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PREFACE.

Child psychiatrists have became increasingly aware of the
existence of affective disorders in prepubertal and pubertzal
patients. This has led to the investigation of possible

bioclaogical factors contributing to the disorders.

Due to the lack of availability of human brain material, dif-
ferent parameters have been investigated in the periphery in
order to obtain information regardimg the aetioclogy of major
depressive disurder.‘ The neurotransmitters, NA, 5-HT and DA
have been implicated in depression. Levels of the metabo-

lites of these tranmsmitters have been measured in plasma,

urine and CSF of adult depressed patients.

Two other peripheral "tools" used in the study of major de-
pressive disorder are hlood platelets and lymphocytes. The
former contain az-adrenoceptors and imipramine binding sites
(indicative of S-HT uptake into the platelet) and the latter

B-adrencceptars. Platelets have been widely used as a model

ii

for indirectly evaluating changes in central a,-adrencceptor and

imipramine binding whereas lymphocytes have been used tao
measure changes in B-adrenoceptor binding and activity in

adults with major depressive disorder.

Except for one group, who investigated iImipramine binding
sites an platelets of children with major depressive dis-
order, no other studies have been carried out to measure

az—and B-adrenoceptor levels in children and adolescents



with major depressive disorder. Therefore the present study
was undertaken to establish possible markers for juvenile

major depressive disorder.
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In additiaon to the conventional atomic symbolism and S.I. units

ABBREVIATIONS

the fallowing abbreviations are used throughout this study:

RCD
ADP
ATP
Bmax
c-AMP
Ci

comty

DHA
DNA
DOPAC
DST

fmol

GABA
GOR
GTP

5-HIARA
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MAQ
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Maximum number of binding sites
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Curie
Catechol-a-methyltransferass
Cerebrospinal fluid
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Dihydroalprenolol
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Dihydroxyphenylacetic acid
Dexamethasane suppression test
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Gravitational force
Y-Aminobutyric acid
Guanesine-5-diphosphate
Guanosine-S5-triphaosphate
9-Hydreoxyindaole-acetic acid
Serotaonin/S5-Hydroxytryptamine
3-Methoxy-4-hydroxyphenylacetic acid/Homavanillic acid
Equilibrium binding constant
flecnocamine axidase

3-Methoxy-4-hydroxyphenylethyl glycal
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nM

Millimalar

Micreogram

Microlitre

Micromolar

Noradrenaline

Nznaomolar

Ribonucleic acid

Standard deviatiaon
Thyrotropin-releasing hormane
Thyrotropin-stimulating hormone

J-Methoxy-4-hydroxy mandelic zcid
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CHAPTER 1

MONCAMINE NEUROTRANSMITTERS

1.1 INTRODUCTION

The impartant monoamines are the catecholamines: noradrenaline
{NA) and dopamine (DA), and the indoleamine, seratonin or S-
hydroxytryptamine (5-HT). Similarities in their metabolic
pathuways exist, in bath cases the precursors are amino acids
and their hydroxylated derivatives. O0OA, NA and S-HT serve as

neurotransmitters in variocus parts of the brain (Lader, 1980).

1.1.17 Synthesis and Storage of Catecholamines

The precursogr ¢f the catechelamines is the amino acid tyrosine
(menohydraxyphenylalanine)}, which is taken up into the nerve
ending where it is hydroxylated to dihydraoxyphenylalanine (L-
dopa) by the enzyme tyrosinme hydroxylase (Fig. 1.1). Tyrosine
hydroxylase is located in the cytoplasm and on cell membranes
and contains iron and utilizes tetrahydrobicpterin as its co-
factor. The next step is the conversion of L-dopa to DA by the
soluble enzyme L-arocmatic amino acid decarbaoxylase (saometimes
called dopa decarboxylase), which neeés pyridoxal phosphate as

its cafactor.

CA is then taken up into vesicles, which in noradrenergic neurons
cecntain dopamine-B-hydroxylase, an enzyme that adds a hydraxyl
group to the side chain. This enzyme contains coppersand its

cofactor is ascorbic acid. Finally, in the adrenal medulla and
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Fig. 1.1 Synthesis of catechalamines {(from Lader, M.
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"Introduction to Psycho-

pharmacalegy", Upjohn (Pty)} Ltd, 1880)



in certain pacts of the brain NA is meithylated to adrenaline

by the cytaoplasmic enzyme, phenylethanolamine N-methyltransfe-

rase, using S-adenosylmethionine as the methyl donor. The rate
af syntheéis af catechaolamines depends on the amount of availa-
ble tyraosine hydroxylase, 1.2. tyrasine hydroxylése is the rate

limiting enzyme in this pathuway.

The catecholamines are stored in granules which contain high
concentrations (up to 2 fifth of the total concentration) of

the catecholamines - probably stored as a complex with

adenasine triphosphate (ATP), four molecules of catecholamine

to one of ATP. Chromogranin (a specific protein) and dopamine-
B-hydroxylase are alsag present in the granules. Catecholamines
are also found free in the cytgplasmic fluid and in the granules,
thus forming twa mobile pools as well as the intragranular re-
serve pool. Catecholamines move by active uptake fraom the cyto-

plasmic mobile pool into the granules.

1.17.2 Release and Metabolism of Catecholamines

When the neurcnal membrane is depolarized by the nerve actian
patential, major fluxes of sodium, potassium and calcium occur.
The last in particular is essential in‘the activation aof the
storage vesicles, which then migrate to the cell boundary, where
they fuse to the membrane. The vesicle contents are extruded
into the synaptic cleft by a process of exocytasis (Fig. 1.2).
As well as the neurotransmitter, other substances contained in
the synaptic vesicles may be released. For example NA, ATP and

dopamine-f-hydroxylase are released together from peripheral
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Fig. 1.2 Release and metabaolism of catecholamines at the synspse (from Lader,
M. "Introducticn to Psychopharmacology", Upjohn (Pty) Ltd, 1380)



adrenergic nerves.

The maost important mechanism wherseby DA and NA are remaoved from
the symaptic cleft and their influence on receptors terminated
is by re-uptake, first acrass.the presynaptic membrane intoc the
cytoplasm and then into the storage vesicles. Simple diffusian
alsac accounts for some of the transmitter imactivation.
Enzymatic breakdoun reguires several enzymes, both intracellular
and extracellular (Figs. 1.3 and 1.4}. The two enzymes of major
importance are monoamine axidase (MAO) and catechol-o-methyl-
transferase (COMT). Both enzymes are widespread throughout thé
body. MAOD is a mitochondrial enzyme that converts the catecho-
lamine to its corresponding aldehyde by oxidative deamination.
Thus, DA farms dihydroxyphenylacetaldehyde (Fic. 1.3), and NA
and adrenaline form 3,4-dihydroxyphenylglycaolaldehyde (Fig. 1.4}.
COMT which is found in the symaptic cleft is closely associated
with the postsynaptic membrane. It uses S-adenasylmethionine

as a methyl donor tae convert DA into 3-methaoxy-4-hydroxyphenyl-
ethylamine and NA into normetanephrine; i.e. COMT changes ane

of the hydroxyl groups into a methoxy (CH30) group.

Further breakdown takess place involving MAO, COMT and aldehyde
reductase and dehydrogesnase. The outcome of all these camplex
pProcesses is that DA is converted mainly to its acidic deriva-
tive 3-methoxy-4-hydroxyphenylacetic acid (also called homo-

vanillic acid (HVA), and to a minor extent to dihydroxyphenyl-

acetic acid (DOPAC; Fig. 1.3).
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macology®, Upjohn (Pty) Ltd, 1980)
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The metabolites of NA are more complex. The main acidic meta-
bolite is 3-methoxy-4-hydroxy mandelic acid (alsao called
vanillyl-mandelic acid, VMA). In the rat and passibly in the
human braim, the main metabolite 1s the alcohol derivative
formed from the intermediate'aldehydes by aldeh&de reductase.
This substance is 3-methoxy-4-hydroxy phenylethylglycol {MHPG),
which is finally conjugated as the sulphate or glucarcnide and
is excreted (Fig. 1.4). Adrenaline follouws mostly the same
metabolic pathways as NA, inasmuch as the terminal methyl group

does not affect the process.

Both the alcoholic and acidic breakdown prcocducts can be detected
in the cerebrospinal fluid (CSF) as well as in the urine. The
acidic products move out of the CSF by means of an active trans-
port mechanism that can be blocked by the drug probenecid. Thus,
measuremaent of LSF metabolite concentrations before and after
administration of probenecid can give a gross index of amine

turnaover in the brain.

1.17.3 Synthesis and Storage of Indolamines

The precursor of 5-HT is the essential aminoc acid tryptophan,

an indolic compound. Tryptophan is the only amino acid bound
largely to plasma =lbumin, and it is taken up into the brain

by an active transport process. Hydroxylation to S-hydroxytryp-
tophan then tazkes place, by means of the enzyme tryptophan hy-
droxylase which uses tetrahydrobiopterin as cafactor (Fig. 1.5).
This is the rate limiting step, and ccncentrations of tryptophan

are narmally below maximal sc that the availability of trypto-
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phan and the extent of its binding tao plasma proteins aavern
the amaunt of neurcotransmitter synthesized. The S5-hydroxy-
tryptophan is decarboxylated by L-aromatic amina acid decarboxy-

lase to 5-HT.

Like the catecholamines, 5-HT is taken up and stared in granules
at the presynaptic nerve ending. The staorage is in assgclation

with adenine nucleotides, mainly ATP. Sgme 5-HT probably exists
in a mobile extragranular pool. Other tissues such as blood

platelets czn tzke up and store 5-HT.

1.1.4 Release and Metabaolism aof Indoleamineg

The release of 3-HT into the synaptic cleft is by ionic activation

and exocytosis as described in secticn 1.1.2.

Re-uptake into nerve terminals is the primary route of inactiva-
tion of 5-HT. The process is energy dependent and can work
against a cansiderable concentration gradient. Similar uptake
mechanisms exist in the blood platelet, which has been proposed

as an accessible model in man of central serotonergic praocesses.

Intracytaplasmic S-HT can form a subsirate for MAQO, type A es-
pecially. The enzyme converts 5-HT into S-hydroxyindolezcetal-
dehyde, which can then be oxidized by aldehyde dehydrogenase
to the acidic metabolite S-hydroxyindole-acetic acid (5-HIAA;
Fig. 1.58). Like HVA and VMA, the egress of 5-HIAA from the C&F
can be blocked Ey probenecid, thus giving & rough measurs of

5-HT turnover.



Under certain conditians, S5-HIAA can be reduced to the alecoholic
derivative S-hydroxytryptophol (Fig. 1.5). Other minor metaba-
lic pathways include conjugaticn to a sulphate derivative and
perhaps action by N-methyl transferase to methylated compounds,
which are believed to he haliucinogenic (e.g. S-hydroxy-N-di-

methyltryptamine, or bufotenin, and dimethyltryptamine.

1.2 SYNAPTIC MECHANISHMS

Chemical synaptic transmission takes place when an influx of
calcivm ions during a presynaptic nerve impulse triggers exo-
cytosis of neurotransmitter substance from synaptic vesicles.
The neurotransmitter diffuses across the narrow synaptic cleft
(10-50 nm) and gccupies receptors embedded in the postsynaptic
membrane. This interaction operates on characteristic ion
channels and produces an increase in the postsynaptic membrane
permeability to particular ions. Depending on the lonic species
to which the postsynaptic membrane becomes mare permeable, the
physiological response will be an excitatory or an inhibitory
postsynaptic potential. The action of neurotransmitters may
be terminated either by enzymic inactivation ar by cellular

uptake mechanisms.

Neurotransmitters are stored in synaptic vesicles and are re-
leased by fusion of these vesicles to the plasma membrane.
Vesicle fusion is triggered by Ca2+—influx through specific
Ea2+ channels that open iIn response to depolarization of the
2+

plasma membrane and is terminated by the diszppearance of Ca

from the vicinities of the active zones. The voltage signal



that opens the Ca2+ gates is not constant, but alsa subject
to regulation. The key elements are the Na® and K channels
in the nerve terminal. The valtage sensitive Na®* channel is
responsible for depolarizing the membrane. K* channels are
respansible for repeclarizing éhe membrane. Nerué terminal func-
tions are regulated by changes in cyclic nucleotide and Ca2+
levels in response to membrane depclarizatién or the binding

af transmitters to receptors. Nerve terminals contain high

levels of calmodulin and adenylate cyclase.

1.3 RECEPTORS

Neurotransmission depends on the reslease of neurotransmitters
from axon terminals, diffusion of the neurctransmitter across
the synaptic cleft and activation of specific recognition sites
an the posisynaptic cell membrane called receptors. These re-
ceptors are proteins located in the membranes of presynaptic
and postsynaptiec neurones and often also cn glial cells

(Snyder 1984).

1.3.1 Noradrenergic Receptors

The NA-producing cells of the brain are almost exclusively con-
fined to the medulla oblongata and pans. Topagraphically they
can be divided into three major cell systems (Dahlstrom and
Fuxe 1964, Lindvall and Bjorklund 1983): the locus ceruleus -
subceruleus complex, the lateral tegmental cell system (which
has a medullary and a pontine component), and the dorsal medul-

lary cell groug.



The clearest cell-body gruupipg is the locus ceruleus, the

"blue site", situated in the fleor ef the fourth ventricle.

it constit;tes A8 cells, with A7 cells located wventrolaterally
to it and A4 cells just caudally (Fig. 1.8). The nucleus lacus
ceruleus is usually divided into a dorsal part, composed of den-
sely packed fusiform cells, and a ventral part containing some-
what larger multipclar neurones (Swanson 1978). These latter
neurones are merphalogically similar to the NA neurcnes in the
subceruleus ar=a; they are tcpographically continuous with the
more ventrelly located subceruleus cells and have similar pro-

Jectiaon patterns.

The cells of the lateral tegﬁental cell system are located in

the ventrolateral tegmentum, from the caudal pols of the medulla
oblaongata up to the level aof the motor nucleus of the trigeminal
nerve in the pans (Dahlstrom and Fuxe 19643 Palkovits and
Jacobowitz 19743 Swanson and Hartman 1375). The cells in

the medullary part of the lateral tegmental cell system (designa-
ted A1 and A3; Fig. 1.6) extend from the pyramidal decussation
up to the tostral part of the inferior olivary nucleus. They
Qccur mainly scattered around and partly within the lateral
reticular nucleus (Dahlstrdm and Fuxe 1964). In the rat, the

R3 cells are difficult to distinguish from those of the A1 group.
The cells in the pontine part of the lateral tegmentzl cell
system (designatsd A5 and A7; Fig. 1.6) are distributed from
the level of the rosirzl part of the facial nucleus up to the

level of the trigeminzl motor nucleus.
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The cells of the dorsal medullary cell group (designated AZ;
Fig. 1.6}, occur in the nucleus of the solitary tract and the
commissural nucleus, wiih some cells also in the dorsal motoer
nucleus of -the vagus (Dahlstrom and Fuxe, 1364). A1, A2 and

AS cells (Fig. 1.6) project both to the spinal cgrd and rostral-
ly. The rostral projection pathways are the dorsal and the
ventral. The dorsal pathway arises in the locgus ceruleus and
projects ventralaterally to the central grey area. Its main
component Tuns in the medial forebrain bundle to innervate all
the cortices, the thalamus, geniculate bodies, colliculi,
habenula, some hypothalamic nuclei, the amygdala and the olfac-
tory bulb. The ventral pathway is formed frem A1, AS and A7
cell baodies (Fig. 1.6) and runs through the medullary reticular
formation, the pons and mesencephalaon, gradually overlapping
the dorsal bundle. It extends through the cuneate nucleus and
the A8 cell region (Fig. 1.6) ta innervate the septal area,
amygdala, preoptic area, hypothalamus, periventricular area,
mammillary bodies and substantia nigra. The locus ceruleus
complex has a dorsclateral extension of cells slong the medial
aspect of the superior cerebellar peduncle into the roof of

the fourth ventricle (designated A4, Dahlstrom and Fuxe, 1365;

Fig. 1.8).

1.3.1.1 c-Adrenoceptors

Noradrenerqgic receptors are found in nearly all areas of the
central and peripheral nervous systems. The subdivisian of
the g-adrenoceptars into a1/a2 and pre/pastjunctionzl subtypes,
Tespectively, has led to a lecgical although complex classifica-

tion. The introductian of highly selective agaonists and anta-



ganists towards a1/a2-adrenoceptors as well as sophisticated
radiaoligand binding studies have substantiated the cancept aof
the existance of twa types uf'a—adrenccepturs with rather diffe-

rent structural demands (Van Zuieten and Timmermans, 1964).

Initially a1—adrennceptar? were thought to be postsynaptic and
az—adrenoceptors presynaptic (Langer, 1974). However, the dis-
covery of receptors with a preference for agonists and anta-
genists identical with that of presynaptic az-adrencceptars

at postsynaptic sites suggested that a reuiseé classification
was required. Prejunctional a¢-adrenoceptors are however predo-

minantly of the @,-subtype, as concluded from their preference

2
for selective az-adrenoceptor agonists and antagonists, although
Kobinger and Pichler (1380, 1982) have suggested that a minar
proportion of the presynaptic a¢-adrenoceptors display aT-charac—
teristics. Receptors with characteristics of az-adrenocepturs

at prejunctional sites have beesn identified at cholinergic nerve
endings {(Drew, 1878; Wikberg, 1978; Starke, 1977, 1981a,b),

at serotonergic nerve endings (Gothert and Huth, 1980) and on

the cell bodies of noradrenergic neuraones(Brown and Caufield,
1873). Presynaptic az~adrenuceptcrs appear to be involved in

the regulation aof NA release from noradrenergic nerve endings.
az—ﬂdrenaceptcr actlian has been suggested to involve inhibitign
of the influx of extracellular calcium ions (Gothert, 1977, 1979;
Gothert et al, 1879; De Langen and Mulder, 1980), hyperpolariza-

tion (Stjarne 1878, 197%), increased Nz /KT -ATPase activity {(vizi,

|~J

1877, 1379) and inhibiticn of ade

2

ylata cyclase activity (Fzin
and Garcia-Sainz, 15380; Schultz et al, 13980; Jakobks and Schultz,

1982).



At postsynaptic sites, both QT-and az-adrenoceptors are pre-
sent. Postjunctional e, - and az-adrenocepturs have been shcoun
to display subtle but relevant differences caoncerning their
gnataomical - paosition with respect to the synapse. Postjunctio-
nal a1-adrencceptcrs appear tao be lacated intraéynaptically

and thus to be readily accessible tao the endogenous neurotrans-
mitter, NA, whereas poastjunctianal az—adrenoceptors appear tao
be located extrasynaptically (Langer et al, 1280b,1981a, 1981b;
Yamaguchi and Kopin, 18803 Wilfert et al, 13982a, 1882b).
Accordingly, they are less accessible to intrasynaptically

released NA and peripheral uz-adrenocepturs will rather react

with circulating catecholamines, such as NA and adrenaline.

Differences have been demonstrated between the events which
follow the stimulation of postsynaptic 31-and az—adrenoceptors.
These differences were particularly evident in the vasoconstric-

tor responses to aq-and a,-adrenoceptor stimulatian. Whereas

2
the az-adrenoceptar response appeared to be sensitive to impair-
meat of calcium entry, the q1-adrenccegtar response was not

(Van Meel et al-1987a, 19815, 1382 ). - Dther workers houwever
have found that aq—adrenoceptor stimulation is accompanied by
calcium influx which is sensitive to blockade by calcium anta-
gonists (Vanhoutte, 1882; Vanhoutte and Rimele, 1982). God-
fraind et al (1982) suggested that a,-adrenoceptor stimulatiaon
will open up calcium channels whereas the stimulation of a,-

adrenoceptors will induce depolarization and subseguently the

—

release af calclum ians from intrzcelluler stores.



Non-neuranal uz—adrenoceptors are found toe. In platelets they
are linked to aggregation, in fat cells they are involued in the
inhibition of lipolysis. In pancreatic islets they mediate inhi-
bitien of -insulin secretion and in vascular smocth muscle they

mediate contraction (Langer and Pimouls, 13982).
1.3.1.2 B-Adrenaceptars

At least two major subtypes of R-adrencceptors, the 81- and
Bz—adrencceptors, can be distinguished by a variety of pharma-
cological criteria (Lands et al, 1967). Both B,- and B,-adrenc-
ceptors stimulate the enzyme, adenylats cyclase. This action
leads to the intracellular accumulation of adenosine 3':5'-cyclic
monophosphate (cAMP), the second messenger of g-adrenergic actiaon

in virtually all tissues examined to date (Sutherland and Rall, 1960).

Catecholamine receptor-coupled adenylate cyclase systems consist
of three distinct protein caomponents in the phospholipid membrane:
the receptor with its specific recognition site for the neurotrans-
mitter, the catalytic unit (C) of the adenylate cyclase and the
nucleotide regulatory protein {N) with its binding site for gua-
nine nucleotides (Fig. 1.7). 1In the case of the B-adrenoceptars,
binding of the catecholamines, NA and adrenaline to the receptors
results in the formation of 2 high affinity catecholamine-recep-
tor complex, which can bind the nucleotide regulatory protein (N).
Guangsine-5-triphosphate (GTP), binds to the latter component,
relezsing the RB-adrencceptor and the catacholamine. The cataly-
tic unit (C) of adenylate cyclase is activatsd by binding to the

nuclectide regulatory protein (&) - GTP complex. After activatian,
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Fig. 1.7 lWorking model for adenylate cyclase requlation by R-adrenergic agonists and GTP
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GTP-ase canverts GTP to guanosine-5S-diphosphate (GDP) and the
nucleotide requlatory protein (N) is released from the cataly-
tic moiety (Stiles et al, 1884). A schematic representation of

the events is shown in Fig. 1.7.

