 The measurement o f  calcium uptake into platelets using mdiolabelled^Ca2*

This is a more established method of calcium uptake measuicment. Calcium uptake was 

measured using the method established by Owen el ah, 1980. This method has been 

widely used in the literature (Nishio el al., 1993; Gill et al., 1992; Gulati et al., 1992).

Determination of 45Ca2+ transport into platelets was performed according to the method 

described by Owen et al., (1980), but with some modification. Platelets were collected as 

previously described (2.2). A cell count of 50x10s platelets/ml was obtained. After a 30 

minute equilibration period at 3 /°C with 1 mM CaClz, aliquots (700^1) of platelet 

suspension were vortexed to ensure equal distribution o f platelets in suspension. The 

suspension was then supplemented with 5[iCi/ml 45Ca2+ and 5HT ranging from O-iaOpiM 

was added as an agonist. After an uptake time o f 5 minutes (optimal time o f uptake- see 

figure 2.7), 200 ^1 of platelet suspension was aliquoted into 400^1 phthalate oils 

(Dibutylphthalat: Bis(2-ethylhexyl)-phthalat) in a microfiige tube. This was performed in 

triplicate.
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Figure 2.7 Time course o f 4BCal+ influx into vlatelets (each p o in t represents the 

mean +- SD o f  a t least three independent control experiments).

The platelet suspension was spun at 10 OQOg for one minute to separate the platelets from 

the supernatant and to obtain a platelet pellet, The reaction was immediately terminated by 

freezing the tube containing the platelet suspension in liquid nitrogen and removing only 

the platelet pellet by means of an eppendorf clipper. The pellet was solubilized by adding 

0.:5 ml o f  0.5% triton-X 100® and shaken overnight.

5 ml o f aquagel® was subsequently added to determine absolute radioactivity (beta 

emission counts per minute, CPM). This was measured using a beta-liquid scintillation
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counter over a two minute period. Uptake o f  ̂ Ca2* was expressed as a  percentage o f the 

baseline value, In which no serotonin was present. Percentage responses were used rather 

than absolute values in order to cancel the effect different baseline results would have 

made to the significance o f the uptake response. All experimental counts were subtracted 

from a blank value, where no platelets and no serotonin was present. This cancelled the 

effect background radiation would have had on the experimental data.

2.5 Statistical analyses

Within each section, the analyses used are described. Non parametric methods of analysis 

were used throughout the study since sample sizes were less than 30 for all groups except 

the cor ,ol subjects. Unless otherwise stated, most analyses have been made using the 

percentage increase in response from baseline values. This was performed so as to cancel 

out the effects that different baselines would have on the significance of the increased 

response. A ‘p* value o f <0.05 was considered a significant difference in response. This 

represents a 95% level of confidence. “I ” indicates the statistical standard error bars.
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RESULTS: SECTION ONE 

CHAPTER THREE

3, State or trait status of the platelet as a peripheral marker in major depression

3.1 Aim

The aim o f this study was to measure platelet intracellular calcium responses to serotonin 

stimulation in patients with major depression treated with electro convulsive therapy to 

assess if this marker changes with clinical improvement. ECT was selected as a treatment 

modality to control for a drug effect.

3.2 Methods

Patient Selection: Patients aged 18-70 years who met DSM-IV criteria for major 

depression and who were undergoing ECT as a treatment modality were included in the 

study. A Hamilton Depression Rating Scale (HAMD-see Appendix A) and a structured 

clinical interview (see Appendix D) to confirm the clinical diagnosis were performed. 

Exclusion criteria included significant medical illness, drug or alcohol abuse, and 

concomitant psychotropic drug therapy except benzodiazepines when necessary, The 

patients were all drug free with a washout period o f at least two weeks (five weeks for 

fluoxetine). Age and sex matched control volunteers without a history of psychiatric 

illness and without any medical condition were included as well.

ECT administration: After induction with etomidate and muscle relaxation using 

suxamethonium, ir were, induced using a thymatron DG®, which deliven a pulsed
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square wave stimulus. Electrode placement was bilateral. Seizure activity was monitored 

using BEG and EMG recordings. Treatments were done two mornings a week, and the 

number of treatments ranged from 6-12 according to response.

Platelets were collected as described in section 2.2. The platelets were suspended in an 

ASSAY buffer and incubated in the manner described in section 2.3.2. After the loading 

period the platelets were resuspended in a HEPES buffer described in section 2.3.2. and 

fluorescence measurements were made according to the procedure outlined in section 

2.3.3.

Statistical Analysis: Statistical comparisons for responses before and after ECT treatment 

were made using Wilcoxon tests for paired samples. Linear regression of dose response 

data was measured and Pearson correlation coefficients calculated for these analyses.

3.3 Results

Over the time period o f July 1996 to March 1998, patients (9 women and 4 men) who met 

criteria for entry into the study were recruited. The mean age was 48,5 years (range 26-70 

years). The mean HAMD score on first interview was 28,3. At the final interview, which 

took approximately 3-4 weeks, the HAMD score had dropped to 3,0. This finding is in 

agreement with the study by Strober et ah, (1998) who reported that there is a 50% or 

greater reduction in the HAMD rating scales within three weeks of ECT.

Table 3.1 shows the different patients’ information such as age, sex and HAMD scores 

over the treatment period. Some columns are empty. This is because either the patient’s
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HAMD score on clinical interview showed clinical remission, and so was at the end point 

o f the study, or the patient was unavailable at the time for the blood test to be performed.

Table 3.1 Age, sex, HAMD scores for patients undergoing a course of ECT

PATIENT AGE SEX HAMD 
PRE ECT

HAMD 
WEEK 1

HAMD 
WEEK 2

HAMD
WEEKS

HAMD 
WEEK 4

HAMD
WEEKS

1 34 F 32 35 21 10 5

2 40 M 28 24 15 1

3 40 F 32 5 10 10 8 4

4 48 M 36 29 6 3

5 50 F 20 6 3

6 37 F 20 21 4

7 50 F 29 17 25 6

8 55 F 31 12 5 5

9 44 F 25 20 12 4

10 67 M 25 in 8

11 69 F 33 25 10

12 70 F 29 19 5

13 26 M 28 18 1 1 1

Baseline platelet intracellular calcium levels did not change significantly over the 

treatment period (p=0,6002). Before ECT, the mean basal intracellular calcium level was

150,5 +- 61,4 nM whereas after treatment the mean basal level of intracellular calcium 

was 171,4 +- 68,9 nM (figure 3.1).
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post ECT

Figure 3.1 Baseline p la te le t intracellular calcium before and after a course o f ECT.

The percentage increase in the intracellular calcium response to serotonin stimulation from 

baseline values before and after ECT is shown in figure 3.2. The pre-ECT data showed a 

significant supersensitivity to all concentrations of 5HT whereas post-ECT values showed 

a blunted response to all 5HT concentrations (p=0.05) that was similar to controls. An 

interesting finding is that the standard deviations were smaller in the post-ECT data 

compared to the pre-ECT data. A wide standard deviation in intracellular calcium data sets 

has previously been noted by Dubovsky et a/.,(1989) who found larger standard deviations 

in affective disorders compared to control subjects.
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Figure 3.2 The pla telet intracellular calcium response to serotonin: percentage 

increase from  baseline values.

A graph o f the individual dose response curves for each patient was created to observe 

whether subgroups of patients within the major depression group were present. The 

findings, as seen in figure 3.3 show that patient 8 has a significantly higher percentage 

increase in intracellular calcium in response to serotonin stimulation than all the other 

patients. Patients 1,2,3,4 and 5 have higher percentage responses than patients 7, 9 and 12. 

Correlation coefficients for the relationship between differences in intracellular calcium 

response are poor. The difference is not correlated with the depression score (r2=0.014), 

with age (r2=0.1034) nor with sex. Only two patients were recruited outside of July and
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August. This was the winter season, which has been documented as the season in which 

depression is most common. The only significant difference between the groups is that 

patients 1 to 5 were recruited in 1996, and the other patients were recruited in 1997. Also, 

within the HAMD score itself, patient 8 was the only one with no loss in libido. All the 

other patients scored between 1 and 2 on the HAMD score for genital symptoms compared 

to 0 for patient 8.
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Figure 3,3 Individual patient's intracellular calcium percentage response to 

serotonin before ECT.
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Exclusion of patient 8 from the data does not significantly affect the statistical significance 

o f the difference between pre-ECT and post-ECT responses. Also, the standard deviation 

between the results is also not significantly altered.

Except for three patients, all platelet intracellular calcium responses to serotonin 

stimulation decreased over a course o f ECT (figure 3.4).
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Figure 3.4 The pla telet intracellular calcium response to serotonin before and 

after a course ofECT: percentage response.
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Figure 3.5 shows the drop in percentage response to IpM  5HT over a course of 

electroconvulsive therapy. This concentration was chosen since it had the smallest 

standard deviation in the data, and so presents the most consistent results. Pearson 

correlation coefficients for the percentage drop in response and HAMD scores show 

strong correlation (^=0,85 and 0,87 respectively). A scatter plot of the same data is also 

presented (figure 3.6). The scatter plot of the values shows that there is a random scatter. 

This suggests that the regression line used to fit the data is correct, and the correlation is 

therefore an accurate representation of the data.
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Figure 3.5 The percentage change in p la telet intracellular calcium in response to

IpM  5HT over a course o fE C T  and its  relationship w ith  H AM D scores.
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Figure 3.0,2 Scatterplot o f the relationship between the p latelet intracellular 

calcium response to  ljuM 5HT and HAM D scores.

3.4 Discussion

The primary result of this study is that the platelet intracellular calcium response to 

serotonin stimulation decreases over a course of ECT (figure 3.2). This decreased 

intracellular second messenger response to neurotransmitter stimulation occurs in parallel 

with the decrease in the Hamilton Depression rating scale scores. The patients’ 

intracellular calcium response to serotonin stimulation after the remission of symptoms is 

similar to ar> age and sex matched control response.
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ECT causes an increase in serotonin neurotransmission, which may result in receptor 

down-regulation. This is the decrease in receptor number in response to a chronically high 

concentration of serotonin neurotransmitter. SHTz receptor down-regulation has 

previously been correlated with clinical improvement in patients with major depression 

treated with antidepressant therapy (Stahl, 1992).

The general consensus is that ECT increases SHTi receptor number (Stahl,1994; Stain- 

Malmgren et al., 1998;, but chronic administration of antidepressants and 

electroconvulsive shock (ECS) to rats produces a down-regulation of 5HTz receptors 

which are accompanied by corresponding changes in associated second messenger 

reactions (Newman and Lerer, 1989). Pandey et al., (1992) showed conflicting results 

though, that increased serotonin stimulated inositol-phosphate formation associated with 

upregulation of 5HT2 receptors is present after ECS administration.

One way of understanding the diversity of ECT’s effects on the function of a variety of 

neurotransmitters and receptors is to hypothesize that like lithium, ECT stabilizes 

dysregulated intracellular signalling linked to multiple transmitter systems (Dubovsky and 

Thomas, 1995; Lerer, 1985).

The 5HT2 receptor is linked to the inositol-phospholipid system that is responsible for the 

elevation of intracellular calcium. Augmented platelet intracellular calcium responses to 

serotonin stimulation are reported in major depression (Mikuni et al., 1992; Kusumi, 1993; 

Arora and Meltzer, 1989), This supersensitivity, or increased responsivity, of the platelet 

to serotonin may occur because of upregulation, that is increased receptor number, which

81



is reported ia untreated major depression (Arora and Meltzer, 1989; Biegon et al., 1987; 

Hrdina et ah, 1995).

Pacheco and Jope, (1996) found that not only were 5HTz receptor changes involved in 

depression, but a decreased function rather than level o f G protein stimulated 

phosphoinositide signalling was present in the frontal cortex of depressed patients, 

Hypofimctional Gs and G; proteins on leukocytes became normalized after ECT. This 

normalization preceded and thus predicted clinical improvement (Avissar et ah, 1998). 

Bohus et ah, (1996) found that the intracellular calcium response, as a measure of the 

sensitivity o f the phosphoinositide system, in neutrophils was significantly greater in 

patients with major depression than in controls. Intracellular calcium responses to SSRI 

treatment were measured in a study by Delisi et ah, (1998). Once treatment was initiated, 

lower intracellular calcium in response to serotonin stimulation was observed, yet this did 

not correlate with a decrease in the level o f the patients’ symptomatology.

The decreased sensitivity o f the second messenger cascade to serotonin stimulation seen in 

this study appears to be at odds with data suggesting increased 5HT2 receptor binding after 

ECT, since upregulation o f receptor sites should translate into increased responsiveness of 

the target cell. Stahl, (1994) suggested that the SHTj receptor may have an abnormality in 

its signal transduction system in major depression such that increased number of receptor 

sites may be unable to translate the signal o f  receptor occupancy into the correct 

physiological response.

The sensitivity of the second messenger system may or may not be linked to the density of 

5HT2 receptor sites on the platelet membrane (Mikuni et ah, 1992; Arora and Meltzer,
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1989). A limitation to this study is that 5HTz receptor number was not measured. The 

decrease in sensitivity o f the platelet intracellular calcium response to serotonin may be 

facilitated independently o f the number of receptors.

The data presented in this study suggest that there is a normalization in the function of 

5HT2 receptor coupled second messenger response over a course of ECT, which is 

correlated with the HAMD rating scales over the treatment period. Therefore, the platelet 

intracellular calcium response to serotonin stimulation may be a possible state marker for 

major depression treated with ECT.
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CHAPTER FOUR

4. Calcium influx in response to serotonin stimulation in patients with major 
depression

Although there is substantial evidence concerning the effect of serotonin and other 

neurotransmitters on the homeostasis o f intracellular calcium in platelets, as well as other 

cell types, data concerning the effect of agonist stimulation on calcium uptake is very 

scarce, especially in psychiatric disorder research.

Whether calcium uptake is important in the intracellular calcium response is a contentious 

issue. Also, whether calcium uptake in response to serotonin is abnormal in patients with 

major depression is not widely documented in the literature.

4.1 Aim

The aim of this study was based on the hypothesis that if the processes of calcium uptake 

and intracellular calcium release are linked, then the abnormal intracellular calcium 

response to serotonin observed in major depression should suggest abnormal calcium 

uptake in this disorder as well.

The most popular method of measuring calcium uptake is the use of radiolabelled 45Ca2"h. 

However, it has been reported that it is difficult to be sure that the cell-associated 

radioactivity is in the cytosol rather than bound to the cell surface (Brass and Shattil, 

1982). For this reason, another method of calcium uptake measurement was employed as
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well as the 45Ca2+ method. This utilized the ability o f manganese, a divalent cation, to 

enter the platelet through divalent cation channels in order to quench ftira-2 fluorescence 

more avidly than calcium. A reduced fluorescence signal suggests the uptake of 

manganese into the platelet, since it is not usually present in the extracellular environment. 

This represents an indirect method of calcium uptake measurement.

4.2 Methods

Patient Selection: Patients aged 18-70 years who met DSM-IV criteria for major 

depression were included in the study. A Hamilton Depression Rating Scale (HAMD) and 

a structured clinical interview to confirm the clinical diagnosis were performed (see 

Appendix A and D). Exclusion criteria included significant medical illness, drug or 

alcohol abuse, and concomitant psychotropic drug therapy except benzodiazepines on a 

when necessary basis. The patients were all drug free with a washout period of at least two 

weeks (five weeks for fluoxetine). Age and sex matched control volunteers without a 

history of psychiatric illness and without any medical condition were included as well.

Platelets were collected as described in section 2.2. For manganese influx experiments the 

procedure followed that described under sections 2.4.1.2 and 2.4.1.3. For radiolabelled 

calcium influx experiments, the procedure follwed that described under 2.4.2.

