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ABSTRACT

Centrally active peptides have increasingly been implicated in

diverse neuro-psychiatric disorders in humans. Although several clini-

X

cal studies have attested to the therapeutic potential of L-Prolyl-L-
Leucyl~Glycinamide {PLG) in Parkinson's disease, no unifying hypothesis “
concerning its mode of actid% can be formulated. The present critical

analysis of the pharmacolqgical property of PLG was predicated on the

hypothesis that tgere exigt putative receptor sites of PLG manifesting
differential modulatory cffects on dqpaminergic neurotransmiésion.

The acticn of PLG was examined in behavioural paradigms reflect-
ing dopamine—d;pendent extrapyramidal motor dysfunction: haloperidol-~
and merphine~induced catalepsy In rats. Chronig, but not acute, treat-
ment of PLG significantly antagonised both*morphine and haloperidol
catalepsy. -

. The influence of PLG on intvitro dopamine receptor function was "
|
evaluated, and the results showed that PLG selectively enhanced the
affinity of the specific binding of the agonist 3H-apomorphiﬁe
\
to dopamine receptors in rat striatum. PLG, however, failed to alter
H-spiroperidol binding in vitro.
LI

A raaioligand binding assay was developed to identify specific

putative binding sites of PLG in normal rat and human brain. 'BH—PLG
-bougd to membrane homogcﬁates from both hum;n and rat striatum with high
affinity and in a saturable manner. The reglonal distribution profile

3
of specific "H-PLG binding demonstrated that human substantia nigra

exhibited the highest level of jH—-PLC binding sites, followed by the "

iii
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striatum and hypothalamus. In the rat brain, the striatum was highly

enriched with PLC binding sites. Pharmacclogically active analogues of

3,

ic "H-PLG binding with relative potencies paralleling

4y

PLG competed Ior speci
their in vive tiologlcal activities,

The potential anti;dyskinctic activitf of PLG was evaluated in the
pharmacological animal model of tardive dyskinesia. fn rats, PLG, when
administered ccﬂcurrently with haloperidol or chlorpromazine, antagonised
the enhancement in speciflic 3H—spiroperidol binding in the striatum as
associated with chrenic neuroleptic freatment.

The results cof the present study suppert the hypothesis that
putative FLG,biﬁZing-sites are functionally coupled to_dopamine/neuroleptic
adenylate cyclase complex and raise the issue as to the feasibility of

specific peptidergic dysfunction and peptide replacement therapy in neuro-

psychiatric disorders.

Gy
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CHAPTER 1

INTRODUCTION

With successful isolation and identification of biogenic
catecholamines and indoleamines, the last decade witgessed signifi-
cant advances in uaravelling the neurochemical substrates for
synaptic neurctransmission in the mammalian central nervous systenm
It has become apparent, E&Et a variety of psychiatric disorders may
be explicable in terms of changes in the dynamics of central mono-
aminergic mechanisms, hence providing a rational basis for developing
an efficacious medical therapy (Sanyder et al., 1974) for the.clinical

management of behavioural dysfunction (reviewed by Barchas et al.,

1978) . Concurrently, a great deal of progress has been made in de-
fining the neuronal regulatogy mechanisms underlying the endocrine
control of physiological functions. The field of neuroendocrinology

has acquired a highly respectable status contributing substantially
towards’the differential diagnosis of primary and secondary endocrine
disorders, neurological deficits and psychiatriec disturbances (Gﬁillemin,

1978). Furthermore, sustained and enthusiastic effortd have been

directed towards iscolating and identifying -neurclogically active peptides

«
in the mammalian central and peripheral nervous system with a view of

defining their physiological functions in synaplic transmission
: <

(reviewed by Barbeau et al., 1976c: Schally et al., 1978; Kastin et

al., 1979a; Snyder and Innis, 1979; Cooper and Martin, 1980).

\\l



A recent review noted that as many as thirty-three neuropeptides
- have been identified in the cerebrospinal fluid of humans and the
levels of these neurcpeptides have been measured in many parts of
the mammalian brain (Post et al., 1982). It is not the purpose of
this short introghction to review the evidence and to discuss our
rudimentary knowledge regarding their blosynthesis, release, degrada-
tion, turnover and the spectrum of behavioural effects. An atrempt
will be made, however, to deal with certain aspects of neuropeptide
pharmacology:
1) the functional role of peptides as neurotransmitters/
neurcmodulators;
2) the evidence for peptidergic neurons and the co-existence
and interactions of peptldes with classical neurotransmitters;
3) potential implications of peptides in neurological and
psychiatric disorders. This introduction will serve as
an appropriate prelude to the proposed study of the

neuropharmacological mechanism of action of L-Prolyl-L-

Leucyl~glycinamide (PLG) in the mammalian brain.

The characteristic pattern of distributién of peptides in
Garious reglons of the mammalian central nervous system, as charac-
terized and identified by immunohistochemical and autoradiographic
techniques, tends to support the functional role of neuropeptides as

putative neurotransmitters (reviewed by Hokfelt et al., 198Ca). For

an endogenocus substance to be considered as a putative neurotransmicter,



-

certain criteria, however, have to be satisfied: 1} The suhstance
oust exist‘in sufficiently high concentration in nerve terminals;

2) The substance, when exogenously administered mus:z minmic the

effects observed upon direct nerve stimulation (feviewed by Barchas,

et al., 1978). A& neuromodulator, on the other hand, can modify the
responses of contiguous neurons towards putative neurotransmitters
released in situ while failing to directly depolarize or hyperpolarize
neurons. Although conceptually the distincﬁion between a neu%otransmitter
and a neuromodulator has its bheuristic merits, detailéd electrophysio-—
logical analysis of various modes of neuronal interactipon is dif%icult,
if not impossible. Neuroral interaction may be considered in terms

of the conventional presynaptic-to-postsynaptic relationship, as well
as the simultaneous interaction of a released neuron neurotransmitter -
with several target cells and/or the neuron of origin. Synaptic con-
nections involve cell bodies, dendrites and axons, and sometimes it

is difficult to interpret the overall neuronal responses in terms of
general behavicural phenomenon and emotionél states. The distinction
between a neuromodulator and a neurotransmitter, is therefore, somewhat
artificial and fluid (Snyder and Innis, 1979) and may be conveniently
substituted with the term "neuroregulator”. The term "neurﬁregulator”
can appropriately be used to describe any endogenous substance, whether
it belongs to the class of biogenic amines, amino-acids or peptides,
which possesses the property of participating in the chain of synaptic

events origidéting from the nerve impulse to the generation of
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physiclogical and/or pharmacological ;esponses. At the cellular and
molecular level, the efficacy and plasticity of synaptic neurotrans-
aission depends upon: 1) the regulatory control at the presynaptic
input level, 2) the effectiveness of the interaction of the putative
neuroregulator with the receptor site, 3) the degree of coupling of
the neuroregulator with other cellular cémponencs, and 4) the extent
of amplification or attenuation of the sign;l by some othez'enzyme
systems. It is conceivable that any perturbations df the complex
system is likely to give rise to diverse functional disorders in the
central nervous system. Advances in our understanding of the mechanisms
of synaptic transmission should make it possible to develop specific

pharmacological strategy to ameliorate the clinical manifestations of

various neurological and psychiatric disorders.

Concerted neuroanatqmical,.neurochemical, electrophysiological
and behavioural approaches have been employed to delineate more succincFly
the functicnal roles of neuropeptides as neuroregulators both in the
central and peripheral autonomic nervous system, since the initial
identification of three hypothalamic hormones - TRH, LHRH and somatostatin -
outside the median eminence and the hypothalamus (reviewed by Schally, et
al., 1978). The hypothesis of specific peptide-containing meurons has
been verified by various immunahistochemical approaches including
indirect immunofluorescence technique, the peroxidase technique and the
peroxidase-~antiperoxidase (PAP)-technique. Attempts to localise Rutative
neurcpeptides ih-ﬁéurons indiqate that a peptide may co-exist with
another peptide or a classical neurotransmitter within the same neuron

(reviewed by-Hokfelt et al., 1980a), hence challenging Dale's principle



of one-neuron-one-neurotransmitzer" (1933). The exmerging concept of

: tr
swmitter

jo

"co-enistence of 2 peptide with another peptide or amime neurotra

inds its precedent in the endocrine cells of the gastrointestinal

,
tract (Pearse, 196%). According to Pearse, these endocrine cells, like

(1)

the neurons of the central and peripheral autonomic nervous Svstem,

are '"meurocendocrine~programmed cells originating from the ectoblast”,

and belong te the so-~called APUD svstem (amine precursor uptake and
decarboxylation). In the gastrointestinal system, the conceptuai
framework of APUD advances our underétanding of certain endocrine tumors.
In the céntral nervous system, the cc-existence of peptide with biogenic

anine poses important consequences for the occurrence of certain

psychiat}ic and neurclogical disorders.

Immunochemical studies showed a distinct porulation o neurons
containing both 5-hydroxytryptamine (5-HT) and SP projecting from the
raphe nucleus to the ventral hormn of the spinal cord, furcherﬁore,
both 5-HT and SP were decreasea following selective lesion with the
neurotoxin 5,6—dihydroxytryptam;ne (Chan-Palay et al., 1978; Hokfelt
et al., 1978; Watson et al., 1978). Since S-HT and SP are considered
excitatory and inhibitory neu;oregulators respectively,a fine system
of tontrol maynbe exerted over the transmission of nociceptive primary
afferents at the spinal, and possibly at the supra-spinal level. On
the other hand, the demonstrated co-existence of dopamine and
cholescystokinin (CCK) in the mesolimbic area thought to be associated

with motivational affective responses raises the issue as to the role

of CCK in schizophrenia, in the light of current evidence supporting



the "dopamine hyperactivity” hypothesis in schizophrenia. It is not

hier dopanine is released simultaneousiy with CCK in the

mesplimbic dopaminergic terminals. Alternatively, CCK may exert

- -

negative feedback over the release of dopamine at the-pre-synapﬁic\
level.

Perhaps the most exciting aiscovery in the field of peptide
neurcbiolecgy in the last decade was the characterization and identifi-
cation of endogenous épioid peptides as natural ligands for the putative
opilate receptors.. Three independeﬂt groups of investigators: 1) Snyder's
group in U.S.A. (Pert and Snyder, 1973); 2) Simon's group in U.S.A.
(l§73); 3) Terenius' group in Sweden (1973) demonstrated the existence
of high affinity, stereospecific binding sites for opiates in different
regions of the mammalian brain. Since then, at least five opioid
peptides: leu-enkephalin, met-enkephalin, 8-endorphin, dynorphin and
more recently, a-necendorphin, have been successfully isolated and
sequenced for thelr constituent amino acids (reviewed by Watson et al.,
1978). Although the detailed biosynthetic pathways for the different
opigid peptides have qot'been established,the opioids share the common
pharmacological property of inducing anaigesia with the exception of
dynorphin. Immunohistochemical techniques showed they are localised
in different neuronal elements. Moreover, accumulating pharmhcologicaf
data indicate that the opioid peptides are distinguishable from each
other on the basis of their differential interaction with subpopulations

>

of opiate receptors (Zukin and Zukin, 1981; Wood, 1982). Two aspects



of opiate pharmacology deserve scme consideration: 1) evidence for
multiplicicy of ovpiate receptors; 2) clinical studies of opio%d
peptides in psychiatry.

Recent trends in research on neurotransmitter and peptide
receptors have been focussed on systematically classifying the differ-
ent subsets of receptors on the basis of their differential ligand
specificities and affinities, regional distribution of receptor densi-
ties, and the extent of regulation by endogenocus cellular coupling
factors and enzyme systems. Martin e: él. (1976) first formulated the
concept of multiple opiate re;eptors on the basis of a systematic analysis
of the behavioural actlons of morphine, ethylketocyclazocine and enkepha-
in the épinél dog. Morphine, the prototypal p agonist, suppressed
morphine abstinence syndrome and decreased pulse rate, pupil diameter,
respiratory rate, temperature, and skin twitch reflex. Enkephalin,
the prototypal 6 agonist, on the other hand, produced the opposite
effects on these physiological parameters., On the cther ha;d ,the «
agonist ethylketocyclazocine failed to suppress morphine abstinence. The
three classes of opiate agonists: u,3 and x, in addition differed in their
behavioural effects in the mouse. With the gsynthesis of highly specific
agonists and antagonists and extensive application and refinement of
radioligand binding techniques, receptor binding studies have consider-
ably strengthened the hypothesis of multiplicity of opiate receptor.
Receptor subpopulations may be differentiated in that y receptor site

appears to be coupled with adenylate cyclase, whereas & site 1s not



assoclated with the adenylate cyclase system (Pert, et al., 1980).
The mést conclusive evidence, however, is derived from selective pro-
tection studies of Robson and Kosterlitz (1979) and Smith and Simon
(1980) . Selective u and 3 agonists were demonstrated to protect their
respective opiate receptor biading from inactivation Ey sulhydryl
agents such as N-ethylmaleimide (ﬁﬁM).

A tentative classification scheme of opiate receptor
nas recently been proposed by Wood (1982) who critically reviewed the
behavioural, biochemical and pharmacological evidence for the existence
of distinct populations of receptors. It has become apparent that
central opiate receptors are best defined in relation to the specific
brain loci and the physiological functions they-are purported to sub-
serve. The opiate receptors mediating analgesia may be localised on
neuronal populations different from those regulating respiratory
depression and preolactin release from the pituitary (McGilliard and
Takemori, 1978; Grandison, et al., 1980). Autoradiographic studies
indicated that w | sites occurred mostly in the thalamus, hippocampus,
periaqueductalgray and neocortex, whereas 5 sites were concentrated
primarily in the amygdéla septum, nucleus accumbens and paraventricular
hypothalamus (Goodman, et al., 1980; Schubert, et al., 1981). Further-
more, specific opilate agonists exhibit éifferential interaction with
central dopaminergic and cholinergic neuronal systems. The x agonist,
ethylketocyclazocine, neither altered dopamine metabolism in the striatum,
nor affected the turnover rate of acetylcholine in the hippocampus and

the neocortex (Moroni, et al., 1978; Wood, et al.; 1980). On the other
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hand; the 1y and 3 agonists, have been found to activate certain
naloxone—seqsitive opiate receptors located on dopaminergic terminals'
in the striatum (Pollard et al., 1578; Gardner, et al., 1980; Martin
et al., 198l) resulting in ennanced dopamine synthesis, but not its

release (Guidotti et al., 1978; Wood et al., 1980).

The potent and unique pharmacological actions of opiold peptides

,raise-the issue as to their possible functional role in the pathogenesis

of psyvchiatric disorders. The "dopaminergic hyperactivity" hypothesis
has been proposed to the effect that overactivity of central dopaminergic
synapses produﬁés a sctate of supersensitive psychosis, causing break-
dewn in specific behavioural control mechanisms (Stevens, 1973; Langer,
1981). An alternative hypothesis which is by no'means incompatible

with the dopamine theory of schizophrénia, tends to view schizophreniform
psychotic processes as arising from perturbations in the dynamic equi-
librium between dopamine and the putative peptide neurotransmitters,
especially opioid peptides (De Wied and Verhoef, 1982). Both B-
endorphin (Domschke et al., 1979) and neon- 3-endorphine fractions in

(SF (Terenius et al., 1976) appear to be involved in acute schizophrenic
psychosis. 1In a double blind study, Gerner et al. (1980) reported
deterioration in the psychiatric condition of six out the eight
psychiatrie patients administered 8-endorphin. Conversely, administré-
tion of the specific opioid antagonist, naloxone, may be expected to
improve the symptoms of schizopﬁrenic patients. Although negative
results were also obtained, favourable clinical outcomes were reported

following intravenous administration of naloxone, especially in

1
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relation te the reduction of auditory hallucinations (Watson et al.,
1978; Berger et al., 1981). Caution should be exercised, however, in
interpreting the significance of the clinical studies on naloxone in
psychiatry, since naloxone has recently been demonstrated te exhibit
pharmacolegical actions independent of its purported role as a
competitive antagonist of oplate receptor both igfzixg and in vitro
(reviewed by Sawynok et al., 1979).