The tuwo B~adrenoceptor subtypes were originally defined by their

relative affinities far adrenaline and NA. B.,-Adrenoceptors

1
(e.g. those found in mammalian cardiac and adipose tissue) dis-
played approximately egual affinities for adrenaline and NA.

On the other hand, Bz—adrencceptcrs (found in tracheal and vas-
cular smooth muscle tissue) had-cunsiderably greater affinity

far adrenaline than for NA (Stiles et al, 1984). Whereas rat

and quinea pig atria contain exclusively 61-adren0ceptars, the
right atria of cats, dogs and humans contain mixed populations

of 31-and Bz—adrenUCEptors (Ablad et al, 197453 Carlsson et al,
1972, 1877; 0'Donnell and Wanstall, 197%a, h). Other tissues
alspo show heterogeneity of B-adrenoceptors. These include guinea-
pig trachea (Furchgot, 1375; 0'Donnell and Wanstall, 1979a, canine
gastric mucosa (Daly et al, 1978), rat jugular veins (Cohen et

al, 1980) and mammalian brain (Dolphin et al, 1979; Ebersolt et
al, 1981). 1In the cerebral cartex, limbic forehrain and striatum
of the rat, 81—adrenoceptors are predgminant while the cerebellum
cantains exclusively Bz—adrenaceptcrs (Minnerman et al, 1979;
Nahgrski, 1981). The 61-adrenoceptors are primarily invelved

in neuronal function (Minnerman et al, 1973). Both B-adrenocep-
tor subtypes are not necessarily present on a single cell, because
any mammzlian grgan i1s compased of a heterogenecus population of

cells.
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Lymphocytes have also been showun to contain a B-adrencoceptor
coupled adenylate cyclase system (Bourne and Melmon, 1971;

Pandy et al, 13879) and in 1981, 8rodde et al (Brodde et _al, 1981)
identified the B-adrenmcegtqrs on human lymphocytes as a hamoge-

neous population cf the Bz-sﬁbtype.

Different lazbelled ligands have been employed in studies tao
identify and characterise the f-adrenoceptars in central and
peripheral tissues. Dihydroalprenalol (DHA), a B-adrencceptor
antagonist has been widely used (Sugrue, 1983}, but this labelled
campound has a rather low specific activity. Ancther widely used
B-adrenoceptor ligand 12SI-iodohydroxybenzylpindclol, has a very
high specific activity, but also labels aq-adrenoceptors and

S5-HT receptors (Engel et al, 1S81). A new high-affinity B-1i-
gand, 125I-iadocyanopindulal, is currently used to evaluate B-
adrenoceptor subtypes, employing selective campetitors {(Petro-

vic et al, 1983).

1.3.2 3Serotonergic Receptors

Rzmitia and Henriksen (1978) reviewed the serotonergic pathuays
of the brain in great depth. G5-HT cell bodies were found to be
located in the raphe of the midbrain region (Fig. 1.8). Nine
nuclear groups have been identified by histochemical fluorescence
techniques and arbitrarily designated B1-BS (Fig. 1.8). The dar-
sal (87) and median (B8) raphe nuclei were shown to contain most

of the 5-HT-preducing neutrons of the midbrain.
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The ascending dersal raphe forebrain tract runs in the ventro-
lateral aspect af the medial forebrain bundle and innervates
mainly lateral forebrain structures including the basal ganglia,
amygdala, nucleus accumbens and piriform cortex {(Fig. 1.8). The
median raphe farebrain tract runs in the uentromédial aspect

aof the medial forebrain bundle and innervates mainly medizl fore-
brain structures including the cingulate cortex, septum and hippo-

campus.

The serotanergic projection to the thalamus has been shown to
modulate nonspecific nuclei, which in turn modulate large areas
of CNS tissue. Furthermores, in addition to their effects in

the thalamus-and cartex, 5-HT fibres alsoc project to the hypo-
thalamus (Bodian, 1940), the globus pallidus (Nauta and Mehler,
1966), the striatum (Powell and Cowan, 1958) and the brainstem
reticular nuclei (Scheibel and Scheibel, 1967). The seragtonergic
projections to the basal ganglia arise mainly from the dorsal

raphe nucleus and alsa from the median raphe forebrain tract.

1.3.2.1 S-HT1 and 5—HT2 Receptors

The multiplicity of pharmacoclogical and physiclogical effects of
5-HT suqgqests the existance of multiplebtypes of 5-HT receptors
and has inspired extensive ressarch into their biochemical charac-
terization. Tuwo distinct types of purported 5-HT receptors have
thus far accrued from in vitro receptor binding studies (Leysen,
1983). The terminclogy of S; or 5-HT, binding sites was intro-
duced by Peroutka and Snyder (1979). These are saturahble binding

sites gn brain membrane preparations which sre labelled with high



affinity i.e. nanomolar concentratiaons, by 3H -5-HT. S-HT1

binding sites occur in highest density in the hippocampus and
the striatum followed by the cortex. Known 5-HT antagonists
such as cyproheptadine, cinanserin, miznserin and ketanserin
(Leysen et al, 1381) bind uery pgoorly ar not at all to these
sites (Leysen, 1381).

The 52 or 5-HT, binding site-was first detected in rat fraontal

2
cartex membrane preparations. All knowun serotonin antagonists
including cyproheptadine, cinanserin, mianserin, ketanserin,
methysergide and metergoline bind with nanomolar affinity to

these sites. S5-HT and variocus 5-HT agonists (bufotenine, quipa-
zine) reveal micraomolar binding affinities whereas other neurao-
transmitters such as DA, NA, histamine, acetylcholine and y-amino-
butyric acid (GABA), virtually do no%i bind to these sites. Mamma-
lian brain areas enriched in 5—HT2 binding sites are the frontal
cortical areas fallowed by the nucleus accumbens, tuberculum
clfactorium and striaztum {Leysen et al, 1982). Varicus types of
neuronal lesions were used to demonstrate that the S—HT2 binding
sites were not localized on terminals of dopaminergic, noradre-
nergic or serotonergic neurones {Leysen et al, 1982). S-HT2

sites were shown to be localized on post-synaptic cells in the

frontal cortex. 5-HT, receptors have been shoun to be involved

2
in S-HT induced behavioural excitation (Leysen et al, 1878, 1982),
inflammation (Ortmann et _al, 1982) and smooth muscle contrac-

ticn (Leysen et al, 1381, 1982; Van Nueten et al, 1981, 13982}
5~HT2 receptors have been identified on cat blood platelats

(Leysen et al, 1983) where they apoeared to play a role in vaso-

constriction and platelet aggregation.



1.3.2.2 5-HT reuptake sites

The association of 3H -imipramine binding with the transporter
for the serotonin reuptake mechanism in serotonergic nerve en-
dings (Secéion 1.1.4) has been clearly established (Langer et
al, 1980c; Sette et al, 1981; Gross et al, 1381; Brunello

et al, 1982). It is likely that ©“H- imipramine binding labels
a physiologically relevant site that modulates serotanin reup-
take (Langer et al, 1983) rather than a simple tricyclic recog-
nition site. In support of this view, it was shouwn that tri-
tiated naon-tricyclic inhibitors of serotonin reuptake like 3H-
norzimelidine (Hall et al, 1982) znd 3y ~-paroxetine (Mellezup
et al, 1982) label with high affinity the same site labelled
with 3H - imipramine, which i; assgciated with the neuronal re-

uptake of seratanin.

Results suggest that 3H - imipramine binds with high affinity

to sites assoclated with the serotonin transport system which
may be different from the substrate recognition site for sera-
tonin (Fig. 1.9; Langer et al, 1983). It is possible that “H -
imipramine binds with high affinity to a presynapti; site that
modulates neurgnal reuptake of serctanin, as presynaptic auto-
receptors modulate the releasé of their neurotransmitter (Langer,
1980b). It should be painted out, however, that the relezse-mo-
dulating presynaptic autarecepters are acted upaon by the neuro-
transmitter itself (Langer, 1980a), while the presynaptic sites
involved in the modulatian of ssrotonin reuptake may be actead
upon by a known co-transmitter or a novel endogenous substance

present in the serotenergic or in adjacent merve terminzls or

in the circulatian.
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Fig. 1.9

A schematic representation oflthe possible relationship betwesen
the 3H-—imipramine binding site and the serctanin uptake
mechanism. Two different recognition sites appear to be
present for the transporter of serotonin at the lsvel aof the
nerve terminals. 0One is the substrate recognition site for
serotonin and the second, where 3H-imipramine binds, may be

a modulator unit for the uptake of serotonin. Serotonin and
agther tricyclic uptake blockers, change the affinity of this
site for imipramine. The 3H -imipramine binding site has been
sugaested to be activated by an endogenous ligand which is

different from seratonin (Langer and Raisman, 1983).
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Rehavi et al (1985) described the extraction and partial purifi-
cation of an endagenous "imipramine-like" substance from rat
brain. The endogenous factor ‘obtained after gel filtration and
silica chramatography inhibits specific 3H-—imipramine binding
and mimics the inhibitary efféct of imipramine oh 3H--serotonin
reuptake in bath brain and platelet preparations. The effects
of the endogencus material are dose-dependent and it inhibits
3H- imipramine binding in a competitive fashion. The factor

is unevenly distributed in the brain with high cancentratiens

in the hypothalamus and low cancentration in the cerebellum.

It is of interest to note that the reuptake of serotenin in the
hypothalamus and suprachiasmatic nuclear regiaon of the rat un-
dergoes important 24 hour changes with a circadian pattern

(Meyer and Quay, 13976). The peak for 3

H-5-HT reuptake is
gchserved near the onset of darkness and the trough or minimum
near the anset of light {(Meyer and Quay, 1978). It is tempting
to speculate that changes in the local concentration of an endo-
genous modulator may be related to the circadian rhythm of 3H -
S-HT reuptake reported in the hypothalamus and suprachiasmatic
nucleus of the rat (Langer and Raisman, 1883). 0Of interest is
the fact that the suprachiasmatic nucleus has a very rich sero-
tonergic innervation and plays a major tole in the occurrence
and maintenance of normal circadian rhythms (Rusak and Zucker,
1979). 0On the other hand, there is a clear circadian rhythm

3H-5—HT reuptake and 3H -imipramine binding in the

for both
suprachiasmatic nucleus and this phencomencn may be of conside-
rable significance in view of the hypothesis that internal

desynchranizatiaon of circadian rhythms might be causally relatsd

to depressicn (Wehr andg Goodwin, 1981).
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CHAPTER 2

MAJOR DEPRESSIVE DISORDER IN CHILDREN AND ADOLESCENTS

2.1 Clinical Features

Buring the pést decade, childhood depression has become recognized
as a major clinical entity. Work has begun to identify and treat
children manifesting depression, bhut instrumentation and measure-
ment are still at a rudimentary level. Although there have been
numerous anecdotal reports, major depressive disorders in chil-
dren have only recently been the subject of systematic research.
(Carlsan and Cantwell, 1980; Puig-Antich et al, 1878; Weinberg

et al, 1973).

According to BSM III, the criteria for a major depressive epi-
sode are the same far children and adults - dysphoric maood aor
loss af interest/pleasure lasting at least two weeks, and at
least four of the following symptoms: appetite disturbance,
sleep disturbance, psychomctor agitation or retardation, loss
of energy, feelings of worthlessness or guilt, diminished abi-
lity to think, and thoughts of death and suicide. (Preskorn et
al, 1982). Without effective treatment, these depressive
episaodes can last for months and lead to impaired school per-
formance, poor peer and family relationships, and suicide.
There are, at present severzl chjective approaches to the
diagnosis of childhood deprzssian, which, though different in
specific content, have all acopted models of adult depression

8s apgropriate to the phencmenclegy of childhood psychcopathao-
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logy. Thus, sleep, endocrine and genetic factors associated
with adult depression are the most crucizl and strongest cri-

teria for the diagnostic validity of childhood depression.

(Puig-Antich and Gittelman, 1982).

With children, two sources of information bsside the patient
can be used routinely in clinical practice and research:

the parent and the school. These are necessary because of the
cegnitive limitations inherent to the develapmental stage of the
prepubertal child, which make it usually impegssible for him to
provide an accurate chronological structure for the present
episgde aof illness. (Puig-Antich and Gittelman, 1982). Se-
veral diagnostic instruments are used today in a polydiagnos-
tic approach to identify the degpressive episode. Theses instru-
ments include the Diagnostic and Statistical Manual of Mental
Discrders III (1980), the Research Diagnostic Criteria (Spitzer
et _al, 1978), and are assessed by the Kiddie - Schedule for
Affective Disarders and Schizophrenia {K-SADS; Puig-Antich and

Chambers 1982).

In addition, each child and parent are assessed with the Inter-
view Schedule for Children (ISC; Kovacs, 1983) and Rutter's
Parent and Teacher questionnaires are aiso campleted (Rutter et
al, 1970). Furthermore, the Birleson Self-rating Scale for De-
pression {Birleson, 1881) and the Visual Analogue Scale (Aitken,
1983) are completed by each child, Children between the ages

12 and 18 years have to complete the Health and Daily Living
Youth form (Billings and Moos, 1982) and the Family Assessment
Device (Epstein et al, 1383). The latter is also completed

by the parents.
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2.2 Bigchemical Findings

In adults the noradrenergic system has been implicated by bio-
chemical evidence as playing an important role in the psycho-
biolaogy of depression. It has been shown in séueral studies
(Siever and Uhde, 1884) that growth hormone responses to clo-
nidine are blunted in depressed patients. While these respon-

ses may be mediated by hypothalamic post-synaptic ¢.,-adrenaocep-

2
tors, blunted responses to clonidine of plasma MHPG cbser-
ved in depresssd patients, reflect effects of clonidine cn in-

hibitory az—adrenoceptors which play a role in meodulating pre-

synaptic noradrenergic activity. (Siever and Davis, 1984).

There are alsao several clinical signs and symptoms in the typi-
cal endogenous depression that seem ta indicate endocrine dis-
turbances. Although the basal levels of the hormenes may be
within naormal limits, there is often a reduced reactivity in
hormeonal sysiems, probably because ¢f a deficiency in the re-
gqulateory mechanisms in the hypothalamus-pituitary axis.

Two tests have emerged as especially important and revealing

in this connectian: the dexamethasone suppression test (DST)
and the thyrotropin-releasing harmone. (TRH)- thyrotrapin (TSH)-

stimulation test.

There is considerable evidence that resistance to suppression
of the hypothelamic-pituitary-adrenal axis by dexamethasone
is 2 specific marker of endogencus depressiaon in adults.

Stugies by Carrcll et al (1981) have shoun that the DST iden-
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tifies up to 85% or more of patients with endogenous depressiaon
with melancholia at high levels of canfidence. Adult depressed
patients with abnormal DST results are diagnosed clinically as
having either endogenous depressian (Carroll et al, 1981; and
Brown et al 1979) or primary depression (Schlesser et al 1980;
Brown and Shuey 1380) Pgtients with cliniczl diagnoses of nan-
endogenous ar secondary depression have normal DST results, as
do normal subjects and patients with nondepressive psychiatric
diagnoses (Carroll et =1, 1980a, 1380b, 1981; Broun gt al 1878,
Schlesser et al 1980, Brown and Shuey 1980). The DST shouws pro-
mise of predicting response to biclogical treatmant (Brown et
al, 1879), demonstrating when biological treatment can be dis-
continued withaut relapse (Carroll 1982b), of helping to clarify
difficult diagnostic problems (Carrocll 1982h), and, possihbly,

in anticipating which patients‘are at greatest risk for suicide

(Carroll 1882a; 1882h).

The 0ST has been used by pediatricians faor the study of endocrins
function for years (Pavlatos et al 1965), and it may be appli-
cable to the study of depression in adolescents as well. UWhile
there are reports of depressed adolescents (Carrall 1982s; De la
Fuente and Rosenbaum 1980) and prepubertal children (Poznanski et al,
1882) with abnormal DST results, there has beén no systematic study

of the specificity and sensitivity of the marker in adolescence.
For depressed children, Poznanski et al (13982} used the DST pro-
cedure described by Carroll et _al (1981). The dose of dexametha-
sane for the study of children was 0,5 mg (aone tablet orailygiven
at 23h00. The next day & single blood sample was drauwn at

16hG0. The plasma cortisol concentraticons were determined

by a2 competitive protein-binding method (Carroll
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et al 1981). Poznanski et al (1982) found that, of the 9 chil-
dren with major depressive disorder, 5 had abnormal DST results;
thus the sensitivity ef the DST for major depressive disorder

was at least S6%.

In 2 preliminary report Robins et al (1982) reported a DST
sensitivity of 50% in 4 children with major depressive dis-
erder. These results support the hypothesis that the DST may

be as clinically useful as a biological marker af endocgenous
depression in adolescents, as it is in adults. In addition,

a positive (abnormal) DST result may suppart the clinical
suspicion of this syndrome with high confidence, but & nega-

tive (normal) test result will not exclude it. The DST may

be useful in helping clinicians discriminate which adolescents
should receive medication and when medication can be discontinued

without relapse.

The TRH-TSH-stimulation test is a test of serum TSH response

to a test-dose of TRH; it can be seen as a test of central
regulation of the pituitary-thyroid axis. The test is carried
cut by giving an intravenous injectign of TRH (250ug) in 1 min.
Blood samples are collected for the determination of serum TSH
levels before and 20 min., 60 min. and 80 min. after injection of
TRH (Loosen and Prange, 1982). Normally there is a marked increase in
TSH, with levels peasking at abecut 30 min. after the TRH injection.

A "blunted response® is said to be present if the maximum in-

crease in serum TSH (ATSH) is lower than 7pU/ml (Kirstesin et
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al, 1981). Studies have shoun that a large proportion of
patients with endogenous depression have a blunted response

in this test {(Loosen and Prange, 1982). 0On the average, cli-
nical studies have found blunted respaonses to TRH in about

25% of patients with endogenbus depression. This decreased
response is therefore not as frequent a2s the abnormal 0ST re-
sponse in depressiaon. Like the DST, the TRH-TSH test does not
differentiate between unipolar and bipolar endogengus depressicn.
Unlike the nan-suppression of the 0ST, a blunted TSH respanse,
when present In depression, sometimes persists into remissieon,
although in some cases (usually after prolonged remission) the
response normalizes. What the mechanisms are underlying the
abnormal response to these two tests in endogenous depression

is not knoun for certain. It has been hypothesized that a cen-
tral hyperactivity in cholinergic systems may be responsible for
non-suppression in the DST (Carroll, 1982a), whereas excess dopa-
minergic activity might account for the blunted TSH respanse

which might, in fact be due to hypersecreticen of TRH in endo-

genous depressiaon (Loosen and Prange, 1882).

As far as the TRH-TSH stimulation test in children and adoles-
cents is concerned, houever no reports have been published

to our knowledge.

2.3 AETIOLOGY OF MAJOR DEPRESSIVE DISORDER

The first plausible hypothesis concerning the nature of the
biological basis of the affective disorders was the monoamine

hypothesis. This hypcthesis was praoposed as a result of stu-
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dies an the actigns of varigus drugs in animals and in adults
in the 1850's and 1964's. The hypothesis was first put for-
ward by Pare and Sandler (13953) and Jacobsen {(13958). The

first drug to be caonsiderad in the aetiology of the depressive
discrder was ravwglfia serpentina. This substance had been
known for several centuries to have sadative properties (Bein,
18956). In the 1950's it began to be used in the treatment of
hypertensiocn and it was found that its acti;e hypotensive prin-
ciple was reserpine (Wilkins, 1954). Reserpine was widely used
and severe depressive illness occurred in some hypertensive
patients treated with this drug (Freis, 1854; Achar et al,
1955; Maller et al, 19585; Lemieux et al, 1858). The syn-
thetic analogue aof ressrpine, tetrabenazine, was alsa shoun

to produce severe depressive effects in man (Ashcroft et al,
1861; Lingjaerde, 1963). Studies on the use of reserpine

and tetrabesnazine in animals suggested a possible mechanism

for these depfessant effects in man. Reserpine and tetrabena-
zine produced a state of sedetion and withdrawal iIn animals.
This state was shown to be associated with depletion from the
brain of 5-HT (Pletscher et al, 1956); NA (Holzbzuer, M. and Vogt,
M., 19563 Quinn et al, 1953) an¢ DA  (Carlsson, et al, 1857).
These drugs were shown to inhibit uptake of the neurotransmit-
ters intg vesicles in the presynaptic nerve termimal, probably
by & mgdificaitaon of the Na+, Kt-ATPase uptake pump mechanism

(Stitzel, 1977).