Statistical analysis: 5HT stimulated 45Ca2+ uptake and Mn2+ influx between patients and 

controls was compared using Wilcoxon two sample tests for non-parametric analysis 

Percentage responses from baseline values were used in all analyses.
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4.3 Results

The addition of 50|aM Mn2+ to a suspension of ftira-2 loaded platelets caused a rapid 

quench in fluorescence due to the entry of manganese into the cells (figure 2,3). When 

5HT was added together with manganese the decrease in fluorescence was accelerated in 

both patients and controls (figure 4.1), signifying increased calcium entry in response to 

serotonin. iOjxM 5HT results in a significantly higher manganese influx in patients with 

major depression than in control subjects (p=0.04;n=15). A similar pattern of response was 

seen with lOO^M 5HT (p=0.034;n=:15). Although mean values of manganese influx at 

l|iM  5HT are higher in depressed patients (75,13+-79,06%) than in controls (28,48+- 

15,45%), the standard deviation in the patient sample was too large to show any 

significant difference.
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Figure 4.1 M n2+ influx into platelets: effect o fSHT  on influx between patients w ith  

major depression and controls.

Figure 4.2 shows that calcium uptake in response to serotonin stimulation is significantly 

greater in patients with major depression than in controls subjects at all 5HT 

concentrations (p<0.05; n=15). Control subjects show minimal calcium uptake in response 

to serotonin stimulation. Only at a concentration of lOOpM does the percentage increase in 

calcium uptake from baseline reach 20,93%. At all other 5HT concentrations, the control 

response is approximately 3% compared to an uptake of approximately 50% in the patient 

group.
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Figure 4.2 45Ca2+ uptake into platelets: effect o f 5HT on uptake between patients  
w ith  m ajor depression and controls.

4.4 Discussion

This study demonstrates that 5HT stimulates platelet calcium uptake in a concentration 

dependent manner. Furthermore, this stimulated calcium uptake response is augmented in 

patients with major depression compared to controls.

The interesting and pertinent finding of this study is that two calcium influx responses 

were seen. The initial rapid calcium influx that occurred within the first 10 seconds of 

Mn2+ addition (refer figure 2.3) is similar to other experiments that used manganese as an
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index of calcium influx (Merrit et al., 1989; Kass et al., 1990; Hallam and Rink; 1985). To 

the best o f  my knowledge, the use o f serotonin as an agonist in stimulating this influx into 

platelets has not been done before.

Nishio et al., (1993) and Gulati et al., (1992) showed that maximal calcium uptake into 

platelets using radiolabelled ‘l ’Ca2+ also only took place after 5 minutes o f incubation 

(figure \7 ) . Nishio et al., (1993) further confirmed that serotonin significantly enhanced 

the caki'- uptake into platelets and proved that this response was mediated by the 5HTz 

receptor.

In order to explain the results presented in this study, the two pool model proposed by 

Berridge in 1991 has been used. The model proposes that there are two separate stores of 

calcium inside the platelet. Inositol triphosphate (IPS) is responsible for setting up the 

calcium oscillations. IPS acts through its specific receptor to create a constant influx of 

primer calcium, made up of calcium from the IP3 sensitive pool inside the cell together 

with an influx of external calcium. Once the stores have filled, they are triggered to release 

their stored calcium through a process of calcium-induced calcium release to give a typical 

calcium spike, seen as an increase in fluorescence excitation in the intracellular calcium 

experiments. The initial rapid quench in fluorescence observed by Mn2+ may represent 

primer calcium influx stimulated by IPS which is necessary for the intracellular calcium 

response (figure 2.3). Merrit et a l,  (1989) showed in neutrophils that manganese entry via 

calcium channels correlated with the rise in intracellular calcium.

In Berridge’s model, once intracellular calcium is depleted, it causes an influx of external 

calcium to replenish its depleted stores. The delayed uptake o f calcium after 5 minutes
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may represent the replenishment o f depleted stores once the intracellular calcium spike has 

occurred.

This study suggests that in major depression there is an enhanced uptake of calcium in 

response to serotonin (figures 4.1 and 4.2). In major depression, it is already known that 

there is an augmented intracellular calcium response to serotonin compared to control 

subjects (refer figure 3.2). Intracellular supplies of calcium may therefore be depleted to a 

greater extent in the depressed group compared to the control group. A suggestion may be 

that if the intracellular calcium stores are restored by the influx o f calcium from the 

external environment, the control group which has not significantly utilized its 

intracellular calcium stores has no need of replenishment explaining the low calcium 

influx response seen after five minutes. Augmented calcium uptake may be seen in the 

depressed group because o f the need o f replenishment o f utilized intracellular stores. The 

augmented uptake response mediated by serotonin observed in the depressed patients may 

be linked to increased 5HT2 receptor activity, further proof of dysregulated serotonergic 

transmission in the disorder.

90



CHAPTER FIVE

5. Examination of the specificity of the platelet response as a peripheral m arker in 
major depression

5.1 Aim

The aim of this study was to examine the platelet intracellular calcium response to 

serotonin m patients with subsyndromal depression. This would define the limits of the 

specificity of the platelet intracellular calcium response to serotonin as a marker of 

severity of mood disorder, and define the relationship of syndromal and subsyndromal 

depression in terms of this marker.

5.2 Methods

Patient selection: Patients were defined according to Hamilton Depression Rating Scale 

(HAMD) scores and DSM IV criteria based on a structured interview. Subsyndromally 

depressed patients were defined as patients who did not meet DSM IV criteria for major 

depression but who nevertheless had HAMD scores between 10 and 16 (see Appendix A). 

Controls were age and sex matched volunteers with a HAMD score less than 7 and no 

family or past history o f depression. Control and patient subjects were drug free for at 

least two weeks prior to assay, with a five week exclusion period for fluoxetine.

Platelets were collected as described in section 2.2. The platelets were suspended in an 

ASSAY buffer and incubated in the manner described in section 2.3.2. After the loading 

.period tha platelets were resuspended in a HEPES buffer described in section 2.3.2. and
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fluorescence measurements were made according to the procedure outlined in section

2,3.3. The only difference in these experiments was that the maximal serotonin 

concentration o f stimulation was 1 j.tM.

Statistical Analysis: Statistical comparisons for responses between patients and controls 

were made using Wilcoxon tests for paired samples.

5.3 Results

Levels o f platelet intracellular calcium were measured, both at baseline and after 

stimulation with serotonin. The mean level of basal intracellular calcium was virtually 

identical in the subsyndromally depressed group and the controls (104,66+-28,97 nM vs 

104,05+-34,03 nM- figure 5.1).

92



Controls

Figure 5.1 Baseline p la telet intracellular calcium levels in patients w ith  

subsyndrotnal depression and controls.

There were higher mean levels o f serotonin stimulated (148,35+-33,14 nM vs

144,79+-42,3 nM; p=0.395) intracellular calcium in the subsyndromal group which 

similarly did not reach statistical significance (figure 5.2). The percentage increase ftom 

baseline to 1 pM (figure 5.3) likewise showed no significant difference in patient and 

control responses. The lack of statistical proof may be because of the high standard error 

in the data sets and this is a feature of the literature of this method (Dubovsky et a[., 

1989). Small differences in response may have been missed because o f the relatively 

small sample size.
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Figure 5.2 Platelet intracellular calcium in response to 5HT in patients w ith  
subsyndrotnal depression and controls.
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figure  5.3 Percentage increase in p la telet intracellular calcium front baseline in 

response to 5HT in  patients w ith  subsyndronial depression and controls.

5.4 Discussion

An augmented response o f intracellular calcium to serotonin stimulation was seen in 

bulimia, but not anorexia nervosa in a study in which major depression was excluded 

(Okamoto et a/.,1995). In a similar study (Berk et a l,  1997), an augmented response was 

seen in only those patients in the anorexia group with HAMD scores between 10 and 17, 

with patients in the anorexia group with scores below 10 not differing from controls. This
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suggested that the augmented response in that group may be due to subsyndromal 

depression.

The failure of the inter-group differences in basal as well as serotonin stimulated 

intracellular calcium values to reach significance does not support the hypothesis that 

platelet serotonin type 2 receptors are supersensitive in subsyndromal depression or that 

intracellular calcium changes as an indicator of dysfunctional phospholipid transduction 

systems are in any way affected in this disorder. Although subsyndromal depression and 

syndromal depression may have similar clinical manifestations, these do not appear to be 

translated into any biochemical abnormalites of serotonergic neurotransmission.
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CHAPTER SIX

6. Examination of the selectivity of the platelet response as a peripheral m arker in 
major depression

6.1 Aim

The aim o f this study was to examine the platelet intracellular calcium response to 

serotonin in patients with panic disorder to clarify whether the above mentioned 

dysfunction of the serotonergic system is found in panic disorder. This would determine 

whether the platelet marker was selective for major depression or a non-selective response 

seen in other psychiatric conditions.

6.2 Methods

Patient selection: Patients aged 18-65 who met DSM 4 criteria for panic disorder were 

selected for the study. A HAMD and a structured interview to confirm the clinical 

diagnosis were performed (see Appendix B and D). Exclusion criteria included the 

presence of another axis 1 diagnosis including major depression. Exclusion criteria 

included significant medical illness, drug or alcohol abuse, and concomitant psychotropic 

drug therapy except benzodiazepines when necessary. The patients were all drug free with 

a washout period of at least two weeks fyve weeks for fluoxetine). Age and sex matched 

control volunteers without a history o f psychiatric illness and without any medical 

condition were included as well.

Platelets were collected as described in section 2.2. The platelets were suspended in an 

AS 4.Y buffer and incubated in the manner described in section 2.3.2. After the loading
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period the platelets were resuspended in a HEPES buffer described in section 2.3.2. and 

fluorescence measurements were made according to the procedure outlined in section

2.3.3. The maximal concentration of serotonin stimulation was l|iM.

Statistical Analysis: Statistical comparisons between patients and controls were made 

using Wilcoxon tests for paired samples.

6.3 Results

Patients (n=14, mean age=37 years: 6 males; 8 females) have slightly higher basal platelet 

intracellular calcium levels than control subjects who were age and sex matched. This 

difference is not statistically significant, although it is close (p=0.089 n=14,SD=126- 

figure 6.1). There is a much smaller standard deviation in the control subjects than in the 

panic disorder patients and this is consistent with the literature of this method (Dubovsky 

et al., 1989).

0
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Figure 6.1 Baseline p la telet intracellular calcium in response to  5HT in panic 

disorder patients and controls.

Figure 6.2 shows the differences in intracellular calcium responses between patients and 

controls at baseline platelet intracellular calcium and in response to 1 |aM 5HT. Here too, 

as in figure 6.1, there are no statistically significant differences at any concentration range 

(p=0.164) between the samples.
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Figure 6.2 P la te lst intracellular calcium in response to 5HT in panic disorder 

patients and controls.

The percentage change in platelet intracellular calcium response from baseline to 1 |xM 

5HT shows that patients and controls display similar patterns (figure 6.3), but like the 

graph of absolute values (figure 6.2), no significant difference exists (p=0.304).
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Figure 6.3 The percentage change in p la telet intracellular calcium from  baseline in 

response to 5HT in panic disorder patients and controls.

6.4 Discussion

Second messenger involvement in panic disorder is suggested by an enhanced T cell 

cholecystokinin (CCK) -4 stimulated intracellular calcium response (Akiyoshi et a/.,1996). 

In this study there is a trend showing higher intracellular calcium levels in response to 

serotonin stimulation in panic patients compared to controls, although these levels did not 

reach statistical significance (figure 6.2 and 6.3). The lack of statistical significance seen
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after stimulation with serotonin in this study may be due to the large standard deviations in 

the patient sample.

Comorbidity of depression and panic disorder is common (Gorman and Coplan, 1996). 

Although there are differences in second messenger responses seen in major depressive 

episodes , these patients had HAMD scores which fell below the thresholds of syndromal 

major depression.. This highlighted the presence of either comorbid subsyndromal 

depression, or the absence of depressive symptoms. The previous chapter has shown that 

the platelet intracellular calcium response as a second messenger to serotonin stimulation 

in subsyndromal depression is not significantly different from control patients (figure 5.2 

and 5.3). The lack of statistical significance, observed in this study concurs with those 

findings.

The failure of this study to find enhanced sensitivity o f 5HTz receptors in panic disorder 

and/or altered intracellular phosphoinositide function as measured by the intracellular 

calcium response is compatible with the findings o f previous challenge studies that found 

no consistent dysregulation of serotonin in this disorder (Charney and Heninger,1988; Den 

Boer and Westenberg, 1990; van Vliet et al,,1996). There is substantial overlap in the 

literature with respect to the incidence o f panic disorder in conjunction with major 

depression, and the debate continues as to whether they represent different manifestations 

o f one disorder or two separate disorders which tend to overlap. This study suggests that 

the pathophysiology o f panic disorder and depression differ in terms of the involvement of 

serotonin.
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RESULTS: SECTION TWO 

CHAPTER SEVEN

7. The platelet as a possible peripheral m arker in schizophrenia

7.1 Aim

The aim o f this study was to measure the platelet intracellular calcium response to 

glutamate stimulation in order to assess if the platelet could be used as a marker of 

schizophrenia. Glutamate was selected as the agonist rather than serotonin and dopamine 

because these have not shown significant promise in previous studies (Berk et ah, 1994; 

Kortopka et a l, 1996).

7.2 Methods

Patient selection: The study group consisted of 16 patients diagnosed on a structural 

clinical interview (Mini International Neuropsychiatric Interview- see Appendix D) as 

suffering from schizophrenia, and 16 age and sex matched controls. They were all 

inpatients at Chris Hani Baragwanath hospital. All patients were drug free for a minimum 

of two weeks (four weeks for depot preparations). The Brief Psychiatric Rating Scale 

(BPRS-see Appendix C) was performed on all patients, the mean score was 16.81. The 

mean age o f the sample was 25.4 years of age, there were 13 males and 3 females. Patients 

with a history o f substance abuse or positive urine canriabis assays were excluded, as were 

patients with any significant history o f medical illness. After complete description o f the
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study to the subjects, all patients gave informed consent. Control subjects were subject to 

the exclusion criteria as before.

Platelets were collected as described in section 2.2. The platelets were suspended in an 

ASSAY buffer and incubated in che manner described in section 2.3.2. In experiments 

designed to block the intracellular calcium response, platelets were incubated with lOOpM 

dizocilpine (MK801). Dizocilpine, which is a non-competitive NMD A receptor antagonist 

that cannot be displaced by glutamate, uas been used in other studies (Grant et al., 1997; 

Javitt et al., 1996).

After the loading period the platelets were resuspended in a HEPES buffer described in 

section 2.3.2. Flourescence 'measurements differed in this study.

Fluorescence Measurements: Glutamate concentrations of 0-100pM were added 

sequentially. Thrombin (0.1 lU/ml) was then added to measure the maximum calcium 

response. The cytoplasmic free calcium concenfration was measured by the method of 

Grynckiewicz et a/.,(1985), that is by lysing the cells with Triton-X-100 in order to obtain 

maximum fluorescence and then quenching the dye with 2 mM EGTA.

The measurements were initially performed in triplicate, but because of the dye leakage 

over time, only the initial measurements were used in analysis.

Statistical Analysis: Statistical comparisons for responses between patients and controls 

were made using Wilcoxon tesis for paired samples.
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7.3 Results

There was a significant difference between the baseline (unstimulated) levels of 

intracellular calcium between patients and controls (p=0.03-figure 7.1). The schizophrenic 

patients had significantly lower mean basal intracellular calcium levels (92,319+- 47,795 

nM) than control subjects (148,297+-46,756 nM). Pearson correlations of baseline 

intracellular calcium in schizophrenic patients with BPRS scores yielded a coefficient of

0,069 which suggests that there is no significant correlation between BPRS values and 

baseline intracellular calcium. Age and sex were not included in correlation analyses since 

the sample was too homologous to note any differences in terms of these two variables.

Schizophrenics Controls

Figure 7.1 Baseline p la telet intracellular calcium in schizophrenics and controls.
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The actual levels o f intracellular calcium did not differ significantly between patients and 

controls at all concentrations of glutamate stimulation (figure 7.2).
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Figure 7.2 The p la telet intracellular calcium response to glutam ate stim ula tion  in  

schizophrenic patients and controls.