In contrast to the hypothesis of endorphin excess as being
the etiological factor in schizophrenia, some investigators present
evidence that schizophrenia reflects the relative functional deficiency
of endorphins.

A new endorphin-like peptide devoid of analgesic activity,
destyrosine-y endorphin (DTYE), has been found in tée human spinal
fluid and shown élinically to relieve the psychilatric symptoms in a
double-blind study (Verhoeven et al., 1979). In the study by Emrich,
et al. (1980} however, DTYE was only effective in a subgroup of
schizophrenic patients. In another study, a single intravenous adminis-
tration of B-endorphin 20 mg resulted in sustained significant improve-
ment in the symptoms for five days (Berger et al., 198l). These
clinical studies are only preliminary in nature and by no means con-
clusive; large-—scale collaborative‘efforts emphasizing multiple

dosages of endorphins and attempts to reclassify the patients into
various subtypes are required in order to establish the therapeutic

efficacy of endorphins.



The encerphin deficit nypothesis hzs been entended to uniopolar

depression and raceived support from two clinical studies reportin

th

signi

(

icant izprovement In cocd in depressed patients who received
intraverous = endorphin (Gerner et al., 1980; Q'cSrichard et al., 1981).
On the other hand, phvsestiegmine—induced moog changes, espeéially the
depressive components, were found to be positively correlated with an
increase in plasma level of E-endorphin (Risch et al., 1980). 1In
ancther study, high levels of plasma fraction I opioid activity uere
’ 1%

observed to accompany artenuated response on evoked potentials and an
increased tendency towards neuroticism on the Eysenkmﬁérsonality Inventory
#on Knorring et al., 1982)., Post et al. {1982), however, did no: find
any signifiEant difference in CSF opioid activit§ as measured by radio-
receptor binding assay or radioimmunocassay between manic patients,
medication~free depressed patients and normal volunteers, although an
interesting positive correlation between nurses' global ratings of
anxiety and CSF opioid activity was noted. The significance of these
initial clinical cobservations in depressed patients must await fu-ther
replicative’ studies involving larger sampling size selected from the
appropriate patient populations.

The above considerations must not be construed tc indicarte
that only opioid peptides are implicated in diverse neuro-psychiatric
disorders. Advances in the field of neuropeptides have beguﬁ to
provide fresh insights into the roles of other neurcpzpt:ides in uneuronal

communication and information transfer. Substance P (5P}, the firse

peptide postulated to fulfil the criterion of neurcrransmicter 1o
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primary sensory afferents (Snyder and Innis, 1979; Nicoll et al., 1980)
has been shown to be released from primary afferent terminals of the
trigeminal nerve of rats and mice (Cuello.and Kanazawa, 1978). More
significantly, SP release is inhibited by morphine and the enkephalin
analogue, D--A.laz—!‘-{et5 and naloxone can reverse the inhibition (Jessel
and Iversen, 1977). A neuronal model has been proposed on the basis

of these pharmacological findings that opiate-induced analgesia is
mediated primarily through presynaptic inhibition of SP release.
Evidence from lesioning studies of the substantia gelatinosa of the
spinal cord and autoradiographic localisation of opiate receptors on
SP-containing terminals (La Motte et al., 1976) appears to support the
pre-synaptic SP inhibition hypothesis of opiate action. ng should be
eﬁphasized, however, | that a noéiceptive pathway specific for opioid
peptides originates from the ventrolateral periaqueductal gray (PAG)

of the midbrain, and it is not known whether opicid peptides %4ill exert
similar action at the midbrain level regarding SP release. In the fina?l
analysis, modulatian?§ primary sensory input probably depends on the
concerted and integrative function of multiple‘peptides and cate-
cholamines, since somatostatin, neurotensin and t e N-terminal fragment
of cholecystokinin are also found in the dorsal horn of the spinal cord
(Hokfelt et al., 1980b)." Furthermore, classicgl neurotransmittefs ~
like norepinephrine, dopamine and serotonin Have likewise been localiQZd
in the sensory afferents of the spinal cord Commissiong and Neff, 1979).
It may be conceived that the peculiar anatom¥al arrangement of

peptides and biogeﬁic amines in the spinal cJFd provides the framework

i
*



for complex interactions.of peptides with biogenic amines in the
overall modulation of nociceptive stimuli.
Clinical studies of the neurochemical sub;trates of pain

showed that morphine administration reduced both the intensity of pain
and CST SP level in humans (Terenius and Von Knorring, 1980). It is
also of considerable interest to note that whereas neurogenic pain was
found to.be associated with a low level of SP, patieéls sustaining

~ pain secondary to malignancy showed elevated levels of SP (Terenius and
Von Knorring, 1985). Although/SP appears to be the primary neurotransmitter
in nociceptive afferents, analysis of specific dysfunction in SPergic
neuronal processes may advance our understanding‘of a group of inherited
or congenital sensory disorders. A syndrome termed congenital in-
sensitivity or indiffetence to pain has been described and it is thought
to be caused by neuronal loss in the dorsal root ganglia and atrophy

>of the spinal tract of trigeminal ﬁerve. In addition, the éiley-Day.
syndrome characterized by autonomic dysfunction and ingenéitivity to
thermal and nociceptive stimuli likewise may be explained in terms of
abnormaliti-s of SP-dependent neurotransmission (Martin and Landis,
1981)-.

The most completely documented example of the involvement of

SP in exéra—pyramidal motor function is the postmortem finding Ehat in
Huntington's chorea, both the zona compacta and zona reticulata of

substantia nigra and globus pallidus exhibited a substantial reduction

in SP level (Kanazawa et al., 1979).
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Huntingron's chorea is a unrelenting degenerative disorder
of the-&é@tral nerveus system with both neurvlogical and psvchiatrie
sequelae (revizw by Bargeau, 1975, and 1979). The pathogenesis oi
Huntington's chorea remains essentially unknown, but mzy be related to
ccmpensatbry accentuation of nigro-striatal dopaminergic transmission
arising. from interruption of the feedback loop of striato-nigral and/or
pallidal-nigral GABAergic and SPergic neurcnal pathways. SP mav best

8

be conceived as a neurochemical transducer of striatal dopaminergic
activity in the basal ganglia and appears to facilitate the nigral-
striatal dopaminergic function. If loss of SP neurons is integral to
the undulating and choreic movements in Huntington's chosea, replace-
ment therapy with SP analogues may be beneficial in this clinieal

disorder.
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CHAPTER II

LITERATURE REVIEW OF PLG

4
II.1 Isolation, Characterization and Pessible Endocrine Funetion

) .
Although it is generally agreed that there exists a hypothalamic

factor inhibiting the release of Mé;

(Melanocyte Stimulating Hormone)
from the pars intermedia of the pitu gar? (Séﬁally, et al.,‘1978), the
chemical identity of MSH Release-Inhibiting Hormone (MSH-RIH or MIF)
remains controversial. Kastin and Scha

(1967 eve the first to

\ \
demonstrate that the hypothalamic.extracts from seven ?6urces —— frog,

rabbit, kitten, sheep, pig and man —— possessed MIF:_;Etivity in'that
they Increased the MSH content of rat pituitary gland as assayed by the
degree of lightening reaction in the lesioned frog. Nair, et al. (1971)
subsequently determined the chemical structure of tﬁj bovine hypothalamic
extract by amino acid sequencing and shéwed the peptide to Be L-Prolyl-
L-leucyl-glycinamide (PLG). The biological:activities, cﬁromatographic
and electrophoretic mobilities and mass spectr;l fragmentation patterns
of the-natural PLG and the synthetic PLG appear to be similar.,

Celis, et al. (1971) and Walter, et al. (1973) demonstrated

that PLG could be formed in vitro by incubating oxytocin with a microsomal

preparation from the stalk median eminence containing exopeptidase.

L-Pro—His—Phe-Arg—Gly—NHz, was later isolated by Nair et al (1972)
from bovine hypothalamic extract but its MIF activity was less than PLG.

Although the MIF activity of PLG was confirmed in other bicassay systems

15
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(Celis, et al., %973; Vivas and Celis, 1975; Celis, 1977), its claim of MIF
activigry has been disputed by other investigators. Bower, et al. (1971)
and Hruby, et al. (1972) presented evidence ;ﬁat the ring structures
of oxytocin, tocincic acid (L—Cys—L—Tyr—L—Ile—L-Gln-L-Asn-L-CysJ;l)
aﬁd tocinamide, exhibiteg MIF activity in the darkening reaction of the
pars Intermedia of the gullfrog {(Rana catesbeiana) and the toad(Bufo
marinus). Grant, et al. (1973) failed to find any MIF activity in
either PLG o} tecinoic acid. ﬁore recently, Thody, et al. (1980) re-‘
evaluated the possible endocrine role of PLG on the release of a-MSH

N

from the rat -pars intermedia by radioimmunoassay (RIA)Y. No effect of

PLG Qas obse?ved on the spontaneous release of ﬂSH in in vitro
superfused system or on the rise in a;MSH caused ?y median eminence
lesion. The‘earlier sﬁudieg_of fLG may be crftic?zed on account of the
inseﬂsitivity and variability of the bibﬁssay systems ﬁsed. The negative
result obtained with RIA appears to refute the claim of PLG as the
phy§iologically relevant MIF ' in mammals. In humans the physiological
function of MSH is uncertain and recently three species of MSH (a, 3, ¥)
have been shown to be deriveé~from the pro-opic~melanoccortin (reviewed
by Chretien, et al.,.1980). The release of ﬁjMSH into hupan CSF has
been shown to.otcur in vivo (0'Donohue et al.,1981) and dependence of
-the re}ease process on the neuronal influx of sodium is coPsistent wi;h
the ﬁeurotropic properties of this peptide in the CNS. The release of

<:,_BI..G into human»CSF has never been demoqftrated to occur, although Greenberg

et al. (1975) identified a'ﬁassive uptake process for PLG in brain
X A .
_/ -

synaptosomal preparationg in vitro. -

3

a L) . '



To complicate matters further, PLG interacts with the pineal-
aypothalamic-picuizary axis. Administration of radiolabelled PLG into
rat indicated a preferential uptake in the pineal (Dupont, et al,, 1575;
Redding et al., 1973). Analysis of the pineal extract sixty minutes
after intravenous administration by thin laver electrophoresis
revealed that the major portion of the injected material moved with the
same mobility as the synthetic intact PLG (Redding et al., 1973). The
release of the nonapeptide arginine vasotocin (AVT) into the CST was
induced by intracarotid injection of PLG which also decreased the pineal b
AVT content (Pavel et al., 1977}). On the other hand, pinealectomy
significantly increased the content of PLG in the hypothalamus and arg-
AVT reversed the effect. Pavel et al. (1977) interpreted these .find-
ings to suggest that AVT regulates the level of MSH in the pituitary by
interfering with the synthesis and release of PLG. However, his pro-
position rests on the assumption that PLG is indeed the physiologically
active MiF. Hypophysectomy resulted in increased amounts of PLG in the
plasma, as determined by biocassay and thin-layer chromatography (Kastin
et al., 1972a), and prolonged the half-life of radiolabelled PLG in
plasma (Kastin et al., 1974). Kastin (1980) hypothesizes that the
accumulation of PLG, and, by extrapolation, neuropeptides in general,
in the pineal constitutes a mechanism whereby peripherally circulating
peptides influence the-neuroﬁ;i activitles in the brain. Melatonin,
secreted from the pineal is ;lso found in the brain and known to exert -~
a spectrum of interesting pharmacological effects in animal and humans

(reviewed by Cardinali, 1981).

]
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Although PLG was first isolated from the bovine nypothalanic
extract (Na;r et al., 1971), until recently tpe lack of a specific
antiserun for PLG made it impossible to undertake immunological
studies on the distribution of this tripeptide. Kastin et al. (1980)
developed a2 RIA method for measuring PLG by coupling PLG to thyroglo-
oulin and identified immunoreactive PLG/Tyr-PLG-like material in the
pineal gland of the rat. Gel filtration of the pineal extracts on
a column of Sephadex G-10 indicated that by RIA one iﬁmunoreactive
peak eluted near PLG and oxytocin and another peak eluted near'Tyr—

V.
PLG. Since the pineal gland in the rat contains 2-7 pg of oxytocin per .
Pg wet tissue (Fernstrom et al., 1980) the few hundred pg of PLG-like
impunoreactivity measured in Kastin's assav could not be accounted for
by the presence of oxytocin. Manberg et al. (1982) developed an alter-
native RIA procedure using [125-1] wz—PLG (p-bydroxyphenylacetylprolyl-
leucylglycine~amide) to measure both PLG and oxytocin followed by
chromatographic separation on high pressure liquid chromatography (HPLC).
No endogenous PLG was found in the rat hypothalamus, precptic area,
pltuifary or the eye tissue. For reasons not readily apparent, Manberg's
group did not evaluate the validity of their method against Kastin's
RIA by measuring PLG in the pineal. The two results are by no means
contradictory. The possibilicy exists that PLG may be synthesized in
specific neurons in the brain and does not derive merely from the break-

down of oxytocin. The issue of distribution of endogenous PLG is at
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present unresolved. Hui et al(l980) characterised in detail the ionic

reguirements, regional and subcellular distribution of a ELG-degrading
enzyze in the rat and found that the hypothalazus contained the lowest
enzymatic activity. 1t would be of interest tc measure PLG-like immuno-
reactivity in other regions of the rat and human brain 5v Xastin's method
and compare the distribution profile with that of PLG-degrading enzyme.

- The distribution of endogenous PLG 1s at present controversial.
Versteeg et al(l978), on the basis of the observed specific modulatory
effect of PLG on catecholamine metabolism in specific brain loci, hvpo-
thesized that PLG may be utilizing the extrahvpothalamic neurosecreatory
system projecting to the choroid plexus, the periventricular organs,
various brain regioms as well as the CSF as the route of transport to
its putative site of action. The formation of PLG from the enzymatic
cleavagz of oxytocin may occur in other brain regions such as the

substantia nigra. This hypothesis merits further study.

II.2 Pharmacelogical Profile

Prior to the era of intensive catecholamine research, interest

was expressed regarding the possible role of peptides as regulators of

central neurcnal activity. In view of the widespread extrahypothalamic
distribution of hypothalamic regulatory hormones and their localisation
in specific neurons, the concept of "extraendocrine action" of

hypothalamic hormones was seriously entertained by Schally's group

(Schally, 1978). It soon became apparent that these hypothalamic hormones

cdn exert diregt actions on the brain independent of their interaction
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with the hypothalamic-pituitary axis. Although the original claim of
PLG as the hvpothalamic factor innibiting the release of MSH (Nair

et al., 1972; Celis et al., 1971; Vivas andCelis, 1975; Celis, 1977)
cannot ge confirmed by other investigators (Bower et al:, 1971;

G;anc et al., 1973; Hadley et al., 1973), the first finding of the

extraendocrine effects of any hypothalamic peptide was documented with

sﬁu&ies on PLG. Earlier, Cotzias (1967) showed that MSH appeared toe
dggravate the symptoms of Parkinson's disease. Since the release of
MSH could be elicited by phenothiazine-type antipsvchotics liable to
produce extrapvramidal motor side effects, XKastin et al. (1967)
reasoned that beneficial therapeutic effects may be achieved by
pharmacological inhibition of the MSH release mechanism in the CNS.