The second group of drugs relevant to the development of the
monoamine hypothesis is the MAD inhibitors. Iproniazid has been

shouwn to inmhibit MAQ (Zeller and Barsky, 1952) and to increzse
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brain levels of NA and 5-HT in animals (Spector et =1, 1358).
Pretreatment of mice with ipronizzid was found to cause them to
respand to reserpine administration with marked excitation in-
stead of the usual withdramal’and sedation (Chessin et al, 1857),
suggesting that the depressive symptoms could hg prevented by
elevation of brain NA and 5-~-HT levels. In 1857, the antidepres-
sant efficacy of iproniazid in man was demonstrated (Loomer et
al, 1957} and this drug was later shown to increase the levels

of NA, DA and 5-HT in human brain {(Ganrot et al, 1962; Maclean
et al, 1865). These observations gave rise to the bhypothesis
that in depression there is a functionzl deficit of mongamine
neuraotransmitters at certain synaptic sites in the brain. The
hypothesis was extended by the suggestion that in mania there is an
excess of neurotransmitters at these sites. A single hypothesis
cancerning all three monoamines is not the only possibility. Se-
parate hypotheses concerning each mongamine may be farmulated and
the evidence for each considered individually. Saome authars have
stressed the importance of catecholamines {(Bunny and Davis, 1365
Schildkraut, 1965) whereas others have emphasized 5-HT (Lapin

and Oxenkrug, 1963; Cappen et al, 1872). The moncamine defi-
ciency hypethesis was further based on the acute action of an-
tidepressant drugs. Classical tricyclic antidepressants were
shown to inhibit the reuptake of NA and S-HT from the synaptic
cleft and thus te cause an increased availability of the neuro-
transmitter in the synaptic cleft and hence stimulation of neu-

rotransmissian.

There were however drugs whase actions could not he explained by
the mongamine deficiency hypothesis. These drugs included iprin-

dole and mianserin which did nct appear to alter either the re-
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uptake or metabolism of NA (Zis and Goadwin, 13879; Goodlet et
al, 1977) but were effective antidepressants. Furthermore,
knowurn effective amine uptake inhibltors such as amphetamine
(Qverall et al, 1962) and cocaine (Post et al, 1974) did not
appear to be useful in the treatment of depression. The time-
course of the acute drug effects on amine availablility was alsc
nat consistent with that of clinical improvement. Blockade aof
neurotransmitter reuptake and MAOD inhibition of amine catabolism
gecour within minutes to hours after a single dose of the drug,
yet clinical response to these agents usually requires two or
more wesks to became evident (Oswald et al, 1972). The inhibi-
tion of NA reuptake processes and metabelism by tricyclic anti-
depressants and MAO inhibitors therefore did neot adequately ex-

plain their clinical effectiveness.

Complex presynaptic and postsynaptic mongamine receptar c.ianges
have been shown to occur in animals after laong-term administra-
tion of antidepressant drugs. In 1877, Baner jee et al reparted
that long-term tricyclic antidepressant administration reduced
the density of B-adrenoceptors in homogenates of whale rat brain.
A number aof studies have replicated this finding in several

Brain areas and with a variety of antiﬁepressants (Sellinger et
al, 1878; Bergstrom and Kellar, 1873). In addition it has been
Teperted that chronic administration of antidepressant drugs
causes a decrease in NA stimulated cAMP accumulatiaon in rat brain
(Sulser et al, 1678). Since B-adrenoceptors are closely coupled
to adenylate cyclase, (Limbird, 1981), this decrease in cAMP ac-
cumulation was partially attributed to a decrease in B-adrenacap-
tor density. No change in the Kd was observed (Pandey and Davis,

1983). Long term antidepressant treatment was also found to
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decrease 5-HT. receptor density in rat cerebral cortex (Perautka

2
and Snyder, 1379, 1380). This apparent douwn-regulation of B-
adrenoceptaors and 9-HT receptérs gave rise to a second hypo-

thesis postulating monoaminergic hyperfunction as the primary
defect in depression with subseguent down-regulétiun aof paost-

synaptic monoamine receptors {(Sulser, 1879) occurring after

antidepressant treatment.

In 1984, Siever and Uhde suggested that adult depressed patients
may vary along a spectrum of dysregulation af naradrenergic ac-
tivity. Particularly highly anxious depressed patients were sug-
gested to be characterized by increased presynaptic output cof NA
associated with depressed recephtor responsiveness. This hypaothe-
sis was also based on the finding that many unipolar depressad
patients have increased NA or MHPG in their urine, plasma and

CSF and that these increases are often correlated with the levels
of anxiety of the patients (Post et _al, 1978; Uhde st al, 1982
and Lake et al, 1982). In contrast, decreased presynaptic nor-
adrenergic activity has been observed primarily in bipolar pa-
tients (Siever and Uhde, 1884). Schildkraut et al (1978a; 1878b)
alsg observed increased excretian of urinary MHPG in unipolar de-
pressives and decreased excretion of urinary MHPG in bipolar de-

pressives.

The bicchemical model of childhood depression has scarcely been
explored (Kashani et al, 1981). The pioneer work of Cytryn et
al (1974) comprised one of the first bioclogical studies of child-

hood depression. These authers concluded that changes in the
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excretion of urinary metabolites do accur in affectively disturbed
children and that these changes are more pronounced in children
with chranic affective disordef. However, these biagchemical
differences, especially in MHPG were not consistent and tended

ta vary with age. The variation of MHPG with agé was alsaoc ob-
served by Shekim et al (1977, 1978) In 1979, Mc Knew and Cytryn
investigated urinary excretionm of MHPG, MNA, and &~h9droxy—3-
methaxymandelic acid (UMA) in @ children with chronic depressive
Teaction and 18 normal control subjects. The depressed children
excreted significantly less MHPG than the control subjects, but

there were no significant differences in NA or VMA excretian.

Tricyelic antidepressants have been fogund to be effective in
treatment of children and adolescents with major depressive dis-
arder. These drugs include imipramine and desmethylimipramine.
Several studies showed that an apparent relationship exists
between plasma drug concentration and Tespanse. (Puig-Antich
et al, 1979; Weller et al, 1983a, 1983b; Petti and Conners,
1983). These authors reported drug plasma levels between 125 -
225 ng/ml to be desirable, since recovery of the young depressed
patient occurred within six weeks and no side effects were aob-
served. The lower limit described above for total tricyclic
antidepressant plasma concentration (125 ng/ml) is similar to

the minimum effective concentration (120ng/ml) reported for

adults (Gram et al, 1978).

Although bigchemical research regarding the asticlogy of de-
pression in childhood needs much more investigation, it appears

that the underlying mechanisms may be similar in children and
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adults with major depressive disorder. Studies aimed at iden-
tifying possible biclagical markers for the disorder, could

therefore be of great benefit.
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CHAPTER 3

RECEPTOR BINDING IN NON-NEURAL TISSUE
3.1 PLATELETS

Every cubhic millimetre of blood cantains between 200,000 and
400,000 platelets, which are smooth, rToughly disc-shaped cells,
measuring approximately 1-2p in diameter. Blood platelets are
praduced in the bone marrow by fragmentation of large cells
known as megakaryocytes. Under qormal conditions, platelets
circulate in the blood for seven to ten days and do not adhere

ta each other aor to normal vascular endothelial surfaces.

Platelets are non-nucleated cells which do not contain ONA, but
do contain a small amaunt of RNA and structures resembling ribo-
somes. Platelets possess little ability to synthesize proteins,
but they do, however, have an active metabaolism which takes
place both in the cytoplasm and in the mitochandris. The active
metabolism supplies the energy which is required for platelet
function. In addition to the mitochondria and small accumula-
tions of glycogen, several types of granules are visible in the
platelet cytoplasm. Dense granules appear in smail numbers in
human platelets and céntain a concentrated mixture of serotaonin,

calcium and two adenine nucleotides; &adenosine diphosphate (AGP)

and ATP.

Under normal conditions, platelets do not aggresgate cor adhere to
vascular endothelium. They can, howsver, adhers to non-2zndothe-

lial surfaces, aggregate in respcense to varigus stimuli and
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release certaln substances such as ADP and Thromboxane A2 which
cause further platelet aggregation. Platelets can also accele-
rate the process of bload eoagulaticon. Various substances re-
leased from platelets, such as thrombin, 5-HT, histamine, praosta-
glandins, permeability factors and mitogens mediate other biolo-
gical reactions (Lindberg and Nilsscn, 1984). Stimulation of hu-
man platelets by adrenaline and NA causes both inmhibitiaon of
adenylate cyclase (Mills, 1975) and induction of aggregatiaon
(0'8rien, 1964). Althaugh both these responses are mediated by

o -adrenoceptors (Grant and Scruttan, 18735 Hsu et al, 1379) the
evidence which is now available suggests that the aggregstary
response 1s not initiated in resting platelets by a decrease in
platelet cBMP concentration. Thus addition of zdrenaline has nao
detectable effect on the cAMP.content of the resting platelet, ai-
though it inhibits the increase in the level aof this second
messenger induced by prostaglandin E1 (Haslam, 1975). The aggre-
gatory response to adrenzlins cannot be enhanced by addition of

an inhibitor of adenylate cyclase (Haslam et al, 1878).

5-HT activates blood platelets of various species including humans.
In cantrast to cat, pig and sheep where platelets respond to 5-HT
with irreversible aggregation (De Clerck and Herman, 1983), human
blocd platelets respond to S-HT mainly with 2 shape change and
reversible aggregation only. However, depending cn the concentra-
tion and the time interval between its addition and that of ano-
ther agonist, 5-HT amplifies the human platelet aggregation in-
duced by ADP, collagen, adrenzline and NA. The monoamine itself
induces strong agaregation of platelets presemsitised with NA,

lysolecithin, or Thrombofax. Prolonged expasure of platelets to
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5-HT results in transient tachyphylaxis. Pharmacodissection
and receptor binding studies suggest the presence of functiaonzal
receptors, possibly of the 5-HT, (S2) type and different fram
the active uptake sites of the moncamine by the platelets.

As a mndulaéor of platelet reactions, 5-HT may be invalued in
secaondary platelet aggregation, hemastasis and thrombus forma-

tion (De Clerck and Herman, 1883).

gz-ndrenccegtors

Recent investigations into abnaormalities in noradrenergic func-
~tion in the affective disocrders in adults have examined possibles
alterations in naradrenergic receptor sensitivity in thesa discr-
ders (Garcia-Sevilla gt al, 1981a; Siever et al, 1981a; Charney
et al, 1882; Siever et al, 1984). One approach has been the stu-
dy of adrenergic receptors on blood elements. UWhile central adra-
nergic receptors are more likely to play a role in the regulation
af mcod than comparable peripheral receptors, alterations in pe-
ripheral adrenergic receptor systems may still represent legiti-
mate markers faor psychiatric disorders and might provide clues

as to possible shnormalities in central adrenergic receptar
function. ¢,-Adrenoceptors are located on platelsts and their
number can be determined by the amount ;f specific binding of
radioclabelled a,-zdrenergic agonists or antagonists to the plate-
let membrane (Kafka et al, 1977). Studies of platelet a,-adre-
nocepters in adults have teported conflicting results anc are
reviewed by Carstens et al {1286 a). The discrepancy betwsen

the results reparted from different labcratories is thought to

lie in the different labelled ligands used ta detesrmine e,



adrencceptor binding.

The az-adrenergic receptor appears to exist in high and low af-
finity conformations (U'Prichard et al, 1982; Bylund and U'Pri-
chard, 1983). 3H-—Clonidine used as 2 ligand by Garcia-Sevilla
et al (1981b), preferentially labels the high affinity sites
(U'Prichard et al, 1982; Bylund and U'Prichard, 1983). JH-
Yohimbine used by Daiguji gt al (1981a) and Stahl et al (1383)
and 3H—rauuolscine, used by Pimoule et _al (1983), label both
high and low affinity sites (Bylund and U'Prichard, 1883).
34_DHE also labels both high and low affinity sites (Bylund and
U'Prichard, 1983). Since the high affinity sites seem to be the
physiologically active sites (Bylund and U'Prichard, 1983}, mea-
surement of these binding sites with 3H-clonidine would seem most

appropriate. To gur knowledge, no such study has been performed

in children and adolescents with major depressive disorder.

Imipramine Binding Sites

The use of the platelet as a model for central 5-HT activity is
based largely on similarities in the uptake, storage and meta-
bolism af 5-HT in these two tissues {Sneddon, 1973; Stahl,
1877; Pletscher, 1878). Following the identification of a sa-
turable, high-affinity binding site for 3H-imipramine in rat
brain (Raisman et al, 1978, 1980) and human platelets {(Langer
et al, 1980a; Paul et =21, 13980), inhibition studies demonstra-
ted a close correspgndence between the affinity of compounds for
the 34-imipramine binding site and fer the active uptake of S5-HT
(Paul et_al, 1981a). The relative potencies of a series of tri-

tyclic antidepressants in inhibiting sercotonin uptake correlated
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well with inhibition af high affinity 3H—imipramine binding in
platelets (Paul et al, 1981a). The potencies of the various
antidepressants in inhibiting both uptake and binding were al-

sg within the same {nanomolar) concentration range. Studies
using a large series of antidepressants have revealed an lden-
ticzl pharmacological profile for the 3H-imipramine binding sites
in human (Rehavi et al, 1980) as well as cat brain and platelets
(Briley et al, 1982). Uhen imipramine was administered chroni-
cally to cats, it was pogssible to measure a concaomitant decrease
in the Bmax values af 3H—imipramine binding in the hypothalamus
and platelets. The Ky of 3H-imipramine binding was significant-
ly increased in the hypothalamus, but unchanged in platelets.

" This discrepancy was ascribed to unlabelled imipramine in the hy-
pothalamic membrane preparation, since the preparation of plate-
let membranes involved a more thorough washing pracedure. Stu-

' dies of 3H-imipramine binding in human brain tissue suggest a
close similarity to binding characteristics in the platelet al-
though the affinity of 3H—imipramine binding in brain appears to

be slightly lower (Rehavi et al, 1980; Langer et al, 1881c).

Clearly, there are a number of limitations to the platelet as a
neuranal model for receptor binding studies, but recent data sug-
gest that the platelet model may prove useful as a biochemical
marker and subsequently as a tool for elucidation of biochemical

dysfunction in affective disorders.

3.2 LYMPHOCYTES

In bloeod smears, lymphocytes are recognized as a reasaonably homo-

Gengus pepulation of moncnuclear cells with 2 small amount of
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cytoplasm cantaining a few granules. Through the analysis of
antigens and receptors on the surface of these cells and their
responses to culture with various antigenic and mitogenic sti-
muli in vitra, it has been estzblished that there are two main
types of circulating lymphocytes namely T and B cells. Charac-
teristically, T cells form rosettes when incubated with sheep
erythrocytes whereas B cells do nct. This is the principal
manner in which these populations can be distinguished. Approxi-
mately 80 percent af blaoad lymphocytes are T cells and 12 to 185
percent are B cells. The remaining smzll percentage of lympho-
cytes lack the characteristic surface receptaors of T and B cellé
and are called "null®™ cells. Both T and B cells criginate fram
stem cells of hematopoietic tissues (Dale, 1983). The zbsalute

numbers of T and B cells are altered by many disease states.
T cells

Appruximately 70 to 80 percent of normal peripheral bload lym-
phocytes and 80 percent of lymphocytes in tharacic duct fluid ars
T cells. They cilrculate primarily as long lived small lymphocy-
tes. These cells are the principzl lymphocytes in the deep cor-
tical areas of lymph naodes and in the periarteriolar areas of
the splenic white pulp. The T cells areée the main effectors of
cell-mediated immunity and also are invalved as helper or sup-
pressor cells in modulating the immune respense. T cells pos-
sess cell surface antigens that are identified by a series of

=
]

menoclonal antibodies to surfesce antigens. 7T cells with surfacs

s + <+ + ) )
antigens T17, 737, T4 function es helper inducer cells and those



- 37 -

with T1¥, T35, 757 as cytotoxic-suppressor cells. These cells
migrate to various lymphoid tissues such as spleen, lymph nodes

and bone marrow (Gilliland, 1883).

8 cells

B cells represent appraoximately 12 to 15 percent of the normal
peripheral blood lymphocytes, 50 percent of the splenic lymphao-
cytes and 75 percent of the lymphocytes in the bone marrow in
naormal individuals. They are the principal cells in the cortical
germinal centers and medullary cords of lymph nodes. Theilr main
role is the production ef antibodies. The B cells carry membra-
ne-bound immunoglobulins as demonstrated by immunofluorescence
staining with anti-immuno-globulin antiserum. The main immunoglo-
bulin classes on the surface of peripheral blood B cells are Iagl

and IgD (Gilliland, 1983).

B-adrenoceotors

Lymphaocytes have been employed as a model for investigations of
B-adrenoceptor activity, since these cells exhibit adenylate

cyclase actiuiéy which responds to catechoalmines with a typical
B-adrenergic specificity {Bourne and Melman, 13971; Williams et
al, 1976). Brodde et al (1981), using 12°I-cyanapindelol, iden-
tified the B-adrenoceptors an human lymphocytes as a homageneous

populatian of the Bz—subtype.

Several groups (Pandey et al, 187%; Kronfol et al, 1983; UWright
et al, 1984) have investigated lymphocyte f-adrenoceptor respon-

ses in psychiatric disorders in zdults. For example, it was
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shown {(Pandey et al, 1979) that in affective illness, the
R-adrenaoceptor-coupled adenylate cyclase activity was impaired.

Mo such study has been performed in children and adolescents.

3.3 RECEPTOR BINDING STUDIES

The vast majarity of receptaor-labelling studies invelve the hin-
ding of a radicactive form of either the neurotransmitter/hormone
itself or a biclogically active anmalog (agonist), or an appro-
priate antagonist to membrane preparations of target tissues
(Bennett, 1378). The first and most critical step in any Tecep-
tor study is to acguire a radiolabelled ligand of sufficient ra-
diochemical specific activity, purity, stability and biclogical
activity. In additiaon most receptor sites have equilibrium
dissociation constants for ligands in the nancmeolar range and
below, and therefore the particular radicisotope vutilized must
have a specific activity sufficient to allow accurate measure-
ment of low cancentrations. The mast commanly used isotope is

tritium.

Receptor-binding studies wusually follow kinetics very similar

to those of classic enzyme-substrate interacticens. For rever-

sible ligand-receptor interactions where (R} = concentration
of unoccupied receptor sites, (L) = concentration of free 1i-
gand, {RL} = concentration of receptor-ligand complex,

Kq
a (R) + b (L) — <c (RL)
k-4

describes a general reversibls binding phenamenon with a, b and

c rtepresenting ths stolchiomstzy of the reacticn. t equilibrium,
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or "steady state®, the rate aof the forward reaction egquals the

rate of the reverse reactian.

ky ()@ (L8 =, (RL)E | : 2

The equilibrium binding constant may then be defined either as

an assoclation binding constant (KA)'

Ky = X1 . (RL)®
B - 3
k=1 (R)a(L)b
or as a dissociation binding canstant (Kp)
kg = Kop = (R)Y2(L)P
—_— 4
K1 (RL)E

Thus experimental determination of equilibrium binding affini-
ty constants for reversible reactions requires that experiments

be performed under steady-states conditians.

Another property of ligand-receptor interactions is saturability;
that is, only a finite number of specific receptor sites exist
per unit tissue. This maximum number of specific receptor sites
is usually disignated as Bm .

ax

(RL) + (R) = B

ma X

multiply by (L)

(RLY(L) + (R)(L) =8 __ (L)

(RLY(L)Y + (RL)
(aL) (RI(L) = Bmax (L)



substitute Eg (4) with 2 = b = ¢c = 1

(RLY{L) + (RL) K

|

m
—~

~
—

. max

(RL) [(L) + KD] =B __. (L)

(RL) = B, (L)

(LY + Ky
which is the classic law of mass action for enzyme-substrate
interactions adapted to receptor-ligand interactions. If we now

define RL as bound ligand = B, and L as free ligand = F, from

Eq (5)

F+KD

|
m
M

EF + BKD = max

Dividing by F

Bmax

B + 8 KD
F

transferring fields

B/F = Brax B

which is the Scatchard (1943) equation. Thus knowing the con-
centratiaons of ligand bound and free at equilibrium allows the
determination of both the equilibrium binding constant (Kp) and

the maximum number of binding sites (B __ ).



The next step is to choaose an appropriate separation technigue.
The choice of a separation technique depends on whether the racep-
tor under study is in a particulate or a2 soluble form. For par-
ticulate preparations the choice is usuazlly between some farm

of centrifugation or filtration. Filtration techniques, which
are unsurpassed for speed and efficiency, are the most widely
used in particulate receptor studies. Total elapsed time for
filtration and washing {separation time) is in the order of
approximately 15 to 20 sec. per sample. Radiclabelled chemicals
used as ligands in receptor-binding studies possess remarkable
abilities to bind non-specifically to both biological and non-
biological substances (Hollenberg and Cuatrecasas, 1375). Care
and caution are thus needed in estzblishing the criterias for
non-specific binding in a receptor-ligand assay. In generzl,
specific binding is taken as the difference between total binding
and binding that occurs in the presence af an excess concentra-
tion of unlahelled ligand. Many drugs with structures markedly
different from that of the radioligand used in recepior binding
studies, interact potently at the receptor site, and 2 1000-fold
excess concentration of a suiltable unlabelled drug can be used
to determine non-specific radioligand binding. When possible

it is always best tao use a displacing li@and that is chemically
different from the radicligand to increase the probability of

cbtaining receptor-specific binding.

Scatchard Plots

Betermipation cf the Ky end Bay for a given radioligand and
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tissue receptor, invelves incubating various concentrations of
the radioligand with a fixed concentration of tissue, measuring
the amount of ligand bound, and analyzing the data according to
the Scatchaid (1948) equation. UWith radicligand saturation stu-
dies the concentration of radio-activity is increased in the
incubation medium while the specific activity of the radioli-
gand is held constant. The amount of radioligand specifically
bound at each radioligand concentratien is then determined,
radioligand bgund is converted to moles of radiocligand beound

per unit weight of tissue or tissue protein.