On the other hand, the percentage response to stimulation with glutamate produced highly 

significant differences (p<0,001) between patients and controls (figure 7.3).
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Figure 7.3 The percentage change in  p latelet intracellular calcium in response to 

glutam ate stim ula tion  between schizophrenic pa tien ts and controls.

This may have been because of the much lower level of baseline calcium in the 

schizophrenic sample (figure 7.1). The maximal percentage response to stimulation is seen 

at a concentration of IgM  glutamate where the schizophrenic patients have a mean 

intracellular calcium percentage response of 89,908 +- 57,085% compared to controls who 

only responded by 114-5,005%. The NMDA antagonist, dizocilpine (MK801) blocked the 

increased response in the schizophrenic patients, suggesting that this effect is mediated "ia 

the NMDA receptor.
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7.4 Discussion

The dopamine theory of schizophrenia is the dominant biochemical theory, but many 

limitations exist, mostly because of the lack of direct evidence of increased dopamine 

neuronal activity in clinical studies. Glutamatergic and dopaminergic pathways are 

thought to be linked, in that they exert mutually antagonistic effects (Lieberman and 

Koreen, 1993). The hypofunction o f glutamatergic neurotransmission in schizophrenia 

was first proposed in 1980 by Kim et al., who found decreased CSF levels of glutamate in 

schizophrenic patients. Tsai et al., (1995) supported this hypothesis by demonstrating 

decreased glutamate levels in the schizophrenic brain. Postmortem studies have also 

shown increased binding o f glutamate recognition sites in frontal cortex tissues. Moreover 

there is an increased number of NMD A receptors in the basal ganglia of schizophrenic 

patients (Lieberman and Koreen, 1993).

This study shows lower basal intracellular calcium levels in schizophrenic patients 

compared to controls (figure 7.1), This has not been found in other studies (Tan et ah, 

1995) A speculative hypothesis for this finding is that, if excitatory neurotransmission is 

hypofiinctional, and intracellular calcium levels are elevated by glutamate stimulation, 

then a hypoglutamatergic state may be a factor in the lower basal intracellular calcium 

levels. The study suggests that there may be increased inositol phospholipid turnover in 

platelets o f schizophrenic patients compared to controls. This concurs with the finding of 

Gattaz et ah, (1995) and Das et a l, (1994) who found increased platelet phospholipase A2 

in schizophrenia. Ross et a l,  (1997) showed increased calcium-independent phospholipase 

A2 activity in serum o f patients with schizophrenia. Phospholipase A2 plays an important 

role in cell signalling, and the observed abnormality may be reflected by impairment in
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signal transduction via the inositol phospholipid pathway which may ultimately lead to the 

behavioural abnormalities observed in this disorder. The mechanism by which calcium is 

released intracellularly in response to glutamate activation may differ from the other 

studies. It is not a second messenger response. NMDA receptors for glutamate activation 

are located on the ionic calcium channel itself.

This study further suggests that the receptor sites for glutamate on platelets of 

schizophrenic patients may be supersensitive. This supports evidence of decreased 

glutamate function in schizophrenia, as hypofimction may cause secondary upregulation of 

receptor sites. The lack o f overlap between the experimental and the control curves (figure 

7.3) suggests significant sensitivity of this marker, although the specificity of the marker 

needs to be established by further research. In addition, novel therapeutic approaches 

involving modulation of NMDA receptors may offer promise in the therapy of 

schizophrenia.
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RESULTS: SECTION THREE

CHAPTER EIGHT

8. An analysis of the platelet intracellular calcium response to thrombin stimulation 
in psychiatric illness

8.1 Introduction

Several recent studies have suggested that the presence of depression substantially 

increases the morbidity associated with cardiovascular disease (Carney et al., 1988; 

Barefoot and Schroll, 1996; Pratt et ah, 1996). Patients with depression have an increased 

frequency o f vascular disease than non-depressed subjects. Depression is highly prevalent 

in patients with hypertension (Rabkin et ah, 1983), coronary artery disease (Carney et ah, 

1987) and vascular dementia (Sulzer et ah, 1993). Depression is a frequent complication 

o f stroke (Mendez et ah, 1989). Krishnan et ah, (1988) and Coffey et ah, (1988, 1989, 

1990) noted that elderly patients with depression have white brain matter hyperintensities 

more frequently than non depressed subjects. These white matter hyperintensities 

correspond with arteriosclerotic changes of perforating arteries (Braffinan et ah, 1988).

Although anxiety in general has not been associated with death, there are reports that panic 

states are associated especially with sudden death over a long term (Haines et ah, 1987; 

Kawachi et ah, 1994). Follow-up studies o f psychiatric patients with panic disorder have 

shown, an abnormally high mortality rate in men due to cardiovascular and cerebrovascular 

events (Weissman et ah, 1990). There is a paucity of data regarding any associations 

between schizophrenia and cardiovascular disease.
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Thrombin is a potent agonist that elicits platelet physiological responses such as shape 

change, granular content secretion and aggregation. Activation includes the stimulation of 

phospholipase C (PLC) and phospho lipase A2 once thrombin-receptor associated G- 

proteins are activated. PLC mobilizes inositol 1,4,5 triphosphate (LP3) which in turn 

'Mobilizes the second messenger, Ca2+ from the endoplasmic reticulum to the cytosol. The 

stimulation of phospholipase A2 results also in the production of active molecules. These 

include the endoperoxidases and thromboxanes that effectively induce further platelet 

activation. Although the exact regulation o f phospholipase A2 is not yet known, Ca2+ 

mobilization is a prerequisite for the activation of phospholipase A2. Increased platelet 

Ca2'1" is seen in major depression (Mikuni et a l,  1992; Kisumi. 1991).

8.2 Aim

The association between depression and cardiovascular disease is documented, but the 

selectivity o f the increased platelet response in other psychiatric illnesses is not as clearly 

elucidated. This analysis studied the platelet intracellular calcium response to thrombin 

stimulation in subsyndromal depression, major depression treated with ECT, panic 

disorder and schizophrenia to determine the selectivity o f the thrombin response in these 

disorders. This was undertaken to determine an association between psychiatric illness and 

cardiovascular disease, as well as for the purpose o f using the platelet thrombin response 

as a possible peripheral marker in psychiatric illness.

8.3 Methods

Patient Selection: Patients aged 18-70 years who met the study criteria for major 

depression, subsyndromal depression, schizophrenia and panic disorder were selected.
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Either BPRS scores for schizophrenic patients (Appendix C) or HAMD rating scales for 

depression (Appendix A) and panic disorder (Appendix B) as well as a structured clinical 

interview (Appendix D) to confirm the clinical diagnosis were performed. Exclusion 

criteria included significant medical illness, drug or alcohol abuse, and concomitant 

psychotropic drug therapy except benzodiazepines when necessary. The patients were all 

drug fiee with a washout period o f at least two weeks (five weeks for fluor itine). Those 

patients on depot neuroleptic medication had a washout period o f two weeks. Age and sex 

matched control volunteers without a history o f psychiatric illness and without any 

medical condition were included as well.

Platelets were collected as described in section 2.2. The platelets were suspended in an 

ASSAY buffer and incubated in the manner described in section 2.3.2. After the loading 

period the platelets were resuspended in a HEPES buffer described in section 2.3.2. and 

fluorescence measurements were made according to the procedure outlined in section 

23.3.

Statistical Analysis: Kruskal-Wallis tests for overall differences between the groups were 

performed. Pairwise comparisons between the groups, using Wilcoxon sign tests, were 

then performed to test where the differences were.

8.4 Results

At baseline, there is no significant difference in the intracellular calcium response between 

ail groups of psychiatric patients and controls (p>0.05), except for the schizophrenic 

patients who had lower baseline levels (p=0,03) (figure 8.1, table 8.1).
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Table 8.1 The platelet in tracellu lar calcium response to throm bin stimulation in

different psychiatric illnesses.

CONTROLS 65 27,9 102,05 310,16

SUBSYNDROMAL 16 28,3 113,18 250,74

MOD 13 46,7 110,93 498,04

MOD AFTER ECT 13 46,7 110,93 456,50

PANIC DISORDER 14 37 139,42 621,86

SCHIZOPHRENIA 15 30,5 81,51 329,30

Where MDD= major depressive disorder
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Figure 8,1 Baseline p la telet intracellular calcium levels in different psychiatric  

illnesses.

The intracellular calcium response to thrombin stimulation showed an overall difference 

between the five groups on the Kruskal-Wallis test (p=0,0002) (figure 8.2). Pairwise 

comparisons, using Wilcoxon sign tests between the groups showed that the panic disorder 

grou-. (n=l4) presented with the highest intracellular calcium response to thrombin 

Louts' i-it'on compared to controls (p=0.000). The mean intracellular calcium level 

secondary to thrombin in the panic disorder group was 621,86+-136,94nM) which was not 

significantly different (p=0,148) to the intracellular calcium response in the major 

depression group ([Ca2+i]= 498,04+-181,62 nM). This suggests that panic disorder has the
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highest intracellular calcium response to thrombin stimulation in the disorders tested,

followed by major depression.

Figure 8.2 P latelet intracellular calcium levels in  response to thrombin  

stim ula tion  in  different psychiatric illnesses.

The patients with schizophrenia (n=15) did not have significantly different thrombin 

responses than control subjects (p-0,51) and neither did the patients with subsyndromal 

depression (p=0,670;n=16). Mann-Whitney comparisons between males and females 

showed no statistically significant difference between intracellular calcium levels 

(p=0,612) across all groups o f psychiatric patients and controls.
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Although the numeric value for platelet intracellular calcium was lower in the major 

depression group rfter treatment with ECT, there was no significant change in the 

intracellular calcium response to thrombin stimulation (p=0.534).

8.5 Discussion

This analysis suggests that the platelet intracellular calcium response to thrombin 

stimulation may be used as a peripheral marker in psychiatric illness (fig 8.1 and 8.2). It 

also supports the suggested association between cardiovascular disease and certain 

affective disorders, namely major depression and panic disorder.

Panic disorder and depression have significantly increased thrombin responses compared, 

to controls (fig 8.2). In support of this finding, Musselman et a l,  (1996) and Laghrissi- 

Thode et al., (1997) also found abnormal platelet function in drug free depressed patients. 

These studies showed an increased propensity for platelets to aggregate. Noting that 

platelets are studied as markers for depression, Anda et al., (1993) hypothesized that 

platelets could represent a mechanism explaining the association between depression and 

ischaemic disease.

There appears to be a differential thrombin response dependent on the severity o f the 

depressive state. There is no apparent difference in the thrombin response between control 

subjects and the patients that have depressive symptoms below the threshold for major 

depressive dis< rudr whereas the major depression group has significantly higher thrombin 

responses. Delisi et al., (1998) found that increases in platelet intracellular calcium were 

correlated with symptom levels u. depressed patients, especially in those patients that had
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high anxiety levels. The authors suggested that since elevations in intracellular calcium 

mediate platelet aggregation and secretion cascades, the enhanced response observed in 

depressed patients may contribute to their increased risk of vascular disease. In the major 

depression group the increased intracellular calcium concentration in response to thrombin 

did not decrease after a course of ECT, suggesting that this augmented response may be a 

trait marker o f the depressive illness.

Patients with schizophrenia do not differ from control subjects in terms of their 

intracellular calcium response to thrombin stimulation (table 8.1; figure 8.2).

This study suggests that the platelet intracellular calcium response to thrombin stimulation 

may be used as a peripheral marker in psychiatric illnesses. This study also lends support 

to the hypothesis that panic states and major depressive disorders may predispose 

individuals to cardiovascular disease, although it is not known if this is an association or 

causality.
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CHAPTER NINE

9. Final Discussion and Conclusion

I have attempted to explain certain aspects of neuroscience research that were of interest to 

me, and were up until the present time unknown. It in no way answers all the outstanding 

questions and certainly raises many more.

A review of the literature highlighted the progression of research into the biological basis 

o f certain psychiatric disorders such as major depression, panic disorder and 

schizophrenia. It explained how the mere availability of neurotransmitter in central 

nervous system synapses was an oversimplified explanation of the pathophysiology 

involved in the disorders. Receptor studies improved the understanding of the biochemical 

pathology associated with psychiatric illnesses, but the results of these studies remain 

equivocal.

The measurement o f neurotransmitter levels in the body, or the measurement of receptor 

density on peripheral markers jf neuronal cells does not really explain the complex 

physiology o f neuronal communication that occurs when neurotransmitters activate 

receptor systems. The examination of second messenger responses may represent a more 

accurate physiological approach to neuroscience investigation. Intracellular calcium, as a 

second messenger response serves as an index of the functional capability of the receptor- 

regulated neurotransmitter response, and may differentiate the psychiatric illnesses to a 

significant degree, allowing for effective diagnosis and treatment of conditions that have a 

significant overlap in symptomatology.
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As outlined in the literature review, the platelet is justified as a peripheral marker of the 

neuronal cell. The focus of this thesis was to use the platelet second messenger calcium 

response to neurotransmitter stimulation as a peripheral marker in psychiatric illness, in 

order to examine functional abnormalities in receptor regulated second messenger 

responses specifically in major depression, panic disorder and schizophrenia. Generally, 

serotonin was used as the agonist. This is because of its close association with the 

pathophysiology of psychiatric illnesses, and because the platelet and the serotonergic 

neuron have documented similarities.

The thesis was split into three sections. The first section deals with whether the augmented 

intracellular calcium response to serotonin stimulation already documented in major 

depression is a trait of the depressive illness, or whether this response changes with 

successful treatment. I have shown that this response may represent a state of the 

depression, because the augmented response normalizes after a course of ECT (figure 3.2). 

Also, the decrease in responsivity of the intracellular response to serotonin correlates with 

the decrease in Hamilton Depression Rating Scales (figure 3.5) which measures clinical 

improvement. ECT was chosen as a treatment modality to control for a drug effect. As one 

of the reported mechanisms of action of ECT is to increase serotonin levels in the CNS, 

any difference in the intracellular calcium response to serotonin stimulation may reflect 

the biochemical changes brought about by ECT as a result of enhanced serotonergic 

transmission.

Chapter 3 has extensively discussed what may be the explanation behind the decreased 

sensitivity o f the second messenger response after a course of ECT in view of the fact that
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second messenger responses are linked to receptor systems, and SHTz receptor density is 

reported to increase with ECT. Without measuring the density o f 5HTz receptors, which 

was not performed in this thesis, I believe that the best explanation may be that either 

receptor density and receptor function are independent entities and increased receptor 

density may be a homeostatic correction secondary to dysfunctional second messenger 

transduction.

The issue of whether calcium uptake is involved to some extent in the augmented 

intiacelluiar calcium response was examined in the next chapter o f section one. The 

hypothesis was that if calcium uptake is involved in intracellular calcium release, then 

calcium uptake in response to serotonin should be augmented in major depression as well.

The hypothesis was correct. Augmented calcium uptake in response to serotonin was 

observed in patients with major depression (figure 4.1 and 4.2). With the use o f two 

methods of calcium uptake, it was noted that there is an immediate influx o f calcium 

within the first ten seconds of manganese addition into the medium (2.3). Also, there was 

another calcium uptake process occurring after five minutes (figure 2.7). This evidence 

may support the two pool model for calcium oscillations inside cells (Berridge, 1991). The 

initial calcium influx may represent primer calcium influx and may be partly necessary for 

intracellular calcium release. Once intracellular stores are depleted of calcium, there is 

another uptake process to replenish the depleted stores. The uptake is greater in depressed 

patients because of the increased utilization of intracellular calcium seen by the augmented 

intracellular calcium response in major depression.
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Chapter 5 of section one dealt with establishing whether or not the intracellular calcium 

response to serotonin was specific for major depression or seen in subsyndromal 

depression as well. Tne introductory review mentioned that there is the belief that the two 

disorders are on a symptomatic continuum and may be expressions of the same disease. 