A series of studies was initiated to investigate the possible anti-
Parkinsonian properties of PLG in animal models of Parkinson's disease.
PLG was shown to be pharmacologically active in potentiating L~-DOPA

behavioural arousal effects, antagonising oxotremorine-induced tremor

and reversing deserpidine—induced depression (summarized in Table 1:
Pharmacological Profile of PLG). Since the spectrum of behaviocural
effects of PLG was demonst;ated in both the hypophysectomized and
normal animals (Plotnikoff et al;, 1971, 1974a; Huidoboro-To¥o et al.,
1974, 1975), the presence of the piltuitary gland is not necessary for
the pharmacological activity of PLG which most likely represents

direct interaction with the brain. Plotnikoff et al. (1974b) further

found that removal of the thyroid, parathyroid, adrenal, ovary, pineal

or the thymus gland did not influence the activity of PLG. Hence the
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aradigzs indizated that the dose-respornse relationship 2oes not

L}
fcilow tne sigmeidal curve, but may best be describec as a4 peculias
biphasic curve (Bjorkman and Sievertsson, 1977). In rhe oxotremorine
reversal test, Bjorkian and Sievertsson (1977) found that the acrivisy

of PLG declined with doses greater 40 mg/kg i.p. The same phenomenon

was observed with analogues cof PLG: pyroGlu—Leu—Gly-NHa, and pvroGlu-

3

Leu—Gly—NH—Czﬁs. Neurochemical studies of PLG in relation te striata
dopaminergic neuronal systems in the striatum likewise revealed a
biphasic dose-response relationship of PLG. Friédman et al.\(l973) were
the firsc to report the stimulatory effect of PLG, when administered

at the dose of 0.5-5.0 mg/kg i.p., on dopamine synthesis in the corpus
striatum 1in the rat. Higher doses 3&-PLG, however, failed to aiter the
levels of dopamine in the caudate nucleus or the whele brain in the
mouse (Kostrzewa et-al., 1976), Subchronic treatment wich PLG at the
dosage of 3 x 20 mg/kg i.p. for three days, likewise did not change

the synthesis of dopamine (Kostrzewa et al., 1975). Bioriman et al.
(1977) interpreted these biochemical results in terms of différencial
interaction with putative receptor sites in the CiS in a biphasic
manner. In support of this propesition, in a double-blind clinical
trial on Parkinsogién patients, PLG at a dose of 500 mg,/day per os,
significantly improved motor performance while the therapeutic rosponse

declined wifh nhigher dosages 1-1.5 g per dav (Barbeazu 2t al., luyich).



[§e]
I~

The pathogenetic mechanisms of Parkinson's disease remain
incompletely understood. The motor deficits: akinesia, rigidity and
tremor are thought to arise from salective degeneration of the
nigrostriatal dopaminergic pathway (reviewed by Barbeau, 1976a;
Horaykiewicz, 1973). Pharmacological models derived from selective
lesion of the substanci;’nigra or the anterior hypothalamus by 6-
hydroxydopamine have been used to evaluate the activities of potential
anti-Parkinsonian agents and to localise the sites of action of dopamine
agonists and dopamine modulators (reviewed by Pycock, 1980). In the
6-hydroxydopamine lesioned model, PLG has been shown to potentiate the
action of apomorphine in the rotational behaviour (Kostrzewa et al.,
1978). 1In another StUdi’ PLG appears to possess the property of releasing
dopamine from the dopaminergic terminals (Schulz et al., 1979), although
10 dopamine-releasing action has been demonstrated EE.XEEEQ-

(Kostrzewa et al., 19767.

The advent of potent antipsychotics of the phenothiazine,
butyrophenone and thioxanthene series represents a significant advance
in the history of pharmacotherapy of schizophrenia (reviewed by Seeman,
1980), but the blockade of central dopamine receptors unfortunately
results in the untoward occurrence of extra-pyramidal side-effects
in humans. _IA animal studies, the Parkinson-like reaction caused by
antipsychotics is manifested in catalepsy, an abnormal posture motor Q;)
state characterized by the maintainence of abnormal posture and active
lmmobility (Munkvad et al., 1968). Morpungo (1962) suggested that

antipsychotic-induced catalepsy in rodents may be used as a valid



arimal model to screen potential anti-Parkinsonian ejzcnts. Voizl,
et al., (1277) clegantly examined the behavicurzl e fccts of 216 and
its analcgues in Iluphenatine-induced cata?bpsy paracizam and founuy
that chironic, but not acute, adeinistration af PLO antaconised
fluphenacine's catcleptic ac:ion;hOUQh Mucha and NKalant (197¢)
failed to find any anti-cataleptic action of PLG.

Meanwhile, increasing interest has been direcrzed towards in-
vestigating the possible role of PLG in morphine tolerance and phvsical
dependence. Three independent groups DE investigators: Van Ree and
De Wied (19763; 1977), Szeleky et al. (197%) and Conrreras and
Takemori (1981) found that PLG, when administered in aoses ranging
from ug to mg/kg i.p., facilitated the development of tolerance :o
and physical dependence on morphirce in mice and rats either acutelv or
chronically treated with morphine. On the other hand, W#l:ter ec al.
(1979) and Bhargava et al. (1981 a and b, 1982) reported comparative
doses of PIG and its cyclic analogue, cyclo(leu-gly), inhibited the
development c¢f tolerance to and physical dependence on morphine and
human 8-endorphin. The source of the discrepancy is unclear, but
Bhargava (1981 b, ¢ and d, and 1982) and Walter et al. (1979) a55¢ssed
the degree of physical dependence after the removal of the morphine
pellet whereas Contreras and Takemori (1981) demonstrated the facili-
tatory effect of PLG on the development of physical dependence without
removal of the pEllét. Contreras and Takemori (1981} arguded,how=ver,
that the presence of morphine pellet would not accounc for the

differencesgin the development of physical dependence. The conflicting
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results have divergent clinical implications in the field of opiate
reéearch, especiall& in the area in relation to understanding the
neurochemical mechanisms underlying nargoti& addiction and designing
prophylactic and therapeutic treatments for modifying the drug-seeking
behaviour in humans.

Kastin et al. (1979b) recently suggested that PLG may function
das an endogenous oplate receptor antagonist. Chronic and acute

treatment of PLG antagonised the acute analgesic effects of enkephalins

and morphine in the tail flick test (Kastin et al., 1979b), Dickson

.and Slater, 1980). PLG, when added to the perfused tissue bath at the

concentration of 17.5-70 uM, antagonised the effect of morphine on
transmurally stimulated guinea pig ileum, although no activity was
observed in the vas deferens assay (Dickson and Slateg, 1980; Kastin
et al., 1979b). Furthermore, PLG differentially blocked the hypo;h e
responses to R-endorphin and morphine and reversed the decregﬁe in
motor activity caused by ﬁorphine or S—endorphin {Yehuda et al., 1980).
However, in view of the failure of PLG to compete effectively for
etorphine binding in vitro (Czlonkowski et al., 1978), the claim of
PLG as a naturally occurring opilate receptor antagonist.cannot be
supported at the present moment, but the possibility cannot be excluded
that PLG may modulate the p and ¢ opiate receptor function, of which
morphine and B-endorphin are prototypal agonists.

Various aspects of memory functions of the brain: learning,

retrieval and consolidation processes, are known to be differentially

modulated by hypothalamic neuropeptides (reviewed by Van Ree et al.,



1978). The interaction of PLG With the positively reinforcing pro-
perties of opiates was investigatéd in the paradigm of acquisition
of heroin self-administration in the rat (Van Ree and De Wied, 1977).
PLG, in contrast to desglycinamide arginine vasopressin (DG-AVP),
facilitatred the rewarding quality of narcotics. The neuronal substrates
subserving the self-reinforcing pProperties of narcotics are thought to
be localised in catecholaminergic, especially dopaminergic neurcn path-
ways. Specific dopaminergic cell bodies in the substantia nigra-
ventral tegmental areé, have been shown to initiate and sustain intra-
cranial self-stimulation (1CSS) behaviour in rats {(Wise, 1978). PLG
when administered intracerebroventricularly at the dose of 1 LE,
facilitated the ICSS behaviour whereas DG-AVP attenuated the ICSS
(Dorsa and Van Ree, 1979). These behavioural effects of PLG may be
interpreted to suggest that PIG affects primarily t%ﬁ retrieval of
information in learning and memory processes by enhancing selectively
dopamine turnover in the caudate nucleus (Versteeg et al., 1978). )

/
Interestingly, enough, intracerebroventricular adminiscration of PIG,
at the dose of 200 ng, enhanced and decreased respectively
norepinephrine metabolism in the A8~ and A9-regions, the foci for the
cell bodies of the nigrostriatal dopamine neurons (Versteeg et al., 1978).
The significance éf the reciprocal changes in norepinephrine metabolism
in relation to a differential input of neurons originating from these
regions and projecting to the caudate nucleus is unclear. However, it

appears likely that interaction ¥ith the nigrostriatal dopamine system

contributes towards ;He influence of PLG on the memory processes.

, \ :
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Reversal of puromycin—induced'amnesia (Walter et al., 1975a; Rainbow
et al., 1979) may be explained on a similar basis regarding the possible
neurochemical correlate. . K

Neurochemical analysis of the meéhanism of action of PIG
(summarized in Table II.1B) reveals tﬁat the pharmacological profile
of PLG may not be explained primarily on the basis of its demonstrated
modulatory effect on central dopaminergic and noradrenergic neuronal
systems. Although PLG augments the turnover_pf dopamine in the caudate
nucleus (Versteeg et al., 1978) nmegative results were obtained with
PLG in dopamine uptake, tyrosine hydroxylase and DOPA decarboxylase
activicies in thg striatum (Kostrzewa et al., 197%a and b; Spirtes,
et al., 1976; Pugsley and Lippmann, 1977; Barbeau et al., 1979).
The primary site of action of PLG, however, may consist of interaction
with specific postsynaptic dopamine receptor in the striatum.
Furthermore, PLG inhibited dopamine-sensitive adenylate cyclase

activity in the caudate nucleus in vitro in a dose—dependent manner

(Mishra and Makmén,_1975).
The pharﬁacological property of PLG to "down'regulate" super-
gengitized dopamine receptors has been shown in other neurochemical ¢
and behavioural paradigms of dopamine receptor supersensitiviqp+:b
Biochemical and behavioural evidence have suggested that morphine toler-
ance is functionally associated with enbanced dopamine receptor bindi{ng
and augmented behavioural response towards dopamine agonists such as
apomorphine. Pre-treatment with PLG or cyclo(leu-gly) antagonised the .

biochemical and behavioural manifestations of dopamine =receptor (tg(

LE

\ \
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supersensitivity (Ritzmann et al., 1979; Bhargava, 1981 b,c,and d.).

whether putative PLC binding sites modulate
- “\
the sensitivity of other neurotransmitter systems at the fevel of

-

receptqrs.- The non-metabolizable analogue of PLG, Parepride*, eniranced
norepinephrine turnover in the whole brain (Puésley and Lippmann, 1977).
This biochemical finding is of considerable interest, in view of the
catecholamine hyﬁothesif of affective disorders which predicts that
drugs increasing the ava;lability of norepinephrine at the synaptic

clefts méy ?F clinically effective in alleviating the depressive

symptons in(QET?ns. Previously, PLG has been shown to be pharmacologi-

cally active in the reversal of deserpidine-induced depre;;ion (Ploa: N

- nikoff et al., 1973) and in enhancement Jf social behaviour in subhuman
primate (Crowley and Hyding%r, 1976).

. Recknt theories of depression have shifted towards emphasizing

\

desensitrizatio adrenergic receptors or serotonin receptors as

integral neurochemgfical components of depression (Peroutka and Snyder,

* 1981). The effect of PLG-on the sensitivity of central adrenérgic and/

i

.or serotonin receptors merits further study. The intriguing é/)
pharmacological profile of PLG (Table II.1A and B) challenges th

precise formulation of a unitary, experimentally verifiable hypothesis

”

of its mechanism of action. Certain stereochemical requirements have
to be satisfiéd for the behavioural expression of the action of PLG

in the conventional testing systems, Johnson et al. (1978) and (
' ' . -
e
Aik\\ . ‘

Pareptide sulfate: L-Pro-N-Methyl-D-leuglycinamide sulfate
(Synthesized by "Ayerst Lab, Montreal, Canada, AY-24,856).

-
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Bjorkman et al. (1976) emphasized the importance of the tripeptide
»
amide moiety and the pyrrolidine ring in thqé& Structure-activity

analysis v (

P e

fﬁt paradox that the prolonged central effects of PLG do not

cor;elate with the fast plasma clearance of the tripeptide in the
3

rat (¥an Ree and De Wied, 1976 a and b, and 1977) and the low uptake
o

:\iJ‘H of tripeptide in the brain (De Wildt et al., 1982; Verhoef et al., °°

f‘ +

1982) may be squsfactorily {esolved by considering the possible

" existence of high-affinity low-capacity specific binding sites for

PLG in the mammalian brain. )

=z ]

I1.3 Animal Toxicological Studies

No formal animal toxicological studies have been published
N
‘ reg?rding~thg\}D 50° and LDSO/ED of the tripeptide PLG. Plotnikoff
and Kastin (1974\7-£aqﬂs thaé?extremely high doses of PLG decreased

motor activilty and producea\gome convulsant activity in mice and rats.

Altbough in conscio dogs PLG slightly increased heart rate ald arterial
pressure associate;éij%h-restlessness two hours following administra-
tion of 30 and '66/;;;kg, no'significaht effect on thé hemodynamic

p; meLers (cardiac output, left ventricular pfgssure, aortic pressure ST  _'3 .
or renal bloodc{}ow) was observed. These\results suggest -that PLG did
not seem to blogk adrenergic, cholinergic or histaminergic receptors .

in the cardiovascular sygtem or inhibit ganglionic nBurotransmission.

It remains controversial whether facilitation of heroin self-

[ . -
administration as faand' by Van Ree and De Wie@fﬁi§57) refleCtS“Tﬁu\\
L 4 "
- ‘

~- ]
e
hY
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self-reinforzin

£ property of PLG in relacicn 0 the revard scrucrures
in the brain. I: has been claimed that agents which can initiarte,
maintain or Iaciiitate self-stimulating behaviour iy cnimals may be
liable teo procduce abusez potential in humans. Caucicq should be e:nerecised,

however, to eutrapolape the results obtained from danimal stuedies

directly to humans as no untoward drug-seeking behaviour has beer
reported in .clinical studies of PLG (reviewed in I1.5, "Clinical
Studies"). Furthermore, although a psychostimulant-like ECG pattern
showed behavioural swousal following aa iptravenous dose of 30 mg/kg

in the rabbir (Plotnikoff and Kastin, 1974%), the fihding mav be
species~-specific, since no potentiation of amphetamine-~induced 5LeTeotyvpy
was found in the rodent species (Cox et al., 19768). 1t may be cen-

cluded that PLG has a relatively low-toxicity profile in animals.

I1.4 Uptake and Metabolism of PLG .

In view cof the diverse behavioural effects exerted by PLG in
the wammalian brain éreviewed in the section of "Pharmacoleogical Profile')

] —_— -
and its potential therapeutic value.in extrapyramidal motor disorders,
characterization of the pharmacokinetic and uptake features of PLG seems
appropriate. Dupont et al. (1975) studied the distribution of radio-
activity after Iintrajugular administration of L—[BH] prolyl-l-leucvl-
glycinamide by uhéﬁe-body autoradiography in the mouse and found nigh
levels of total radiocactivity occurred in the plneal g¢land, antasrior,

intermediate and poscerior lobes of the pituizary, Pelletier,

-

et al. (1973) usjfig autoradiographic technique, shoved that radiclubelled

PLG was localided in che choroid plexus and ependymal cells bardcring

] ‘
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the lateral ventricles, hence suggesting that PLG and possibly its
metabolites mav gain access ro the CSF from the systemic circulation.
Cn the other han&, the preferential localisation of radicactivity in
specific brain loci such as the putamen, globus pallidus and the
hippocampus (Pelletier et al., 1975) is consistent with its previously
described central effects (Pelletier et al., 1975). Corrcborative
evidence for the permeability of PLG through the blood-brain barrier is
obtained from the studies of Greenberg et al. (1975) indicating that
the Brain Uptake Index (BUI) for PlG,ias determined from the intracarotid
artery quick injection technique of Oldendorf, was‘three times above
that of the‘%ackground. Caution should be exercised, however, in
interpreting the significance of these earlier ﬁptake studies, since
only total radioactivity was measured and no correction was made for
the possible degradation of PLG.