'The results are plotted as B/F (y-axis) versus B {x~axis) cal-
culated for each radioligand concentration. After the line of
best fit for the data is obtained, the Kd i1s determined as the
negative reciprocal of the slaope and the Bm is estimatesd by the

ax

abscissa intercept of the line.

An example of a Scatchard plot will be shouwn in Sectiaon 5.
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CHAPTER 4

MATERIALS AND METHODS

4.1 MATERIALS

All chemicals and solvents used were of the purest grade commer-

cially available.

Instagel and counting vials were cbtained frem Packard Instrument
Ca., Inc., Illingis, U.S5.8. and bovine serum albumin from Calhbiog-

. chem., San Diego California.

Neradrenaline (L-arterencl bitartrate) and L-isoproterenol HC1

were purchased from Sigma Chemical Co., St. Louls, U.S.A.

Chlorimipramine was kindly donated by Ciba-Geigy {(Pty) Ltd Kemp-
tan Park. S.A. and Lymphaoprep TM purchased from Nyegaard and

Co. AS, Oslo, Narway (density : 1.077 + 0.00%1 g/ml; 209C)

SABAX wing infusing sets were obtained from SABAX Pty Ltd Jo-
hannesburg and Falcon 2099 tubes fram Bectaon Dickinsan and Co.
U.5.A. Filters were supplied by Schliecher and Schull, W- Ger-

many.

Radiochemicals used were: p-aminoclaenidine [ 3,5 - 3] - (4g0,a
Ci/mmol), imipramine HC1l [ benzene ring - JH{N)] {(51.3 Ci/mmol) and
dihydroalprenolal HCl, Levo - | propyl-1,2,3 - 3H] (35.8 Ci/mmol)

and were obtained from New-Encland Nucleur, Baoston Massachusetts.
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4.2 Patient Selectian

All patients were examined by the psychiatrist -and treated in the
Department of Child Psychiatry, Tygerberg Haspital. Each child
and parent were assessed with the Interview Schedule for Chil-
dren (ISC, Kovacs, 1983). The ISC symptoms and signs werte
evaluated towards a particular diagnesis, only if they met

the operationaily defined level of clinical severity, for exam-
ple a rating of 5 ar abgue on a 0- to B8-point sczle (Kavacs,
1983). The diagnosis of major depressive disorder was made
according to the DSM III (1%80) criteria. All children pre-
senting‘mith the symptom of depressign ar & suicide attempt
were evaluated. Nane of these children had received prior
antidepressant treatment. The exclusion criteria were an ar-
ganic deficit, mental retardation and childhood schizephrenia
or autism. A volunteer caontrol group af normal, healthy

schaol-going children was also evaluated.

Patients and contraols were kept drug free for three weseks
prior to the receptor binding studies. Blood samples were
collected between 08h00 and 08h30 to avaid possible circa-

dian wvariatiaon.
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4.3 PREPARATION OF PLATELET MEMBRANES

The method used for the preparation of platelet membranes was

essentially that of Garcia-Sevilla et al (1981b).

Initially a two hundred ml sample of bloed was collected using
two single 20-ml plastic syringes consecutively connected to

a na. 19 gauge SABAX wing infusion set and transferred to a
plastic beaker containing 30-ml acid-citrate-dextrose (ACD) so-
lution as anticoagulant (National Institutes of Health formula
A: 0.8% citric acié; C: 2.2% trisodium citrate; D: 2.4% dex-
trose). This procedure proved inadequats, since the blood fre-
quently coagulated. In order to prevent blocd coagulatian,

the procedure was modified (Fig. 4.1) to allow the blood to

be collected in ten 20-ml plastic syringes each cantaining

3-ml of ACD salution as anticoagqulant.

The blood was centrifuged at 180 x g for 10 min. (226C). The
resulting platelet-rich plasmz was titrated to pH 6.5 with ACD
solution and centrifuged at 5100 x g for 15 min. (229C) to
sediment the platelets. The platelet pellet was washed and
homogenised twice with 10 ml of Tyrode's buffer solution (NaCl,
137 mM; KCl, 2.7 mM; Na,HPO,, 0.3 mi; MgCl,, 0.1 mM; NaHCO4,
12 mM and dextrose, 0.56 mM; pH 8.0) and centrifuged again at
18000 x g for 15 min. The washed pellet was lyséd by haomoge-
nisation in 10- ml of ice-cold hypctonic buffer (Tris - EDTA,

5 mM; pH 7.5) and divided into two tubess. After centrifuga-
tion at 38000 xg far 15 min. (4°C), the one platele: membrane

pellet was resuspended in incubation buffer cantaining S50 mM

Tris HCL, 10 aM MgCl, pH 7.7 (229C), and the other in en incu-



FIG. 4.1 Przparation of platelet and lymphecyte membranes
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bation buffer centaining S0 mM Tris HC1, 120 mi NaCl, 5 =M
KCl, pH 7.4 (4®C). Electran microscopy was employed to es-

tahlish the presence of intact platelets (Fig. 4.2).

4.4 PREPARATION OF LYMPHOCYTE MEMBRANES

A modification of the methaod of Davies and Lefkowitz (1980)
was used to prepare lymphocyte membranes (Fig. 4.1). The ori-
ginal method could not be used for whole blood, since platelet
contamination aof the band cantaining lymphocytes could not be

avoided.

After separation of the platelets from the blood sample, 3%
dextran (MY S00,000) in saline was added {(1:3, v/v) to sedi-
ment erythrocytes. The mixture was stirred slowly for 15

sec. and left for 30 min. at room temperature. The super-
natant plasma-dextran sclution was layered onto 15 ml Lymphop-
rep in 20 ml plastic conical tubes and centrifuged at 1000

x g for 20 min. (22°9C). The yellow top layer was removed

and discarded down to within 3 mm of the interface layer can-
taining the lymphocytes. This layer was aspirated aoff and di-
luted with saline (1:1, v/v). Cell counts were performed an
whole blood and cn each of the fractions abtained after cen-
trifugation in order to establish the relative recovery of the

cdifferent fractions (Tahble 4.1).

After centrifugation of the diluted interface layer at 144 000
x g far 30 min. {49C), the lympheocytes were lysed in ice-cold
water, using a Polytron homageniser. The lymphocyte membranes

were spun doun at 124 COC x g (30 min.; 49C) and lysis repea-

— . P . . -
tzd. The final oellet was resuspenced 1n a buffer containing



TABLE 4.1

COULTER COUNTS OF THE DIFFERENT FRACTIONS OBTAINED DURING THE
PREPARATION OF PLATELETS AND LYMPHOCYTES FROM WHOLE BLOQOD

FRACTION PLATELETS LYMPHOCYTES
(x 109/1) (%)
Whele blood 303 3B
Platelet-rich plasma 248 C
Platelet-poaor plasma 7 0
‘Plasma/Dextran 140 34

before centrifugation

Plasma/Dextran B 0
atter centrifugation

Lymphocyte layer 0 82




An electron micrograph of platelet membranes in

incubation buffer (X 8QQ0).

Fig 4.2

1808 om.

Scale bar



50 mM Tris HCL and 10 mM MgCl,, pH 7.7 (22°C).

Electron microscopy was employed to establish the prasence aof

intact lymphocytes (Fig. 4.3).

4.5 PROTEIN DEYTERMINATION

The protein content of samples was assayed by the colorimetric
method of Lowry et al (1951}, as modified by Miller (1953).
The phenolic-0H groups of amina acid side chains ars estimated
by the Falin-Ciocalteus colour reaction. CELrystalline bavine

serum albumin (Merck, 89% pure) was used as standard.

A standard curve was initially constructed over the linear
range {0 - 100pg protein)}, but a single 20ug protein/20ul
standard was routinely used for the calculation of protein
concentration. One ml of a freshly prepared solution of 10%
N82C03 in 0.5 M NaOH contzining 1% potassium tartrate and 5%
Cuso, (10:1:0,1) was added toc sample or standard (20pl diluted
to 1 ml) and allowed to stand for 10 min. at room temperature.
Three ml of Falin-Ciacalteus phenol reagent (1:10 dilutian
with water) was added to the tubes, heated for 10 min. at 50°C,
cooled to room temperature and the absorbance read at 650 nm
in a Gilford Stasar III spectraphotometer. To correct for the
effects af the incubation buffer used as suspending medium for
the membrane preparations, the same volume (20pl) of buffer
uas added to blank tubes and treated as the samples.

4.B -ADRENGCEPTOR BINDING ASSAY

25

The assay used for measuring az—adrenoceptor levels cn platelst



Fig 4.3 An electron micrograph of lymphocyte membranes
in incubation buffer (X 8000). Scale bar = 1000 nm.
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membranes was that described by Garcia-Sevilla et al (1381b).
The assay was initially optimised according to pH and MQ2+ re-
gquirement. Temperature, incubation time, protein caoncsntration
and NA cancentration required for the determination of non-spe-

cific hinding were also characterised.

Aliguots af platelet membrane preparations (1Dng protein) were
incubated with 4 different caoncentrations of the radiocactively
labslled gyp-adrenoceptor agaenist, p-aminoclonidine (p-amino-
clonidine 3,5 - 3H, specific radicactivity 40 Ci/mmol) ran-
ging from 1 nM, ta 4 nM, in buffer (50 mM Tris HC1l, 10 mM m9c12,
pH 7.7) to obtain an estimate of total binding. Non-specific
binding was determined by incubating platelet membranes with
3H-p-amincclcnidine in the presence of 100uM NA. Specific bin-
ding was defined as the differsnce between the total and non-

specific binding.

The binding reaction was allowed to proceed for 25 min. at

25°C and was stopped by the addition of excess (5 ml) incubation
buffer and filtration through Whatman GF/C glass microfibre fil-
ters in a 10 -~ well filtration apparatus. After washing the
filters three times with 5 ml incubation buffer, the filters
were removed from the filtration apparatus, air-dried and

placed in counting vials. Ten ml of Instagel was added and

the radioactivity on the filters determined in a Beckman LS

9000 liguid scintillation counter., A series of quenched tri-
tium standards was used te calibhrate the LS 9000 in order to
correct for guenching present in the samples and to canvert

the measured counts per minute to actual degradations per mi-

nute {Section 5.1). Samples were countad at an efficiency of 41%.
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4.7 IMIPRAMINE BINDING ASSAY

The method used for measuring imipramine binding sites on pla-

telet membranes was that of Paul et al (1981a).

Initially the assay was optimised according to pH, N92+ require-
ment, Natand KT requirement, incubation time, protein cancentra-
tion and the chlorimipramine, serotonin or amitriptyline concen-
tration required faor the determination of non-specific binding.
Aliquots of platelet membrane preparations (100ug protein) were
incubated with 4 different concentrations of the radicactively
lahelled S-HT reuptake site marker, imipramine (imipramine

HC1 [ benzene ring - 3H(N)] specific radicactivity 51.3 Ci/mmol)
gver a concentration range of 1 MM to 6 nM in buffer (50 mM Tris
HC1, 120 mM NaCl, 5 mM KCl, pH 7.4). The binding reaction uwsas
allowed to proceed for 60 min. at 4°C, after which time it was
términated by the addition of excess (5 ml) ice-cold incubation
buffer and filtration through Whatman GF-B glass microfibre
filters in a 10 - well filtration apparatus. The filters wers
washed, air-dried and the radiosctivity determined as described
in section 4.6 Non-specific binding was determined by inclu-

sion of 100uM chlorimipramine in the incubation buffer.

4.8 B-ADRENQCEPTOR BINDING ASSAY

The assay used for measuring the B-zadrenoceptor binding para-

meters was that described by Davies and Lefkowitz (198C).

The assay was optimised according tc pH and Ng2+ requirement.
Temperature, incubation time, protein concentraticn and isoprc-

terenol concentration required for the determinaiion of nan-spe-
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cific binding were also characterised.

Aliquats of platelet membrane- preparatians (100ug protein) uwere
incubated with 4 different concentratiaons of the B-adrenoceptor
agonist DHA (dihydroalprenalol HC1, leva-(prapyI-1,2,3--H-,
specific activity 35.8 Ci/mmol) and S mM ascorbic acid over

2 concentration range of 0.5 nM te 3.0 nM in 530 mM Tris HCL,

10 mM MgCl, (pH 7.7 at 229C). The binding reacticn was allowed
to proceed for 15 min. at 37°C and was terminated by the addi-
tion of excess (5 ml) ice-cold incubation buffer solution and
filtration under vacuum through Whatman GF/C glass microfibre
filters in a 10 - well filtration apparatus. The filters were
washed, air~-dried and the radiocactivity determined as described

in section 4.6.

Non-specific binding was determined by incubating lymphocyte
membranes with SH-DHA in the presence of 5 mM 1scoproterencl.
From the results obtained in the different binding assays
(sections 4.6, 4.7 and 4.8), Scatchard plots were constructed
to determine the K and B_,, values (sections 5.1, 5.2 and

5.3).
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CHAPTER 5

RESULTS

5.1 o ~-ADRENOCEPTOR BINDING TO PLATELET MEMBRANES

2

5.17.1 Characterisation of the %ﬁ-p-aminoclonidine hinding assay

The method upon which the characterisation of 3H-p-aminocloni—
dine binding to az—adrenocepturs an platelet membranes was
based, was that of Garcia-Sevilla et al (1287b). Bloed uas
obtained fram adults, since difficulties were experienced

in the availability of children fer research purposes. Ini-

tially 3

H-clanidine was used, but since the specific activity
of the labelled ligand was very low {(about 22 Ci/mmol), 3H-

p-aminoclonidine was used instead {Rouot and Snyder, 1979).
A cancentration of 3nM 3H-p-aminoclonidine was used to cha-

racterise the binding assay which is described in Section 4.B.
5.1.1.1 pH and Mg2* requirement

az-Adrenoceptar hinding was investigated over a pH range of
7.1 to 7.9 in the presence and absence of 10mRM NgClZ in order

to establish the pH optimum for the binding assay. Samples

of platelet membranes (100ug protein) were incubated with
3H-p—aminuclunidine (3nM) for 25 min. at 25°C. Nanspecific
binding was determined by additian of 100uM NA as described

in Section 4.8, Ffigure 5.1.1 shows the reaction to take



34_PAC bound (fmol/mg protein)

60

40

20

71 7.3 ' 7.5 ' 7.7 ' 7.4
pH
Fig 5.1.1 pH-Dependence of az—adrenoceptor binding on platelet membranes at 25°¢C,

Results are expressed as the mean + 5D of the specific amount of 3H-p-

aminoclonidine (3H-PAC) bound in the presence (—o—) and absence (—»—)

of Mglt., (n = 12)



place optimally at pH 7.7 in the presence of Ngz+.

5.1.1.2 Temperature

All binding reactions require an agptimal tempe;ature for
maximum activity. #flatelet membranes (100ug protein) were
incubated with 3H-p-aminoclcnidine (3nM) in buffer (Tris
HC1l, S0 mM; MgCl, 10mM; pH 7.7) for 25 min. at 250C. NA
(100uM) was used to determine non-specific binding {(Section

4.8). Maximum binding of 3H-p-amineclonidine was found to

oceur at 259C (Fig. 5.1.2).
5.17.1.3 Time af incubation

Since most binding reactions sheow saturability within a speci-
fic time limit, it was essential to establish the time within
which the specific binding of 3H—p-aminoclonidine to platelet
membranes reached saturation. Platelet membranes were incu-
bated with the labelled ligand over time periods of 10 to 30
min, and it was found that saturation of specific binding was

reached within 25 min. {(fig. 5.1.3).
5.1.1.4 Non-specific displacer requirement

In order to determine non-specific binding, samples of platelet
membranes were incubated with 3nM SH-p-aminoclenidine in the
presence af either unlabelled clonidine or unlabelled NA, at

final concentrations ranging from 0,1 to 100uM (fig. 5.1.4).



34-PAC bound (fmol/mg protein)

860 ¢

40

20

s
0 25 37
Temperature (OE)
Fig 5.1.2 Temperature-dependence of a,-adrenoceptor

binding on platelet membranes. Results
are expressed as the mean + 50 of the

specific amount of 3H-p-aminoclanidine

(3H-pnt) bound. {(n = 12)



34-PAC bound (fmol/mq protein)

60
ag |
20
10 20 30
Time (min)
Fig 5.1.3 Time-course of incubatian of 3H—p—aminc-

clonidine with platelet membranes.
Results are expressed as the mean + 30
of the specific amount of 3H--p—aminc:-
clonidine (SH-PRC) bound. (mn = 11)



Disintegrations per minuie
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Ligand concentration (uM)
Fig 5.1.4 Displacement of 3H-p-aminoclonidine binding from platelet membranes by

clonidine { . ) and NA ( ) ). Results are expressad as the mean
+ SD of the amount of radiocactivity after displacement by the two unlabel-
led ligands. (n = 8)
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NA and clonidine czused 50% and 46% displacement, respectively,
at concentrations of 10 and 100uM. The latter concentration

of NA was used in the present study.
5.17.1.5 Protein concentration

Platelet membranes were incubated with 3nM 3H-p-aminoclonidine
over a protein concentration range of S0 to 10Cug protein per
assay. Fig. 5.1.5 shows specific binding to be linear over
this concentration range and 100ug protein was used in all

subsequent studies.
5.1.68 Scatchard analysis of the binding data

Once the binding of 3H-p—aminoclonidine to az-adrencceptors
on platelet membranes had been characterised, samples of
platelet membranes (100ug protein) were incubated with 3H-
p-aminoclonidine over a cancentraticn range of 1 to 10nM
(Section 4.6, fig. G5.1.6). Scatchard analyses of the bin-
ding data, however, sucgcested the existence of two binding
sites with different Kd and Bmax values (fig. 5.1.7). This
finding was in agreement with results published by Garcia-Se-
villa et al (1981b), using 3H-clonidine. The present study
was subsequently carried out, using four concentrations of

3H-p-aminoclonidine, ranging fraom 1nM to 4nfl.

5.1.2 3H—-p—Aminoclonidine binding to platelet membranes aof

depressed children and contraols

The aim of the present study was to investigate 3H-p-amino~



34-PAC bound (Fmol/mg protein)
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Fig 5.1.5

Linearity of

40 60 80 100

Protein concentration (o)

3H-p-aminoclnnidine (3H-PAC) binding to platelet membranes

over a protein concentration range. Results are expressed as the mean

+ S0 of the specific amount of 3HnPAC bound. {(n = 12)
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A representation eof 3H-p~aminoclonidine
(31_PAC) binding to platelet membranes
(total binding -—o—; ncn-specific

binding (—s—; specific tinding —s—).



SH-paC Bound/Frze (fmel/mg protein/nM)

30

20

10

50 40 ' 50 80 100

3H-PAC Bound (fmol/mg protein)

Fig 5.1.7 A representative Scatchard plot of 3H-p-aminoclanidine (3H-PAC)
binding to platelet membranes, showing the presence of two
conformations of the az-adrenoceptors.
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clenidine binding to platelet membranes of children and adoles-
cents with major depressive disorder. A large number of these
children had a history of Sui;ide attempts. The az-adrenoceptor
binding parameters aof patients were compared to those of 16 nor-
mal, healtﬁy controls (mean age 16.1 + 1.0 yrs). No significant
difference could be demonstrated between control male and female

@,-adrencceptar Kd or Bmax values (6 males: age = 15.8 + 1.5 yrs,
mean Kd = 2.3 + 1.55nM, median = 1.9nM, mean Bmax = 67.6 + 15.7
fmol-mg protein, median = 65,3 fmol/mg praotein; 10 females: age

16.3 ¢+ 0.51 yrs, meazn Kd = 2.8 + 0.73 nM, median = 2.1 nM, mean
Bmax = 58.5 + 15.5 fmol/mg protein, median = 53.4 fmol/mg pro-

tein, Mann-Whitney U-test).

Table 5.1.1 shows the data fgr the two psychiatric populaticns
and the controls. The a,-adrencceptor Kd values aof children uwith
major depressive disorder with a2 suicide attempt were found to

be significantly higher than control values (p < 0.0%5) as were
thaose of the total population of children with major depressive
disorder (p < 0.01, Mann-Whitney U-test). Significantly higher

g,-adrenocepteor Bmax values were ogbserved in the total population

2
of children with major depressive disorder (p < 0.05, Mann-Whit-

ney U-test), when compared to controls.

Scattergrams of the Kd and Bmax values of the control and patient
populations are shown 1in figures 5.1.8 and 5.1.9, respectively.
As can be seen, these values varied markedly in both controls and
patients. Significantly greater variance in az-adrenoceptor

Bmax values was chbserved in patients with major depressive dis-
order with a suicide attempt {(p < 0.01, F test), as well as the

total population af children with major depressive disorder

(p < 0.058, F test), than in the control group. Representative



TABLE 5.1.1.

Kd and Bmax values of 3H~p-aminoclonidine binding to plate-

let membranes of narmal heslthy cantraols and children with

major depressive disaorder (numbers and ages included).