The issue was whether the clinical similarities were expressed in a similar neurobiological 

dysfunction as well. The evidence suggests that the underlying dysregulation of second 

messenger responses to serotonin seen in major depression are not present in 

subsyndromal depression (figure 5.2 and 5.3). No dysregulation of intracellular calcium 

homeostasis was seen in these patients. The intracellular calcium response to serotonin 

was similar to a control group that was age and sex matched. This suggests that although 

the clinical characteristics of major depression and subsyndromal depression may be 

similar in clinical presentation, they are distinctly different in terms of biological 

dysfunction. Therefore the platelet intracellular calcium response to serotonin may be a 

specific peripheral marker in major depression.

A crucial issue in the establishment of the platelet response as a peripheral marker was to 

examine its selectivity. Panic disorder often has comorbidity with major depression. The 

literature review showed that similar drugs treat both conditions. Serotonin dysfunction, 

among other biological substrates, has been implicated in the pathophysiology of this 

disorder. Whether serotonin dysfunction in both disorders leads to the high incidence of 

comorbidity is still unknown. The literature review also cautioned that although similar 

neurotransmitter systems may be involved in different illnesses, this does not necessarily 

mean that the mechanisms underlying the disorders are identical. The platelet intracellular 

calcium response to serotonin was measured in patients with panic disorder without major 

depression to test whether there were any similar alterations in functional capacity in terms
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of serotonin. This would determine the selectivity of the response. The study failed to 

show any dysregulation of platelet intracellular calcium to serotonin in patients with panic 

disorder. The dysregulation o f serotonin which is stated in this disorder is not seen in this 

peripheral marker (figure 6.2 and 6.3). The study suggested that the platelet intracellular 

response to serotonin may be specific and selective for major depression.

Calcium uptake in response to serotonin was not measured in the subsyndromal group or 

the panic disorder group. The justification behind this was that since there were no 

intracellular calcium response differences between these disorders and control groups, no 

alteration in calcium uptake would be present either. This is perhaps a limitation o f the 

study and future research might look at these aspects.

Section two deals with the use of the platelet as a peripheral marker in schizophrenia. 

There is very little encouraging research available on effective peripheral markers in 

schizophrenia. Dopamine and serotonin as the classical neurotransmitters involved in 

schizophrenia do not show any significant effect on the platelet intracellular calcium 

response in this disorder. New evidence suggests that hypofimctional glutamatergic 

neurotransmission may play a role in the pathogenesis of schizophrenia. Glutamate 

receptors have been found on platelet membranes. The NMDA receptor is found on the 

protein complex of the calcium ion channel. These factors prompted the investigation of 

the intracellular calcium response to glutamate stimulation as a possible peripheral marker 

in schizophrenia. It must be emphasized that this does not represent the classical second 

messenger response seen in the other studies.
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The intracellular calcium response to glutamate stimulation was significantly augmented 

in schizophrenic patients (figure 7.3). If  the increased sensitivity of the intracellular 

calcium response is linked to upregulation of NMDA receptors on the calcium ion 

channel, then the evidence supports the hypoglutamatergic theory of schizophrenia, and 

suggests the use of the platelet as a possible peripheral marker in this disorder. The 

specificity o f this response in other psychotic disorders would be the next step into the 

research of this platelet marker.

In the next section, intracellular calcium responses to thrombin in the different disorders 

were analysed. Thrombin was used in all the experiments to elicit maximal calcium 

release before the cell was solubilized with Triton-X 100. On analysis, patients with major 

depression and panic disorder had significantly higher sensitivity to thrombin stimulation 

than patients with schizophrenia and subsyndromal depression whose responses were not 

significantly afferent to controls (figure 8.2).

The serendipitous findings support the growing hypotheses of associations of certain 

psychiatric disorders with cardiovascular disease. Patients with anxiety and depression 

have a high incidence o f cardiac disease. Thrombin plays a crucial role in platelet 

activation and is therefore associated with cardiovascular disease. Intracellular calcium is 

raised in essential hypertensive patients and patients with major depression. Although the 

clinical relevance of this association can be appreciated, it remains unknown which 

disorder may cause the other. Future research needs to be done in this field.

The evidence that there is an augmented intracellular calcium response to thrombin 

stimulation in panic disorder suggests that some abnormality in signal transduction exists
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in the disorder which may be unrelated to serotonin dysfunction. Also, the persistently 

high intracellular calcium response to thrombin seen after a course of ECT suggests that 

this response may represent a trait of the depressive illness.

These results suggest that thrombin and serotonin exert their effects on second messenger 

signal transduction via different mechanisms. Suffice it is to propose that the intracellular 

calcium response to thrombin may be used as a peripheral marker which shows the 

predisposition of certain psychiatric illnesses to cardiovascular disease.

Calcium changes inside the platelet are a reflection of the activity of second messenger 

responses to receptor stimulation. Using the platelet as a marker, examination of 

intracellular second messengers allows for the understanding of the functional capability 

of the receptor regulated signal transduction mechanism employed by cells for 

communication of neuronal information. In this way it represents the most physiological 

approach to the study of biological dysfunction in psychiatric disorders.

This thesis cannot possibly have studied every psychiatric disorder in terms o f second 

messenger response to neurotransmitter stimulation o f receptors. By choosing the 

disorders I  did, I hope I have justified the platelet as a peripheral marker which has 

specificity and selectivity in its response. Future research should be aimed at discovering 

the specificity of the platelet response to glutamate in. other psychotic disorders. Also, the 

association o f cardiovascular disease and psychiatric illnesses warrants further 

investigation.

I do believe that it is reasonable to suggest that intracellular second messenger responses 

in psychiatric illnesses may underlie the pathogenesis o f the disease processes and
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modification at this level will allow for better understanding and treatment of the 

conditions.
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Appendix A- Rating Scale for Depression

Patient. Age.... Sex

HAMD Grading Scores:
(0-4) 0: absent 1: mild 2: moderate 3: severe 4: very severe 
(0-2)0: absent 1: slight or doubtful 2: clearly present

Depressed mood (0-4):
Feelings o f guilt (0-4):
Suicidal impulses (0-4):
Insomnia early (0-2):
Insomnia middle (0-2):
Insomnia late (0-2):
Work and Activities (0-4):
Retardation (0-4):
Agitation (0-4):
Anxiety psychic (0-4):
Anxiety somatic (0-4):
Somatic symptoms gastrointestinal (0-2): 
Somatic symptoms general (0-2):
Genital symptoms (0-2);
Hypochondriasis (0-4):
Loss of weight (0-2):
Insight (0-2):
Diurnal variation (0-2):
Depersonalization (0-4):
Paranoid symptoms (0-4):
Obsessive and compulsive symptoms (0-2):

Total score: 0-7 = no depression
8-15 = subsyndromal depression 
16 or more = major depression

DSMIV (Tes/Nol 
Depressed mood 
Loss of interest 
Weight/appetite 
Sleep change 
Agitation/retardation 
Fatigue
worthlessness/guilt 
concentration 
dtath/suicide thoughts 
major depression = >5 yes 
BSD =2-5

Exclusion Criteria (Yes/No') 
Drug free (1 week) 
Fluoxetine (5 weeks) 
no other medicines 
no medical illness 
no hypertension 
no drug abuse 
Family/past history of 
mental illness (controls)

Melancholia fYes/No')

Anhedonia 
Loss of reactivity 
Distinct quality 
Diurnal
Terminal insomnia 
Retardation/ Agitation 
Anorexia/ weight loss 
Guilt
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Anpendix B- Rating scales for panic disorder

Patient. Age.... Sex

HAMD Grading Scores:
(0-4) 0: absent 1: mild 2: moderate 3: severe 4: very severe 
(0-2)0: absent 1: slighter doubtful 2: clearly present

Depressed mood (0-4):
Feelings o f  guilt (0-4):
Suicidal impulses (0-4):
Insomnia early (0-2):
Insomnia middle (0-2):
Insomnia late (0-2):
Work and Activities (0-4):
Retardation (0-4):
Agitation (0-4):
Anxiety psychic (0-4):
Anxiety somatic (0-4):
Somatic symptoms gastrointestinal (0-2): 
Somatic symptoms general (0-2):
Genital symptoms (0-2):
Hypochondriasis (0-4):
Loss of weight (0-2):
Insight (0-2):
Diurnal variation (0-2):
Depersonalization (0-4):
Paranoid symptoms (0-4):
Obsessive and compulsive symptoms (0-2):

Total score: 0-7 =  no depression
8-15 = subsyndromal depression 
16 or more =  major depression

DSMIV fYes/Nol 
Depressed mood 
Loss of interest 
Weight/appetite 
Sleep change 
Agitation/retardation 
Fatigue
worthlessness/guilt 
concentration 
death/suicide thoughts 
major depression = >5 yes 
SSD =  2-5

Exclusion Criteria ('Yes/No') 
Drug free (1 week) 
Fluoxetine (5 weeks) 
no other medicines 
no medical illness 
no hypertension 
no drug abuse 
Family/past history of 
mental illness (controls)

Melancholia CYes/Nol 
Anhedonia 
Loss o f reactivity 
Distinct quality 
Diurnal
Terminal insomnia 
Retardation/ Agitation 
Anorexia/ weight loss 
Guilt

Panic Attack f4 or morel 
Palpitations Nausea
Sweating Dizzy
Trembling chills
Choking paraesthesias
Shortness of Breath loss of control

Recurrent panic attacks (Yes/No) 
(one o f the following for one month) 

Fear of another attack 
Fear o f  the implications of the attack 
Behaviour change 
Agoraphobia
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Appendix C- Rating Scale for Schizophrenia

Patient.... Age  Sex.........

Brief Psychiatric Rating Scale fBPRS)

D= depressive symptoms 
8= schizophrenic symptoms
The DSM IV criteria for schizophrenia include the following symptoms:
I Bizarre delusions
II somatic or grandiose illusions 
HI delusions with persecutory ideas
IV auditory hallucinations
V incoherence associated with at least one o f the following
a) blunted affect
b) delusions or hallucinations
c) catatonic behaviour

When using BPRS for DSM IV schizophrenia a score of 3 or more on one of the 5 DSM 
IV symptoms is needed.

Somatic concerns (0-4) D
Anxiety (psychic) (0-4) D
Emotional withdrawal (0-4) S
Conceptual disorganization (0-4) S
Self depreciation and guilt feelings D 
Anxiety (somatic) (0-4) D
Specific motor disturbances (0-4) S 
Exaggerated self esteem (0-4) S
Lowered mood (0-4) D
Hostility (0-4) S
Suspiciousness (0-4) S
Hallucinatory behaviour (0-4) S
Decreased psychomotor activity D
Uncooperativenesss S
Unusual thought content S
Blunted or inappropriate affect S
Increased psychomotor activity S
Disorientation and confusion S

Exclusion Criteria 
Cannabis in the urine 
Hypertension
Depot neuroleptic (1 month) 
Substance abuse 
No medical illness
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Appendix D
M in i-In te rn a tio n a l N euro p sy ch ia tric  Interview , C linician R ated  (version 4.4)

(D 1992,1994 Sheehan DV & Lecrubier Y.

D. Sheehan, J . Jan av s, E. Knapp, M. Sheehan, R. Baker, K.H. Shoehan, University of South Florida, Tampa, U .S A  
Y. Lecrubier, E. Weiller, LI. Bonora, P. Amorim, J.P. Lepine, INSERM-Hopitai de la Saipetriere, Paris, Franca.

PATENT NAME: 
DATE OF INTERVIEW: 

DATE OF BIRTH: 
INTERVIEWER'S NAME'

PROTOCOL NUMBER: 
Time Interview Began: 
Time Interview Ended: 

Total Time:

m e a n s :  G o  t o  e n d  o f  d i s o r d e r ,  c i r c l e  N O  a n d  m o v e  t o  n e x t  d i s o r d e r .

A. MAJOR DEPRESSIVE EPISODE

A  1 

A  2

A 3

H a v e  you b e e n  consistently d e p r e sse d  or down, m ost of the day, nearly every NO YES
d a y , for the p a s t  two w eek s?

In th e  p ast two w eek s, have you b een  le s s  interested in m ost things or le s s  able NO YES
to enjoy the th in 's  you used  to enjoy m ost of the time?

If B oth  A1 & A 2  = NO, C ircle NO in A 4b  a n d  sk ip  to  B1

In th e  p a st two w eek s, w hen you felt d ep ressed  or uninterested, 
m o st  of the time:

Did your appetite ch an ge significantly or did your weight in crease  or NO
d e c r e a s e  ±  8  lb s. (i.e., ±5% 'of body w eight) without trying intentionally?

Did you h av e  trouble sleep ing  nearly every night (difficulty falling a s le ep , NO
waking up in th e  middle of the night, early morning wakening or sleep ing  
e x c e ss iv e ly )?

Did you talk or m ove more slow ly than normal or w ere you fidgety, re s tle ss  NO
or having trouble sitting still?

IF A1 OR A 2 A RE CODED NO?

C O D ES POSITIVE FOR CURRENT MDE (A1 & A 4a = YES) 
a n d /o r  (A2 & A 4a  = Y ES)?

YES

YES

YES

d Did you feel tired or without en ergy  m ost of the time? NO YES 6

e Did you feel w orth less or guilty (m ost of the  time)? NO YES 7

f Did you h ave difficulty concentrating or making d ecisions? NO YES 8

a Did you con sid er  hurting yourself, feel suicidal, or w ish that you  w ere d ead ? NO YES 9

a A R E 3  OR MORE ITEMS FROM A 3 CODED YES - OR 4  ITEMS FROM A3 NO YES

YES

IF PATIENT CODES POSIT

M.I.N.I. (4.4) rev. 9/5/35

1 R  MAJOR DEPRESSION (A4b = YES), SKIP TO BIPOLAR DISORDERS
83-

m eans: Go to end of disorder,
circle NO and m ove to next disorder
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B. DYSTHYMIA

(lent cu rren tly  m e e t s  criteria  fo r  m ajor d e p re s s iv e  e p is o d e , d o  n o t e x p lo re  th is  se c tio n .

H ave you felt sa d , low or d ep ressed  m ost of the time for the last two y ears? NO YES
63*

1 0

W as this period interrupted by your feeling OK for two m onths or m ore? NO YES 11

During this period of feeling d ep ressed  m o st of the time:

a Did your appetite ch an ge significantly? NO YES 1 2

b Did you h a v e  trouble sleep ing  or sleep  ex cessively? NO YES 1 3

c Did you fee l tired or without energy? NO YES 1 4

d Did you lo se  your self-confidence? NO YES 1 5

e Did you h a v e  trouble concentrating or making decision s? NO YES 1 6

f Did you fee l h o p e le ss? NO YES 1 7

Did the sym p to m s of dep ression  c a u se  you significant d istress or impair your 
ability to function at work, socially , or In your other daily activities?

NO YES 1 8

ARE 2  OR MORE ITEMS FROM B 3 & B 4  CODED YES?

NOTE: T h e d iagn osis of double depression  and major depression  
in partial rem ission  are not explored in the  MINI but can  b e  explored in 
detail with additional q u estion s in the MINI Plus.

C. BIPOLAR DISORDERS

C 1 a  H ave you  e v e r  had a  period of time w hen you w ere feeling 'up' or 'high' NO YES
or s o  full o f  en ergy  or full of yourself that you got into trouble, or that 
other p e o p le  thought you w ere not your usual self?
(Do not co n sid er  tim es w hen  you w ere intoxicated on  drugs or alcohol.)

If patient i s  puzzled  or unclear about w hat you m ean  by 'up’ or 'high', clarify 
a s  follow s: By 'up' or 'high' I m ean: -having elated  m ood, -increased  energy,
•need ing le s s  s le e p , -having rapid thoughts, -being full of id ea s, • having an 
in crea se  in productivity, creativity, motivation or im pulsive behavior?

b  H ave you  e v e r  b een  persistently irritable, s o  that you  shou ted  or started NO YES
fights or argu m en ts with p eop le  outside your family?

If NO to  all o f  C la -b , C ircle NO In C 5 a n d  s k ip  to  P I

C  2  H ave you  b e e n  feeling 'up' or 'high', full of energy or irritable in the p a st NO YES
m onth (m a n ic  sym ptoms)'?

NOTE: If currently m anic (C2 = YES), explore only current ep isod e.
If no current m ania, exp lore  m ost sym ptom atic p a st  ep iso d e .