Redding et al. (1974) carried out the first comprehensive
study of the pharmacokinetic characteristics of PLG in five healthy
volunteérs. The disappearance 3H—PLG i.v. from the plasma was described
by a complex non-linear multiexponential curve: initial component's
F% = 1.9 min. and a second component with a tli = 15,2 min. The dis-
tribution volume was larger than the estimated plasma volume. The
significance of hepatic and intestinal metabolism was not assessed.
An important species difference exists between the metabolic disposi-
tion of PLG in humans and the rodent species. In contrast to human
stu%ies, no intact‘peptide could be detected in the rat urine one hour

following intravenvus administration, although a higher tissue-to-plasma
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ratio in the pineal suggested possible accumulaticn and uptzke.

1a vitro degradation of PLG in rat serum appears to be rapid “

{(Walter et al., 1975b; Wwitrer et al., 1980). However, Nair er al.

(1973) and Walter et al. (1975) disagreed on ;he relative rate of

PLG degradation when the latter was incubated ia human plasma in vitro.
Using a combination of reverse“phase and ﬁaired-ion high-pressure

liquid chromatography, Witter et al. (1980) recently re-examined the
iSSqf of in vitro metabolism of PLG in human plasma, and found that

the half-lives, based on the disappearance of intact 3H-PLG, were re-
sé@ctively 26.4 min. for the rat plasma and 5.6 days for the human
pfasma. Witter's in vitro results are similar to those reported by
Walter et al. (1975b) and those of Redding et ai. (1674). The relatively
slow proteolysis of PLG in human plasma is associated with the relatively
slow elimination of the agent from the kidney.- Witter et al. (1980)
idgntifieg?only one metabolite of PLG in sufficient quantity, 3H—
. leucine, upon in vitro incubation with plasma. It may be assumed that
the observed difference between the in vitro metabolic rates of PLG

in human and rat plésma probgbly reflects that a rate-limiting, species-
specific enzyme regulates'uh;'initial cleavage of the tripeptide.

The problem of uptake of radiloactive PLG in the rat brain has

recently been re-investigated by De Wildt et al. (1982) and Verhoef

et al. (1982). The relative magnitude of uptake of radiocactive PLG

is dependent on the route of administration: the intracerebroventricular
administration of H—Pro—f3H]—Leu—Gly—NH2 yielded the highest concentra-
tion of unmetabolized PLG in the brain, whén considered on an equi-

molar basis per unit weight of brain tissue followed by the subcutaneous



route. It is of interest to note that higher brain concentration
of the intact peptide was achieved with the subcutanecus route as
compared with the intravenOU; route (Verhoef et al., 1982).
Previously, it was propesed that the initial degradation of PLG
occurs at the NHz—terminus of the tripeptide followed by a very rapid
conversion of the dipeptide intermediate H—Leu—Gly—NH2 to the constitc-~
vent amino acids (Marks and Walter, 1972; Marks, 1974). Hui et al.

2
(1980) showed thar PLG was hydrolyzed by leucine aminopeptidase,
aminopeptidase M and carboxypeptidase Y, starting from the NH, end

2

and produced proline as the first metabolite of PLG, followed by leucine,
glycinamide, lev-cycloglycine and glycine. The PLG-specific degrading
enzyme aminopeptidase was fﬁrther characterized with respect to regional
specificity in the braiﬁ, pH and ionie reqﬁirements and subceliular
distribution. De Wildt et al. (1982) used the reverse-phase and
paired-ion high p;;ssure liquid chromatography (HPLC) to resolve the
various metabelites of PLG and found only 3H--leucine as the major
metabolite, While it is apparent that the initiai cleavage of PLG occurs
at the NHz-terminus of the tripeptide, the subsequent steps in the
metabolism of PLG remaiqs deba;able. It 1s even possible that the
dipepéide intermediate, H—Leu—Gly-NH2 may undergo cyclization to yief%
the pharmacologically active cyclo(leu-gly) (Rainbow et al., 1979). -
A dynamic relationship between the concentration of the cyclipgypeptide,

N

cycld(leu—gly) in the synaptosomal fraction and its activity in the ¢

puromycin-induced amnesia has been found by Rainbow et al. (1979).
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The observed low uptake of PLG in the rat brain (De Wildt et al.,
1982, Verhoef et al., 1982) appears to be inconsistent with thé pro-
longed behavioural effects of PLG in animal studies (Van Ree and De Wied
i976 a, b and 1977; Waliter et al:, 1979). These considerations,
along with the short half-life of 9.8 minutes in the ;lasﬁé afrer i.v.
administration (Witter et al., 1980), tend to suggest that the effective
‘concentration of PLG in the brain is of the order of femtograms. If
specific putarive receptor sites for PLG exist. in the mammalian brainm,
they probably will exhibit low-capacity and very high affinity to account
for the paradoxical phenomenon in the behavioural pharmacology of PLG.
Attempts te identify putative binding sites in the (S have been under-—
taken in our laboratory and will be described in the section "Binding
Studies of PLG", ’
The pharmacological and therapeutic responsds of an agent are
determined by its systemic biocavailability as well a by i}s plasnma
clearance, renal and hepatfc clearance and uptake and distribution
pfocesses. The extent to which the effective plasma concentration of
PLG correl;tes with 1its gharmacological effects has not been established.
Relatively poor intestinal absorption of PLG appears to 1fnic the
therapeutic efficacy of PLG and en;e Gonce and Barbeau (1978) were
able to elicit favorable therapeytic responses f;om Parkinsonian patients
only by semichronic daily intravenous administration at the dosage of
40Q mg over a period of nine days. Recently, Ayerst Laﬁa}ato$ies

‘-—.__‘_-
(Montreal, PQ, Canada) have synthesized a N-methyl analogue of;PLG,

Pareptide (L—prolyl—N—methyl—D—leucylglycine amide) which has shown to
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be resistant to enzymartic degradationﬂfkuéigf al., 1981) and
L
pharmacologically active in animal pgradigmsfgf motoer disorders
L
after oral administration (Voith, 1977; Barbeau et al., 1979).
Parepcide, when given orally to healthv volunteers, however, was
virtually unabtsorbed from the gastrointestinal tract and the total
amount of Parep;ide excreted in urine was 0.9% of the administered
dose (Hui et al., 1981). It is too early to assess the ultimate
therapeutic potential of Pareptide in Parkinson's disease and related
disbrders and a compreheﬁsive profile of the various pharmacokinetic
parameters and the overall therapeutic responses in both normal and
“neurological patients, is required to ascertain its therapeutic

efficacy.

Although PLG is thought to be derived from enzymatic break-

down of oxytoﬁin (Celis et al., 1971), the details ©f the metabolic

processing to form the tripeptide are unknown. The possibility cannot

be exgluded that PLG may bf/;xnthesized in the brain from some precursor

_ unrelated to oxytocin.’ Huiret al. (1980) demonstrated that the highest

~

activity of Pd%—degrading enzyme occurred in the striatum and the
medulla oblongata, followed by the cerebral cortex, hippocampus and

the mid-brain, whereas the hypothalamus and the pituitary were the

¥
least enriched with the enzyme. The enzyme may modulate the
' -

sensitivity of its.putatf@e receptor binding site in the striatum.

Furthérmore, it may be concelved that the effects of PLG on the

developagpt of opiate tolerance and physical dependence (Van Ree and

?

g -
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De Wied, 1976a,b; Walter et al., 1979; Bhargava et al., 1681 b,c and

d; Contreras and Tazkemori, 1981) is related to the high density of
opiate receptors, enkephalinase activity and PLG-degrading enzyme
activity in the striatum. Recently, there has been a great deal of
interest directed towards examihing the functional characteristics 6f
neuropeptidases with respect to the synaptic neurotransmission specific
for the neuropeptides (reviewed by Schwartz et al., 1981). Chronic
treatment with morphine resulted in enhanced activity of high-affinity
enkephalin-degrading peptidase in the brain (Malfroy et al., 1978).

It is not known whether PLG-specific degrading enzyme

participates in modulating dopamine-dependent neurotransmission.

II.5 (linical Studies of PLG* ' .

In view of the demonstrated extraendocrine effects of PLG in
behavioural paradigms of L-DOPA potentiation and oxotremorine-tremor
reversal (Plotnikoff et al., 1971 and 1973), Kastin and Barbeau
(1972b)at the Clinical Research Institute of‘Montreal, Canada, carried
out a pioneering study to evaluate the potential therapeutic effects
of PLG in Parkinsonian patientsxy_é}though the clinical trial was con—.
ducted under open-end conditions, orai.administracion of PIG (up to 50
mg daily ) markedly ameliorated L-DOPA-induced dyskinesia. Further-
more, intravenous infusion of PLG reduced some of the extrapyramidal

motor symptoms of Parkinson's disease, especially rigidity and tremor.

. *Summarized in Table II, 13,
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TABLE II.2

Pharmacokinetic Characteristics of PLG

in Humans and the Rat

Rat -Human
In vitro ineubation 1. Rapid hydrolysis: 1. Rapid hydrolysis:
with plasma t1/2 = 26.4 win. (Nair, et al., 1973)
b e

Slow degradation:
tl/2 = 5.6 days

(Walter et al., 1976;
Witcter et al., 1980)

(Walter et al., 1976:
Wictter et al., 1980)

Plasma Clearance
in vive

»

Distribution 1. Multiexponential:
t = 1.03 min. lst component
1/2 ¢, . = 1.9 min
2. Elimination 1/2 ' .
t1/2 = 9.8 min. 2. 2n0d component

(Redding et al.,1973; Cy1/2 = 13-2 min. |
Witter et al.,19§0) (Redding et al., 1974)

3. Elimination

'Renal Clearance

tl/2 = 20 min.

(Verhoef et al.,1982)

No intact peptide 25% of administered
excreted (Redding - peptide excreted:
et al., 1973) 75% unmetabolized

25% as free proline
or Pro-leu-0H
(Redding et al., 1974).

Uptaﬁ% in Brain

@

Dependent on route No data available
of administration:

1, for s.c. 0.0013%- .
0.0017%/g for i.v. 4
0.008Z-0.001%/g ’;}hﬁ

(De Wildt et al.,1982; ;
Verhoef, et al.,1982) ﬁ

2. for intracarotid
arterial:

0.1%/g (Greemberg, et
al., 1975).
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The original finding of Kastin and Barbeau (1972h) has since theﬁ
been confirmed by other investigators (Woods and Chase, i973; Chase
.et al., 1974; Fischer et al., 1974). In an oral double~blind study,
carried out over a four-month period, PLG at ioses ranging from 250
to.lSOO mg per day, failed to bring about significant improvement in
objective scores of functional disability, although some positive
results were obtained with lower dosages of PLG (Barbeau et al., l976bf.
Encouraged by earlier positive resuits with intravénoug infuygion,
Barbeau (1975) adﬁinistered PLG intravencusly in a bolus of 200 mg te
Parkinsonian patients chronically treated with L-DOPA, and demonstrated
succiﬁctly that PLG greatly Qotentiated the effect of an oral LHDOPA
dose upon motor performance.as measured‘by a baftery of teéts. The
amelioration in motor function was associated with improvement in
intellectual functioning. Barbeau remarked (1975) that the beneficilal
affect of PLG "... surpassed the clinical effect ?f any of the numerous
anti-Parkinson drugs ... tested in our laboratory over the past 15 years,
including levndopﬁ alone". More recently Gonce and Barbeau (1978)
completed a series of subchroniec studies consisting of infusing PLG
400 mg i.v. for a period of 9 days and reported substantial improvemenﬁ
in dexterity, tremor, rigidity and overall performancé in Parkinsonian
patients. |

Despite the apparent promisipng results iIn these clinical
studies, Caraceni et al. (1979) found that acute 1.v. administration

of PLG at the dose of 200 mg failed to produce positive change in

either total disability score or intellectual test. It should be noted
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however that the ﬁatients selected for the study showed age-related
decline in the sensitivity to central dopaminergic receptor-stimulation,
since L-DOPA did not change the basal plasma GH (Growth Hormoae) and
PRL (Prolactin).level prior to PLG or placebo infusion: The failure

of PLG in these patients may herefore be attributed to the refractori-
ness of post~synaptié dopa;ine receptors. Concelvably, chronic treat-
ment with L-DOPA induwces refractoriness of tE; postsynaptic dopamine
receptors whica are involved in the regulation of hormone secretion
and extra-pyramidal motor function. On the other hand, in the earlier
study, PLG, while ineffective in significantly ameliorating akinesia,

reduced L-LOPA-induced dyskinesia, including "akinesia paradoxica"

as originally described by Kastin and Barbeau (1972b). In view of

the similarity in the neurological maniféétations of L-DOP4. and RN

antipsychotic-induced dyskinesia, Ehrensing (1977) carried out an openém_
. 4 '
end stuay of the effect of PLG on psychiatric patients maintgined on
By

antipsychotic.theggpy, and found that a lower dose oi“PLG significantly
but transiently reduced the frequency and severity of lingual-facialbuccal
dyskinesia. The results are complicated 5y an inevitable placebo effect
in these chronically institutionized patients who were suddenly given.

ttention. Ehrensing suggested that the anti-dyskinetic prgparties
should be vigorously examinedjusing the intravenous route of adminis-
tration under double—blind controlled conditions.

The poteng activity of PLG in animal models of ‘depression

(Plotnikoff et al., 1971, 1973 and.1974a; Héidoboro—Toro et al.; 1974,

j
1975), coupled with its interaction with noradrenergic neurons ¢

- )
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(Versteeg et al., 1978;.Pugsley and Lippmann é: al., 1977), prompted
Ehrensing and Kastin (1974a) to study the possible anFidepressant effect
of PLG in patients with depressive disordefs. They administered PLG
at the dose of 60 mg or 150 mg daily in a double-blind study of 14
- women with endogenous unipolar depression. The group who received
PLG at the dose of 60 mg/day on 6 consecutive days compar;d highly
favourably with the placebo group with respect to improvement in the
rating scales. In another double-blind study of twenty—four patients
diagnosed as unipolar or bipolar endogenousrdepréssiye disorders, |
Ehrensing and Kastia (1978) found that five ﬁ3>:he elght patienés
receiving PLG at the dosage of 75 mg/day p¢6., manifested substantial
iﬁprovement on the Hamilton Depression Ratiﬁg Scéle within a few days

the treatment protocol. w%y contrast, only 1 of the 10 patients 7
receiving oral dosage of 750 mg/day of PLG and only 1 of the 5 placebo
subjects showed improvement. The biphasic pattern of therapeutic
response obtained with PLG confirms the trend observed in earlier
studies of PIG in Parkinson's disease and tardive dyskinesia (Barbeau
et al., 1976 a and b; Ehrensing et al., 1977). The biphasic dose-
related effect of PLG is best demonstrated in subhuman primate stydy by
Crowley (1976). Whereas 0.0l mg/kg of PLG did not change the baseline
level of motor activity of monkeys above the saline—control, 0.1 mg/kg
1.m. significantly enhanced the motor activity to 70%, as contrasted
with a 35% increase in the 1 mg/kg group. The results may be interpreted
in relation to the selective interacti;ﬁ of PIG with receptor subtypeé

distinguishable on the basis of their responsiveness in synaptic
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neurotransmisgibn towards exogenously administered PLG.
| :

The prétotypal tricyclic antidepressant, imipramine, suffers

from the disadvantage that its therapeutic effect is not clinically
b
evident until after the first few weeks and hence research for a

more rapid treatment modality for depressed patients witg suicidal \

ideation or severe anorexia has aroused considerable interést.