Controls n Agel(yrs) Kd (nM) Bmax{fmol/mg protein)
mean + 3D mean + SD median mean + SD median
Controls 16 18.1 = 1.0 2.7 + 1.1 2.0 62.1 + 15.7 58.5
oo 12 13.4 + 2.5 2.8 + 1.1 2.7 71.5 + 18.7 759.3
FoDS 7 15.7 + 2.8 3.1 + 0,912 3.2 B7.1 + 35.1 g8s8.3
WD + MDDS 19 14.3 + 2.8 2.9+1.1@ 3.0 77.3 + 26.2¢  76.8

D = major depressive disorder

M0S = major depressive disorder with suicide attempt

¢ Significantly differsnt from controls

(p <0.05)
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Fig 5.1.8 Scattergrams of platelet ep-adrencceptor

Kd values of controls {(c) and patients
with the psychiatric conditions indicated

below:

MCOD : major depressive disarder
MODS ¢ major depressive disorder

and a suicide attempt.
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Fig 5.1.3 Scattergrams of platelet az-adrenoceptcr
Bmax values of controls {(c) and patients
with the psychiatric conditians indicated
below:

MBO : major depressive disorder
MODS : major depressive discrder and a

suicide attempt.



3H-PAC Bound/Free(fmol/mg protein/nM )
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Fig 5.1.10 Representative Scatchard plots of platelet

3H—p-aminoclcnidine binding data of controls

(-8-8-) and patients with major depressive
disarder (-0-0-).



Scatchard plots of the data are shown in figure 5.1.10.

Neither a seasonzl, nor an age-dependenit variation was observed
for either the az-adrencceptor Kd or Bmax values of baoth the

control and patient populations (result not shouwn).

5.2 IMIPRAMINE BINDING TO PLATELET MEMBRANES

3.2.1 Characterisation aof the 3H—imipramine binding assay _

The method upan which the characterisation of SH-imipramine

binding to platelet membranes was based, was that of Paul et
al (1981a). Blood used in these studies was obtained from
adults, because of difficulties in the availability of chil-

dren. 3H—Imipramine vas used at a concentratiaon aof 1nM for the
characterisation of the imipramine binding assay as described in

Section 4.7.

5.2.1.17 pH and Na* and k¥ requirement

3H-Imipramine binding was measured aver.a pH range of 7.1 tao 7.8
in the presence and absence of 120nM Nall and SmM KC1 in order
to establish the pH optimum for the binding assay. Samples of
platelet membranes (100pg protein) were incubated with 1aM <SH-
imipramine for 60 min. at BYC. HNon-specific binding was deter-
mined by the addition of 10C0uM chlorimipramine (Section 4.7).

In the absence of the two salts, no binding was detectable
(results not shown). Figure 5.2.1 shous the reaction to take

place eptimally at pH 7.4 in the presence af both Nat and K,



SH-IMT Bound {pmol/mg protein)

0.5
0.4
0.3
0.2
0.1

71 7.2 7.3 7.5 7.5 7.5

pH
Fig 5.2.1 pH-dependence of imipramine binding to

platelet membranes at 0°C. Results are
expressed as the mean + 3D of the speci-
fic amount of 3H-imipramine (3H—IMI)
bound in the presence of Nat and K+.
(n = 9)



H-IMI Bound (pmol/mg protein)

3

[
0.4
0.2t
0 25 37
Temperature ( DC)
Fig 5.2.2 Temperature-dependence of imipramine

binding to platelet membranes. HResults
are expressed as the mean + S0 of the
specific amount of 3H-imipramine (3H—INI)
bound. (n = 8)



5.2.1.2 Temperature

In order to establish the temperature optimum for 3H—imipramine
binding, platelet membranes uwere incubated with the labelled
ligand for 60 min. at 09C, 259C and 37°C. From figure 5.2.2
it can be seen that maximum specific binding was zchieved at

gec.
5.2.17.3 Time of incubation

Platelet membranes were incubated in the presence of IH-imi-
pramine over time periods of 10 to B0 min. This was dane to
establish the time reguired far specific binding to reach

saturation. As can be seen from figure 5.2.3, the reactiaon

reached saturation within 80 min.

5.2.1.4 Non-specific displacer requirement

Samples of platelet membranes were incubated with 3H-imi-
pramine in the presence of either SHT, amitriptyline aor chlor-
imipramine in order to determine non-specific binding. The
drugs were incubated at final concentrations ranging from

0.1 to 100uM. Figure 5.2.4 shows chlorimipramine to be the
most suitable drug to use as displacer at a concentration

af either 10 or 100puM. The latter concemtration was subse-

quently used in the present study.

5.2.1.5 Protein concentration

3H~Imipramine binding tc platelet membranes was determined

over a platelet protein concentration range of 50 to 100ug.



Sy-1m1 Bound {pmol/mg protein)
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Time (min)

Fig 5.2.3 Time-course of incubation of 3H-imipramine
(SH—INI) with platelet membranes. Results
are expressed as the mean + 3D of the spe-

cific amount of 3H—IF‘ﬂI bound. (n = 9)
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Displacement of SH—imipramine binding from
platelet membranes by 5-HT (—sa—), chlor-
imioramine (—e—) and amitriptyline (—o—)
Results are expressed as the mean + S0 of
the amount of radigactivity after displace-
ment by the three unlabelled ligands.

(n =8)
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Binding was found to be linear ogver this concentratian range

(fig. 5.2.5) and 100ug protein was used in all subsequent studies.
5.2.1.6 Scatchard analysis of the binding data

After characterisatiaon of the binding aof 3H-imipramine ta
imipramine binding sites on platelet membranes, samples aof
platelet membranes (100ug protein) were incubated with 3H-
imipramine aover 2 concentration range of 1nM to 8ni (Section
4.7, fig. 5.2.6). Scatchard analyses of the binding data sug-
gested the existence of two binding sites with different Kd and
Bmax values (fig. 5.2.7). This was in agreement with findings
reported by Wagner et al (1985). The present study was sub-
sequently carried out, using four concentrations of 3H-imi-

pramine, ranging from 1nM fto BnM.

5.2.2 3H—Imipramine binding to platelet membranes of depres-

sed children and controls

The aim of the present study was ta investigate SH-imipramine
binding to platelet membranes of chi;dren and adclescents

with major depressive discrder. A large number of these chil-
dren had a history of suicide attempts. The imipramine binding
parameters of the patients were compared to those of 21 normal,
healthy controls (mean age 16.5 + 1.1 yrs). No significant
difference could be demonstrated betwesn contrel male and fe-
male imipramine Kd or Bmax values (11 males: age = 18.5 + 1.4
yrs, mean Kd = 1.26 £ 8.31 nil, median = 1,11 nM, mean Bmax =
1.16 + 0.27 pmol/mg protein, median = 1.13 pmol/mg proteing

10 famalas: age = 18.4 + 0.51 yrs, mean K2 = 1.45 + 0.28 nM,
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median = 1.44 nM, mean Bmax = 1.22 + 0.20 pmel/mg protein,

1.16 pmel/mg protein, Mann-Whitney U test).

median

Table 5.2.1 shows the data for the two psychiatric populations
and the controls. The imipfamine Kd values of children with
ma jor depressive disorder with a suicide zttempt were found

to be significantly higher than cantrol values (p < 0.0005),
as were the Kd values of the total population of children with
major depressive disorder (p < 0.03, Mann-Whitney U test).
Significantly higher imipramine Bmax values were observed

for platelets of children with major depressive disorder (p

< 0.0005), children with major depressive disorder with a
suicide attempt {(p < 0.0005), and a combination af these tuao
groups {(p < 0.0005, Mann-Whitmey U test), when compared to

controls.

Scattergrams of imipramine Kd and Bmax values of the control
and patient populations are shown in figures 5.2.8 and 5.2.8,
respectively. Representative Scatchard plots of the data are

shown in figure 5.2.10.

Neither a2 seasonal, nor an age variation was observed far
either the imipramine Kd ar Bmax values of controls and

patients (results not shoun).
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Fig 5.2.8 A representation of 3H-imipramine
(3H-IMI) binding to platelst mem-
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Fig 5.2.,7 A representative Scatchard plot of 3H—imipramine
(3H-INI) binding to platelet membranes, showing

the presence of two conformations of the imipra-

mine binding sites.



TABLE 5.2.1.°

Kd and Bmax values aof 3H—imipramine binding to platelet membranes
of normal, healthy cantrels and children with major depressive

disarder (numbers and ages included).

Populatian n Age(yrs) Kd{(nM) Bmax(pmul/mg
protein
mean + S0 mean * SO median mean + SD median

Controls 21 16.5 + 1.1 1.35 £+ 0.3 1.35 1.19 + 8.23 1.15
moD 12 13.4 + 2.5 1.51 + 0.37 1.48 1.63 + 0.38%1.49
MmDos 10 16.1 £ 2.5 1.78 £ 0.41% 1.7 1.67 + 0.34% 1.60
MOD+MDDS 22 14.6 + 2.8 1.63 + D.a1g' 1.59 1.65 + 0.36% 1.53
MDD = major depressive disorder

MCDS = major depressive disorder with suicide attempt

25ignificantly different from controls

(p < 0.0005); %p < 0.03
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tric conditions indicated belgu:

MCD : major depressive disorder
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Scattergrams of platelet imipramine
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fMICD @ major depressive disorder
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suicide attempt.
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3.3 B-ADRENOCEPTOR BINDING TO LYMPHOCYTE MEMBRANES

59.3.1 Characterisation of the SH-DHA binding assay

)

The method wupon which the qharacterisatian of 3H-DHA binding
to f-adrenoceptors on lymphocyte membranes wa; based, was that
of Davies and Lefkowitz {1980). Blood for these studies was
obtained from adults, because of difficulties in the availa-
bility ef children. The concentration of 3H-OHA used, for
initial characterisatiaon of the assay (Secticn 4.8} was 1nM

in the presence of 5SmiM ascorbic acid.

5.3.1.1 pH and Mg2+ raquirement

3H-DHA binding ta lymphocyte membranes was investigated over a
pH range of 7.5 to 8.1 in the presence and absence of 10mM NgElz-

Lymphocyte membranes (100pg protein) were incubated with 1nM
3H?DHA for 15 min. at 379C. Nan-specific binding was determined
by the addition of 5SmM isoproterencl (Section 4.8). Figure 5.3.1

shows the optimum pH to be 7.7 in the presence of MQ2+- The

2+

data of SH-DHA binding performed in the z2bsence of Mg were

too scattered to obtain any result {results not shown).

5.3.1.2 Temperature

3ince binding reactions require a specific temperature to occur

optimally, lymphocyte membranes (100ug protein) were incubated
with JH-DHA for 15 min. at 0°C, 259C and 37°C (Section 4.8).

From figure 5.3.2 it can be seen that this reaction has an op-

timum temperature of 37°C.
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Fig 5.3.1 pH-dependence of SH-DHA binding to lymphocyte membranes at

37°C. Results are expressed as the mean + 50 of the specific

amount of “H-DHA bound in the presence of Ng2+. (n = 9)
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Fig 5.3.2 Temperature-dependence of 3H—DHA binding to lymphocyte

membranes. Results are expressed as the mean + 3D of

the specific amount of EH—DHA bound,

(n

9)
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5.3.1.3 Time of incubatian

In order to establish the time required for saturation of 3H-DHF\
binding to lymphocyte membranes, incubations were carried aut
in the presence of the labelled ligand ocver time periods aof §
to 25 min. Saturation of specific binding was reached within

15 min. {Fig. 5.3.3).

5.3.1.4 NMon-specific displacer requirement

Lymphocyte membranes were incubated with 3H—DHA in the presence

of 0,01mM ta SmM isoproterenol in 5mM ascorbic acid in arder to
establish the aptimal concentration of the unlabelled ligand re-
guired for the determination of non-specific binding (Section
4.8). Figure 5.3.4 shous 1mM and 5mM isoproterencl to be equi-
potent in displacing 3H-DHA and the latter concentration was used

in all subseguent binding assays.

5.3.1.8 Pfrotein concentration

3H~DHA (1nM) was incubated with lymphocyte memhranes over a pro-

tein cancentration range of S50ug to 10Gug pratein per assay.
Figure 5.3.5 shaus specific binding to be linear over this con-
centration range and 100ug protein was used in all subsequent

studies.

5.3.1.8 Scatchard analysis of the binding data

Afier characterisztion of the binding of 3H—DHA to the f-adreno-

ceptor cn lymphocyte membranes,samples of the membranes (TDng
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Fig 5.3.3 Time-course of incubation of

SH-DHA with

Results are

+ SD of the
3

lymphocyte membranes.
expressed as the mean

specific amount of

H-DHA bound. (n = 9)
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Fig 5.3.4 Displacement of 3H—DHP« binding from

lymphocyte membranes by iscprotersnol.
Results are expressed as the mean +

S0 of the amount of radiocactivity after
displacement by the unlabelled ligand.
(n = 8)
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Fig 5,.3.5 Linearity of 3H-DHA binding to lymphocyte membranes odver a protein
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Results are expressed as the mean + 30 of the

3H-DHA bound. (n = 9§)
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protein) were incubated with 4 concentrations of SH-OHA gver

a concentration rangé of 0.5nM to 3nM (Section 4.8, fig. 5.3.B).
Scatchard analyses of the binding data suggested a single popu-

lation of high-affinity B-adrenoceptor sites (fig. 5.3.7).

5.3.2 JH-DHA binding to lymphocyte membranes of depressed

children and controls

The aim aof the present study was to investigate SH-DHA binding
to lympheocyte membranes of children and adolescents with major
depressive disorder. A large number of these children had
histories of suicide attempts. The B-adrenocsptor binding
parameters of patients were campared to those of 23 ncrmal,
healthy controls (mean age 16.4 + 1.0 yrs). A significant
difference was obhserved between control male and females B-
adrencceptor Kd values (11 males: age = 16.5 + 1.4 yrs, mean
Kd = 0.6 + 0.27 nM, median = 0.61 nM; 12 females: age = 16.3
+ 0.5 yrs, mean Kd = 1.03 + 0.44 nM, mediamn = 1.03 nM, p < 0.02,
Mann-Whitney U test). No significant difference, houever,
could be demonstrated between centrol mzle and female B-adre-
noceptor Bmax values (11 males: mean Bmax = 40.8 + 11.8 fmol/
mg protein, median = 37.0 fmol/mg protein; 12 females: mean
Bmax = 44.0 + 7.9 fmol/,g protein, median = 40.2 fmol/mg pro-

tein, Mann-Whitney U test).

Table 5.3.1 shows the B-adrenoceptor Kd values of the tuwo
psychiatric populatians and the controls. No difference was
found between control males and males with major depressive
disorder. Control females, hcwever, hzd significantly greater
f-adrencceptor Kd values uwhen ccmpared to female patiznts with

major depressive discrder (p < 0.05), major depressive disar-
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Fig 5.3.7 A representative Scatchard plot of EH—DHA

binding te lymphocyte membranes.



TABLE 5.3.1

Kd values aof JH-DHA binding toc lymphocyte membranrnes cof normal,

healthy controls and children with major depressive disorder

(numbers and ages included).

Population Males Females
n Age Kd (nM) n Age Kd (nM)
mean+S0 mean+SD  median mean+SD  mean+30 median
Controls 11 16.5+1.4  0.60+0.27 0.6 12 16.3:0.5 1.03+0.4% 1.03
oD 5 13.2+1.8 0.84+0.,32 0.83 7 13.6+2.9 U.56t8.13ia 0.56
MoDS 2 13.0+4.2 0.571+£0.24 0.371 11 16.3£2.5 U.E?iD.SB'& g.4a4
MDDHDOS 7 13.1+2.3 0.75+0.32 0.68 18 15.2+2.9 0.62+0.46 € 0.52

MCD: major depressive disarder

MDDS: major depressive disarder and a2 suicide attempt.

aSignificantly different from male cantrols (p < 0.02)

gSignificantly different from female contrels {p < 0.05);

¢n < 0.02.
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der and a suicide attempt (p < 0.05), as well as a combination

of the two subgroups (p < 0.02, Mann-Whitney U test).

Tahle 5.312 shows the B-adrenoceptor Bmax values for the
different psychiatric populations and the controls. Patients
with major depressive disorder had significantly higher Bmax
values than controls (p < 0.02), as did a combination of pa-
tients with major depressive discrder with and without a suil-

cide attempt {(p <0.05, Mann-Whitney U test).

Scattergrams of the B-adrencceptor Kd and Bmax values of the
cantrgl and patilent populations are depicted in figures 5.2.8
and 5.2.9, respectively. Representative Scatchard plots of the

data are shouwn in figure 5.2.10.

Neither seasonal, nor age variation was observed for either
the R-adrenoceptor Kd or Bmax values of controls and patients

(results not shoun).



TABLE 5.3.2

Bmax values of -H-DHA binding to lymphocyte membranes of normal,

fhlealthy controls and children with major depressive disorder

(numbers and ages included).

Populatian n Age (yrs) Bmax {(fmal/mg pratein)
mean+50 mean+5D median
Controls 23 16.4+1.0 42.5+9.8 3g.0
MDD 12 13.4£2.5 50.8+10.9% 51.3
MpbDs 13 15.8+2.8 47.1+8.61 48.5
MDD+MDDS 25 14.6+2.9 ag.g8:10.264% 49.1

MDD: major depressive disarder

MODS: major depressive discorder and a

aSignificantly different from controls

suicide attempt

(p < 0.02); 4

p < 0.035.
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CHAPTER 6

D1SCUSSI10ON

6.7 o -ADRENOCEPTOR BINDING TO PLATELETS OF CHILDREN AND

2
ADOLESCENTS WITH MAJOR DEPRESSIVE DISORDER.

The agonist, p-aminoclonidine, was chesen to measure platelet
azwadrenuceptor binding, since it has a greater affinity for
the az-adrenoceptor than clanidine. This is attributable main-
ly to a slower dissociatign of the analogue from the binding
site (Rouct and Snyder, 1879). In addition, the commercially
available labelled p-amincclaonidine has a higher specific ac-
tivity than clonidine. A concentratian of 3nM 3H—p-aminoclo—
nidine was used in all characterisation assays, since this con-
centration was very close to the Kd of the az-adrenoceptor for
this agonist. Despite the higher specific activity aof p-ami-
noclanidine, only four concentratiens of 3H-p-amincclonidine
were used in each az—adrenoceptor binding assay, since the bin-
ding to platelet membranes was not sufficient toc allow the use
of concentrations lower than 1nM. On the other hand, concen-
trations higher than 4nM revealed the pressnce of the low af-

finity component of the o_-adrenoceptor population. (U'Prichard

2
et al, 1983).

The young patients used in this study were selected according
to the DSM III criteria for the classification of major de-
pressive disorder (Sectian 4.2). These patients uwere kept
drug-free for at least three weeks prior to receptor binding

studies.



An interesting cbservation in the present study is the elevated
¢,-adrenoceptor Kd values observed in the subgroup aof children
and adolescents suffering freoem major depressive disarder with

a suicide attempt. The platelet az-adrenoceptor Kd values of
the tatal pgpulation of children with major deﬁressiue disor-
der were alsa significantly elevated. Ue would like to pro-
pose that these raised az-adrenoceptor Kd values may possibly

serve as a trait marker for suicidality in these young patients.

In addition to the finding mentioned above, it was also noted
that the az—adrenoceptar Bmax values af the tatal pgpulatian

af children and adolescents with major depressive disorder were
significantly greater than thaose of controls. UOnce again there
was & greater tendency far patienmts with mzjor depressive dis-
order with a svicide attempt to have higher es-adrenoceptor
Bmax wvzlues than those withaout a suicide attempt. These ele-
vated az-adrennceptor Bmax values may, in conjunction with the
elevated Kd values, serve as a biological marker for depressian
in children and adolescents and may passibly give an indica-
tiogn of the severity of the disorder and a tendency towards

suicidal behaviour. Suicidal behaviour has been assocciated

with mongaminergic dysfunction in adults (Agren, 1983).

The strikingly greater variance in patient Bmax values,

seems tostress the noradrenergic abnormality in these chlldren.
Increased variances in the platelet az-adrencceptar Kd and

Bmax wvalues of adults with major depressive disarder uwere
recently reported (Carstans et al, 1986a). It was also shaoun
in depressed adults {(Halaris et =al, 1984) that the noradre-

nergic output was varisble and unstable over hours and days.



Thess authors measured plasma MHPS levels at 3 hour intervals
over a 24 hour period in the depresssd patients and observed
not aonly a phase advance in plasma MHPG concéntratiﬂns in

these patients, but also multiple erratic unexplained MHPG
peaks during the course of ﬁhe 24 haurs. This suggested that
naradrenaline release was dysregulated (Sieuer-and Davis, 1984).

The platslet -adrengceptor variabhility may reflect the indi-

@2
vidual's attempts to caope with a peerly requlated norsdrener-
gic system. The increassd @¢,-adrenoceptor Bmax values gbser-
ved in children and adolescents in the present study contrasts
with the finding that, in adults with major depressive disorder,
the oa,-adrenoceptor Bmax values were significantly lower than
cantral values (Carstens et_al, 1986a). This discrepancy may

be due to the short duraticn of the disocrder in the younger

patient population.

In conclusiaon, we would like to propose that elevated levels
of platelet az-adrenoceptor Kd and Bmax values may serve as
possible biological markers for children and adolescents with

ma jor depressive disarder and a tendency towards sulclidality.