C  3  During th e  tim es w hen you  felt higrs, full of energy, or irritable did you:

«=" m eans: Go to end of disorder,
M .I.N .I. (4 .4 )  rev. 9/5/95 circle NO and m ove to next disorder
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a F eel that you could do things others couldn't do, or that you w ere  
an especia lly  important person?

NO YES 4

b N eed  le s s  s le e p  (e .g ., feel rested  after only a  few  hours s leep )? NO YES 5

c Talk too m uch without stopping, or so  fast that peop le had difficulty understanding? NO YES 6

d H ave thoughts racing through your h ead  s o  fast that you had difficulty 
keeping track of them ?

NO YES 7

e B eco m e ea sily  distracted so  that any little interruption could distract you? NO YES 8

f B eco m e s o  active or physically res tle ss  that others w ere worried about you? NO YES 9

g W ant so  m uch to e n g a g e  in p leasurable activities that you ignored the NO YES 1 0

C 4

risks or c o n se q u e n c e s?  (e .g ., spending sp re es , reck less driving, or 
sexu a l indiscretions)?

S u m m a ry  o f  C 3: Are 3  of the C3 an sw ers coded  Y ES (or 4  if C l a  is NO)?
RULE: E lation /E xpansiveness requires only three C3 sym ptom s while 
the other criteria require four of the C3 sym ptom s.

Did th e se  sym ptom s la st at lea st  a  w eek  and c a u se  problem s beyond your 
control at h om e, work, sch oo l, or w ere you hospitalized for th e se  
problem s?

«3*

NO

NO

YES

YES

HYPOMANIC
EPISODE

MANIC
EPISODE

11

C  5  a  CODES POSITIVE FOR CURRENT MANIC EPISODE?
HYPOMANIC EPISODE (C2 =  YES an d  C 3(sum m ary)=Y ES)

b  Prior to  th e  la s t  m o n th , h a s  th e  p a tie n t  e v e r  h a d  a  m a n ic  
(h y p o m a n ic) e p i s o d e ?  (OS = YES a n d  C ta-b= Y E S)

NOTE: T he d iagn osis o f p ast major dep ression  is not explored in the MINI but 
can b e  explored in detail with additional q u estion s in the MINI Plus.

D. PANIC DISORDER

D 1 PANIC DISORDER * *
a  H ave you , on m ore than o n e  o ccasion , had sp ells or attacks w hen you suddenly NO YES

felt anxiou s, frightened, uncom fortable or u n easy  in a  situation w here m ost  
p eo p le  would not fee l that w ay?

83*

b  At any tim e in th e  p ast, did any of th o se  sp e lls  or attacks co m e  on NO YES
unexpectedly or occur in an unpredictable or unprovoked m anner?

c  H avs you ev er  had o n e  su ch  attack follow ed by a  month or m ore of persisten t NO YES
fear of having another attack, or worries about the c o n se q u e n c e s  of the  
atta ck ?

Q 1 m eans: fto to end of disorder,
M.I.N.I. (4.4) «v. 9/s/9$ circle NO and m ove to next disorder
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, d  D uring th e w o r st sp e ll that, yo u  c a n  rem em b er:

1 Did you have skipping, racing or pounding of your heart? NO YES 4

2 Did you have sw eating or clammy hands? NO YES 5

3  W ere you trembling or shaking? NO YES 6

4 Did you h av e  sh o rtn ess of breath or difficulty breathing? NO YES 7

5 Did you have a  choking sensation  or a  lump in your throat? NO YES 8

6 Did you have c h e s t  pain, p ressu re or discom fort? NO YES 9

7 Did you have n au sea , stom ach problem s or sudden  diarrhea? NO YES 1 0

8 Did you feel dizzy, u n stead y , lightheaded  or faint? NO YES 1 1

9 Did you feel d etach ed  from things around you or detached  from part of your body? NO YES 1 2

1 Q Did you fear that you w ere  losing control or going crazy? NO YES 13

1 1 Did you fear that you w ere  dying? NO YES 1 4

1 2 Did you h av e  tingling or nu m b n ess in parts of your body? NO- YES 1 5

1 3 Did you have hot flu sh es or chills? NO YES 1 6

S u m m ary D id :  Are at le a s t  4  o f the a b ove D id  sym ptom s co d ed  Y ES? NO YES

e CODES POSITIVE FOR LIFETIME PANIC DISORDER? 
D la  an d  D lb  an d  D 1 c  an d  S u m m a ry  o f  D id  = YES  
IF e  IS CODED NO, SKIP TO D ig .

NO YES 
Panic Disorder 

Lifetime

In the p a st m onth, did you h ave su ch  attacks repeatedly, or did you have  
o n e  attack follow ed by persisten t fear o f having another attack? (If this is 
denied by th e  patient - ch a llen g e  by reviewing the sym ptom s en d orsed  in D id )

IF D lf  IS CODED YES SKIP TO E l .

NO YES
Panic Disorder 

Current

1 7

g  Apart from th e pan ic attacks with 4  or m ore sym ptom s that w e  just d iscu ssed , 
in the p a st  m onth, did you  h ave su d d en  attacks of only 3 , 2  or 1 of tho above  
sym p tom s.
CODES POSITIVE FOR CURRENT LIMITED SYMPTOM ATTACKS.

E. AGORAPHOBIA

E 1 a  Do you feel particularly u n ea sy  in p la c e s  or situations from which e s c a p e  
might b e  difficult or em barrassing, or help might not b e  available: like 
being in a  crowd, standing In a  line, being a lone aw ay from hom e, crossing  
a  bridge, or traveling in a  b u s, train or car?

b  D o you fear th e se  situations s o  m uch that you avoid them , suffer 
through them , or n eed  a  com panion  to fa c e  them ?

Patient c o d e s  positive for Panic Disorder, Current Patient d o e s  not 
co d e  positive for A goraphobia, Current

NO YES
Current 

Limited Symptom  
Attacks

1 8

sar
NO

83*

YES 1 9

NO YES
Agoraphobia  

Current

20
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d P atient c o d e s  positive for Panic Disorder (current) with Agoraphobia, 
Current.

e  P atient c o d e s  p o sitiv e  for Current Agoraphobia without history of 
P anic Disorder, Lifetime.

F. SOCIAL PHOBIA

F 1 a In the p a st m onth, w ere  you fearful or em barrassed being the focu s of attention  
or fearful of being humiliated? This includes things like speaking in public, 
using public to ilets, writing while so m eo n e  w atch es, or being in socia l situations.

NO C u rren t Y E S|

NO YES

b  Is this fear e x c e s s iv e  of unreasonable?

c  Do you fear th e s e  situations s o  much that you avoid them or suffer through  
th e m ?

d  D o e s  this fear  disrupt normal work or social functioning or c a u se  
m arked d istress?

G . SPECIFIC PHOBIA

a  In the  past m onth , h av e  you b een  ex cessiv e ly  afraid of things 
heights, sto rm s, anim als, in sects , or see in g  blood or n eed les?

b  Is this fear e x c e s s iv e  or unreasonable?

c  -Do you fear t h e s e  situations s o  m uch that you avoid them or suffer through  
th em ?

d  D o e s  this d isrupt normal work or soc ia l functioning or ca u se  
marked d istress?

NO

is*
NO

YES

YES

*

YES
oia

BS-
NO YES

NO YES

Ba?

NO YES

■

YES
bia

H. OBSESSIVE COMPULSIVE DISORDER

H 1 In th e  p a st  m onth , h av e  you b een  bothered by recurrent thoughts, im pu lses,
or im ages that w ere  unw anted, distasteful, inappropriate, intrusive, or 
distressing? ( e .g .,  th e  id ea  that you  w ere dirty or had germ s, or of hurting 
so m e o n e  .even  though  you didn't w ant to)
(DO NOT INCLUDE SIMPLY EXCESSIVE WORRIES ABOUT REAL UFE PROBLEMS. 
DO NOT INCLUDE OBSESSIONS DIRECTLY RELATED TO EATING DISORDERS, 
SEXUAL BEHAVIOR, PATHOLOGICAL GAMBLING, OR ALCOHOL OR DRUG ABUSE 
BECAUSE THE PATIENT MAY DERIVE PLEASURE FROM THE ACTIVITY AND MAY 
WANT TO RESIST IT ONLY BECAUSE OF ITS NEGATIVE CONSEQUENCES.)

H 2  Did they k e e p  com ing  back  into your mind ev en  w hen you tried to ignore
or g e t  rid o f  th e m ?

•Skip to Q uestion H4 

NO* YES 1

NO* YES
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H 3 , D o you think that th e se  o b se ss io n s  are the product of your own mind
and  that they are not im posed  from the outside?

H 4  In the past m onth, did you do som ething repeatedly without being able
to resist doing it, like w ashing ex cess iv e ly , counting or checking  
things over and over?

H 5 Did you recogn ize that either th e se  o b session a l thoughts or com pulsive
behaviors w ere  e x c e ss iv e  or unreasonable?

H S Did th e se  o b se s s io n s  or com pulsions significantly interfere with your
normal routine, occupational functioning, usual socia l activities, or 
relationships, or did they take m ore than o n e  hour a  day?

" IF  NO TO H 4 AND TO HI OR H2: GO TO END OF DISORDER,
CIRCLE NO AND MOVE TO NEXT DISORDER.

C O D E S POSITIVE FOR CURRENT OCD IF EITHER (HI & H2 & H3 & H5 
& H 6) OR (H4 & H 5 &  H6) IS YES.

NO YES

N O "  YES

NO YES

NO YES

f 'n fro r 1
YES

I. GENERALIZED ANXIETY DISORDER 

Skip this disorder if the patient's anxiety is restricted exclusively  to or better 
explained  by any disorder prior to this point.

I a 1 H ave you worried ex cessiv e ly  or b een  anxious about 2  or m ore things (e .g ., 
fin an ces, children's health, misfortune) over the p a st 6  m onths?
M ore than m o st others would? Are th e se  worries present m ost d ays?
H ave severa l p eop le  told you that you worry too m uch?

2  Do you find it difficult to control the worries or do they interfere with your 
abiltiy to fo cu s on w hat you are doing?

I b  During these  worried periods when you are anxious, do  you:
(DO NOT CODE SYMPTOMS OCCURRING ONLY DURING PANIC ATTACKS)

1 F eel restless , keyed  up or on e d g e?

2  F ee l te n se ?

3  F eel tired, w ea k  or exh au sted  easily?

4  H ave difficulty concentrating or find your mind going blank?

5  F eel irritable?

6  H ave difficulty sleep in g ?

S u m m a ry  o f  lb : Are at least 3  of lb an sw ers YES?

CODES POSITIVE FOR CURRENT GAD (lb (sum m ary) =  Y ES)?

B3*
NO YES 1

S3*
NO YES 2

NO YES 3

NO YES 4

NO YES 5

NO YES 6

NO YES 7

NO YES 8

NO YES

jOurrent
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J . ALCOHOL A BU SE AND DEPENDENCE

J  11 IN THE PA ST 1 2  MONTHS, have you had 3 or more alcoholic drinks within a  
3  hour period on 3  or m ore o ccasion s?

B3*

NO YES

2
a

IN THE PAST 1 2  MONTHS:
Did you n eed  to drink more in order to g e t  the sa m e  effect that you  
d id  w hen you first started drinking?

NO YES

b W hen you cu t dow n on drinking did your hands shake, did you sw ea t or 
fe e l  agitated? Did you drink to avoid th e se  sym ptom s or to avoid being  
h u n go v er , e .g . ,  "the shakes", sw eating or agitation?

NO YES

c During the tim es w hen you drank alcohol, did you end up drinking 
m ore than you  planned w hen you started?

NO YES

d H a v e  you tried to reduce or stop  drinking alcohol? NO YES

e O n the  d ays that you drank, did you sp en d  more than two hours per day in 
obtain ing a lcohol, drinking, and in recovering from the effects of alcohol?

NO YE3

f D id you sp en d  le s s  time working, enjoying hobbies, or being 
w ith others b e c a u s e  o f your drinking?

NO YES

g H a v e  you continued  to drink ev en  though you knew that the drinking ca u sed  
h ealth  or m ental problem s?

NO YES

IS -

h C O D ES POSITIVE FOR CURRENT ALCOHOL DEPENDENCE? 
(A t l e a s t  3  o f  J 2  a r e  c o d e d  YES) s r

YES
lence

3  a In th e  PA ST 1 2  MONTHS, have you b een  intoxicated, high, or hungover m ore  
than  o n c e  w h en  you had other responsibilities at school, at work, or a t hom e?  
Did this c a u se  any problem s? (C ode YES only if this cau sed  problem s.)

NO Y B

b In the  PAST 1 2  MONTHS, w ere  you intoxicated in any situation w here you  
w e r e  physically  a t  risk, e .g ., driving a  car, boating, using me -inery, etc .?

NO YES

c In th e  PA ST 1 2  MONTHS, have you had any legal problems b e c a u se  of your 
drinking, e .g ., an  arrest or disorderly conduct?

NO YES

d In th e  PA ST  1 2  MONTHS, have you continued to drink even  though your 
drinking c a u se d  problem s with family or other peop le?

NO YES

e C O D E S POSITIVE FOR CURRENT ALCOHOL ABUSE? 
(J 3 a  o r  b  o r  c  o r  d  = YES) - - II

YES
s e

10

11

12

K 1 a

K. NON-ALCOHOL PSYCHOACTIVE SUBSTANCE USE DISORDERS
BSP

NO YESN ow  I am  goin g  to read to you a  list of street drugs or m ed icines. Stop m e if,
IN THE PA ST 1 2  MONTHS, you have taken more than on ce, any of them  to g et  
high , to feel better, or to ch a n g e  your m ood.
CIRCLE EACH DRUG TAKEN: •
Q u aa lu d e , S e c o n a l ("reds’). Valium, X anax, Librium, Ativan, D alm ane, Halcion, barbiturates, Miltown 
or tranquilizers. Marijuana: hashish  ("hash"), THC, "pot", "grass", "weed", "reefer". Am phetam ine:

M .I.N .I. ( 4 .4 )  rev. 9/5/95
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K, 2

K 3 a

'sp e e d ', crystal math, "rush", dexadrine, Ritalin, diet pills. C ocaine: snorting, IV, freeb ase , crack, 
’speedball". Narcotics: heroin, morphine, dilaudid, opium, dem erol, m ethadone, cod ein e , percodan, 
darvon. LSD ("acid"), m escaline, peyote, PGP ("angel dust*, "peace pili"), psilocybin, STP, or 
"mushrooms". S tero id s, "glue", ethyl chloride, nitrous oxide, {-laughing g a s ’), amyl or butyl nitrate 
("poppers"). E c sta sy , MDA, MDMA, nonprescription sle ep  or diet pills. Any others?
Specify M O ST U SE D  Drug(s): ________________________________
SPECIFY WHICH WILL BE EXPLORED IN CRITERIA BELOW:

If c o n c u r r e n t  o r  s e q u e n t ia l  p o ly s u b s ta n c e  u s e :

•Each drug c la s s  u sed  individually.

M ost u sed  drug c la s s  only.

If o n e  d ru g  u s e d :

Single drug c la s s  only.