éhgensing and Kastin (1978) showed PLG's putative antidepre;sa

action was readlily apparent within the 6-day tregtment period, suggestiag
!

PLG may have a relatively rapid ouset of action. ‘quy et al. (1982),

in an attempt to investigate whether PLG's pharmacoJEEEcal action would

extend beyond the original 6-day intervai, administered PLG at the

daily oral dosage of 60 mg to 1l patients who met the Research Diagnostic

Criteria for major depressive disorder. Although analysis of the 8-day

responses regarding'thé reduction in the Hamilton Depression Rating

scores rtevealed essentlially no difference between impraﬁipe and P G,‘h\\\

thg/fﬁgzabeutic effect w E not sustained with PLG beyaﬂﬁ the first 8

—

days. -It is not known whéther the discrepancy between Levy et
results (1982) ,and Ehrensing and Kastin's study (1978) arises beéifis

) A\ :
of subtle difference in the patient pulation seIectéﬁ%-—Alfg;;;cively,

the.decline in the antidepressant e feca may be coﬁéidered a form of
pharmacological or dispositional‘tolerance, necessitating the use of
a higPer dosage of PLG to maintain the therapeutic level. No assay
me ghod has been published capable of measuring the plasma level of

non-radioactiye PLG 1n normal subjects and patients. It is possible

that the plasma clearance of PLG accelerates after subchronic treatment.

[
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It is of interest to note that in normal volunteers, the computerized

EEG profile of low dosage PLG resembled that of tricyclic anti-

depressants, as contrasted with an agpphetamine-like pattern with

!

higher dosages of i::;ﬁiagg, 1974). &
In the cli ; al studies mentioned (Table II.1B), no serious

-
neﬁro%ogical or psyéﬂgto%;c side-effects were encountered. Iﬁ\EHe
study of Levy et al. 2533 the PLG~treated group reported only seda-
tion and dry mouth. /Previous behaviourai analysis of 5pe interaction
of PLG with opiate tolerapce and physical dependence {(reviewed in
Chapter II) suggests an ant;gbnist function of PLG on opiate action.

In the 6-hydroxydopamine-lesioned animal model, PLG potentiated

the activity of apomorphine in inducing contralateral turming behaviour

r
“

(Kostrzewq‘et al., 1978; Smith and Morgan, 1982); however, evaluation
of.ézzéct interaction with dopgm%ne receptors aE-Effferentially
labelled by 3H—apomorphine and\gﬁ-spiroperidol‘ig éiEEé has not been
attempted.  The proposed studies of the effects of éLG on dopamine
receptors are predicateéﬁpn gﬁe hypethesis ﬁhat there exdst specific
binding s%tes for PLG in tae mammalian brain capable of differentially
modulating dopaminergic neurotransmission. .Eﬁg_locus of this PLG
action mosﬁ likely is on the postsynaptic membrane of striatal neurcﬁs.
%ﬁ;u;ture—activity analysis of PLG and its congeners (reviewed
in VI.2) and the dissifgzﬁcy between the duration of action of PLG
and its disproportionagely short plaéma half—life in rat (Van Ree and
De Wied: 1976 a and b, lé}??ﬁWalter et al., l91ﬂ5 Wittef et al., 1980)

imply thé\ggigtence of specific binding sites for PLG in the mammalian

., A
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brain. Conceivably,Kéctivation of these putative recepror sites of
PLG will be transduced through coupling with dopamine receptor/ N
adenylate cyclase complex to a sequence of pharmacological responses

in biological systems. Hence with the recent advances in radicligand

binding assays for hormones, neurotransmitters and drugs, an attempt

will be made to identify saturable, reversible bfhding sites specific

for PLG and to investigate the major side-effecrs. No significant
abnormalities ‘were found in the hemoglobin concentration, hematocrit,
leukocyte count, and biochemistry profile. Whatever side-effects

observed were mild and transient and were probably disease-related

rather than drug-related {(Barbeau and Kastin, 1976a; Barbeau et al.,

1976 b and c). Although accﬁmulating evidence suggests that PLG modu-
lates dopamine systems (reviewed in II.2, "Pharmacological Profile"),
PLG . appears to be devo¥d of those peripheral side-effects usually
associated with L-DOPA (nausea, vomiting, dyskinesia, and cardiac

arrhythmias).

The results obtained from these clinical trials are sufficiently

promising to warrant large-scale controlled studies to establish the
acute and chronic clinical therapeutic efficacy and toxicity in humans

with extrapyramidal motor disorders and depressive illnesses.
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(HAPTER III

RATIONALE AND OBJECTIVES OF THE PRESENT STI}DY

As reviewed in Chapter II, no unifying hypothesis concerning
the mode of action of PLG in. the mammalian NS can be formulated at
the present moment. Although PLG has begn shown to.be pharmacologically
active in animal paradigms of extrapyramidal motor dysfunction (Table.
III.1l): L-DOPA-induced behavioural arousal potentiation, and oxotremorone-
tremor antagonism, PLG does not behave as a prototypal dopamine agonist.
It is difficult to reconcile the observed enhancement in dopamine turn-
over with the negative effects on dopamine uptaké, release, DOPA-
hydroxylase and dopamine-f-hydroxylase activities ig the striatum
(Table I1I1.2). Iﬁrview of.the parallelism between th; cataleptogenic
properties of neurolepgics and their liabilities to produce extra-
pyramidal motor dysfunction in humans (Boissier and Simon, 1964; Janssen
et al., 1965) it would be worthwyhile to analyse the effect of PLG on
haloperidol—induced’cacale?sy which is thought to be mediated ppimarily
by blockade of postsynaptic dopamine receptoré (Sanberg, '1980). Further-
more, functional relationships have been demonstrated between opiate
receptors and dopaminergic functional activity iu the striéium
(reviewed by Wood; 1982).. Since pharmacological significance of the
oploid peptide system in extrapyramiial motor disorders 1s only

beginning to be appreciated.(Izumi et al., 1377; Barbeau et al., 1979),

it will be. worthwhile to study the effect of PLG on morphine-induced

46
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catalepsy. The pharmacclogical specificity of putative PLG receprtor
sites in rat and human brain will be investigated using radioliganq
binding rechniques.
If putative PLG binding sites can modulate the sensitivity
of dopamine receptors, it would be anticipated that PLG can "down-
regulate' supersensitized dopamine receptors. Extrapyramidal moter !
disorders "as exemplified by Parkinson's disease and tardive dyskinesia,
are characterized by supersensitivity of dopamine receptors in the basal
ganglia; Chronic treatment with antipsychotic drugs in humans has
increasingly been associated with the undesirable extrapyramidal side-~ -
effect of tardive dyskinesia (reviewed by Baldessarini éndLTarsy, 1980;
Jeste and Wyatt, 1979, 1981; Muller and Seeman, .1978). In animal
studies, protracted treatment with antipsychotics results in elevated
dopamine receptor binding in the striatum (Burt et al., 1977; Muller
and Seeman, 1979;,Mishra et al., 1978). It would be worthwhile to
examine the effects of PLG on neuroleptic-induced dopamine super~
sensitivity in the striatum to clarify the previously demonstrated
anti- dyskinetic properties of PLG in humans (as reviewed in Table II.2).
To reiterate, the specific objectives of the-present s tudy
are fourfold: |
(1) to investigate the effécts of PLG on morphine- and
haloperidol-induced catalepsy in the rat;
“(2) to characterize the intéraction of PLG with dopamine
receptor as differentially labelled by 3H—apomorphine
and‘3H-spiroperidol binding in the rat striatum

in vitro;
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(3) to identify specific binding sites for PLG in human
and rat brain by radioligand techniques;

(4) to examine the possible '"desensitizing efféct” of
PLG on haloperidol- and chlerpromazine~induced

supersensitivity of dopamine receptors in rat striatum.

The proposed study#* dpes not address itself to the issue
whether PLG functions as the physiologically relevant MIF in mammals.
Furthermore, an emphasisrwill be placed on the pharmacological pro-
perties of PLG in the mammalian brain and hd attempt will be made to
evaluate the possibie physiological functions of PLG. The approaéh is
primarily pharmacological and not physiologicul;-the ultimate goal
will be to analyze critically the pharmacological activities of PLGl
in behavioural an& biochemical models of neuronal function with

implications for the therapeutic effects of PLG in extrapyramidal

motor disorders and affective disturbahces in humans.

' t .
* >
Manuscripts derived from this thesis have either been published
or been accepted for publication (see Appendix:/ Curriculum Vitae)
prior to formal submission of the thesis.



{HAPTER IV

BEHAVIOURAL ANALYSIS OF PLG ACTION

IvV.1l Catalepsy .

As reviewed in II.Z, "Pharmacological Profile",PLG has been

shown by many investigators to be pharmacologically active in animal
behavioural paradigms of extrapyramidal.mocor disorders: oxotremcrine-
Cremor antagonism, deserpidine-depression reversal, 6—h¥sroxydopamine—
lesioned rotational behaviour and neuroleptic-induced catalepsy
reversal, Although{the clinical efficacy of dopamine antagonists

in ameliorating the symptoms of schizophrenic psyvchosis has been .
{
established, they are frequently associated with the liability to.pro-—

duce ap extrapyramidal motor syndrome (EPS) resembling Parkinéb 's

disease in humans. The resultant akinesia may be mistaken for An acute

exacerbation of the catatonic psychotic processes. Morpungo, et al.

(1962), Boissier and Simon (1964) first proposed that the pharmacologi-
x

cal property of dopamine antagonists to produce the cataleptic behaviour

in the rodent species may be examined for the predictability of the
, .
human clinical response to antipsychotic therapy. Catalepsy may
S —

.
be described as an abnormal motor status 6ﬁ;racterized by the mainten-
. . P O

ance of atypical body postures as arbitrarily imposed by the experimenter.

The best concise definition of catalepsy was given by Beaulnes- (1961):
"In catalepsy, the preservation of the muscle tone is prerequisite for
the maintenance of abnormal attitudes. Catalepsy is, then, an actlve

<4
immobility, a fact well corroborated by electromyographic studies, which



differs distinctly from pasgive immobility or paralysis. Another
essential fact is tﬁe maintenance of #utoéatic activity and equilibra-.
tion reflexesf. In the rodent species, the degrees of catalepsy in~-
duced by various antipsychotics have been measured and their relative
orders of potencies ranked (Niemegeers and Janssen, 197%). 1In a recent
review, Niemegeers and Janssen (1979) concluded that catalepsy 1is cne
of the pharmacological activities common to all dopamine antagonists,
and that the rank order of potencies of dopamine antagonists in block-
\ .

ing apomorphine-induced agitation correlated significantly with their

cataleptogenic properties in rats.

Certain 'atypical' neuroleptics such as the suybetTtuted
benzamides (e.g., sulpiride), clozapine ‘and ﬁhioradazine, however,
are essentially devoid of catalept;genic properties in rodents, since
the cataleptic effects obtained with higher doses of the agents ﬁhy be
non-specific. Clozapine has anti-muscarinie activities in addition to
its iopamine antagonistic action, hence explaining its peculiar status
;;thin the family of dopamine antagonists

Althouéﬁ\neuroleptic-induced catalepsy is considered to be
the behavioural consequengé of blockade of central dopamiﬁé receptors,
catalepsy 1s not confined to this class of psychotropic agents.
Recently, analogous cataleptic behaviour hgs also been.observed upon
administration of endogénous oploid peptides. Jacqueé and Marks (1976)
-infused B-endorphin, the C-fragment corresponding to-amino acid sequence
61-91 of the pituitaty hormone, f-lipotropin (fig; directly into the

periaqueductal gray of the rat and reported profound catalepsy.
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In catalepsy, animal appeared immebile without motor paralysis, and,
more significantly,’exhibited a 'waxy flexibility' in which state it
could be shaped into an unnatural abnormal position and maintain it

for over one hour without attempting to assume a normal position. ,By
contrast, other opiocid peptides like leucine-enkephalin and methionine-
enkéﬁhalin {corresponding to amino acid sequences 61-65 and 61-76 of
8~LPH respectively} were less potent in inducing catalepsy. The striking
similarity of opiate-induced catélepsy to that seen after systemic
administration offﬁEG;;Tkptics in the rat raises the issue that 8-
enderphin may function a; an endogenous antipsychotogen, and that the
derangement in the bioavailability of this peptide to putative receptor
sites in the brain may be involved in the etioloéical mechanisms of
'certain psychopathological states. Similar behaviouyral findings were
reported by Bleom et al. (1976) who interpreted the marked, prolonged
muscular rigidity and immobility following intracerebrospinal injection
of B-endorphin to resemble a catatonic state in humans. Opiate-induced
catalepsy is most likely mediated by opiate receptors, since it is

reversed by naloxone, though naloxone's role as a 'pure' opiate receptor

antagonist has recently been disputed (reviewed by Sawynok et al., 1979).

The occurrerce of high density of oplate receptors in the basal ganglia ,

(Pert et al., 1976),-39 important brain region involved in regulation
of extrapyramidal motor function, however, is consistent with the
c;taleptogenic properties of opiates.

Although Voith (1977) previously showed that ohronié; but not

acute administration of PLG antagonised fluphenazine-induced catalepsy,
, ; .
. \

i



Mucha and Kalant (1979) failed to replicate Voith's findings. The
possible anti-cataleptogenic property of PLG in relation to morphine-
éatalepsy has not been~evaluated. In view of the escalaéing interest
in the role of opioid peptides in motor- functicn, and the coutroversiesr
concerning the interaction of PLG with neuroleptics, it appears worth-

while to s tudy the effects of PLG on 1) morphine-induced catalepsy;

2) haloperidol-induced catalepsy in the rat.

IV.2 Materials and Methods

Subjects and Drugs: Male Sprague—Dawley rats purchased from

"the Canadian Breeding Farm, Quebec, were used throughout the studies.
The animals weighing between 200-250 grams upon érrival were housed in-
%fvidually in plastic cages in temperature-controlled rooms maintained
on a 12-12 light-darkness cycle._ They were allowed free access to

food {(Purina rat chow) and water and to acclimatize themselves for at
least three days prior to use Iin the experiments.

The sources of the drugs used were as follows: haloperidol,
HCNeii‘Laboratories, Cénada; spiroperidol, Janssen Pharma&eutica,
Belgium; PLG, Sigma Chem. Co., U.S.A. and TRH, Beckman, U.S.A.

For the series of acute PLG-haloperidel experiments naive rats
- were,lnjected w;th PLG (20 and 40 mg kg-l s.c.) ten seconds prior to
halopefidol (3 mg kg-l i.p.) while the PLG-control animals
received haloperidol (3 mg kg—l i.p.) in addition to 0.9% saline solution.

—

Haloperidol was dissolved in 0.1 M tartaric acid prepared in 0.9%Z saline

solution (1 mg ml—l)‘and PLGC was dissolved in 0.9% saline solution at



the concentraticn of 10 ng kg—l immediately prior to use. 11 rats
received drug treatments only once. -
For the series of chronic PLG-haloperidel experiments, rats
were randomly assigned to four groups and groups I-III received PLG
at the doses of 20, 40 and 80 mg kgql s.c. respectively twice daily
" for five days. Group IV received isotonic saline {1 mg kg-l s.c.) for
the same period of time. All rats were challenged with haloperidol
(3 ng kg‘l i.p.) ten seconds after the last drug treatment. Catalepsy
was evaluated every.BO min for the first hour and every hour thereafter,
for a total of four hours. All injections were carried ocut at 9 am
and 5 pm daily to prevent interference from their circadian rhythm.
For the series of acute PLG-morphine experiments,
drug-naive rats wWese-randomly assigned fo six groups:and

received the following drugs alone or in combination according to the
following regimen: Groups I, II, III, IV and V received PLG at the

-1 -1 -1 -1
respective dosages of 1 mg kg *, 5 mg kg ~, 10 mg kg ~, 20 mg kg ~, and
40 mg kg-l s.c. exactly twenty minutes prior to acute challenge with

morphine sulfate at the dosage of 30 mg kg_l s.c. Morphine—-control group

was administered morphine sulfate (30 mg kg_l s.c.) only.