6.2 IMIPRAMINE BINDING TO PLATELETS OF CHILDREN AND ADOLES-

CENTS WITH MAJOR DEPRESSIVE DISORDER

3H-Imipramine binding has frequently been used to praovide in-
formation concerning 5-HT resuptake sites in platelet membranes
of depressed patients (Paul et 21, 1981 ; Langer and Raisman,
1983). Characterisation of the binding of imigramine to plate-
let membrenes was carrtisd out in the presences gf 1nM 3H-imipra-

mine, since this concentretion was in the vicinity of the Kd
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value. It was soan noticed that a high and louw affinity imi-
pramine binding site existed, and all studies were subsequently
carried out in the presence qF 0.5nM to 4nM 3H-imipramine only,
in order to label the high affinity binding site. This uas

in agzeemeht with findings reported by Wagner et al (1985). In
additiaon the concentrations of JH-imipramine used in the present
study were limited by the amount of platelet membranes obtained
fraom the patients. All Scatchard plots, houwever, yielded rez-

sonably straight lines.

The young patients used in this study were selected according
to the DSM III criteria for the classification of major depres-
sive disorder. All patients were kept drug-free for at least

three weeks prior to receptor binding studies.

No difference was observed between control male and female

Kd ar Bmax values. Interestingly, significantly elevated imi-
pramine Kd values were observed in children and adolescents with
ma jor depressive disorder and a suicide attempt, as well as a
combination aof these and patients with major depressive disorder with-
ogut a suicide attempt. The significance of the elevated Kd va-
lues 1in the latter subgroup appears te result from the contri-
bution of the elevated Kd values of the patients with major de-
pressive disarder and a suicide attempt. WWe would like to
propose that raised platelet imipramine Kd values may possi-

bly serve as a trait marker for suicidality in yaung patients

with major depressive discrder.

In addition to the findings mentigned above 1t was also nated
that the imipramine Hmax values of patients with major depres-

sive disarder {(with and without a suicide attempt) were signi-
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ficantly higher than control values. The present results sug-
gest that elevated imipramine Bmax values may serve as a bio-
logical marker for depression in children and adolescents and

may passibly indicate the severity of the disorder and a ten-
dency tumérds suicidal behaviour. Suicidality in depressed adults
has been shown to be marked by disturbances in 5-HT activity, as

indicated by changes in CSF S5-HIAA levels (Agren, 1983).

The results of the present study are not in agreement with
those of Rehavi et al (1884) who found no difference between
imipramine Kd or Bmax values of controls and 12 patients with
ma jor depressive disorder. Five of these patients were descri-
bed as having bipolar disorder, depressed type. The discrepant
findings could perhaps be due to differences in methodology

or the compasition of the patient population.

In addition, the presant findings are not in agreement with
results previously rteported for adult patients with primary
unipolar major depressiﬁe disgrder (Carstens et al, 198EBb).

It is possible, however, that chronic antidepressant treatment
may have a long - term effect an the number of platelet imi-
pramine binding sites in adults (Briley et =l, 1982). The
short duration of the illness in children and adolescents may
also account for different responses of the imipramine binding

site to serotonergic dysfunction in depression.

In conclusion, we propecse that elevated platelet imipramine
Kd values may paossibly serve as biolagical marke£s for suici-
dality in juvenile mzjour depressive disorder, whereas eleva-
imipramine Bmax values may serve &s biological markers for
children and adolescents with major depressive disorder uwith

& tendency towards suicidality.
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6.3 B-ADRENOCEPTOR BINDING TQ LYMPHOCYTES OF CHILDREN AND

ADOLESCENTS WITH MAJOR DEPRESSIVE DISORDER.

Binding of DHA to lymphocyte membranmes was characterised in the
presence o% TnM 3H-DHA, a concentration similar.to the Kd of

the B-adrenocepter. After characterisation of the binding
reactian, 3H-DHA Binding to lymphocyts membranes of children

and adolescents, selected as described in section 6.1, was com-
pared tao caontrols. Employing JH-DHA concentrations ranging from
G,5 nM tao 3nM the study revealed the presence af anly one high-

affinity PB-adrencceptor binding site.

Lymphocytes have freguently been employed as a model for inves-
tigation af B-adrenoceptor activity, since these cells exhibit
adenylate cyclase activity which responds te catecholamines with
a typical B-adrenergic specificity (Bourne and Melmon, 1971;
Williams et al, 1976). In the present study, lymphocyte mem-
branes were used to compare B-adrencceptor Kd and Bmax values of
children and adcolescents with major depressive disorder with thaose
of 2 normazl, healthy control group, wusing 3H-DHA. DHA, a B-adre-
noceptor antagonist, has been widely used in its labelled form

to measure B-adrenoceptor densities in different tissues (Sugrue,
1983). The maximum DHA concentration used in this study was

3nM, because of increased irreproducibility caused at higher
cancentrations {Davies and Lefkowitz, 1980). 1In additieon, only
four concentrations of the labelled ligand were employed, becauss
of the low lymphocyte membrane yield, as well as the low speci-

fic activity of the ligand.

An interesting observation in the present study was the diffa-
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rence betueen the B-adrenoceptor Kd values aof caontrol males

and females. Thess values, however, caorrespond to those de-
termined in a similar study in adults (males: 0.8 + 0.2nM;
females: 1.1 + 0.6nM; Carsténs et al, in press). Caomparison
of the control male Kd values with thase of male patients with
ma jor depressive disorder, revealed no significant difference.
Aé far as the female patients are concerned, houwever, signifi-
cantly lower B-zdrenoceptor Kd values were faund in females
with major depressive disorder, females with major depressive
disorder and a suicide attempt as well as a combination of these
two psychiatric subgroups, campared to controls. We would like
to propose that the decreased B-adrenoceptor Kd values may paos-
sibly serve as a2 biological marker faor depression in young

female patients.

In addition to the findings mentioned above, it was alsc noted
that children and adolescents with major depressive disorder,
as well as a combination of those with major depressive dis-
order and major depressive disorder with a suicide attempt had
significantly higher B-adrenoceptor Bmax values than controls.
The elevated B-adrenoceptor Bmax ua}ues observed iﬁ patients
with major depressive disorder may serve as & biological mar-
ker far major depressicn in children and adolescents. The
present observations stress the noradrenergic abnormality in
depression as praposed by Siever and Davis (1984). The in-
creased B-adrenogceptor Bmax values found in children and ado-
lescents with major depressive disorder contrasi with the fin-
ding that, in adults with the same psychiatric disorder, the
B-adrenoceptar Bmax values were significantly lower than con-

tral values (Carstens et al, in press). This apparent discre-
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pancy may be due to the short duration of the illness in the

younger patient population.

In conclusion, we would like to propose that decreased f-adre-
noceptor Ké values may possibly serve as a biologlical marker for
depression in young females, whereas increased B-adrenoceptor
Bmax values may possibly serve as a bluological marker for

ma jor depressive disarder in children and adaolescents.
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CHAPTER 7
SUMMARY

In this study, possible peripheral biological markers for major
depressive disorder in children and adolescents were investiga-
ted. For this purpose, the levels and binding affinities of the
az—adrenUCEDtor and imipramine binding site were measured aon
blood platelets and the f-adrenaceptor on lymphocytes of chil-

dren and adolescents with major depressive disorder.

Initially the binding reactions were characterised. 3H-p-

Aminaclonidine was used instead of <H-clonidine to determine
the az-adrenoceptor binding parameters, because of the higher
specific activity and higher affinity of this radiolabelled
ligand. 3H-—Imipramine vas used to determine the binding para-
meters of the imipramine binding site and 3H-dihydroalprenolol
faor the B—ad;enoceptur binding parameters. Subsequently the
binding parameters of the three sites were measured in bload

samples af patients with major depressive disorder and com-

pared to thase of normal, healthy controls.

Diagnosis of depression was based on the criteria in the Diag-
nastic and Statistical Manual of Mental Disorders (DSM III, 13980),
as well as three rating scales faor depression: the Montgamery
and Asberg Depression Scale (1978), the Children's Depression
Rating Scale (Poznanski et _al, 1979) and the Children's Global

Assessment Scale (Shaffer et a2l, 1983} were used.
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The az—adrencceptcr Kd values gf children with major depressive
disaorder with a suicide attempt were found to be significantly
higher than cantrol values, as were those of the total popu-
lation of children with major depressive disorder. Significant-
ly higher az—adrencceptor Bmax values were observed in the to-
tal population aof children with major depressive disorder, when

campared toc controls.

The results obtained for the imipramine Kd determinations were
similar to those of the aziadrenoceptor Kd determinations. Sig-
nificantly higher imipramine Bmax values were, however, abserved
for platelets of children with major depressive disorder, chil-

dren with major depressive disorder with a suicide attempt and

a combination of these two groups.

In the case of the B-adrenoceptor a significant difference
was abserved between contraol male and female Kd values. Nag

Kd difference was found between male controls and patients.
Control females, however, had significantly greater B-adrena-
ceptor Kd values when compared to female patients with major
depressive disorder, major depressive disorder and a suicide
attempt, as well as a combination of the tuo subgroups. Pa-
tients with major depressive disorder had significantly higher
RB-adrenoceptor Bmax values than controls, as did a combination
of patients with major depressive disorder with and without

a8 suicide attempt.

We would like to propase that elevated levels of platelet

uz-adrenaceptor Kd and Bmax values, as well as platelet imi-
pramine Bmax values may serve as possible biological markers



far echildren and adolescents with major depressive disorder

and a tendency towards suicidality. Elevated platelet imi-
pramine Kd values may passibly serve as biological markers

faor suicidality in juvenile méjor depressive disorder. De-
creased B-adrenaoceptor Kd values may serve as a biological mar-
ker for depression in young females, whereas increased B-adre-
noceptor Bmax values may serve as a biolougical marker for

ma jor depressive disorder in children and adolescents.

-onacfloooo-



- T4 -

REFERENCES

Ablad, B., Carlssan, B., Carlsson, E., Dahlef, C., Ek, L. and
Hultberg, E. (1974). Cardiac effects of B-adrenergic receptor
antagonists. Adv Cardiol 32 290-302

Achar, R.W.P., Hanson, N.0O. and Gifford, R.W. (13953). Hyperten-
sign treated with Rauwolfia serpentina (whole root) and with

reserpine. J Am Med Assoc 159 841-845

Agren, H. (1983). Life at risk: markers of suicidality in depres-

sian. Psychiat Develop 1 87-104

Aitken, R.C. (1968). Measurement of feelings using visuzl analogue

scales. Proceedings of the Royal Society of Medicipe. 62 9839-983

American Psychiatric Asscciation, Committee an Nomenclature and
Statistics: (1980). Diagnostic and Statistical Manual of Mental
Disorders, ed. 3, pp 203-225, Washington D.C.

Ashcroft, G.W., McDougzll, E.J. and Barker, P.A. (1961). A caom-

parison of tetrabenazine and chlorpromazine in chronic schizophre-

nia. J Ment Sci 107 287-293

Azmitia, E.C. and Henriksen, S§.J. (1978). A modification of the
Falck-Hillarp technique for 5-HT fluorescence employing hyperto-
nic formaldehyde perfusion. J Histochem Cytochem 24 1286-1288

Baner jee, S.P., Kung, L.S., Riggi, S§.J. and Chanda, 5.K. (1977).

Development of B-adrenergic receptor subsensitivity by antidepres-

sants., Nzture 268 455-43536.

Bein, H.J. (1956). The pharmacology of Rauwclfia. Pharmacol Rev
8 435-483

Bennett, J.P. Jr (1978). Methods in Binding Studies in Neuro-
transmitter Receptor Binding. Chapter 4, pp 57-90. (Eds Yamamura,
H.I., Enna, S.J. and Kuhar, M.J.) Raven Press, Newy York



- 75 =

Bergstrom, D.A. and Kellar, X.J. (1973). Adrenergic and seroto-
nergic receptor binding in rat brain after chronic desmethylimi-

pramine treatment. J Pharmacol Exp Ther 209 256-261

Billings, A.G. and Moos, R.H. {(1983). Comparisons of children
of depressed and non-depressed parents: a social-environmental
perspective., J Abn Child Psychol II p 463-486

Birleson, P. (1981). The validity of depressive disorder in child-
hoad and the development of a self-rating scale: a research re-
port. J Child Psychol Psychiat 22 73-88

Bodian, D. (1940). Studies on the diencephalan of the Virginia
cpposum II. The fiber connecticons in normal and experimental ma-

terial, I Comp Neurol 72 207-237

Bourne, H.R. and Melman, K.L. {1871). Adenyl cyclase in human
leukocytes: evidence for activation by separate beta adrenergid

and prostaglandin receptars. J Pharmacol Exp Ther 178 1-7

Briley, M., Raisman, R., Arbilla, S., Casadamont, M. and Langer,
5.Z. (1982). Concomitant decrease in 3H—imipramine binding in
cat brain and platelets after chronic treatment with imipramine.
Eur J Pharmacol 81 308-314

Brodde, 0.E., Engel, G., Hayer, D., Bock, K.D. and Weher, F. (1881).
The B-adrenergic rteceptor in human lymphocytes: Subrlassification
by the use of a new radioc-ligand (+)-123 Indocyanapindelol. Life
Sci 29 2189-21838

Broun, D.A. and Caulfield, M.P. (1978). Hyperpolarizing 'alpha 2'-~
adrenoceptors in rat sympathetic ganglia. Br J Pharmacol B5 435-
445

Brown, W.A., Johnstaon, R. and Mayfield, 0. (1979). The 24-hgur
dexamethasone suppression test in a clinical setting: relation-
ship ot diagnocsis, symptoms, and response to treatment. Am J
Psychiat 136 5&3-547.

Brouwn, W.A. and Shuey I. (1380). Respanse to dexamethasone and
subtype of depression. Arch Gen Psychiat 37 747-7%91



- 76 -

Brunelle, M., Chuang, 0. and Costa, E. (1982). Different synaptic
localizations of mianserin and imipramine binding sites. Science
215 1112-1115

Bunney, W.E. and Davis, J.M. (1965). Norepinephrine in depressive

reactions. A review. Arch Gen Psychiat 13 485-4394

Bylund, D.B. and U'Prichard, D.C. (1983). Characterizatiaon of
alpha-1 and alpha-2 adrenergic receptors. Int Rev Neurobigl
24 343-431

Carlssaon, E.B., Ahlad, B., Brandstrom, A. and Carlssaon, B. (1372).
Differenctiated blockade of the chronotropic effects of various

adrenergic stimuli in the cat heart. Life Sci 11 853-958

Carlsan, G.A. and Cantwell, D.P, (1980). Unmasking masked de-
pressian in children and adolescents. Am J Psychiatry 137
445-449

Carlsson, E., Dahlof, C., Hedberg, A., Person, H. and Tangstrand,
B. (1977). Differentiation of cardiac chronotropic and inotropic
ef fects of B-adrencceptor agonists. Naunyn-Schmied Arch Pharmacol

300 101-105

Carlsson, A., Rosengren, E., Bertler, A. and Nilsson, J. {13857).
Effect of reserpine on the metabolism of catecholamines. 1In "Psy-
chotraopic Drugs"™ (Eds Garattini, S.-and Ghetti, V.) Elsevier,

Amsterdam

Carroll, B.J., Feinberg, M., Steiner, M. Haskett, R.F., James,
N.M., Tarika, J. (1980a). Diagnostic application of the dexametha-
sone suppression test in depressed outpatients. Advances in Biol
Psychiat 5 107-118

Carreoll, B.J., Feinberg, M., Greden, J.F., Haskett, R.F., James,
N.M., Steiner, M., Tarika, J. (1980b). Diagnosis of endogenous
depression: comparisaon of clinical, researech and neurcendocrine
criteria. J. Affect Dis 2 177-194



- 77 -

Carroll, B.J., Feinberg, M., Greden, J.F., Tarika, J., Albala,
A.A., Haskett, R.F., James, N.M., Kronfael, Z., Lohr, N., Steiner,
M., Le Vigne, J.P. and Young,-E. (1981). A specific labaratary
test for the diagnosis of melancholia: standardization, valida-
tion and clinical utility. Arch Gen Psychiat 38 15-22

Carroll, B.J. (1982a). The dexamethascne suppression test for
melancheolia. Br J Psychiat 140 292-304

Carroll, B8.J. (1982b). Clinical application of the dexamethasone

suppression test for endogenous depression. Pharmacopsychiatria
15 19-24

Carstens, M.E., Engelbrecht, A.H., Russell, V.2,., BRalbers, C.,
Gagiana, C.A., Chalton, D.0. and Taljaard, J.J.F. (1986a). Alpha,-
Adrenoceptor Levels on Platelets of Patients With Major Depressive
Disorder. Psychiat Res 18 321-331

Carstens, M.E., Engeltirecht, A.H., Russell, V.A., ARalbers, C.,
Gagiana, C.A., Chalton, D.0. and Taljaard, J.J.F. (1986b). Imi-
pramine Binding Sites on Platelets of Patients With Major Depres-
sive Disorder. Psychiat Res 18 333-342

Carstens, M.E., Engelbrecht, A.H., Russell, V.A., Aalbers, C.,
Gagiano, C.A., Chalton, D.0. and Taljeard, J.J.F. (1986) Lymphocyte
B-Adrenaceptar Levels of Patients With Major Depressive Disorder

Psychiat Res (In Press)

Charney, D.5., Heninger, G.R., Sternberg, D.E., Hafstad, M.,
Giddings, S. and Landis, D.H. (1982). Adrenergic receptor
sensitivity in depression: Effects of clonidine in depressed
patients and healthy patients. Arch Gen Psychiat 38 290-294

Chessin, M., Kramer, E.R. and Scott, C.C. {(1957). Modifications
af the pharmacology of reserpine and serotonin by iproniazid. J
Pharmacol Exp Ther 119 453-460

Cohen M.L., Ruffolo, R.R. and Wiley, K.S. (1980). Antagonist
dissgciation constants and relative agonist efficacies for com-
pounds interacting with beta 1- and beta Z-adrenergic rsceptors

in rat jugular vein. J Pharmacol Exp Ther 215 325-331



- 78 -

Coppen, A., Prange, A.J., Whybrow, P.C., and Noguera, R. (1972).
Abnormalities of indoleamines in az2ffective disorders. Arch
Gen Psychiat 2B 474-478

Cytryn L., Mc Knew, D.H. (Jr), Logue, M. (13974). Biochemical
correlates of affective disorders in children. Arch Gen Psy-
chiat 31 659-681

Dahlstrom, A. and Fuxe, K. {1964). Evidence for the existence
of monoamine~containing neurans in the central nervcus system.
I. Demonstration of monoamines in the cell bodies of brain

stem neurcnes. Acta Physiol Scand (suppl) 232 1-55

Dahlstram, A. and Fuxe, K. (1865). Evendence for the existence
of moncamine neurens in the central nervous system. II. Ex-
perimentally induced changes in the intraneuronal amine levels
of bulbaspinal neuron system, Acta Physigl Scand 64 (Suppl
247) 1-36

Daiguji, M., Meltzer, H.Y., Tang, C., U'Prichard, D.C., Young,
M. and Kravitz, H. {(1381a). az-Adrenergic receptors in plate-

let membranes of depressed patients: No change in number of

34_yohimbine affinity. Life Sci 29 2059-2064

Dale, D.C. (1983). Abnormalities of Leukaocytes in Harrisan's
Principles of Internal Medicine pp 308-309 (Eds Petersdorf,
R.G., Adams, R.D., Braunwald, E., isselbacher, K.J., Martin,
J.B. and Wilson, J.D.) Mc Graw-Hill, Landon

Daly, M.J., Long, J.M. and Stables, R. {(1378)}. The role of

B;- and By-adrenoceptors in the inhibition of gastric acid
secretion in the dog. Br J Pharmacol B4 153-157

Davies, A.0. and Lefkowitz, R.J. (1980). Corticosteroid-in-
duced differential regulation of f-adrenergic receptors in
circulating human polymorphonuclear leukocytes and monocuclear
lymphocytes. J Clin Endocrinecl Metab 51 598-B05

De Clerck, F.F. and Herman, A.G. (1983). S-Hydroxy-tryptamine
and platelet aggregation. Fed Proc 42 228-232



- 79 -

De 1la Fuente, J.R. and Rosenbaum, A.H. (1380) Neuroendocrine
dysfunction and blood levels of tricyclic antidepressants.
Am J Psychiat 137 1280-12B1

De tangen, C.D. and Mulder, A.H. (1980). 0n the role of cal-
cium ions in the presynaptic alpha-receptor mediated inhibition
af 3H-naradrenaline release from rat brain cortex synaptosomes.
Brain Res 185 399-408

dolphin, A.M., Hamont, J. and Bochaert, J. (1979). The reso-
lution of dopamine and 81- and Bz-adrenergic sensitive adenylate
cyclase activities in homogenates of cat cerebellum, hippocam-

pus and cerehral cortex. Brain Res 179 305-313

Drew, G.M. (1878). Pharmacological characterizatiaon of the
presynaptic alpha-adrenoceptors regulating cholinergic acti-

vity in the guinea-pig ileum. 8r J Pharmacol 64 293-300

Eberseolt, C., Perez, M., Vassent, G. and Bockaert, J. (1981).
Characteristics in the B1~ and fo-adrenergic sensitive adenylate
cyclase in glial cell primary cultures and thelr comparisons with
Bz-adrenergic sensitive adenylate cyclase of meningezl cells.