C o n sid e r in g  th e  d ru g  c la s s  s e le c te d , IN THE PA ST 1 2  MONTHS:

a  H ave you  found that you n eed ed  to u se  more of the drug to g e t  the sa m e  
effect that you  did w hen  you first started  taking it?

b  W hen you red u ced  or stop p ed  using drugs did you have withdrawal sym ptom s?
(A ches, shak ing , fever, w ea k n ess, diarrhea, n au sea , sw eating, heart pounding, 
difficulties s le ep in g , or feeling agitated, anxious, irritable, or d ep ressed .)
Did you u s e  any drug(s) to k eep  yourself from getting sick (WITHDRAWAL 
SYM PTOM S) or s o  that you would fee l better?

c  H ave you  often  found that w hen you u se d  drug(s), you ended  up 
taking m ore than you  thought you would?

d  H ave you  tried to red u ce or stop taking th e se  drug(s)?

e  On the  d a y s  that you  u se d  drug(s), did you sp en d  more than 2  hours per day
obtaining, using and  recovering from drug(s), or thinking about •drug(s)?

f  Did you sp e n d  le s s  tim e working, enjoying hobbies, or being with family 
or friends b e c a u se  of your drug u se?

g  H ave you con tinu ed  to u se  drug(s) e v e n  though it ca u se d  health or m ental 
problem s?

h  CODES POSITIVE FOR CURRENT PSYCHOACTTVE SUBSTANCE 
D EPEN D EN C E (A t le a s t  th r ee  K 2  s  are  c o d e d  Y ES)?  
s p e c i f y  d r u g (s ) :  ________________ _____

C o n s id e r in g  t h e  d ru g  c l a s s  s e le c t e d :

In the PA ST 1 2  M ONTHS, h ave you b een  intoxicated, high, or hungover 
from drug(s), m ore than o n ce , w hen you had other responsibilities at 
sch oo l, a t  work, or a t hom e? Did this c a u se  any problem?
(C ode Y E S only if this ca u se d  problem s.)

In th e  PA ST  1 2  M ONTHS, have you b een  high or intoxicated from drug(s) 
in any situation w h ere you w ere physically at risk (e .g ., driving a  car, 
boating, using m achinery, etc .)?

□
□
□

NO

NO

NO

NO

NO

NO

NO

YES

YES

YES

YES

YES

YES

YES

4

5

mm

YES

NO

NO

YES

YES
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In the PAST 12  MONTHS, have you had any legal problem s b e c a u se  of 
your drug u se , e .g ., an arrest or disorderly conduct?

In the PAST 12  MONTHS, have you continued to u se  dm g(s) ev en  
though it ca u se d  problem s with your family or other peop le?

NO

NO

YES

YES

1 0

11

CODES POSITIVE FOR CURRENT PSYCHOACTIVE SUBSTANCE A BU SE  
(K 3a or  b or  c  o r  d = YES)?

YES

L  PSYCHOTIC SYNDROMES

A sk  fo r  a n  e x a m p le  o f  e a c h  q u e s t io n  a n sw e r e d  p o s it iv e ly .
C o d e  Y e s  only if the ex a m p les clearly sh ow  a  distortion o f thought or o f perception.
B efore cod ing , investigate w hether delusions qualify a s  "bizarre".

D elu sion s are "bizarre" if: clc-arly implausible, absurd, not understandable, and  
cannot derive from ordinary life experience.

H allucinations are sc o r e d  "bizarre" if: a  vo ice  com m ents on the p erson's thoughts or behavior, 
or w hen two or m ore v o ices  are conversing with ea ch  other.

Now I am  going to ask  you about usual exp erien ces that so m e  individuals may 
exp erien ce .

L 1 a  M sve your relatives or friends ever considered  any of your b eliefs strange  
or unusual? P le a se  give m e an exam ple.
Interviewer Only C ode Y es if the exam ples are CLEARLY delusional 
ideas o f GRANDIOSITY, HYPOCHONDRIASIS, RUIN, GUILT, etc.)

b  IF YES: do they currently consider your beliefs strange?

L 2  a  H ave you e v er  b elieved  that p eop le  w ere  spying on you, or that so m e o n e  w as  
plotting a g a in st  you , or trying to hurt you?

b  IF YES: do you currently b elieve th e se  things?
NOTE: A sk for exam p les, to rule out actual stalking.

L 3  a  H ave you  e v e r  believed  that so m e o n e  w a s reading your mind or could  h ear
your thoughts or that you could actually read or hear w hat another person  
w a s thinking?

b  IF YES: d o  you  currently believe th e se  things?

L 4  a  H ave you  ev er  believed  that so m e o n e  or so m e  force outside o f yourself 
put thou gh ts in your mind that w ere not your ow n, or m ade you a c t  in a  
w ay that w a s  not your usual se lf?
CLINICIAN: A sk for exam p les and d iscount any that are not p sych otic , 

b IF YES: do you currently believe th e se  things?

L 5  a  H ave you e v e r  b elieved  that you w ere being s e n t  sp ec ia l m e s s a g e s  through the 
TV, radio, or new spaper, or that a  person  you did not personally know  w a s  
particularly in terested  in you?

NO

NO

NO

NO

NO

NO

NO

NO

NO

B izarre

s :
- i ;
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b IF YES: do you currently b elieve  th e se  things? NO YES YES% 1 0
■

L 6 a  H ave you ev er  heard things other p eop le  couldn't hear, su ch  a s  vo ices?  NO YES - . 11
H allucinations are sco red  "bizarre’ only if patient an sw ers Y E S to the following: /  • . ,
Did you h ear a  v o ice  com m enting on your thoughts or behavior or did you hear YES*;
two or m ore v o ic e s  talking to ea ch  other? - - ' i 'V

b If YES, h av e  you heard th e se  things in the p ast month? S co re  a s  "YES Bizarre’ NO YES .YES* 1 2
if patient heard a  v o ice  com m enting on their thoughts or behavior or heard " S k i p  t o - L i b
two or m ore v o ic e s  talking to each  other.

L 7  a  H ave you ev er  had v ision s or have you ever  se e n  things other peop le couldn't s e e ?  NO YES 1 3

b  IF YES, h a v e  you s e e n  th e se  things In the p a st month? NO YES 1 4

CLINICIAN'S JUDGM ENT

L 8 Is the patient currently exhibiting in coh eren ce, d isorganized  sp e e c h , or NO YES 1 5
m arked loosen in g  of a sso c ia tio n s?

L 9  Is the  patient currently exhibiting d isorganized  or catatonic behavior? NO YES 1 6

L 1 0 A P .E 1  OR MORE ITEMS FROM L ib , L2b, L3b, L4b, L5b, L6b, 
CODED YES BIZARRE?

CR

A RE 2  O R  MORE ITEMS FROM L ib , L 2b, L5b, L6b,
L 7b, L8, L9 CODED YES (RATHER THAN YES BIZARRE)?

L 11 A R E 1 OR MORE ITEMS FROM LI a , L2a, L3a, L4a, L 5a, L6a, 
CODED YES BIZARRE?

CR

A R E  2  O R  MORE ITEMS FROM L1a, L 2a, L5a, L6a,
L7a, L8, L9 CODED YES (RATHER THAN YES BIZARRE)?

L 1 2  IFL11 CODED YES: DOES TOE PATIENT CODE POSITIVE FOR CURRENT
MAJOR DEPRESSION OR CURRENT OR PAST BIPOLAR DISORDER?

L 1 3  IF L11 CODED YES:
W ere th e  b eliefs and  ex p er ien ces  you just described  (g ive ex a m p les to patient) 
restricted ex c lu sive ly  to tim es w h en  you w ere  feeling d ep ressed /h igh /very  
irritable?

P sych ou ., r o t n e

NO YES

“S" m eans: Go to end of disorder,
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M. ANOREXIA NEAVOSA CRITERIA (option al)

M 1 How tall are you?

M 2  W hat w a s  your low est w eight in the past 3  m onths?

J Ft/In 

J Lbs

M 3  IS PATIENTS WEIGHT LOWER THAN THE THRESHOLD CORRESPONDING TO
HIS/HER WEIGHT?
(S e e  table on opposite  p age.)

IN THE P A ST 3  MONTHS:

M 4  In sp ite of this low weight, h ave you tried not to gain weight?

M 5  H ave you feared gaining w eight or becom ing fat, even  though you  w ere
underw eight?

M 6  a  H ave you co n sid ered  yourself fat or that part of your body w a s  too fat?

b  H as your body w eight or sh a p e  greatly influenced how you felt about yourself?

c  H ave you thought that your current low body w eight w a s normal or e x c e s s iv e ?

M 7  ARE 1 OR MORE ITEMS FROM M6 CODED YES?

M 8  fo r  w omen o n ly : During the last 3  m onths, did you m iss all your m enstrual
periods w hen  they  w ere exp ected  to occur (when you w ere not pregnant)?

CODES POSmVE FOR APfOREXlA NERVOSA CURRENT?
(P a tien t c o d e s  y e s  to  M3-M 8, If m a le , o n ly  M3-M7.)

NO YES 1

cs*
NO
B3-

YES 2

NO YES 3

NO YES 4

NO YES 5

NO
US1

YES 6

NO YES

NO

83*

YES 7

v s

N. BULIMIA NERVOSA CRITERIA (option al)

N 1 In the p a st three  m onths, did you have eating b inges or tim es w hen you a te  
a  very large am ount of food within a  2-hour period?

S3*

NO

S3*

YES

N  2 In the la st 3  m onths, did you have eating b inges a s  often a s  tw ice a  w eek ? NO YES

N 3 During th e s e  b in g e s , did you  feel that your eating w a s out o f control? NO YES

N 4 Did you do anything to co m p en sa te  for, or to prevent a  w eight gain  from th e se BSP

binges, like vom iting, fasting, exercising or taking laxatives, e n e m a s , diuretics NO YE.
(fluid pills), or other m edications?

63*

N 5 D o es your body w eight or sh a p e  greatly influence how  you fee l about yourself?  

IF PATIENTS SYMPTOMS MEET CRITERIA FOR ANOREXIA NERVOSA, ASK :

NO YES

N  6 Do th e se  b in g es occur only w hen you are underweight for your height?  
(INTERVIEWER: Underweight is a  weight below  threshhold according to 
th e  h eigh t/w eigh t table.)

NO YES

b - m eans: Go to end of disorder,
M .i.N .I . (4 .4 )  r«v. g/s/gs circle NO and m ove to next disorder
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CODES POSITIVE FOR BULIMIA NERVOSA?
(P a tien t c o d e s  Y ES to  N1, 2 , 3 , an d  5  an d  NO to  N6)

85*

CODES POSITIVE FOR ANOREXIA NERVOSA, BINGE EATING TYPE? 
(P a tien t c o d e s  YES to  N6.)

O . POST-TRAUMATIC STRESS DISORDER (optional)

O 1 H ave you  e v er  exp erien ced  an unusually traumatic or stressful even t
(e .g ., earthquakes, floods, physical a ssau lt or rape, being in w ar or com bat, 
killing so m e o n e , se e in g  people killed, fires, serious accidents)?

O  2  During th e  p a st  month, have you re-experienced the even t in a  d istressin g  way
(i.e., d ream s, in ten se  recollections, flashbacks or physical reactions)?

O 3  IN THE PAST MONTH:
a  H ave you  avo id ed  thinking about the event, or have you avoided things that 

remind you  of th e  event?

b H ave you  had trouble recalling so m e  important part of what h ap p en ed ?

c  H ave you  b e c o m e  le s s  interested in hob b ies or social activities?

d  H ave you  felt d etach ed ?

e  H ave y o u  noticed  that your feelings are num bed?

f  H ave you  felt that your life would b e  shortened  b e c a u se  of this traum a?

S u m m a ry  o f  0 3 :  Are at least 3  of 0 3  resp o n ses co d ed  Y ES?

O  4  IN THE PAST MONTH:
a  H ave you  had difficulty sleep in g?

b W ere you  e sp ec ia lly  irritable or did you have outbursts Jf anger?

c  H ave you had difficulty concentrating?

d W ere you  nervou s or constantly on your guard?

e  W ere you  easily  startled?

S u m m a ry  o f  0 4 :  Are at least 2  0 4  r e sp o n ses  coded  YES?

0  5  During th e  p a st  m onth, h a v e  th e se  problem s significantly interferred with
your work or so c ia l activities, or ca u se d  marked d istress?

CODES POSITIVE FOR POST-TRAUMATIC STRESS DISORDER 
( 0 1 ,  0 2 ,  0 3  (S u m m a ry ), 0 4  (S u m m ary), & 0 5  = Y ES)?

ss*

NO

85-

NO

NO

YES

YES

YES

NO YES 4

NO YES 5

NO YES 6

NO YES 7

NO
its-

YES 8

NO YES

NO YES 9

NO YES 1 0

NO YES 11

NO Y B 1 2

NO YES 1 3

85-

NO YES

NO YES 1 4

YES
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p  1

P. SUICIDALITY

Did you ever m ake a  su icide attempt? NO YES 1

P  2

IN THE PAST MONTH DID YOU: 

W ish you w ere d ead ? NO YES 2

P  3 W ant to harm yourself? NO YES 3

P  4 Think about su ic id e? NO YES 4

P  5 H ave a  su icide plan? NO YES 5

P  6 Attem pt su ic id e? NO YES 6

If YES to  o n e  o r  m o r e  o f th e  a b o v e  th e n  " p atien t Is at 
P I or  P 2 or  P3 YES = LOW 

P 4  o r  (P1 + P3) YES = MODERATE 
P 5 OR PS or  (PI + P 4) YES = HIGH 

risk  fo r  su ic id e ."

v s
 .....Q,.,

Q 1

Q 2

ADDENDUM

Qc ANTISOCIAL DISORDER (option al)

B efore you w ere 15  y e a r s  old, did you:

• repeatedly skip sc h o o l or run aw ay from hom e overnight? NO YES 1

• repeatedly lie, c h e a t , "con" others, or stea l? NO YES 2

• start fights or bully, threaten, or intimidate o thers? NO •YES 3

• deliberately d estroy  things or start fires? NO YES 4

• deliberately hurt an im als or p eop le? NO YES 5

• force so m e o n e  to h a v e  se x  with you? . NO YES 6

If a t  le a s t  2  Q1 = YES co n tin u e  w ith Q2

S in ce  you w ere 15 y e a r s  old, h ave you:

repeatedly b eh aved  in a  w ay that others would con sid er  irresponsible, like 
failing to pay for things you ow ed, deliberately being im pulsive or deliberately  
not working to support yourself? (DO NOT COGS YES if the behavior is ONLY 
politically or religiously different.)

NO YES 7

d o n e  things that are  illegal ev en  if you didn't g e t  cau gh t (i.e ., destroying  
property, shoplifting, stea lin g , se lling  drugs, or committing a  felony)?

NO YES 8

b een  in physical fights repeatedly (Including physical fights with your sp o u s e  
or children)?

NO YES 9

often lie 4 or "conned" other p eop le  to g e t  m oney or p leasu re , or lied just for fun? NO YES 10

ex p o se d  others to d a n g er  without caring? NO YES 1 1

M .I.N .I. (4 .4 )  rev. i/SflS
Q - m eans: Go to end of disorder,

circle NO and m ove to next disorder
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, i >1 felt no guilt after hurting, m istreating, lying to, or stealing from others, or after 
d am aging property?

Q 3  CODES POSITIVE FOR ANTISOCIAL DISORDER 
(A T LEAST 3  O & H  s  YES)

NO YES 1 2

YES

M .I.N .I. ( 4 .4 )  lev. 9/5/55
BP m eans: Go to  end of disorder,

circle NO and m ove to next disorder

1 4 2



IIME FRAMES

DISORDER INTERVIEW TIME FRAME

A. MAJOR DEPRESSIVE EPISODE PAST 2  WEEKS

B. DYSTHYMIA PAST 2  WEEKS

C. MANIA LIFETIME + CURRENT

D. PANIC DISORDER PAST MONTH

E AGORAPHOBIA PAST MONTH

F. SOCIAL PHOBIA PAST MONTH

G SPECIFIC PHOBIA PAST MONTH

H. OBSESSIVE COMPULSIVE DISORDER PAST MONTH

I. GENERALIZED ANXIETY DISORDER PA g  6  MONTHS

J. ALCOHOL DEPENDENCE/ABUSE PAST 12 MONTHS

K. DRUG DEPENDENCE/ABUSE (Non-alcohol) PAST 12  MONTHS

L. PSYCHOTIC DISORDER LIFETIME + CURRENT

M. ANOREXIA NERVOSA PAST 6 MONTHS

N. BULIMIA PAST 3  MONTHS

0 . POST TRAUMATIC STRESS DISORDER PAST MONTH

P. SJC1DAUTY PAST MONTH

Q ANTISOCIAL DISORDER UFETIME

WARNING
E ven  if a  patient h a s a  clear lire s tr e ss  aggravating their sym p tom s first exp lore  th e  other d iagn osis  
a b o v e . N ever  u se  an adjustm ent disorder d ia g n o se s  if the  d isturbance m eets  criteria for any of the  

a b o v e  d isorders.