For the series of acute TRH-morphine experiments, drug-naive rats

L - -
were administered TRR i.p. at the respectig} dosages of 40 mg kg ! and

10 mg kg"l exactly twenty minutes prior to morphine administration 30 ng

30 mg kng s.c. >

RIS

1 . i
kg ©~ s.c. TRh-control group received morphine sulfate at the dosage of *
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For the series of chronie PLG-morphine interaction, rats were
randomly assigned to three groups and received PLG and morphine, |
according to the following schedules: (1) Group I received PLG at
th dosage of 10 mg kg-l S.c. fo: lO-consecutive days and morphine: \%
sulfate (30 mg kg_l S.c.) was administered exactly 20 min. after the
last injection of PLG; (2) Group’E;,recelved PLG at the dosage of 10

#

mg kg~l s.c. for 10 comsecutive days and morphine sulfate (30 mg kg—l

S.c.) was glven tWwenty minutes after ¢ last injection of saline. .

Catalepsy Testing: Catalepsy testing in laboratory animals

consists in placing them in abnormal positions angd measuring the time

taken to correct the externally imposed posture. . Various arrangements

AR Y

~ hage been dsed by research wcrkers; including the 'vertical wire netting',
and the 'cork test', but the most reliableﬁmechod commonly empldyed is A/}
the so-called 'horizontal-bar' method (Costall and Naylor, 1974 a, S and
¢). In this technique, both the front limbsof the animal are placed
in a horizontal position over a metal bar mounted 10 cm. above a wooden
‘\\‘*ﬁi;tform. The "intensity of catalepsy" is measured by the time spent
by the animal in maintainingjkﬁis egsition. A sigmoidal dose-response
relationship has been demonstrated ;lth many neuroleptics and the
cataleptic reaction associated with neuroleptics is thought to arise
from blockade of Postsynaptic dopamine receptors (Niemegeers and’
.Jassen 1979). However, for the test to be specific and reproduéIBiqi\hh\
the cataleptic behaviour should be carried out in a sound-attenuated -

rocom where the room temperature was maintained around

)

o
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20~25%¢ (Costall et al., 1978). Prior to the start of the experiment,
the animals are transferred to the testing room and should be allowed

to adapt to the new enviromment for at least 30 minutes before drug

treatment is given. Care and gentleness should

tioning the front limbs of the animals over the bar Wnd the supportipg

hand sﬁouﬁ&:ogiy //;ithdrawn 2-3 seconds after the anikal adoptg’the
N

positioov\JGGéEal et al. (1978) claimed that the drug-najive or saline-

control rat will never maintain the imposed position re than 1-6
seconas, despite.feliberate monipulation by tho experimenter. A series
of pilot studies also showed ﬁhat the saline—controz-animal never
maintained the unnatural position more thfh 6 seconds.

Recently, Stanley and Glick (1976) cricieized the validity of

the experimental protocol on the ground that the testing situation may

,H\\\Viiagéract non—specifically with catalepsy induced by neuroleptics.

" —

7 Rats subjected to continuous testing will show a disproportionate in-

qcrease in the cataleptic responses, as compared to the single-testing
¢ - .
or sequential pro%e&ﬁ}ﬁ;ﬁ—fffthermore, the intensity of catalepsy when
reported as scoriﬂg_categories (0-3) obscured two-fold differences in
e
catalepsy. Costall et al. (]978) revaluated.the entire testing protocol
and examined the dose-response relationship of fluphenazine and
haloperidol. They concluded that the intensity of catalepsy is the
e
i
1. same, 1) whether it is measured in minutes or in transformed scores;

\\\d”LIn—Costall'E scheme, .0.1-2.5 min=score 1; 2.6-5.0 min=score 2;

5.1-10.0 min=score 3; 10.1-20.1 min=sc;?é 4; > 20.1 min=score 5;

2) whether it is carriéd out at specified time intervals (single-

testing procedure) or according to a continucus testing schedule,



e

Hence the use of the 'cut—off' limit in measuring cafb%aésy _ &

does not attempt to 'normalize' data, contrary to Stanley and Glick's

criticism, but allows a more reasonable evaluation of the cataleptic.-

prY
behaviour paradigm within one drug testing session. 1In the present study,

-

morphine— and haloperidol-induced catalepsy were measured in actual time
{(in seconds) spent by the animal in maintaining ;he imposed position.
For morphine-induced catalepsy, the cut~off time limit was 120 seconds
whereas for haloperidol-induced catalepsy the cut-off time limit was
taken to be 300 seconds. Although different investigators (Ezfin—
Waters and Seeman, 1976; Honma and Fukushims, 1977) chose different
cut—off time limits {ranging frji\hﬁxsec. to 600 sec. for neuroleptic-
induced catalepsy), they agree essentially on the relative pharmacologi-
cal potency of various,neu}olégzzzg/in inducing-extrapyramidal motor
deficits and the extent gs«dﬁibh varlous neurotransmitters modulate the
cataleptic behaviour.

(.The catalepsy tésting procedure iq the present study entailed
gently placing both front paws of the rats in extended position on a
horizontal metal bar mounted 10 cm. above a wooden plafform and record-
ing the time spent by .the animal in gssuming this imposed position. The
animals were tested three times at each spgcified time interval after
drug administration (sequential testing procedure) and the ina.ximal
intensity of the cataleptic response was recorded in séconds.

Statistics:’ The behavioural data were subjected to Mann-

Whitney non-parametric U-Test (two-tailed).

) -



_ FIGURE 4.1 ‘
¢ i

Effect of acute PLG treatment on Haloperidol-induced
LY

catalepsy. Two groups of rats (n = 6) were pretreaced wich PLG

!

followed ten seconds later by haloperidol (3 mg kg_l i.p.}).
PLG-control group (@; n = 8) received equivalent volumes of
isotonic saline: followed ten seconds later by haleperidol (S‘mg kg_l

i.p.). Catalepsy and statistical analysis of results were conducred

as previously described in '"Materials and Method".

X, ‘

T
N\

at the doses of 20 zg kg-l s.c. M and 40 mé/;g—l (O respectively,
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FIGLRE 4.

Ef

n

ect of chronic PLG edministration en acute huloperidol-
induced catalepsy. Ihﬁ;e groups of animals were given FLG at the

dosas or 20 mg kg—l s.c. (&0 n=6), 40 mg kg—l 5.c. (&; n = 6) and

-

80 mg k"-l s.c. (O; n = 06) respectively twice daily for five.days
and challenged with haloperidol (3 mg'kg-l i.p.) ten saconds afrer
the last PLG treatment. PLG-control groﬁp (#; & = ¥)

Teceived 0.97%saline solution (1 ml Eg_l s.c.) for the same period
of time and haloperid;1 was injected ten seconds after the last

saline treatment. Catalepsy testingsénd statistical analysis of

results were carried out as described in "Materials and ‘Methods'.

* p < 0.01l: significantly differeut from the haloperidol-

control at the respective time interval. o
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e FIGURE 4.3

Lose - response relationship of the effecct of pretreatment
C e b 2 L . : .
wlth‘KL' on morphine-induced catalepsy. Naive rats were injected

s.c. with PLG at the daosage of (O 1 mg kg-l,n ='6; N 5 mg kg“l

y
L4

n=6; (4) 10 mg kghl, n=8; (0) 20 ng kg_l, n==6; (V) 40 mglkg_l,
n =9, exactly 20 min before s.c..,administration of morphine sul-
fate at the Hosage of 30 mg kg-l. PLG—control animals (8; n = 6)
were injected with morphine sulfate (30 mg kg_l s.c.) only. The
intensity of the catalép!ic response Qas evaluated at 1V mia, 30 min,

60 min and 120 min after morphine treatment as described in cthe

section Materials and Methods.

* T
Significantly different from the corresponding morphine-control,
P < 0.01. Ordinate: catalepsy score (sec.); abscissa: time (min)

after morphine treatment.

&
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FIGURE L.:

Effect of chronic PLG treatmen; on acute morphine-
induced catalepsy. 3 groups of rats were subjected to the followu-
ing dosage regimen: (1) Q0 group (n-= &) received PLG at the
dosage of 10 mg kg_l s.c. for 10 consecutive days and wmorphine
sulfate (30 mg kg_l s.c.) was injected 20 min after the last
- PLG injection. (2) & group (n = 6) received PLG in the same
. ﬁanner as 0 group except morphine (30 mg kg-l S.C.) was
administered 8 h after the-teq}h PLG injection. (3) O group
(n = 6) received equivalent volumes of physiological saline
solution by the s.c. route and were challenged with morphine
sulfate (30 mg kg-l s.c.) 20 min after the last saline injec-
tion. Catalepsy testing and statistical analysis of results

were conducted as previously described in the section Materials

and methods.

*
Significantly different from the morphine-contrel at the respec-

tive time intervals, P < 0.053. -

%% L
Significantly different from the morphine-contreol P < 0.01.
Ordinate: catalepsy score (sec:ii/gpscissa: time (min) after

morphine treatment.
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FIGURE 4.5

tr

ffect oI TRH pretreatment on morphine-induced catalepsy.
TRH was administered i.p. at the dosage  (0) 40 mg kg_l. n'= 5;
(3) 10 m& kgul, n = 5; exactly twenty minutes prior ro morphine ,
administration (30 mg kg—l s.c.). TRH-control animals (9.
n = 6) were administered morphine morphine sulfate (30 mg kg-lg.c.)
only. Catalepsy testing and statistical analysis of data were
carried out as described in the section Materials and methods.
*Significantly different from the corresponding morphine-

control, P < 0.05, Ordinate;: cétalepsy score (sec.);

abscissa: time (min) after morphine treatment.
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IV.3 Results

PLG_amyl Haloperidol Interaction. -

" As depicted in Fig. 4;1 acute administration of haloperidol
(3 Bg kg_l i.p.) elicited maximal cataleptic response at two hours,

»
but the duration of the drug effect extended beyond the 4-hour observa-—

tion period; Pre~-treatment ;;th PLG at the respective doses of 20 and
40 mg kg‘l s.c. did not significantly at the 0.05 level attenuate
haloperidol-induced catalepsy at all the time intervals. PLG when
administered alone, either acutely or chronically, did not produce any
remarkable overt behavioural events such as hyperactivity, sedation or
catalepsy (data not shown).

For the chronie serles of experiments, whereas profracted treat-—
ment with ;sotonic saline did not alter the intensity of haloperidol-
indﬁced catalepsy, rats which were éhronicaliy administered with PLG
at the doses of 20, 40 and 80 mg kg_l s.c. twice daily for five days
develo%gd significant (P < 0.01)‘Behavioural tolerance towards acute
haloperidol-induced catalepsy (Fig. 4.2). Tég_anticataleptic action
of PLG was evident at 30, 60 and 120 minutes afte; haloSZridol challenge
in the 40 and 80 mg kg_l PLG-groups while in the 20 mg kg_l PLG-group

antagonism of halopéridol catalepsy was observed for the first hour

after injection. i

\)_
/.

PLGC and Morphine Interactio
Fig. 4.3 shows the time course of the effect of PLG (1-40 mg

kg_l) on the intensity of catalepsy caused by acute j.c. morphine

. » _ : ( 1.
administration (3a\mg kg l) in rats. Whereas 1 and\5 mg kg L were

/.
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ineffective in preventing the development of catalepsy, 10 mg kg-l
significancly (P < 0.01) reduced the maximum cataleptic response
occurring sixzty minutes afcer morphine treatment. Higher dosages of
PLG (20 and 40 ng kg_l) failed to decrease the uatéleptic action oI
morphine. c\\\\\\

Earlier studies also indicated that higher doses of PLG were
ineffective ih the L-DOPA potentiation test, as well as in the reversal
of oxotremorine-induced tremor indgice and deserpidine-induced sedation
in monkeys (Plotnikoff et al., 1974.a and b}. Conceivably, the biphasic
anomalous dose-response relationship of PLG may explain the rathef
narrow dosage range found to be efficacious in ameliorating dyskinesia
in humans (Barbeau et al., 1976 &,b).

As depicted in Fig. 4.4, chronic administration of PLG at the
dosage of 10 mg kg_i for ten consecutive days significantly (P < 0.01)
abolished the cataleptic effects elicited by acute morphine administration
(30 mg kg_l). This pronounced central action of PIG evidenced afrer.
proionged treatment contrasted directly with the acute effects of
identical “dosage of PLG in reversing morphine-induced cataiepsy (Fig.
4.5). On the other hand,,when the last P1G injecticn Las conducted 3
8 hours prior to acute morphine cﬁallenge, the cumulative anti-cataleptic

¥ .

activity of PLG was evident onlyat 60 min. (P < 0.05). These
results indicate that the chang{S‘ in the sensitivity of central opiate—
sensitive cataleptogenic sites iﬁducgd by this tripeptide are likely'

to be reversible.

N
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TRH and PLG Interactions J
As shown in ¥Fig. 4.&, TRH, in contrast to PLG, at the
intraperitoneal dosage of /mg kg—l produced only a transient,
~

though statistically si 'figagt, decrease in the cataleptic response

s *
at ten minutes after ac orphine administratiqg@/' Y

--——,
- YA

IV.4 Ddscussion —

S

The results of the behavioural analysis on the pharmacological
action of PLG indicate that: (1) acute administration of PLC is
ineffective in antagonizing haloperidol-induced catalepsy; (2) chronic

. L%
treatment of PLG is required to counteract -both morphine-and

haloperidol-induced catalepsy. fhe demonstrgged anti-cataleptic pro:
perty extends.the positive result obtained with ‘the phenothiazine
series as previously reported by Voith (1977) Eo the butyrophenoﬁén
series of neuroleptics. It may be argued that drug-induced behavioural
excitation and arousal can antagonise cataleptic behaviour in a non-
specific manner and the specificity of the cataleptic behaviourg;f~/
model in relatioﬁ to neurotransmitter modulation is questioned.\ Howdyer,
the hypothalamif regulatory hormone, TRH, reversed 8-endorphin-induced
dép;essionlof motor activity {(Tache et al., 1975), but failed to
antagonige morphine-induced catalepsy at the dose of & mg kg-l i.p.

in the present study. Amphetamine, the psychostimulant known for its

potent effect on stereotyped behaviour and enhanced locomotor activicy,

has been shown to potentiate morphine-induced catalepsy (Moleman et al.,

- 1978).
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The 'difference in the pharmacological responses to acumﬁwand
= .
chronic treatments with PLG is probably related to the pharmacokinetic
disposition of the tripeptide. As reviewed previously in pharmacologi-

LY

cal profile, recent stgg}es Ey aitter et al. (1980) and De Wildt et
al. (1982) estimated f;at PLG had a sh;rt half-life of 9.8 minutes in
the rat plasma after 1.%. injection and that there was a very lgy
uptake of the tripepti&e in Ehe brain. These results imply that desg}te

the relatively high doses of PLG used, the effective concentration of

P1G in the brain<§%%1ffall within the order of femtomoles, and hence

protracted treatment is necgssary to saturate putative binding sites.