Brain Res 213 151-161

Engel, G., Hoyer, D., Berthold, R. and Wagner, H. (1881). 125
Iodocyanapindolal, a new ligand for beta-adrenoceptors: iden-
tification and quantitation of subclasses of beta-adrenoceptors

in guinea pig. Naunyn-Schmied Arch Pharmacol 317 277-285

Fain, J.N. and Garcia-S&inz, J.A. (1980). Role of phosphati-
dyl-inesitol turnaver in alpha 1 and of adenylate cyclase in-
hibition in alpha 2 effects of catecholamines. Life Sci 286
1183-1194

Freis, E. (1854). Mental depression in hypertensive patients
treated for long periods with large daoses of reserpine. HNeuw
Engl J Med 251 1006-1008

Furchgatt, R.F. (1975)}. Post-sypaptic adrenergic receptor
mechanisms in vascular smoot muscle. In: Vascular Neurceffec-

tar Mechanisms p. 131-142 {2nd Int Symp, Odense, Denmark)



- B0 -

Ganrot, P.0., Rosengren, E. and Gottfries, C.G. (1962). Effect
aof Ipronizzid aon monoamines and monocamine oxidase in human

brain. Experientia 18 260-261

Garcia-Sevilla, J.A., Hollingswarth, P.J. and Smith, C.B. (1881a).

Alphaz-adienoceptors on human platelets: selective labelling
by 3H-clonidine and 3H-yohimbine and competitive inhibition by

antidepressant drugs. Eur J Pharmacel 74 3238-341

Garcia-Sevilla, J.A., Zis, A.P., Hollingsworth, P.J., Greden,
J.F. and Smith, C.B. {(1981b). Platelet a,-adrenergic recepters
in major depressive disorder. Arch Gen Psychiat 38 1327-1333

Gillitand, B.C. (1983). Intraduction to clinical Immunology

in Harrison's Principles of Internal Medicine pp 344-345.

(Eds Petersdorf, R.G., Adams, R.D., Braunwald, E., Isselbacher,
K.J., Martin, J.B. and Wilson, J.D.) McGraw-Hill, Londaon

Godfraind, T., Miller, R.C. and Lima, J.S. (1982). Selective
alpha 1- and alpha 2-adrenoceptor agonist-induced contractions
and 45 Ca fluxes in the rat isclated acrta. Br J Pharmacol
77 587-604

Goadlet, I., Mreylees, S.E. and Sugrue, M.F. (1977). Effects
of mianserin, & new antidepressant, aon the in vitro and in
vivo uptake of mongamines. Br J Pharmacol 61 307-313
Gothert, M. (1377). Effects of presynaptic modulations on CaZ*-
induced noradrenaline release from cardiac sympathetic nerves.
Naunyn-Schmied Arch Pharmacol 300 2E7~272

Gothert, M. (1979). Ca2*-induced noradrenaline release fram
central noradrenergic neurons promoted by high K* concentra-
tion aor ioneophore A23187. Naunyn-Schmied Arch Pharmacol 307
29-37

Gothert, M., Pohl, I.M. and Wehking, E. (1978). Effects of

+ . .
2 ~induced noradrenaline release

presynaptic modulators on Ca
from central noradrenergic neurons. Noradrenaline and enkep-
halin inhibit release by decreasing depolarization-induced

Ea2+-influx. Naunyn-Schmied Arch Pharmacel 307 21-27



- 81 -

Gothert, M. and Huth, H. (1880). Alpha-adrenoceptor-mediated
modulation of 3-hydroxytryptamine release from rat brain cortex

slices. Naunyn-Schmied Arch Pharmacol 313 21-26

Gram, L., -Reisly, N. and Ibsen, I. (1976). Plasma levels
and antidepressant effects of imipramine. Clin Pharmacol Ther
18 318-32¢4

Grant, J.A. and Scruttan, M.C. (1973). Novel az-adrenoceptors
primarily responsible for inducing platelet aggregation. Nature
277 B59-661

Gross, H., Gothert, M., Ender, H.-C. and Schimann, H.-J. (1381).
3H-imipramine binding sites in the rat brain: selective locca-

lization on serotomnergic neurons. Naunyn-Schmied Arch Pharma-
col 317 310-314

Halaris, A., de Met, E. and Gwirtsman, H. (1884}, Normal and
abnormal circadian patterns of plasma 3-methoxy-4-hydraoxyphenyl-
glycol (MHPG) in Siever, L.J. and Davis, K. (1984). Dysregula-
tign of the noradrenergic system in depression. Psychopharma-
col Bull 20 500-504

- Hall, H., Ross, S., Ogren, S.0. and Gauwell, L. {(1982). Binding
of a specific 5-HT uptake inhibhitor, 3H—norzimelidine, to rat

brain homogenates. Eur J Pharmsaccl 80 281-282

Haslam, R.J. (1975). ARole of cycliec nucleotides in platelet
function. CIBA Foundation Symp NO‘ES (New series) po 121-
151. Amsterdam Elsevier/North Holland Biomedical Press

Haslam, R.J., Davidson, M.M. and Desjardins, J.V. {(1378).
Inhibition of adenylate cyclase by adenocsine analogues in
broken and intact humzan platelets: evidence for unidirectio-
nzl control of platelet functiom by cyclic-3'-5'-adenosine
monaphosphate. Biochem J 176 83-385

Hollenberg, M.D. and Cuatrecasas, P, (1975). Binding of
insulin and other hormanes to non-receptor materials: Satura-

bility, specificity and apparent "negative co-operativity™.



- B2 -

Biochem Biophys Res Comman B2 31-41

Holzbauer, M. and Vagtm M. (1956). Depression by reserpine
of the noradrenaline concentration in the hypothalamus of the

cat. J Neurochem 1 8-11

Hsu, C.Y., Chung, Y., Knapp, D.R. and Halushka, P.V. (1979).
The effects of a-adrenergic agents on human platelet aggrega-
tion. J Pharmac Exp Ther 208 366-370

Jacobsen, E. (1958). "The Theoretical Basis of the Chemothe-
rapy of Depression" Cited by Schildkraut, J.J. (1865}. The
catecholamine hypothesis of affective disorder - a review of

supparting evidence. Am J Psychiat 122 508-522

Jakaobs, K.H. and Schultz, G. (1882). Signal transformation
involving alpha-adrenoceptors. J Cardiovasc Pharmacol 4:
(Suppl 1) 563-5B7

Kafka, M.S., Tallman, F.J., Costa, J.L. and Smith, C.C. (1977).
Alpha-adrenergic receptors on human platelets, Life Sci 21
1428-1438

Kashani, J.D., Husain, A., Shekim, ¥W.0., Hodges, K.K., Eytryn,
L. and Mcknew, D.H. (1981). Current Perspectives on Childhood
Depression: An Overview. Am J Psychiat 138 143-153

Kirstein, L., Gold, M.S5., Pattash, A.L.C. and Extein, I.
(1981). Thyrotropin-releasing hormane test and male unipolar
depression. Biol Psychiat 16 819-824

Kobinger, W. and Pichler, L. (1980). Investigation into diffe-
rent types of post- and presynaptic alpha-adrenoceptors at
cardiovascular sites in rats. Eur J Pharmacol B5 393-402

Kobinger, W. and Pichler, (1982). Presynaptic activity of
the imidazolidine derivative ST 587, a highly selective al-

pha 1-adrenoceptor agonist. Eur J Pharmacol 82 203-206



- 83 -

Kovacs, M. {1983). Perscnal cocmmunication with Dr. A.M. van
Zyl.

Kovacs, M., Feinberg, T.L., Crouse-Novak, M.A., Paulauskas,
S.L. and Finkelstein, R. (1984a). Depressive disorders in
childhood. 1. A longitudinal prospective study of characteristics

and recovery. Arch Gen Psychiat 41 229-237

Kovacs, M., Feinberg, T.L., Crouse-Novak, M., Paulauskas, S.L.,
Psllock, M. and Finkelstein, R. (1984b). Oepressive disorders
in childhood. II. A longitudinal study of the risk for a sub-

sequent majar depression. Arch Gen Psychiat 41 643-849

Kronfol, 2., Silva, J. Jr., Greden, J., Dembinski, S., Gardner,
R. and Carroll, B. {1983). Impaired lymphocyte function in
depressive illness. Life Sci 33 241-247

Lader, M. (1980). Brain organization and behaviour in Intro-
duction to Psychopharmacology. p 35. The Upjohn Caompany, Ka-

lamazoo, Michigan, USA

Lake, C.R., Pickar, 0., Ziegler, M.G., Lipper, S., Slater, S.
and Murphy, D.L. {1982). High plasma norepinephrine levels
in patients with major affective disorders. Am J Psychiat
1389 1315-1318.

Lands, A.M,, Arnocld, A., McAuliff, J.P., Cuduena, F.P. and
Brown, T.G. (1967). Differentiation of receptor systems by
sympathometic amines. Nature 214 587-598

Langer, S.Z. (1974). Presynaptic regulation of catecholamine
release. Biochem Pharmacol 23 1793-1800

Langer, S.Z. (1980a). Presynaptic regulaticn of the release
of catecholamines. Pharmacol Rev 32 337-362

Langer, S.Z. {(1980L). Modern concepts of adrenergic transmis-
sicn. In Neurotransmitter Systems and Other Clinical Disor-

ders (Ed Legg, N.) Academic Press, London



- 84 -

Langer, S.Z., Raisman, R. and Briley, M. (1980a). Sterecse-
lective inhibition of 3H—imipramine binding by antidepressant

drugs and their derivatives. Eur J Pharmacol 64 839-30

Langer, S.Z., Massingham, R., Sheppersan, N.B. (1880b). Pre-
sence of postsynaptic alpha 2-adrenocceptors of.predominantly
extrasynaptic location in the vascular smooth muscle of the
dog hind limb. Clin Sci 58 2255-2285

tanger, 5.Z., Moret, C., Raisman, R., Dubocovich, M.L. and
Briley, M. (1980c). High-affinity 9H-imipramine binding in
rat hypothalamus is assocclated with the uptake of seroctonin

but not norepinephrine. Science 210 1133-1135

Langer, S.Z., Massingham, R. and Shepperson, N.B. (1381a}.
Differential sensitivity to prazosin blockade of endogengusly
released and exogenously administered noradrenaline: paossible
relationship to the synaptic location of aq- and the extrasy-
naptic locatiaon af az-adrenaceptors in dog vascular smooth

muscle. 8r I Pharmacol 72 123

Langer, S.Z., Sheppersaon, N.B. and Massingham, R. (1981h).
Preferential noradrenerqgic innervation of alpha1-adrenergic

receptors in vascular smoot muscle. Hypertension 3 1-112

Langer, S.Z., Zarifian, E., Briley, M., Raisman, R. and Sech-
ter, D. (1981c). High-affinity binding of SH-imipramine in
brain and platelets and its relevance to the biochemistry of
affective disorders. Life Sci 29 211-218

tanger, S.Z. and Pimoule, C. (1882). Pharmacology and bio-
chemistry of naradrenergic receptors. Br J Dermatol 107 147-
133

Langer, S5.Z. and Raisman, R. (1983). Binding of 3H-imipramine
and JH-desipramine as biochemical tools far studies in depres-

sion. Neuropharmaccl 22 407-413

Langer, S.Z., Sette, M. and Raisman, R. (1983) Assaciation
af 3H--imipramine binding with serotonin uptake and of 3H-desi—

pramine binding with noradrenaline uptake: potential research



- B -

tools in depression. Proceadings of the 3rd International

Meeting on Clinical Pharmacology in Psychiatry.

Lapin, I.P. and Oxenkrug, G.F. {(1969). Intensificatian of
central serotonergic processes as a paossible determinant of
the thymoleptic effect. Lancet i, 132-1386

Lemieux, G., Davignon, A. and Genest, J. (1956). Depressive
states during rauwolfia therapy for arterial hypertension.
Can Med Assoc J 74 522-528

Leysen, J.E. (138681). Serotanergic receptors in brain tissue
properties and identificaticn of variaus 3H-ligand binding

sites in vitro. J Physiol 77 351-362

Leysen, J. (1983). Serotonin receptor-binding sites - Is there

pharmacolagical and clinical significance. Med Biol B1 139-143

Leysen, J.E., MNiemegeers, C.J.E., Tollenaere, J.P. and Laduron,
P.m. (1978). Serotonergic component of neuroleptic receptors.
Nature 272 168-171

Leysen, J.E., Awcouters, F., Kennis, L., Laduron, P.M., Van-den-
berk, J. and Janssen, P.A.J. (1981). Receptor binding profile
of R 41458, a novel antagonist at 5-HT2 receptors. Life Sci
28 1015-1022

Leysen, J.E., Niemegeers, C.J.E., van Nueten, J.M. and Laduron,
P.M. (1962). SH-Ketanserin (R 41468), a selective 3H—ligand
for serotonin 2 receptor binding sites. Binding properties,
brain distribution and functional role. Mol Pharmacel 21
301-314 '

Leysen, J.E., Van Gompel, P., Veruimp, M. and Niemegeers,
C.J.E. (1983). Role of localization of serotonin 2 (52)-
receptor binding sites: effects of neuranal lesions. In:
CNS receptors - From molecular pharmacology to behaviour
{Eds Mandel, P. and De Feudis, F.U.) Raven Press, New York



- 85 -

Limbird, L.E. (1981). Activaticn and attenuation of adenylate
cyclase. Bilochem J 1895 1-13

Lindberg, J. and Nilsson, L. -(1984) From thrombocytes to

thrombasis. Boehringer Ingelheim, South Africa.

Lindvall, 0. and Bjorklund, A. (1983). Organization of cate-
cholamine neurons in the rat central nervous system. In:

Handbook of Psychopharmacolagy, Vol 8, pp 139-231, (Eds Iver-
sen, L.L., Iversen, S.D. and Snyder, S.H.) Plenum Press, Neuw

Yark

Lingjaerde, P. (1963). Tetrabenazine (Nitoman) in the treat-
ment of psychoses. Acta Psychiat Scand 38 Suppl 170, 1-108

Loomer, H.P., Saunders, L.C. and Kline, N.S. (1957). A cli-
nical and pharmacological evaluation of iproniazid as a psy-

chic energizer. Psychiat Res Rep Am Psychiat Assoc 8 128-141

Loosen, P.T. and Prange, A.J. Jr. (1882). Serum thyrotropin
respanse ta thyrotrypsin-releasing hormone in psychiatric
patients: a review. BAm J Psychiat 138 405-416

Lowry, O0.H., Raosebrough, N.J., Farr, A.L. (1951). Protein mea-
surement with the Folin phenol reagent. J. Biol Chem 183 265~
275

Maclean, R., Nicholsgon, W.J., Pare, C.M.B. and Stacey, R.S.
(1965). Effect of moncamine-oxidase inhibitors on the cancen-
trations of 5-hydroxy-tryptamine in the human brain. Lancet
ii, 205-208

McKnew, D.H. {(Jr) and Cytryn, L. (1878). Urinary metabolites in
chronically depressed children. J Am Acad Child Psychiat 18
608-615

Mellerup, C., Plenge, P. and Rosenberg, R. (1982). 3H-imipra-
mine binding sites in platelets from psychiatric patients.
Psychiat Res 7 221-227

Meyer, D0.C. and Quay, W.B. (1978). Hypothalamic and suprechias-

matic uptake of sergtonin in vitro: twentyfour-hours changes in



- 87 -

male and proestrous female rats. Endocrineclogy 898 1160-1163

Miller, G.L. (1959). Protein Determination for Large Numbers
of Samples. Analyt Chem 31 964

Minnerman, K.P., Dibner, M.D., Wolfe, B.B. and Molinoff, P.B.
(137g9). Bq- and 82— adrenergic receptors in rat cerebral cortex

are independently regulated. Science 204 866-868

Mmills, D.C.B. (1975). 1Initial biochemical responses of plate-
lets to stimulation. CIBA Foundation Symposium, No 35 (nesuw
series) pp 153-167. Amsterdam: Elsevier/North Holland Bio-

medical Press

Montgomery, S.A. and Asberg, M. (1879). A neu depression scale
designed to be sensitive to change. Brit J Psychiat 134 382

Mutler, L.C., Pryor, W.W., Gibbons, J.E. and Orgain, E.S,
(1955). Depression and anxiety occuring during Rauwclfia the-
rapy. J Am Med Asscoc 158 836-83%

Nahorski, S.P. (1981). Identification and significance of

beta-adrenoceptor subtypes. Trends in Pharmacol Sci 2 85-98

Nauta, W.J.H. and Mehler, W.R. (1966). Projections of the

lentiform nucleus in the monkey. Brain Res 1 3-42

O0'Brien, J.R. (1964). Some effects of adrenaline and antiadre-
naline compounds on platelets in vitro and in vivo. Nature
200 763-784

0'Donnell, S.R. and Wanstall, J. (1979a). The importance of
choice of agonist in studies designed to predict B>: B, adre-
naoceptor selectivity of antagonists from p AZ values on gui-
nea-pig trachea and atria. Naunyn-Schmied Arch Pharmacol
308 183-190

0'Donnell, S.R. and Wanstall, J.L. (1978h). p A2 values of
selective B-adrenoceptor antaganists on isolated atria demon-
strate a species difference in the B-adrenoceptor populatiaons

mediating chronotropic responses in cat and guinea-pilg. I



- 88 -

Pharm Pharmacaol 31 6B6-680

Ortmann, R., Bischoff, 5., Radeke, E., Buech, 0. and Jelini-
Stula, A. (1982). Correlations between different measures
aof antiserctonin activity of drugs. Study with neurolep-
tics and serotonin receptor blockers. Naunyn-Schmied Arch
Pharmacal 321 265-270 ‘

Oswald, I., Brezinova, V. and Dumleavy, O.L.F. (1972). On
the slowness of action of tricyclic antidepressant drugs.
8r J Psychiat 120 6873-677

Cverall, J.E., Hellister, L.E., Pokorny, A.D., Casey, J.F.
and Katz, G. (1962). ODOruq therapy in depressiaons: Controlled
evaluation of imipramine, isocarboxazid, dextroamphetamine,

amoharbital and placebo. Clin Pharmacol Ther 3 16-22

Palkovits, M. and Jacobowitz, D.M. (13874). Topographic atlas
of catecholamine and acetylcholinesterase-containing neurans
in the rat brain. II Hindbrain (mesencephalon, rhombencepha-
lgn). J Comp Neurgl 157 239-42

Pandey, G.N., Heinze, W.J., Brown, B.D. and Davis, J.M. (1979)}.
Electroconvulsive shock treatment decreases beta-adrenergic

receptor sensitivity in rat brain. Nature 280 234-235

Pandey, G.N. and Davis, J.M. (1983). Treatment with antide-
pressants and down-tegulation of beta-adrenmergic receptors.
Drug Develap Res 3 383-4086

Pare, C.M.B. and Sandler, M. (1953). A clinical and biochemi-
cal study of a trial of iproniazid in the treatment of de-

pression. J Neurol Neurosurg Psychiat 22 247-251

Paul, s.m., Rehavi, M., Skeolnick, P. and Goodwin, F.K. {1880).
Demonstration of specific high affinity binding sites for

SH-imipramine on human platelets. Life Sci 26 953.958

Papl, S.M., Rehavi, M., Rice, K.C., Ittah, Y. and Skolnick,
P. (1981). Does high affinity SH-imipramine binding label

serotonin reuptake sites in brain and platelet? Life Sci



- 89 -

28 2753-2760

Pavlatos, F.C., Smila, R.P. and Forsham, P.H. (196%). Rapid
screening test for cushing syndrome. J Am Med Ass 193 720-
723

Peroutka, S.J. and Snyder, S.H. (18739). Multipgle seractanin
receptors: Differential binding of 3H-—S—hydroxytryptamine,
3H—lysergic acid diethylamide and 3H-spiroperidol. Mol Phar-
macael 16 687-699

Peroutka, 5.J. and Snyder, S.H. (1980). Regulation of sero-
tanin (S-HTz) receptors lebelled with 3H-spiroperidol by chro-
nic treatment with the antidepressant amitriptyline. J Phar-
macol Exp Ther 215 582-587

Petrovic, S.L., McDonald, J.K., Snyder, G.D, and McCann, S.M.
{(1983). Characterization of B-Adrenergic Receptors in Rat
Brain and Pituitary Using a New High-Affinity Ligand, 12°I-

Iodocyanopindaolal. Brainm Res 261 248-258

Petti, T.A., and Conners, C.K. (1983). Changes in Behavioral
Ratings of Depressed Children Treated with Imipramine. J
Am Acad Child Psychiat 22 355-360

Pimoule, L., Briley, M.5., Gay, C., Laoo, H., Sechter, D., Zari-
fian, E., Raisman, R. and lLanger, S.Z. (1983). 3H-raumolscine
binding in platelets from depressed patients and healthy vaolun-
teers. Psychopharmacol 79 308-312

Pletscher, A. {1978). Platelets as models for monoaminergic

neurons. Essays Neurochem Neuropharm 3 43-1M

Pletscher, A., Shore, P.A. and Brodie, B.B. {1956). Serotonin

as mediator of reserpine action in man. J Pharmacol 116 84-88

Post, R.M., Kotin, J. and Gooduin, F.K. {1874). The effects

of coccaine on depressed patients. Am J Psychiat 1371 511-517



- 4990 -

Post, R.M., Lake, C.R., Jimerson, D.C., Bunney, W.E. Jr.,
Woad, J.H. Tiegler, M.G. and Goodwin, F.K. (1878). Cere-
broespinal fluid norepinephrine in affective illness. Am J
Psychiat 135 907-812 '

Powell, T.P.S5. and Couwan, W.M. {(1956). A study of thalamo-
striate relations in the monkey. Brain 79 364-391

Paznanski, E., Cook, S. and Carroll, 8. (19789). A depression
rating scale for children. Pediatrics B4 442-450

Poznanski, £E.0., Carroll, B8.J., Banegas, M.C., Cook, S.E.
and Grossman J.A. (1382). The Dexamethasone Suppressian Test in

Prepubertal Depressed Children. Am J Psychiat 1389 321-324

Preskarn, S.H., Weller, E.B. and Weller, R.A. (1982). Depres-
sion in Children: Relaticnship between plasma imipramine levels

and response. J Clin Psychiat 43 450-433

Puig-Antich, J., Blau, 5., Marx, N, Greenhill, L.L. and Cham-
bers, W. (1978). Prepubertal major depressive disorder. J
Am Acad.Child Psychiat 17 695-707

Puig-Antich, J. and Chambers, W. (1982). Depression in child-
hood and adolescence in Handbook of Affective Disorders pp

379-392 (Ed: Paykel, E.S5.) Churchill, London

Puig-Antich, J. and Gittelman, R. (1982). Depression in child-
hood and adolescence in Handbook of Affective Disorders,
pp379-392. (Ed: Paykel, E.S.) Churchill, London

Puig-Antich, J. Perel, J.M., Lupatkin, W., Chambers, W.J.,
Shea, C., Tabrizi, M-A., and Stiller, R.L. (1873). Plasma
Levels of Imipremine (IMI) and Desmethylimipramine (DMI) and
Clinical Response in Prepubertal Major Depressive Disgrder.
J Am Acad Child Psychiat 18 616-827

Quinn, G.P., Shore, P.A. and Brodie, B8.B. (18538). Biochemical



- g1 -
and pharmacological studies of R01-9569 (tetrabenazine), a
non-indole tranguillising agent with reserpine-like effects.
J Pharmacol Exp Ther 127 103-1409

Raisman, R., Briley, M. and Langer, S.Z. (1979). Specific
tricyclic antidepressant binding sites in rat brain. Nature
281 148-150

Raisman, R., Briley, M.S. and Langer, S.Z. {(1980). Specific
tricyclic antidepressant binding sites in rat brain characterized
by high-affinity SH-imipramine binding. Eur J Pharmacol B
373-380

Rehavi, M., Paul, S.M., Skolnick, P. and Gooduwin, F.K. (1980).
Demanstration of specific high-affinity binding sites of Jh-

imipramine in human brain. Life Sci 26 2273-2278

Rehavi, M., Venture, I. and Sarne, Y. (1985). Demonstration
of endogencus "Imipramine Like™ material in rat brain. Life

Sci 36 687-693

Rehavi, M., Weizman, R., Carel, C., Apter, A. and Tyano, S.
(1984). High-affinity °
children and adolescents with major affective disorders. Psy-
chiat Res 13 31-289

H;imipramine bindign in platelets of

Aobins, D.R., Alessi, N.E., Yanchyshyn, G.W., and Colfer, M.V.
(1982). Preliminary Report on the Dexamethasane Suppression
Test in Adolescents. Am J Psychiat 138 942-943

Rouot, B.R. and Snyder, H.S. (1879). >H-Para-amino-clonidine:
A novel ligand which binds with high affinity to a-adrenergic
receptors. Life Sci 25 768-774

Rusak, B. and Zucker, I. (1973). Neural regulation of circa-
dian rhythms. Physiol Rev 53 448-526

Rutter, M., Izard, J. and Whitmore, K. {1970) eds. Education,

Health and Behaviour. Longman, London.