^  m eans; Go to end of disorder,
M .I.N. I. ( 4 .4 )  rev, stsrjs circle NO and m ove to next disorder

1 4 3
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The relationship of subsyndromal depression to syndromal depression is unclear. Increased sensitivity of platelet serotonin 
type 2 receptor has been reported in depression using the Fura-2 technique. The sensitivity of the platelet serotonin type 2 
receptor was assessed using the Fura-2 method in 16 patients with subsyndromal depression and 14 controls. The patient 
group had higher numerical values of both basal and serotonin-stimulated levels of platelet intracellular calcium that did 
not however reach statistical significance. Ini Clin Psychopharmacol 13:107-110 $> 1998 Uppincott-Raven Publishers

Keywords: platelet, depression, subsyndromal, serotonin, calcium, intracellular

INTRODUCTION
While extensive data on depression exist, there is a 
paucity of research on patients who have depressive 
symptoms that fall below the thresholds of current 
classifications. This is despite the frequency with which 
subsyndromal depression is present in epidemiological 
studies. A secondary analysis of the epidemiological 
catchment area study reported that 16.9% of the gen­
eral population reported one or more depressive 
symptom in the past month (Judd et a l ,  1994). In a pri­
mary care setting, subsyndromal depression was more 
frequent than syndromal depression (9.1 vs 7.3%; 
Olfson et al., 1996). Subsyndromal depression appears 
to have a similar rate (41%) of family history of affec­
tive disorder to patients with syndromal depression 
(59%), and was regarded by the authors as a variant of 
affective disorder (Sherbourne et al., 1994). The 
Medical Outcomes Study reported that in patients who 
had depressive symptoms that did not meet diagnostic 
thresholds, there was significant disability (Wells et al.,
1989). More recent studies have replicated the finding 
that the presence of subsyndromal depression appears 
to be associated with significant disability and func­
tional impairment (Jaffe et al„ 1994; Olfson et al., 
1996).

Supersensitivity of the 5HT2 receptor in unipolar 
depression has been described using the Fura-2

0263*1315 © 199S L ipp inco tt-R nven  P ublishers

technique in a number of studies (Mikuni et a!., 1992; 
Eckert et al., 1993; Kusumi, 1993), In a study of 
patients with bulimia and anorexia nervosa, only those 
patients with anorexia with subsyndromal depression 
(defined as a Hamilton Depression score between 10 
and 16) manifested supersensitivity of the 5HT2 recep­
tor (Berk et al., 1997).

The aim of this study was to examine the platelet 
intracellular calcium response to serotonin in patients 
with subsyndromal depression in a prospective design. 
This would define the limits of the specificity of the 
platelet intracellular calcium response to serotonin as 
a marker of mood disorder, and define the relationship 
of syndromal and subsyndromal depression in terms of 
this marker.

METHODS 

Patient recruitm ent
Patients were defined according to Hamilton 
Depression rating scale (HAMD) scores and DSM 4 
criteria based on a structured interview. Subsynd- 
romally depressed patients were defined as patients 
who do not meet DSM 4 criteria for major depression 
but who nevertheless have HAMD scores between 
10 and 16. Controls were age- and sex-matched

International Clinical Psychopharmacology 1998. Vol 13 No 3 107
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volunteers with a HAMD less than 7 and no family or 
past history of depression. Control and patient subjects 
were drug free for at least 2 weeks prior to assay, with 
a 5 week exclusion period for fluoxetine.

Exclusion criteria included patients under the age of 
18 or over the age of 65, and patients with significant 
medical illnesses. Patients with significant hyperten­
sion were excluded, since elevated platelet intracellular 
calcium has been described in hypertension (Lindner 
et al., 1987; Sang et a l ,  1957). Ethical approval from 
the Committee for Research on Human Subjects was 
obtained, and informed consent was obtained from all 
subjects.

Experimental procedure 
A 20-ml sample of blood was drawn by venepuncture 
and decanted into a plastic tube containing 100 pM 
aspirin (to prevent platelet aggregation) and 6 ml ACD 
buffer (85 m.u sodium citrate, 6.25 mw citric acid,
110 tmt dextrose in water at a pH of 4.9). This mixture 
was centrifuged at 150g for 15 min. Platelet-rich 
plasma was removed by pipette and centrifuged at 
850j  to form a platelet pellet. The platelets were then 
re-suspended in assay buffer (137 mxt NaCl, 2 mM KC1,
1 mxr MgCt,, 5 mM dextrose, 5 mM HEPES, pH 7.4 
(Rao et al., 1985). The platelet count was adjusted to 
approximately 75 x 10s platelets/ml with assay buffer 
(Pollock et al,, 1987).

A  stock solution of Fura-2-acetoxy methyl ester 
(Fura-2-AM) was obtained by dissolving 1 mg of 
Fura-2-AM in 1 ml DMSO. The platelets were loaded 
with 20 pi (4 pM) Fura-2-AM per 5 ml sample. This was 
done in duplicate. The loaded platelets were incubated 
for 45 min at 37=C. The cells were spun at 350g 
for 5 min. The supernatant was discarded and the 
cells were re-suspended in calcium-free or calcium- 
containing HEPES buffer: 145 mM NaCl, 1 m.u
MgCL, 10 m.vi Hepes, 5 mM glucose, 0.5 mM Na:HPOt; 
calcium in the calcium-containing buffer was 1 mM 
CaCl, (buffer pH 7.55) (Sage and Rink, 1986). The cell 
count was adjusted to 10x10" platelets/ml. Fura-2 
fluorescence was measured at room temperature in a 
Perkin Elmer LS 50 spectrophotometer with excitation 
wavelengths of 340 and 380 nm and emission wave­
length of 510 nm. Intracellular calcium concentration 
([Ca2*],) was calculated using a calcium-dye dissocia­
tion coefficient (Kd) for Fura-2 of 224 nm, and using 
the ratio (R) of fluorescence at the two excitation 
wavelengths, 340 and 380 nm, which correspond to 
sample-free and bound forms of the dye respectively. 
The calculations were done according to the method of 
Grynckiewicz et a l ,  (1985).

Serotonin was added to obtain a dose-response

108  International Clinical Psychopharmacology I99S, Vol 23 No 3

curve for intracellular calcium. The concentrations of 
neurotransmitter added in 50 pi aliquots were: 0, 
10 n.M, 50 n.M, 100 n.M, 500 nM and 1 p.M sequentially. 
Thrombin (0.1 IU) was added to obtain a maximal 
response to stimulation. To measure RmK (maximum 
Fura-2-bound calcium), 50 pi of 10% Triton X-100 in 
250 nm Tris was added to the sample. To measure Rmin 
(unbound free Fura-2), 2 m.vi EGTA (in sufficient 
250 m.M Tris buffer to ensure a pH of > 8.3) was added 
to the sample. The primary statistical tools utilized 
were the analysis of variance (ANOVA) and analysis of 
covariance (ANCOVA), with post-hoc testing using 
Bonferroni’s multiple comparison tests.

RESULTS

Levels of platelet intracellular calcium were measured, 
both at baseline and after stimulation with serotonin 
and thrombin. Assays were done in duplicate, in both 
calcium-free and calcium-containing HEPES buffer. 
While the mean level of basal intracellular calcium wa. 
numerically higher in the subsyndromaily depressed 
group than the controls (102.5, SD =  31.1 vs 85.7, 
SD =  23.3; calcium-free HEPES buffer), this did not 
reach statistical significance (DF =  1, F = 2.66, 
p  =  0.115; ANCOVA; Fig. 1). There were higher mean 
levels of both thrombin (240, SD = 87.1 vs 205, 
SD = 70.8; DF = 1, F  = 0.91, p  = 0.670; Fig. 2) and 
serotonin (1 pM) -  stimulated (137.9, SD = 39.5 vs 
122.7, SD =  40.3; DF = 1, F  =  0.91, p = 0.395, Fig. 1) 
intracellular calcium in the subsyndromal depression 
group which similarly did not reach statistical signifi­
cance, An AUC of the serotonin dose-response data 
again showed a numerically higher result in the sub­
syndromaily depressed group (607 vs 518) which was 
not statistically significant (DF =  1, F  = 2.16, 
p  =  0.153; data not illustrated). This was probably due

170-
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«  c  130-
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c  o  70-
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800 1000600200 4000

Serotonin concentration (nM)
Figure 1. Effect of serotonin concentration on platelet 
intracellular calcium response. Closed circles, patients 
with subsyndromal depression; open circles, controls.
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Figure 2. Effect of thrombin on platelet intracellular 
calcium.

to a very high standard error in the data sets (Fig. 1). A 
high standard deviation in intracellular calcium read­
ings is a feature of the literature of this method 
(Dubovsky et al. 1989). This suggests that a type 2 
statistical error may be a factor in these negative 
results.

DISCUSSION

Elevated intracellular calcium in bipolar disorder has 
been described by Dubovsky et al., (1989), and has 
been replicated in platelet studies (Tan et al., 1990; 
Dubovsky et al., 1991; Berk et al., 1995) and in lym­
phocytes (Dubovsky et al., 1992). Negative studies 
however have been reported (Bothwell et al., 1994). In 
contrast to the findings in bipolar disorder, elevation of 
basal intracellular calcium has not been found in 
unipolar disorder (Dubovsky et al., 1989; Mikuni et al.,
1992). This is an interesting finding, as it suggests that 
unipolar and bipolar disorders may differ with respect 
to calcium pathophysiology.

Serotonin type 2 receptor hypersensitivity has been 
described in depression using tritinted lysergic acid 
diethylamide (LSD) binding to platelet membranes 
(Arora & Meltzer, 1989; Pandey et al., 1990; Mikuni et 
al., 1992) and critiated ketanserin binding (Biegon.
1987). Platelet conformational change was found to be 
caused by lower serotonin concentrations in bipolar 
and unipolar depression than controls, suggesting 
supersensitivity of the 5HT2 receptor (Brusov el al., 
1989).

Supersensitivity of the 5HT2 receptor in unipolar 
depression has been described using the Fura-2 tech­
nique. While the basal levels did not differ from con­
trols, there was significantly greater calcium 
mobilization from platelets in response to serotonin at 
a concentration of 10 pM in the depressed group

(Mikuni et al., 1992). This result was replicated in a 
mixed depressive group by Eckert et al., (1993) and in 
bipolar and unipolar depression by Kusumi (1995), 
who found that serotonin-mediated intracellular 
calcium concentrations were significantly higher in 
patients with bipolar as well as melancholic major 
depression than controls or euthymic treated patients. 
The serotonin response was found to be inhibited by 
5HT, antagonists, confirming this receptor’s role in the 
response.

The specificity of the augmented intracellular 
response to serotonin is crucial to its utility as a 
marker. Few reports using this marker in psychiatric 
disorders other than depression exist. Sunizophrenic 
and substance abuse patients were not found to differ 
from controls, while depressed patients showed an 
augmented response in a study by Konopka et al. 
(1996). An augmented response was seen in bulimia 
but not Anorexia Nervosa in a study in which major 
depression was excluded (Okamoto et al., 1995). In a 
similar study by our group (Berk et al., 1997), an aug­
mented response was seen in only those patients in the 
anorexia group with Hamilton Depression scores 
between 10 and 17, with patients in the anorexia group 
with scores below 10 not differing from controls. This 
suggested that the augmented response in that group 
may be due to subsyndromal depression.

The failure of the inter-group differences in basal as 
well as serotonin-stimulated intracellular calcium 
values to reach significance does not support the 
hypothesis that platelet serotonin type 2 receptors are 
supersensitive in subsyndromal depression. This Find­
ing may however be an artefact of a type 2 statistical 
error. The importance of subsyndromal depression 
from a clinical and conceptual perspective suggests 
that further biological markers should be studied in 
this disorder.
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15 Abstract

16 Serotonin is implicated in both the biology o f depression and anxiety. The aim o f this study was io examine the platelet intracellular
17 calcium response to serotonin and thrombin using spectrofiouromery in 14 patients with D SM -4 panic disorder compared to 14 matched
IS controls. Patients did not show significantly higher baseline platelet intracellular calcium levels and serotonin stimulated levels of
19 intracellular calcium than control subjects. There was a much smaller standard deviation in the control subjects than in the panic patients.
20 The intracellular calcium response io thrombin activation was however greater in panic patients than in control subjects ( f  <0 .001). The
21 failure of this study to find enhanced sensitivity of 5-HT2 receptors in panic disorder is compatible with the findings of previous challenge
22 studies that found no consistent dysregulation of serotonin in panic disorder. The enhanced thrombin sensitivity, nevertheless suggests
23 some receptor mediated second messenger changes independent o f serotonin in the disorder. ©  1998 Elsevier Science B.V./ECNP

24 K eyw ords:  Panic disorder; Platelet intracellular calcium response; Serotonin; Thrombin

26 1, Introduction

27 Panic disorder (with or without phobic avoidance) is a
28 com m on anxiety disorder, occurring in 2% -6%  o f  Ihe
29 population (Myers et al„ 1984). Panic disorder is a distinct
30 syndrome characterised by the recurrence of spontaneous
31 panic attacks that arise from a dysfunctional biological
32 substrate and elicit additional symptomatic reactions.
33 Alterations in several measures of serotonergic function,
34 including levels of serotonin metabolites, receptor binding,
35 and uptake in platelets and endocrine responses have been
36 linked to depression (Sheehan and Harnett-Sheehan, 1996).
37 Serotonin is implicated in the biology of anxiety, and
38 similar experimental evidence also links changes in
39 serotonergic neurotransmission in panic disorder (Krystal
40 et at., 1996). Three such studies compared the effect of
41 serotonin precursors on neuroendocrine responses in heal-
42 thy subjects and in patients with panic disorder. Two
43 showed no differences in the prolactin release in response

4 ‘ Corresponding author; Tel,; +27 11 6472026; fax: +27 11 6472423

to the serotonin precursor tryptophan between patients and 44
controls (Charney et al,, 1988; Den Boer and Westenberg, 45
1990). A small study of the effects of fenfluramine, a 46
serotonin-releasing agent, reported more anxiogenic re- 47
sponses and greater elevations in plasma cortisol and 4:
prolactin among nine panic disorder patients than in a 49
group of healthy control subjects (Targum and Marshall, 50
1989). A study of the cortisol response to 5-hydroxy- 51
tryptophan did not clearly differentiate panic patients from 52
controls (van Vliet et al., 1996). Examination of post- 53
synaptic serotonin receptor function in panic disorder with 54
the mixed agonist-antagonist m-chiorophenylpiperizine 55
has shown some evidence of serotinergic dysregulation 56
(Charney et al., 1987; Khan et al., 1988; Khan and 57
Wetzler, 1991), These neuroendocrine challenge studies do 58
not robustly support the involvement of serotonin in panic 59
disorder. Binding of [3-H] paroxetine to the serotonin 60
transporter in panic disorder was not found to differ from 61
controls or patients with social phobia (Stein et al., 1995). 62

Binding sites for serotonin (5HT) are present on platelet 63
membranes. Serotonin binds to cell surface receptors and 64

1 0924-977X/98/S 19.00 © 1998 Elsevier Science B.V./ECNP All rights resertdB
2 I’l l  S 0924-977X (98)0001  1-X
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results directly or indirectly in a rise in the intracellular 
concentration of ionised calcium (Murray and Harper,
1988). The platelet intracellular calcium response to 
serotonin has been found to be abnormal in depression 
i Mikuni et ah, 1991; Eckert et ah, 1993), suggesting 
increased sensitivity of the 5-HT2 receptor. The aim of this 
study was to examine the platelet intracellular calcium 
response to serotonin and thrombin in patients with panic 
disorder to clarify whether the above nvntioned dysfunc­
tion of the serotinergic system is found in pt Jc disorder.