T

Failli et al. (1977) syntheéized a‘series of analogs of PLG to cir-~
cumvent the problem of accelerated clearance by plasma peptidases and
enzymatic cleavage of the pggent compound in the brain. Voith (1977).
found that the N-methylazegrivativ‘e of PLG, L-Prolyl-N-methyl-D-
léﬁt;ﬁglycinamide (Péreptide sqlfate) antagonised fluphenazine-induced)

catalepsy upon acuteladministrétion. Similarly, N-isobutyration of the

/I~ .
peptide linkage between Pro- and Leu-resulted in acute antagonism of . \\\\//I_Z/:
T

fluphenazine, and, interestingly enough, the isomer of Pareptide with \
the amino acid leucine existing in the natyral L-configuration, was W
— L]

ineffective in the model. The possibility cannot be excluded that

PRl

3 ~: - ) i
N-alkydgtion of the peptide bond ilters the intrinsic efficacy of the
= _
parent compound as well as renders it e&zymatically stable. In the

L-DOPA potentiation, however, the N~substituted compounds are less

4

¥ .
active than PLG in: their pharmacologicaf‘éffects, suggesting differ- i i

ential interaction with héterogeneous populations of receptors.<:::

N _ T
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o)

The dual action of PIG in antagonizing both morphine- and
L

haloperidol-induced catalepsy may not be construed as behavioural

evidence that the same neurocanatomical substrate ﬁediateé both‘

categories of catalepsy. Evidence is available that each

;analepsy can be afféctgd differéntly. ytic lesion of
AN : :

Naylor, 1974 b and c¢; Koffer et al., 1978 uroleptic-induced

catalepsy is thought to be a behavioural consequence of ttEnRéting

nigro-striatal dopaminergic neurotransmission in the sfriatum.\ The
electrolytic approach, however, dpes not discriminate between re-
synaptic dopamine receptors localised on cortico-gtriata j?rminals and

«'postgynaptic dopamine receptors on striatal neurons. Sanberg (i980)

destroyed the pre- and post-synaptic dopamine receptors with cortical

ablation ‘and kainic acid, respectively and sﬁgwed that the cataigpcic

‘effects are mediated by dopamine ;éreptors located pégt-synaptically on

striatal neuronms. bn the 6ther hand, bilateral lesion of the striatum
by electrolytic technique (Koffer et al., 1978) or the specific neurotoxin
6-hydroxydopamine (Nakamura et al., 1973) pctentiated morphine catalepsy.

!
Microinjection of morphine directly iffto the caudate nucleus failed !

idergic system, the meifIlmbic dopaniinergic system arising
4 fro v ; al tegmental area (A~10) and projec;@ng tq.;he olfactory
tubercle and nucle&?’accumbens. Costall aid.NaquéE;i974 b and c)
showed that eledtrblytic lesion of the nucleus amyédaloidus compipte

x._ . P




abolished mérphine-catalepsy, whereas-naloxone—reversible catalepsy

was observed upon injection of morphine directly into the nucleus
éccumbens (Dill and éosta, 1977). Thé.relevance of the mesolimbic
dopamineréic system to maintaining postural symmetry and drug-induced
locomotor activity has recently aroused considerable interest (Kelly
and Moore;~1976; Pycock and Ma;sden, 1978; Pycock, %g?d)' Parkinsonian

patients upon autopsy demonstrated loss of dopamine content in the

nucleus accumbens comparable to that observed in the nucleus caudatus

(Farley et al., 1977). These considerations suggest that PLG interacts
with cataleptogenic sites in both mesolimbic and striatal dopaminergic
systems in antagonising neuroleptic- and morphing-induced catalepsy.

The interaction of opilates with dopa;;ngrgic neuronal systems -
is multiple and complex. In the stfiatum, evidence obtaiqed from animal L
lesion studies with the selective ueurotox;n'6-hydroxydopamine suggests . ‘

that opiate receptors are localised on dopaminergic/tereiuals {Pollard

et al., 1978): The modulatory effect of oplate receptors on the functional

. activity of dopamine neurons appears to depend on the basal impulse flow

.o v
along the nigro-striatal dopaminergic pathway: morphine ingreases the

efflux of qopamine vhen the firing rate of dopamine neprons ia.loweréd

. _ PN
(Moleman and Bruvinels, 1979). ' It is not known ¥h ther the same modu- -/~‘ :
Ia;ory ggtiog of opilate receptors is operating -in tHe mesolihgzc f;ﬁ
v . [
dopamine systems. Cools and Van Rossum (lé ) have recéntly proposed ,g
that there are two reciprocal dopamine 3?s§ems (DAlE and ﬂAI) mediating ~

opposite behavioural effects. Inythis model, 'omo;phine and haloperidol

£ an.DAE‘system -k\ L,
- . C{ s
\. .

-

- -
are consi;ie;i‘ed Qs. ﬁrotocypal fgonis’t and antagon
" :

£

L ' ’ . ‘\ ' - & "
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whereas amphetamine acts as an agonist in both the DA£ and DAI systems.
Moleman et al. (1978) hypothesized that haloperidol induces catalepsy
by inhibiting DAE receptors, whereas morphine induces catalepsy. by
exciting DAI receptors in mesollmglc or mesocortical area. Although
in vitro binding studies showed that morphine did not compete for
specific 3H—sPirOPeridol binding to dopamine receptors wicﬁ high affinicy
(Czonkowski et al., 1978), cataleptogenic doses of morphine inhibited
3H-spiroperidol binding in vivo (Golembiowske, 1982)x;\:3

Qur positive results regafding the effect of PLG on haloperidol- —
and morphine—induéed catalepsy raise a number of important issues con-
cerning the pharmacological role of PLG ;;th respect to dopaminergic

system, In view of the dopamine-cholinergic balance in the striatum,

haloperidol~induced catalepsy is amendable to antagonism by dopamine

-

agonists such~as apomorphinjfﬂnd bromocriptine and muscarinic antagoni;ts -
like atropine (Ezrin-Waters ;t al., 1976). However, PLG does not appear 3
to possess anti—choligergic activity (Plotnikoff and Kastiﬁ, 1974a).
As reviewed in II.3 PLG does not influence dopamine uptake, release T

and DOP%rdecarbosylase and tyrogine hydroxylase activities, although

it enhances dopamine turnover. The gite of action of PLG 1is moz&;iiﬁély '

- - ’ ~ |
to be localised on the postsynaptic membrane of ?{;iatal neurons. In’iz m}
IV.2 an attempt will be made to characterize Ehe interaction of PLG, 9

wiEh‘dopamine receptafh as differentially 1abelled by 3H—apomorphinLv, v/”\.F
: A

and 3H—spiroperidol binding in rat strialm
In our present study, the observed antagoni tic effect of PLG
on morphine-induced catalepsy may suggest that G xhibit competitive - . -

antagonistic activities at the opiate reéeptor evel. Dickson and

- A
.- » ' O -

.!. X _m « . . .
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Slater (1980) evaluated the ability of PLG to block morphine's anti-
nociceptive activity in the hot-plate test (for mice) and in the tail-
flick assay (for rat). They foﬁnd-thag whereas acute administration

of PLG (2 mg/kg) one hour prior to m%fphin; did not altéT the nociceptive
action of morphine (2 and 4 mg/kg i.p.), chronic treatmeat with daily

1 mg/kg f.p. doses of PLG for ten days antagonised morphine's effect om
the tgii—flick latency. The antagonistic actién of PLG on morphine
nociception in the mice was weaker. Interestingly enough, chronic treat-
ment of_PLG antagonized the initial depression of motor activity but
potentiated the subsequent hyperactivity phase in mice. The antagonistic
effect of PLG onzopiates is selective, since in the coaxially stimulated
guinea-pig ileum preparation PLG partly antagonised the inhibition
induced by morphipe, but had no effect on the mouse vas deferens pre-
paration. Similar findings have also been reported by Kastin (197%a).

It appears that PLG selectively interacts with opiate réceﬁcor in the

guinea pi eparation. The antagonistic propercty of PLG has fur-

ther been n other non-analgesia behavibural systems, PLG

at the {.p. dose of 130 mg/kg exhibited naloxone-like activity in
antagonising 3 -endorphin —induced hypothermia. The®nteraction of PLG
with morphine in the hypothermic model is biphasic: a low dose of

PLG antagonised morphine effécts, whereas high dose potentiated morphine

-

action. An analogous hiphasic dosé—reaponse'pheno&rnon has also been
. = ° ‘

observed in naloxone's differential action on the locomotor activity

=S -

changes followin orp- e administration in the mice (SaWynok'et/;l.
. Za ; - '

1979} . Although thesé¢ behavioural fiﬁﬁings may be interpreted in
/
. . 4 . _.

!

- ‘ - . Q , ¢
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relation to the mixed agonist-antagonist activicy of PLG and naloxone,

the alternative exists that high doses of PLG may alter the conforma-
; —~
a manner as to,facilitate

——

o
tion of the putative opiate receptor in suah

i
- .

synergism between PLG and endogenoué opiates.

% the animal model of obeéity derived Erom bilateral lesion of
the ventral—medial.ﬁypothalamus (VMH), PLG, unlike naloxone, failed to
antagonise thg increase in food'iEEake in rat (Kastin, et al., 1979b).
Although pharmaceological studies of ELG suggest that PLG may act as an
endogenous competi$ive inhib{tor of opiate receptor function, the evi—Jr

dence is by no means conclysive. It remains to be seen whether PLG

can alter the pharmacckinetic disposition of opiates, activate the

activity of opiate-degrading enzyme, enkgphalinase, the brain,or induce
changes in the basal, and stimulation-induced réﬂe;;E of ndégénous opleid
peptides from enkephalinergic neurons. In view ofsxthe recehtly demonstrated

multiplicity of opiate receptors in the brain and the pafiphery (reviewed

‘by Wood, 1982) the pharmacological activity of PLG must be defined in

relation to the specificity of opilate receptor populations localised in

different regions of the brainm and the periphery."Alternatively, the j

"

elegant structure—aétivity analysis of PLG and its congeners in fluphenazine--
induced catalepsy (Voith, 1977) implieigﬁﬁe existence of specific receptor
sites for PLG{in the mammalian brain capablé of m?dulating the func-
tional activity of dopamine and opioid peptidergic neurons. In VI.3
theﬁpts to identify specific binding sites for PLG by radioligand bind-
ing technique are described. fﬁe studies on PLG underlies the necsﬁfity

of searching more intensely for an endogenous inhibitor of opiate \y» )

: \, . | . L "8
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receptors. Research 1n this direction will éventually pose implica-
tioné for the pathogenesis ﬁnd treatment of ne&;d—psychiatric aisorders.
Meanwhile, the complex effect of PLG oé op#gte tolerance and
physical dependence has also aroused considerable interest (reviewed
in II1.2, Ph;rmacological Profile). A unifying theme underlyihg_thé - N
ihhibitory action of PLG on opiate tolerance and ta¥dive dyskiﬂ;aia may
mest e summarized as the desensitizing effect of PLG on supe%seusi—
tized dopamine receptofs in the braim. This aspect of PLG's pharmaeologi-
cal action will be¥lealt with in VII. If PLG can indeed imhibit the
developmeﬁt of opiate tolerance and.physical depen&;nce, this may have

important clinical implications for instituting efficacious treatment

medality for narcotic addiction.
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. CHAPTER V
3P IN VITRO INTERACTION OF PLG WITH DGPAMINE RECEPTORS ‘{a"
A - ‘
I\ ’ ) . /J'
A Although the previously demonstrated anti-cataleptic propezey

of PLG against haloperidol— and morphine-induced catalepsy is con-

gistent with the role of PLG as a prototypal dopaminergic agenﬁ in
~

dopaﬁfﬁe-dependent behavioural paradigms: L-DOPA potentiationm,
oxotngorine-tremor antagonism and deserpidine~depression reversal
(reviewed in II.1, "Pharmécological‘Profile") the detailed characteriza-
tion of the modulatory effect of PLG on dopaminergic neuronal mech-
anisms has not yielded‘a unitary hypothesis concerning its mode of

action. PLG doeg not appear to influence dopamine uptake, tyrosine

hydroxylase and DOPA decarboxylasé activities in the striatum

i ~ ¥

(Kostrzewa et al:, 1976; Spirtes et al., 1976; Pugsley and Lippmann,

é‘ ', 1977; Barbeau et al., 1979), indicaring that PLG probably does mnot

L]
: \ :
participate significantly in the pre-synaptic events relating to

dopaminergic neurotransmission. However, this interpretaci&k of PLG
L

action is contradicted by the finding that icv administration\éf PLG
v enhanced dopam#ngoturnover in the caudate. nucleus (Versteeg et al., -7
1978). 1In addition,‘in the 6-hydroxydopamine-tesioned animal mqdel of

rotation, PLG caused ipsilateral turning behaviour which 1s essentially

© incom le wﬁ!g its failure to affect the efflux of dopamine from non-
. egsioned dopaminengic nerve ter?inals (Scﬁulz et al., 1979; Smith and '
: \ A
‘\q‘ . RS =
) Mergan, 1982). \&psilateral turning behaviour has been shown by many
. . .

investigators to gL‘induced by amphetaming,-a psychostimulant known

T
o
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to release dopamine (reviewed by Pycock, 1980). To complicate matters .
further, Christensen et al. (1976) did not demonstrate any effect of - \\_//
PLG on the cAMP level in thé striatum, although Mishra and Makman (1975)

showed that PLG inhibiged dopamine-sensitive adenylate cyclase in-

monkey and rat caudate in vitro in a dose—dependent manner.

In view of these apparent controversies regarding the mode of
action of PLG in the mammali#n brain, anal¥sis of the interaction of
PLG wirth dopamine receptors in vitro is considered mandatory. Recent
advances in receptor research indicate that differential 3H—apomorphine -

.3 . %
and "H-spiroperidol binding in striatum serving as.heuristic biochemical

.

models for examining the pharmacological properties of dopamin& fecepto;sw_;»

reflects Qﬁite closely the functional state of dopamine receptors in

vivo (reviewed by Seeman, 1980). . H\j N
V.1l Materials and Methods o I . 5

Subjects and Drugs: Male Sprague Dawley rats purchased from the

Canadiyn Breeding Farm, Quebe#t were used throughout the studies. The
animals w ighiag/getween 200-250 gm upon arrival were housed individually
in plastic cages in temperdture-controlled rooms maintainedton a 12-12
light-darkness cycle. They were allowéd free access to food (Purina rat

<

chow) and water and to acclimatize themselves for at least three days

. e .
prior to use in experiments. .
The séﬁrces of the drugs used were as follows: haloperidol, ~

L

McNeil Laboratories, Eanada; spiropéridol; Janssen PharmaceuEic?, Belgium;

ADTN, (2-amino-6, 7-dihydroxy-1,2,3,4—tetrah naphthalene), Burroughs
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. Wellcome, U.K.; dopamine, apomorphine (APO), IRH“ and PLG from Sigma
Chem. Co., USA and the non-metabolizable analogue of Met—enkephalin
(DALA)** from Calbiochem. USA. [i-Phenyl—4—"H] spiroperidol (25.64
Cl/mmol) and [8,9—3H] apomorphine (38.6 Ci/mmol) were purchased from
New England Nuclear, Boston, USA. All other chemicals used were of the
finest reagent grade available. M

Dopamine Receptor Binding: The theoretical principles under-

lying the methodology of radioligand receptor binding will be briefly

reviewed in Chapter VI. ©

_L3H] Apomorphine Binding Assay: The Binding assay for [3H]

apomorphine was carried out essentially as described by Creese et al.
(1979) with minor\deificatious. The freshly dissected striatum was
initially suspended in 50 volumes of 50 mM Tris-HCl buffer (pH 7.7, at
‘ZSOC) and homogenized with the Polytron homogenizer (serting at 6) for
20 seconds. The tissue homogenate was twice centrifuged at 40,000 x g
for 10 min. in tefrigerated Sorvall centrifuge after resuspending in
freeh Tris buffer. The final homogenate was suspended in 50 mM Tris

@buffer consisting of 0 1z ascogbic acid, 120 mM \IaCl 5 nﬂn'KCl 2 mM
CeCl2 and 10 uM pargyline (pH 7.1 at'25°C)‘Zt\the~approximate cdncsntratioh.
of 20 mg of wet tissue welght per ml of incubation buffer. Yhe standard
assay consisted of 0 3 ml of tte brain homogenate, 0.1 ml of [ H]

apemorphine and 0.2 ml of ;he buffer with or without various concen-

trations of «he competing ligands or drugs.. Incubation was carried out

%
— TRH: Pyroglu—His(Pro—NH2

Rk / w«
DALA: Tyr—Ala-—Gﬁ;’—Phe—-Me I:—NHZ

’

A ————— et e
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in triplicate in a watef'qhaker bath maintained at 37°C. Upon

termination of the 10 min. incubation perioa, the contents of the
incubation tubes were rapidly filtered under partial vacuum over

Whatman GF/B filters, followed by four 2.2 ml washes of ice-cold 50 mM

Tris HCl (pH 7.l)f The filters were then placed in liduid scintilla-

tiqn counting vials captaining 10 ml of PCS (Amersham Corporétion, illinbis,

USA) and after equilibration for at least six hours, were counted in
~

. 'liquid scintillation counter.