- g2 -

Scatchard, G. (13943). The attractions of proteins for small
molecules and icns. Ann N.Y, Acad Sci 51 860-672

Scheibel, M.E. and Scheibel, A.B. (1967). Structural organization
of nan-specific thalamic nuclei and their projection toward

cortex. Brain Res B 60-94

Schildkraut, J.J. (1965). The catecholamine hypothesis - a
review of the supporting evidence. Am J Psychiat 122 509-522

Schildkraut, J.J., Orsulak, P.J., Schatzberg, A.F., Gudeman,
J.E., Cole, J.0., Rhode, W.E. and La Brie, R.A. (1878a). To-
ward 2 biochemical classification of depressive disorders:

I Differences in urinary excretion of MHPG and other catechol-
amine metabolites an clinically defined subtypes of depressian.
Arch Gen Psychiat 35 1427-1433

Schildkraut, J.J., Orsulak, R.J., La Brie, R.A., Schatzberag,

A.F., Gudeman, J.E., Cole, J.0. and Rhode, W.E. (1978b). To-

ward a bicochemical classification of depressive disorders. II
Application of multivariate discriminant function to analysis
of datz on urinary catechblamines and metabeclites. Arch Gen

Psychiat 35 1436-1438

Schlesser, M.A., Winokur, G. and Sherman, B.M. (1%80). Hypa-
thalamic pituitary-adrenal axis activity in depressive illness.
Arch Gen Psychiat 37 737-743

Schultz, G., Jakobs, K.H. and Hofman, F. (1880). Wirkungsprin-
zipien von Hormonen und Neurotransmittern. Arzneimittelforsch
30 1881-14886

Sellinger, M., Sarai, K., Frazer, A., Mendels, J. and Hess,
Mm.E. (1978). Beta adrenergic receptaor bindign in rat cere-
bral cortex after repeated administratior of psychotropic
drugs. Fed Proc 37 308

Sette, M., Raisman, R., Briley, M. and Langer, S.Z. (1981).
Localizaticn of tricyclic antidepressant hinding sites on

seroctonin nerve terminals in rat hypothalamus. J Neurochem



- 93 -

Shaffer, D., Gould, M.S., Brasic, J., Ambraosini, P., Fisher,
P., Bird, H. and Aluwahlia, S. (1983). A Children's Glagbal
Assessment Scale. Arch Gen Psychiat 40 1228-1231

Shekin, W.0., Dekirmenjian, H. and Chapel, J.L. (1977). Uri-
nary catecholamine metabolites in hyperkinetic boys treated
with d-amphetamine. Am J Psychiat 134 1276-1279

Shekin, W.0., Dekirmeniian, H. and Chapel, J.L. (1878).
Urinary M.H.P.G. excretion in the hyperactive child syndrome
and the effects of d-amphetamine. Psychopharmaceol. Bull 14
4244

Siever, L.J. and Davis, K.L. (1884). Dysregulation of the
noradrenergic system in depression. Psychopharmacol. Bull
20 500-504

Siever, L.J. and Uhde, T.W. (1984). New studies and perspec-
tives on the noradrenergic receptor system in depression:
Effects of the a,-Adrenergic Agonist Clonidine. Biol Psychiat
19 131-158

Siever, L.J., Insel, T. and Uhde, T. (1981a). Noradrenergic
challenges in the affective disorders. J Clin Psychopharma-
caol 1 1393-206

Siever, L.J., Kafka, M.S., Targum, S. and Lake, C.R. (1884).
Platelet Alpha-Adrenergic Binding and Biochemical Respansive-
ness in Depressed Patients and Controls. Psychiat Res 11 287-
302

Sneddon, J.Mm. (1973). Blood platelets as a model for mana-

amine-containing neurones. Prog Neurobiol 1 151-198

Snyder, S.H. (1984). Drug and Neurotransmitter Receptors in
the Brain. Science 224 22-28

Specteor, S., Prockup, D., Share, F.A. and Brodie, B.B. (1958).
Effect of iproniazid on brain levels of norepinephrine and

serotenin. Science 127 704



- 94 -

Spitzer, R.L., Endicott, J. and Robins, E. (1378). Research
Diagnastic Criteria: Ratianale and reliability. Arch Gen
Psychiat 33 773-782

Stahl, S.M. (1977). Blood platelet - A diagnostic and research
toocl for the study of biogenic amines in psychiatric and neu-

roleogic disorders. Arch Gen Psychiat 34 508-516

Stahl, 5.M., Lemoine, P.M., Ciaranello, R.0O. and Berger, P.A.
{1983}, Platelet alphaz—adrenergic receptor sensitivity in major

depressive disorder. Psychiat Res 10 157-164

Starke, K. (1977). Regulation of noradrenaline release by
presynaptic receptor systems. HRev Physiol Biochem Pharmacol
77 1-124

Starke, K. (1981a). Alpha-adrenoceptor subclassifiecation. Rev
Physiol Biochem Pharmacol 88 193-2386

Starke, K. (1881t). Presynaptic receptors. Ann Rev Pharmacol
Toxicol 21 7-30

Stiles, G.L., Caron, M.G. and Lefkowitz, R.J. {1984). B-Adre-
nergic receptors: biochemical mechanisms of physiological
regulation. Physicl Rev B4 BB1-743

Stitzel, R.E. (1977). The biological fate of reserpine. Phar-
macol Rev 28 179-205

Stjarne, L. (1978). Facilitation and receptor-mediated re-
gulation of noradrenaline secretion by control of requirement
of varicosities as well as by control of electro-secretary

caupling. Neuroscience 3 1147-1155

Stjarne, L. (1979). Catecholamines: Basic and Clinical Fron-
tiers (f£ds Usdin, £., Kopin, I.J. and Barchas, J.) pp 240-243

Pergamon Press, New Yark

Sugrue, M.F. (1983). Chronic antidepressant therapy and asso-

ciated changes in central moncaminergic recepotr functioning.



- 85 -

Rharmacol Ther 21 1-33

Sulser, F., Vetulani, J. and Mobley, P.L. (1878). Mode of ac-
tion of antidepressant drugs.” Biochem Pharmacaol 27 257-281

Sulser, F. (19739). New perspectives on the mode of actian

of antidepressant drugs. Trends in Pharmacol Sci 1 282-84

Sutherland, E.W. and Rall. T.W. {1860). The relation of
adenosine-3',5' phosphate and phosphorylase to the actions of

catecholamines and other hormones. Pharmacol Rev 12 265-2349

Swansan, L.W. (1876). The locus coeruleus: A cytoarchitecto-
nic, Golgi and immunchistochemical study in the albino rat.
Brain Res 110 38-5B

Swanson, L.W. and Hartman, B.K. (1975). The central adrenergic
system. An immuncfluorescence study of the loccation of cell
bodies and their efferent connectlons in the rat uvtilizing

dopamine-B-hydroxylase as a marker. J Comp Neurol 163 467-506

Uhde, T7.W., Siever, L.J., Post, R.M., Jimersen, D.C., Boulenger,
J.P. and Buchshbaum, M.S. (1982). The relationship of plasma

free MHPG in anxiety and psychophysical pain in normal volunteers.
Psychopharmacol Bull 18 129-132

UtPrichard, D.C., Daiquji, M., Tang, L., Mitrius, J.C. and Meltzer,
H.Y. (1982). az-Adrenergic receptors: Comparative biochemistry

of neural and non-neural receptors, and in vivo analysis in
psychiatric patients. In: Blological Markers in Psychiatry

and Neurology (eds Usdin, E. and Hanin, I.) pp 205-215 Pergaman

Press, Oxford

UePrichard, D.C., Mitrius, J.C., Kahn, D.J. and Perry, B.0. (1963).
The a2~Adrenergic Receptor: Multiple Affinity States and Regu-
latiaon of a Receptor Inversely Coupled to Adenylate Cyclase. In
Molecular Pharmacelogy of Neurotransmitter Receptors (£Ed Segauwa,

T.) pp 53-72 Raven Press, New York



- 9§ -

Vanhoutte, P.M. (1982). Heterogeneity of postjunctional vas-
cular alpha-adrenoceptors and handling of calcium. J Cardigvasc

Pharmacal 4 531-536

Vanhoutte, P.M. and Rimele, T.J. (1982). Calcium and alpha-
adrenoceptors in activation of vascular smooth muscle. J Cardio-

vasc Pharmacol 4 $280-5286

Van Meel, J.C.A., De Jonge, A., Wilfert, B., Kalkman, H.O., Tim-
mermans, P.B.M.W.M. and Van Zwieten, P.A. (1981a). Vascular
smooth-muscle contractiaon initiated by post-synaptic alpha-2-
adrenoceptor activation is induced by an influx of extracellular

calcium. Eur J Pharmacol 63 205-208

Van Meel, J.C.A., De Jonge, A., Wilfert, B., Kalkman, H.0., Tim-
mermans, P.B.M.W.M. and Van Zwieten, P.A. (1881b). Organic

and inorganic antagonists reduce vasoconstriction in vivo media-
ted by postsynaptic alpha-Z2-adrenoceptors. Naunyn-Schmied

Arch Pharmacol 316 288-293

Van Meel, J.C., WIlfert, B., De Zoeten, K., Timmermans, P.B.

and Van Zwieten, P.A. (1982). The inhibitory effect of newer
calcium antagonists (nimodipine and PY-108-068) on vaesaconstric-
tion in vivo mediated by postsynaptic alpha-Z-adrenoceptors.
Arch Int Pharmacol Ther 260 206-217

Van Nueten, J.M., Janssen, P.,A.J., Van Beek, J., Xhanneux, R.,
Verbeuren, T.J. and Vanhoutte, P.M. (1981). Vascular effects
of ketanserin (R41468), a nagvel antagonist of 5-HT2 serotoner-

gic receptars. J Pharmacol Exp Ther 218 217-230

Van Nueten, J.M., Leysen, J.E., Vanhoutte, P.M. and Janssen,
P.A.J. (1982). Serotonergic responses in vascular and mon-
vascular tissues. Arch Int Pharmacodyn Ther 258 331-334

Van Zwieten, P.A. and Timmermans, P.B.M.W.M. (1984). Central
and peripheral c-adrenoceptors. Pharmacological Aspects and

Clinical Potential. Adv Drug Res 13 210-254



- 97 -

Vizi, E.S. (1977). Termination of transmitter release by stimu-
lation of sodium-potassium activated ATP-ase. J Physicl 257 261-
80

Vizi, E.S. (1979). Presynaptic modulation of neurcchemical

transmissicen. Praog Neurobiol 12 181-290

Wagner, A., Aberg-Yistedt, A., Asberg, M., Ekqvist, B., Martensson,
B. and Montera, D. (1985). Louwer SH-imipramine binding in pla-
telets fram untreated depressed patients compared to healthy con-
trols. Psychiat Res 16 131-138

Walsh, D.A. and Ashby, C.5. (1973). Portein kinase: Aspects of
their regulation and diversity. Recent Prog Horm Res 289 329-358

Wehr, T.A. and Goodwin, F.K. (1881). Biclogical thythms and
psychiatry. In: American Handbook of Psychiatry: Advances
and New Directions (Ed Arieti, S.) Vel 7, pp 46-74. Basic Books,
New York

Weinberg, W.A., Rutman. J., Sullivan, L., Penick, E.C., Dietz,
S.6. (1973). Depression in children referred te an educational
diagnostic center: OQOliagnaosis and treatment. J. Pediatr. 83 1065-
1072 '

Weller, E.B., Preskorn, S.H., Weller, R.A. and Croskell, M.
(1983a). Pharmacologic Treatment of Childhood Depressive
Disorders. Childhood Depression: Imipramine Levels and Re-

spanse. Psychopharmacol Bull 19 S538-61

¥eller, E.B., WUeller, R.A. and Preskorn, S5.H. {(1983b). Depres-
sion in Children. Effects of 8ntidepressant Therapy. J Kansas
Med Saoc 84 117-118

Wikberg, J.€.5. (1879). The pharmacological classification of
adrenergic alpha 1 and alpha 2 receptors and their mechanisms
of action. Acta Physiol Scand 468 1-89



- 88 -

Wilifert, B., Gouw, M.A., De Jange, A., Timmermans, P.B. and
Van Zieten, P.A. (1982a)}. Indications far vascular alpha- and
beta-2-adrenoceptors in synapses aof the muscarinic pathway in

the pithed nmormotensive rat. J Pharmacol Exp Ther 223 219-223

Wilfert, B., Timmermans, P.B. and Van Zuieten, P.A. (1982b).
Extrasynaptic location of alpha-2 and noninnervated beta-2
adrenocceptors in the vascular system of the pithed normotensive
rat. J Pharmacol Exp Ther 221 762-768

Wilkins, R.W. (1954). Clinical usage of Rauuwolfia alkalgids in-
tluding reserpine (serpasil). Ann N.Y. Acad Sci 59 36-44

Williams, L.T., Snyderman, R. and Lefkowitz, R.J. (1978). Iden-
tification of B-adrenergic receptors in human lymphocytes by
(-) 3H-alprenclol binding. J Clin Invest 57 149-155

Wright, A.F., Crichton, D.N., Loudon, J.B., Morten, J.E.N, and
Steel, C.M. (1984). B-Adrenergic binding defects in cell lines
from families with manic-depressive disorder. Ann Human Genetics
48 201-214

Yamaquchi, I. and Kopin, I.J. (1980). Differential inhibition
of alpha-1 and alpha-2 adrenoceptor-mediated pressor respanses
in pithed rats. J Pharmacol Exp Ther 214 275-281

Zeller, E.S. and Barsky, J. (1852). In vivo inhibition of liver
and brain moncamine oxidase by I-isoniceotinyl-2 isopropyl hy-
drazine. Proc Soc Exp Bial Med B1 4539-461

Zis, A.P. and Gooduwin, F.K. (1978). Novel antidepressants

and the biogenic amine hypothesis of depression. The case for
iprindole and mainserin. Arch Gen Psychiat 36 1087-1107

—ooclooo-



APPEND I X

INSTRUMENTAT I ON

The follomiﬁg instruments were used:

Beckman Model LS-9000 Liquid Scintillation Caunter
Beckman pHI 71 pH meter

Gilford Stasar III Spectrophotometer

Heidolph Stirrer

Polytron PCU-2 Homogeniser

Sartorius Top-Loading balance

Sorvall RC-5B Refrigerated Superspeed Centrifuge
Sorvall RC-2B Superspeed {entrifuge

Techne Waterbath

Vortex mixer
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OPSOMMING:

In hierdie studie is moontlike perifére biclogiese merkers virc
major depressiewe siekte in kinders en adolesente anderscek a.g.v.
die onbeskikbaarheid van brein materiazl. Vir hierdie doel is
die vlakke en bindings-affiniteite van die az—adrenerge reseptor
en imipramien bindingsetels gemeet op bluedplaatjies asook die
B-adrenerge rteseptore op limfosiete van kinders en adolesente

met major depressiewe siekte.

Ranvanklik is die bindingsreaksies gekarakteriseer. 3H-p—Ami-

noclonidine is instede van YH-clonidine gebrulk om die a2~adre-
nerge reseptor binding-parameters te bepaal, omdat eersgencemde
h hoer spesifieke aktiwiteit en n hoér affiniteit het as laasge-
noemnde. 3H—Imipramien is gebruik om die bindingparameters wvan

die imipramien bindingsetel te meet en 3H—dihidroalprenolol vir
die f-adrenerge reseptor bindingparameters. Die bindingparame-
ters van die drie setels is bepazl op bloed monsters van pasien-
te met major depressiewe siekte en vergelyk met dié van normale

gesonder kontroles.

Depressie is gediagnoseer op grond van die kriteria in die
Diagnostiese en Statistiese Handleiding vir Geestessiektes
(bsm III, 1980), en drie becordelings-skale vir depressie nl.:
die Montgomery en Asberg Depressieskaal (1979), die Kinder
Depressie Beoordeling Skaal (Poznanski gt al, 1378) en die

Kinder; Wéreld Skattings Skzal (Shaffer et al, 1983).



Kd waardes van az—adrenergereseptcr by kinders met major depres-
siewe sieskte met n selfmoordpuging was betekenisvol hoer as kon-
trole waardes, en dit was ook hoer as by kinders met major de-
pressieue giekte in geheel geneem. Betekenisvolle hoer a5-adre-
nerge reseptor Bmaks waardes is ook gevind in die totale bevol-
king van kinders met major depressieue siekte wanneer vergelyk

met kontrole groepe.

ODie resultate wat verkry is wvir imipramien Kd bepalings was die-
selfde as die van az-adrenerge reseptor Kd bepalings. Betekenis-
volle hoer imipramien Bmaks wazardes is egter gevind in bloedplaat-

jies wvan kinders met major depressiewe siekte met n selfmoorpo-

ging asook n kombinasie van hierdie tuwee groepe.

Met betrekking tot B-adrenerge reseptore is n betekenisvalle
verskil waargeneem tussen Kd waardes van kontrole seuns en mei-
sies. Geen verskil is tussen Kd waardes van manlike kontroles

en pasiénte gevind nie. Vroulike kontroles het egter betekenis-
volle groter f-adrenoseptor Kd waardes getaon as vroulike pasiente
met major depressiewe siekte, major depressiewe siekte met nh self-

moord-poging, a@sook h kombinasie van hierdie twee subgroepe.

Pasiente met major depressiewe siekte het betekenisvolle hoer
f-adrenerge reseptor Bmaks wzaardes getoon as kontrole-groepe,
asook ten opsigte van h kombinasie van pasiénte met major depres-

siewe siekte met en sonder N selfmoordpoging.

Ons stel voor dat verhaogde bloedplaatiie az-adrenerge reseptor

Kd en Bmaks waardes, asook plaatjie imipramien Bmaks waardes



moontlik gebruik kan word as n bioclogiese merker vir major de-
pressiewe siekte en n neiging tot selfmoord in kinders en adoles-
sente. Verhoogde plaatjie imipramien Kd waardes kan moontlik

dien as N bioclogiese merker vir selfmoord neiging onder jeugdiges
met major depressieswe siekte. Verlaagde B~adrenerge reseptor

Kd waardes kan moantlik dien as n biologlese merker vir depressie
by jong meisies, terwyl verhoogde B-adrenerge reseptor Bmaks waar-
des gebruik kan word as h biologiese merker vir major depressieue

siekte by kinders en adolessente.
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