82 2. Method

83 Patients aged 55 rho met DSM-IVcriteria for panic
84 disorder were selec u for the study. A Hamilton Depres-
85 sion Rating Scale (HAMD) and a structured interview to
86 confirm the clinical diagnosis were done. Exclusion criteria
87 included the presence of another axis 1 diagnosis including
88 major depression, a HAMD score of over 16, significant
89 medical illness, concomitant psychotropic drug therapy
90 except PRN-befH6diasenines_with a washout period of 2
91 w eeks 5 w eek s for tluoxetineth  Hypertension and drug or
92 alcohol abuse. Control subjects were age and sex matched
93 and had HAMD scores between 0 and 7.
94 Twenty ml of blood was freshly drawn by venipuncture
95 into an acid-citrate-dextrose buffer containing 100 p.M
96 aspirin from patients and controls who met the criteria for
97 the study selection. Platelet-rich-plasma was obtained by
9$ 15 min centrifugation at 150g. This suspension was then
99 centrifuged for .5 min at 850 g, The pelleted platelets were
100 resuspended in an assay buffer (containing 137 mM NaCl,
mi 2 mM KC1, 1 mM MgCl2, 5 mM dextrose, 5 mM HEPES,
102 pH 7.4).

W9 2.1. Loading o f  platelets with fura-2-A M

104 The platelets were incubated at 37°C for 45 min with 4
105 p.M final concentration of fura-2-AM. After the loading
106 period the platelets were kept at room temperature. Before
107 the fluorescence measurements, the platelets were spun
108 down at 350 g for 5 min. The supernatant was discarded
109 and the pellet was resuspended in a HEPES buffer
110 (containing 145 mM NaCl, 1 mM MgCl2, 10 mM HEPES,
111 5 mM glucose, 0.5 mM Na2HP04, 1 mM CaCl2, pH 7.55)
112 and the cell count adjusted to 10X106 platelets/ml.

H3 2.2. Fluorescence measurements

114 Fluorescence was measured in a Perkin-Elmer LS50
115 spectrophotometer with continuous gentle stirring. The
lift excitation wavelengths Were'340 nm and 380 nm with an
117 em ission w avelen gth  .nt 4 iu  nnj. Serotonin concentrations
118 of 0-1 p.M were added'Sequentially, Thrombin (O.l IU/
119 ml) was then added to measure maximum calcium re-
120 sponse. The cytoplasmic free calcium concentration was
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Fig. 1. Platelet intracellular calcium response to serotonin.

measured by the method of Grynkiewicz et at., 1985, that 
is by lysing the cells with Triton-X-100 in order to obtain 
maximum fluorescence, and then quenching the dye with 2 
mM EGTA.

Data was analysed using the Systat® statistical program 
and Graph Pad Prism®.

3. Results

Patients have slightly higher platelet intracellular cal­
cium levels than control subjects (Fig. 1). This difference 
is not statistically significant at any of the 5HT con­
centrations. Only at 50 nM and at 500 nM does the 
confidence interval approach significance: ( f =0.089; n =  
14; S.D.= 126) There is a much smaller standard deviation 
in the control subjects than in the panic patients. A wide 
standard deviation of intracellular calcium results in mood 
disorders is a consistent finding in the literature (Dubovsky 
et ah, 1989).

The percentage change in platelet intracellular calcium 
response from baseline to 1 ptM 5HT shows that patients 
and controls display similar patterns (Fig. 2). There are
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large standard deviations in both the patient and the control 
groups, which could account for the lack of statistical 
significance ( f =0,304; ;i=14).

The intracellular calcium response to thrombin activa­
tion is greater in panic patients than in control subjects 
(PCO.OOl; « = 14), even though the standard deviations in 
the patient sample is large (S.D.= 126; Fig. 3).

4. Discussion

Second messenger involvement in panic disorder is 
suggested by an enhanced T cell CCK-4 stimulated 
intracellular calcium response (Akiyoshi et al., 1996). In 
this study there is a trend showing higher intracellular 
calcium levels in response to serotonin stimulation in panic 
patients compared to controls, although these levels do not 
reach statistical significance. There nevertheless is a sig­
nificant statistical difference in the intracellular calcium 
response to thrombin activation. This suggests that there 
are differences in the receptor mediated second messenger 
responses of patients with panic disorder compared to 
control subjects and that the lack of statistical significance 
seen after stimulation with serotonin in this study may be 
due to the relatively small sample size, the large standard 
deviations in the patient sample or it may reflect no real 
inter-group differences in terms of serotonin receptor 
sensitivity.

Comorbidity of depression and panic disorder is com­
mon (Gorman and Coplan, 1996). Changes in the second 
messenger response to serotonin have been demonstrated 
in patients suffering from major depression (Van Praag et 
al., 1987). Greater calcium mobilisation from platelets in 
response to serotonin in depression has been described 
(Mikuni et al., 1992). This was replicated in a mixed 
depressive group by Eckert et al. (1993) and in bipolar and 
i-nipolar depression by Kusumi (1993), who found that 
serotonin mediated intracellular calcium concentrations

were significantly higher in patients with bipolar as well as 
melancholic major depression than controls or euthymic 
treated patients. The serotonin response was found to b ' 
inhibited by 5HT2 antagonists, confirming that reCLptors 
role in this response. A similar pattern, with augmented 
levels in bipolar depressed and manic groups compared to 
controls and euthymic bipolar yri’iips has been described 
(Berk et al., 1995), Okamoto et ai. (1994) found enhanced 
serotonin induced calcium mobilisation in mania.

The failure of this study to find enhanced sensitivity of 
5-HT2 receptors in panic disorder is compatible with the 
findings of previous challenge studies that found no 
consistent dysregulation of serotonin in this disorder 
(Chamey et al„ 1988; Den Boer and Westenberg, 1990; 
van Vliet et al., 1996). This suggests that the patho­
physiology of panic disorder and depression differ in terms 
of the involvement of serotonin. The enhanced thrombin 
sensitivity, which has also been described in depression 
(Eckert et al., 1993), nevertheless suggests some receptor 
mediated second messenger changes independent of 
serotonin in the disorder.
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Bypostntemsterglc Sanction is implicated in  the pathogenesis of schizophrenia. The aim of this study wua to examine the 
platelet Intracellular calcium response to glutamate using spectrottouromehy in 15 schizophrenic patients and 15 matched 
control individuals as an index nf platelet glutamate receptor sensitivity. Patients with sdtizopbraiia bad significantly 
lower baseline Intracellular calcium levels than matched control individuals (P =  0,03). The percentage response of the 
schizophrenic individuals to glutamate stimutotiou was significantly greater than control Individual; (P <  0.091), These 
data suggest that platelet glutamate receptors may be supersensitive In schlzophrcnlru Furthermoro, the platelet may be a 
Pflasjble peripheral marker o f  glutnmate fiinction in schizophrenia, in  ciin tvychoptormacol it;to3-ooQ o  1999 Lipphcott ’M llimi &• 
V f i l i i M

Key w orts: glutamate, platelet Intracellular ralrium response, receptor aupersensltivity, schizophrenia

INTRODUCTION
Increasing attention has been focused on the role of 
tl neurotransmitter, glutamate and its receptors,
particularly the TV-methyl-D-aspartatc (NMDA) 
receptor, in schizophrenia (Weinberger, 1997). Kim «  
el (1980) proposed a hypothesis that Suggested 
hypofunction of the glutamtdeigic neuronal system in 
schizophrenia, which was based on the decreased 
levels of cerebrospinal fluid glutamate levels In schiz­
ophrenic patients compared with control individuals. 
This finding was implicated by Tsai et o f (1995) who 
found decreased glutamate levels in frozen brain tissue 
from schizophrenic patients. However, studies by 
Korpl ct «l (1987) and Altamurf- ■ ' a i (1993) found no 
differences in glutamate levels between schizophrenic 
patients and control individuals,

Glutamate receptors consist of different Subtypes. 
iHMDA receptor dysfunction is hypothesized as an 

etiological factor in the pathogenesis of schizophrenia 
(Olney and Farber, 1995), NMDA receptors are

0265-1313 O  1959 Lipplncott W flllw j *  Wilkjiu

involved in the regulation of Intracellular free calcium 
concentrations and as such are linked to divalent 
canonic channels (Javitt and Zukdn, 1990). 
fhcoycuume^PCP, angel dust), a NMDA antagonist is 
capable or producing a psychotic picture similar to 
schizophrenia (Javitt and Zukin, 1991), The binding 
site for PGP is located within the NMDA channel 
where it biccl* this channel non-competitivcly, 

NMDA receptors have been identified on platelet 
membranes (Almazov et a i ,  1988), Increases in free 
Intracellular calcium in response to agonist stimulation 
In non-neuronal cell line: have been linked to the 
NMDA receptor complex (Grant et al>, 1997). Kinetic 
properties of glutamate uptake in platelets and brain 
slices revealed similar measurcnts and were proposed 
as being sufficiently suited for future clinical studies 
(Mangano and Schwarcz, 1981), These studies justify 
further investigation Into the disease using the platelet 
as a possible peripheral marker, Platelet intracellular

tr  •rational O inktil hychophnrmacology igyg, % ! ]4  No 2 1
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calcium as a second messenger response to neuro- 
transmitter stimulation is widely used as an indirect 
marker of receptor alterations in psychiatric iHnessss 
(Dubovsky et a il9S9\ Milaini et aL, 1992; Berk et al.t 
1995). Accessible peripheral markers rcmaui an elu­
sive goal in psychiatry in general, and schizophrenia in 
particular, Ths aim of the present Study was to 
examine ths platotet intracsUuiar calcium rtsponse to 
glutamstc stimulation in patients with sdtizophjenia in 
order to explore glutamate receptor changes in this 
disordti.

PATIENTS AND METHODS
The study group comprised IS patients diagnosed by a 
structured clinical interview (Mini International 
Neuropychiatric Interview) 65 suffering from 
schizophrenia, and 15 age and sex matched control 
indMdcals, All patients w w  drug free for a minimum 
of 2 weelcs (4 weeks for depot preparations). The Brief 
Psychiatric Toting Scale was earned out on all patients, 
producing a mean score of 16,8. The mean age of the 
sample was 25,4 years (13 men aflci-.taree-/tfaroBn). 
Patients •with a history of substance abuse dr positive 
uritie cannabis assays were excluded, as were patients ’ 
with any significant history of medical illness. After 
complete description of the study to the participants, 
all patients gave written informed consent, and the 
project was approved by the University of the 
Witwatersrand Committee for Research on Human 
Subjects,

Blood (20 ml) was freshly drawn by venipuncture 
into an add-crtrate-dcxtrose buffer containing 100 |1M 
aspirin from schizophrenic patients who met the 
criteria for study selection, Ptotclet-rich-plasma was 
obtained by 15 min centrifugation at 150 This sus­
pension was then centrifuged for 5 min at 850 f. The 
pelleted plateleb were resuspended in an assay buffer 
(containing 137mM N ad, 2 m M  KCI, Iraki MgCL,
5 mM dextrose, 5 mM HEPES, pH 7,4).

Loading of platelets with fura-2-AM 
The platelets were incubated at 37°C for 45 min with
4 hm final concentration of fura-2-AM, After the 
loading period, the platelets were maintained at room 
temperature, Before the fluorescence measurements, 
the platelets were spun down at 350 £ 5 min, The
supernatant WfcS discarded and the pellet tos lesus- 
pended in a HEPES buffer (containing 145 mM NaCl,
1 mM MgCl* 10 mM HEPES, 5 mM glucose, QJ mM 
Nia.HPOu 1 mM CaCly pH 7.55) and the cell count 
adjusted to 10x10* platekts/ml. In experiments 
designed to block the inbaceiluiar calcium response,

2 Intcmitianil dinicil PsycbophannocoloQ’ 1999, Yol 1< No 2

plateleb were incubated with 100 |XM dizodlpme (MIv 
801). Dizocilpine, which is a non-competitive NMDA 
receptor antagonist that cannot be displaced by 
glutamate, has been used to other studies (Javitt et aL, 
1996; Grant d a l ,  1997).

Fluorescence msgsurements
Fluorescence was measured in a Perkm-ELmer 
(Norwalk, Connecticut) LS50 spectrophotometer with 
continuous gentle .stirring. The excitation wavelengths 
were 340nmand 380nm with an emssionwavelength 
of 510 nm. Glutamate concentrations ofS-lOOjpwere i 
added sequentially. Thrombin (0.1 ill/ml) was 
subsequent^ added to measure maximum calcium 
response. The cytoplasmic free calcium concentration 
was measured by the method of Grynctiewioz et aL 
(1985), i.e. lysing the cells with Triton-X-100 in order to 
obtain maximum fluorescence, and subsequently 
quenching the dye with 2 mM EGIA. (ethylene glycol 
tetra acetic apid).

RESULTS
There was a significant difference between the base­
line (unstimulated) levels of intracellular calcium 
between patients and control individuals (? =  0.03). 
The schizophrenic patients bad significantly lower 
mean basal intracellular calcium levels (92 319 hm ± 
47 795) than control individuals (148 297 bm d: 46 
756), The actual levels of intracellular ealehim did not 
differ significantly between patients and control indi­
viduals at all concentrations of glutamate stimulation 
(Fig. 1). On the other hand, the percentage response 
to stimulation with glutamate (Fig. 2) produced highly 
significant differences (P < 0.001) between patients 
and control individuals. This may have been because ot 
the much lower level of baseline calcium in the schizo­
phrenic sample. The maximal percentage 'response to

300*i

tog [glutamate] (nM)

Figure 1. Tile platelet intracellular calcium response to 
glutamsta, fi, schizophrenic patient*; □  controls.
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SUFERSBNSmVE PLATELET GLUTAMATE RECEPTORS
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Figure 2. The percentage response of platelet intra­
cellular calcium to gtutstmate. R, schtzophrenic patients; 
□  controls; ■f, echizophrenic patients platefste prs- 
taaded v/l!h 100 pm MKB01.

stimulation is seen at a concentration of 1 pM 
glutamate where the schizophrenic patients have a 
mean intracellular' calcium percentage response of
89 908% ± 57 085 compared with control individuals 
who only respond by 11% ± 5005. The NMDA antag­
onist, dizodlplne (MK-801), blocked the increased 
response in the schizophrenic patients, suggesting that 
this effect is mediated via the NMDA receptor,

DISCUSSION
The dopamine theory of schizophrenia is the dominant 
biochemical theory of schizophrenia, but many limita­
tions exist, mostly because of the lack of direct 
evidence of increased dopamine neuronal activity in 
clinical studies. Glutam&tergic and dopaminergic 
pathways are thought to be linked in that they exert 
mutually antagonistic effects (Licbenntm and Koreen,
1993). The bypofunction of giutamatergic neurotmns- 
mission In schizophrenia was first proposed by Kim st 
of. (1980) who found decreased cerebrospinal fluid 
levels of glutamate, in schizophrenic patients. Thai et al.
(1995) supported this hypothesis by demonstrating 
decreased glutamate levels in the schizophrenic brain, 
Post-mortem studies have also shown increased 
binding of glutamate recognition dees in frontal cortex 
tissues, Moreover there is an increased number of 
NMDA receptors in the basal ganglia of schizophrenic 
patients (Licbcrman and Koreen, 1993),

This study shows lower basal intracellular calcium 
levels in schizophrenic pa tie *" compared with control 
individuate. A speculative h), .hesis for this finding is 
that, if excitatory neurotransmission Is hypofunctional 
and intracellular calcium levels are elevated by 
glutamate stimulation, then a hypoglutamatcrgic state

may be a factor in the lower basal intracellular calcium 
levels. This Study further suggests that the receptor 
sites for glutamate on platelets of schizophrenic 
patients may be supersensitivo. This supports evidence 
of decreased glutamate function in schizophrenia 
because hypofunction may cause a secondary Upregu- 
lation of receptor sites. The lack of overlap between 
the experimental and control curves suggests signifi­
cant sensitivity of this marker, although the specificity 
of tito marker needs to be established by furthef 
research. In addition, novel therapeutic approaches 
involving modulation of NMDA receptors may offer 
promise in the therapy of schizophrenia.
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