The specific binding of [3H] apomorphine was defined as the
difference in binding occurring in the absence and in tﬁeipresence'of
10 M of unlabelled apomorphine. Iim'a?ug displacement studies, increas-
ing concentrations of each drug were added to the incubation tubes con-
taining 3 oM [3H] apomorphine and the drug concentration required to ///
inhibit 50% of the specific binding of the radidligand (IC50 value) was

calculated by log probit analysis. Protein detemmination was performed

according to the method of Lowry et al. (1951).

LEH] Spiroperidol Binding Assay: The procedure-fdr [3H] sﬁiro~
peridol binding was identical to that o£ [3§] apomorphine except~that.
‘the incubation was carried out for 15 minuées. The specific bin@ing of
[38] spiroperidol was defiﬁed as the differehce between the total binding °
and the non-specific binding in the presence of 500 uM of unlabelled
spiroperidol. e blank value of non-specifi® binding in the presence of
1l uM of d-(+_—butaclamol.was gimilar-to that obtained with 500 oM of un-
labelled spigqperidol. For drug displacemeﬁt studies,'incréasing con-\\:ﬁr"
centrations of each drug were added to the séries of incubation tubes #,;>
. contéiaiag/O.ZS nM of [3H] spiroperidol. The IC50 values of competing
drugs 'were calculated by log probit‘a;alysis.

& . ' 8
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V.2 Results *
;

|
¥

/ﬁopamine Receptor Binding Studies: Scatchard analysis of [3H]

apomorphine specific binding te dopamine receptors in the striatum in-
dicated the existence of high-affinity binding compenent characterized
by a dissociation constant (KD) of 4.44 + 0.14 nM and a maximal number

of binding sites (Bmax) £ 269 + 5.34 fmoles mg-l protein (Table V.1).

t curves for various drugs indicated that
_ 3,1 . : .

spiroperidol competed for specific [7H] apomerphine binding in a biphasie
mode, with IC50 values of 104 nM and 2 uM. Dopaminé and ADTN were less
potent than spiroperidol in competiﬁg for [3H] apomorphine, with their
respective ICSO values of 190 oM and 570 nM. These values agree essentially
with thosé reported by Creese, et al. (1978). The non-specific binding

in the presence of 10 uM of unlabelled dopamine is similar to that obtained :

with 10 uM of unlabelled apomorphine.

N .
‘In consyéét, PLG did not "compete for specific [JH] apomorphine
binding over the concentration range of ll'.)--9 to 10-4 M, but actually

. enhanced the speéific binding of the agonisct to ﬁpe dopamine/neuroleptic

M

binding (Figf 5.1). A bell-shaped dose—reépongs curve was obtaine& for
the influence of PLG on specific binding of'[BH] apoﬁbrphine in the rat’
striatum, with the maximal effect bccurring at approximately 10_6 M. 1In
an'attempt to further characterize the-interaction of PLG with che ‘
doE‘.ine/neuroleptic receptor,diﬁ% specific binding of [BH] apomorphine )

was examined In the presence of 1 uM of PLG and Scatchard an?lysis“reVealed

that PLG selectively increased the apparent affinity of [3H] aaomorphine
' %

& L]

/s - T,




TABLE V.1
. 3 e
Effect of PLG on Specific [u] Apomorphime Binding in

Rat Striatum in vitro

' ! N - 3 -
3 Specific ["u] apomorphine bindingl
/ ( ; Bmax E\.D
{fmoles mg_I protein) (nM)
Control (no PLG added) 269.0 + 5.34 4,44 + 0.14
1 uM added’ 278.5 + 1.19 *2.26 + 0.20
3

lSpecific‘binding on.[3H] apomorphine was defined as the binding
displaceable by 10 uM of unlabelled apomorphine. Receptor binding 77
1//;// parameters’(‘ﬂmax andlKD) weré determined by the Scatcﬁard analysis ‘
method. The values fepreseut the meén i's.é.m. from five independent
\\"_ﬁ_—hﬁﬁﬁ‘“  experiments with triplicate determinations.
e

£ 2PLG at %he fipnal concentration of 1 yM was added to the reaction

—

mixture prior to incubation.

o . ) .

x .
Signifigfggly different from contrel, p < 0.05.

7)



FIGURE 5.1

~. Dose-response relationship o} the influence of FLG on
specific [3H] apomorpi}ne binding in che striaEum in vitro.
ﬁarious concentrations of PLG were added to thé incubacion mixture
and specific [3H] aponorphine binding was defined as the difference
in binding cccurring in the presence and absence of 10 uM of uniaSelied
apomorphine. No PLG was included in the control and the final con-
centration of [SH] apomorpﬂine was 3 nM. The valuesrepresent the

'mean *+ s.e.m. from four independent experiments performed in triplicate,

-
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binﬁing sites by 30.9% as compared to the conrrol in the absence of
PLG (significantly different from the control, p < U.05) (Table V.1i).

The B
max

of specific [;H]apomorphiqe binding was essentially unaltered.
[3n] Sbirbperidol; on the other hand, specifically bouna to
dopamine recepror sites with a sing%slclaés’of si:?s (KD = 0.16 + .03 nM;
Bmax o4{ i_l0.0 fmoleg mg—l pro:eingz Drug competition SEUdﬁiibfevaalEd
that haloperidol was the most potené in inhibiting specific [3H]
spiroperideol binding (IC50 = 6 nM), followed by dopamine and ADTN, with
their respective ICSU values of 4 uM and 12 pM. PLG, on the other hand,
did not exert any effect on the specific binding of [BH} spifoperi;ol
over the concentration range of .01 - 100 M.

Neuropeptides such as TRH and DALA were very weak in inhibicing

specific'[3H] apomorphine binding with IC., values >LyuM.

5

V.3 . Discussion
The major positive findings in the present study indicate; 1) in’

L

the in vitro dopamine receptor model, PLG, at the concentratiom of-l M, |,
selectively enhancesthe binding affinity of the dopamine agounist 3H-
apomorphine to iopaming receptors; 2) the facilitatory-effec: of PLG

on 3H-ap$ﬁor§hine binding is biphasic; 3) the effect of PLG is agonist-
specific; as no chénge is observed with 3H-spiroperidol binding upon
addition of PLG. Hence in competition studies using 3H-apomorphine PLG
did not inhibit the maximal specific 3H-apomopphine binding in rat

striatum, but paradoxically increased the specific binding of 3H-

apomorphine. This 'anomalous' behaviour of PLG in vitro system of

[N gy T, S0 NE R TR DY PR T SN PEPER
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dopamine receptors distinguishes PLG from other prototypal éopamine
agonists and antagonists which sampete.for specific dopamine receptors
with relative orders of potencies ﬁ;;alleling their potencies in be-
havioural systéms. Scatchard analysis suggests that tﬁe positivé
heterotropic propérty of PLG is mauifesled in enhancing the binding
affinity of dopamine agonist ?H-apomorphine to dopamine receptors
(Table V.1). s .

- Althougn direct extrapolation from in vitro biochemical results
to in vivo neuronal systems should be carried out with caution, the
facilitatory action of PLG on the equilibrium binding characteristics
of 3H—apomorphine hag its positive behavioural correlates in the 6-—
hydroxydopamine-lesioned rotational model. Recently, rats with
unilateral lesion of the nigro-striatal dopaminergic pathway by the
selective neurotoxin, 6-hydroxydopamine, have been ﬁsed eﬁtensively to
investigate the neurochemical mech;nisms and behavioural sequelas of
Parkinson's disease in humans {Ungerstedt, 1971). The resultant loss
of striatal dopamine levels occur; to various degrees, depending upon
the relative completeness and the exact neuroanatomical foci of the
lesion. More significantly, the 6-hydroxydopamine-lesioned rat
exhibits' behavioural supersensitivity towards the acute challenge of
dopamine agonists such as apomorphine, and enhanced.binding of dopamine
receptors aug maximal stimulation of adenylate cyclase activity of
dopamine in the st;iatum (Ungerstedt, 1971; Mishra ét al., 1974; Mishra,
et al.,l976; Creese et al., 1978; Nagy et al.; 1978). The relative

neurcochemical imbalance with respect to the functional activity of



drpamine neurcons is manifes:ed in postural asymmetry and circling
tehaviour (Unperstedt, 1971; Costall et al., 1978; Kelly and Moore,
1977; Pvcock and Marsden, 1978). The con;ralateral turning behaviour
irduced by apomorphine may be explained by the preferential interackion“
cf the dopamine agonist with the superéensitized dopanmine receptors

on the lesioned side. On the other-hand, amphétamine's effect on
dopamine reiease from the dopaminergic terminals is more likely to be
greater in the non-lesioned side and therefore ipsilateral turning
behaviour ensues.‘tTwo independent groups of investigator; {Kostrzewa

et al., 1978; Smith and Morgan, 1982) showed that whereas PLG, when
administered alone, failed to induce anv turning behaviour, pretreatment
with PLG significaﬁﬁly poténtiated apomorphine-induced  contralateral
rotational behaviour. The behavioural finding can be interpreted as
consistent with the biochemical study indicating that PLG selectivelv
enhanced the affinity of dopamine ag;qist 3H-apomorphine binding to rat
~striatum, possibly through an allosteric mechanism. The demonstrated
:potentiating action of PLG on amphetamine-induced ipsilateral rotational
behaviour is difficult to reconcile with the negative result obtained

on the reiéase of dopamine (Kostrzewa et al., 1976; Barbeau et al., .
1979). However,amphetamine may acﬁivate the hypothesized pre-synaptic
auto-inhibitory receptor through its dopamine-releasing action and

FLG conceivably maf interact with these autoreceptor sites.
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The biphasic bell-shaped dose-response relationship characterizing
the facilitatory effect of PLG on 3H—apomorphine binding in wvictro (Fig.

3.1) is also seen in earlier behavioural studies on oxotremorine-induced tremor



B&

L]

(Bjorkman and,SievertssoqL.l977)_;—DOPA:Dotentiation assay (Plotaikoff,
et al., 1971, 1974a) and, more import

f, in. clinical studies of PLb.
in Parkinsonian and depressive patients (Barbeau, et al., 1976b;Ehrensing
and Kastin, 1978). If the modglatory effecf of PLG on ;;;;mine agonist
binding in striatum is mediated by a receptor-relateg mecnaniém, the
biphasic biochemical, behavioural and clinical responses obtained with
PLG may be interpreted ag differential interaction with heterogenous
populationi of high- and low-affinity binding sites specific for the
tripeptide. Alternatfjﬁly, PLG may_interact differentially with the low-
and high-affinity states of dopamine receptors, requiring that PLG is
functionally coupled to the dopamine receptor. .

Recently, there has been some controversy conE;:;;;;ﬁzgé\exact
identity of the dopamine ?eceptors labelled by apomorphine, in relation
to the neuronal localisation in the brain. Seeman and his co-investigators
(Nagy, et al., 1978) claimed that apomorphine labels predominantly pre-
synaptic dopamine receptors (classified as D3, according to Seeman, 1980),
Creese, et al, (1978) failed to find any evidence for pre-synaptic
localisation of 3H—apomorphine binding sites and conciuded that BH-
apomorphine binding sites are assoclated with postsynaptic striatal
dopamine receptors in the striatum. Although it appears that 3H-
apomorphine and‘3H-spiroperidol both label D2 receptors, the sites may
not be identical. ‘

Creese, et al. (1979) provided biochemical eviéence that agonist
and antagonist binding to dopamine receptors may be distinguished by

virtue of guanine nucleotide sensitivity. The affinity of 3H-apomorphine



binding to D-2 @eczeptors is reduced in the presence of the non— -
metabolizable analogue, GPPNHD, whereas the binding of the antagornist

3 . T '
H-spiroperidol is virtually unchanged. The GIP-sensitivicy as 8

dssocjated with the binding with the agonist ro D-I releptor can occur

independently of adenylace.cyciase stimulation., The L-1 receptor, on the
other hand, manifests GTP-sensitivity and is chupled with adeﬁyla:e
cyclaseactivity. It is interesting to compare the effect of PLG with
guanine :uclectides on 3H-apomorphine and 3H-spiro{:eridol binding.-

In contrast to guanine nucleotides, E}G énhance? the affinit& of JH-
apomorphine. .chever, nelcher guanine nucleotides nor.PLG affect

the binding of 3H-spiroperidol . to D-2 receptors. The allosteric
modulatioq,of the binding affinity of 3H-apomorphine to D=2 TEeCeptors
implies the existence of specific high-affinity binding sites fpr PLG

in the striatum The mechanisms subserving the positive he:erotropic
inte;action of PLG on 3H—apomorphine binding are open to speculation,

and the cellular component invoiVed in the transduction of ligand-receptor

interacti&n Lo a'sequence c¢f biochemical and physiological responses is

unknown. In the case of guanine nucleotides, the regulation of the

binding of the agonist 3H—apomorphine to D=2 receptors is thought co'aiise

from the binding of the receptor to a GIP-regulatory protein whicﬁ in

turn controls the activity of adenylate cyclase {(reviewed by Rndﬁell, 1980):
To complicate matters further, PLG inhibits dopamine-sensici;e

adenylate cyclase activity in mﬁgLey and rat striatum in a dose-dependent

manner .(Mishra and Makman , 1975), suggesting that putatiﬁe PLG bjnding'

sites may be negatively coupled to dopamine receptor {(U~1). The behavioural



interaction of PLG with endogenous opioid peptides in reletion'io
antagonism of opiate-induced analgesia, catalepsy and hypfchermia has
been analysed in some detail inm II.Z2 'Pharmacological Profile and .
Chapter IV, 'Behavioural Analysis of PLG Action'. Enkephalins share
with PLG the biochemical property of inhibiting dopamine-sensitive
adenylate cyclase in monkey amygdala and caudate nucleus; the inhibitory
effect on dopamine stimulation of adenylate cyclase 1s reversed by
naloxnne, suggesting that the oplate receptor is functionally -gssociated
wi:h dopamine~sensitive adenylate cyclase (Gardne al., 1980). It is
not known if PLG can reverse enkephal;n-indﬁced inhibition of dopamine-
sensitive adenylate cyclase activity in a manner similar to naloxone.
The latter Eigsgemical approach would clarify.the issue as to the
hypothesized role of PLG as an endogenous inhibitor of opiate receptor
fuﬁction.(Kastin et al., 1979b). .The concept of negative couplipg of
putative PLG binding sites te-the D-1 receptor,‘when considered 15 con-~
juwmection with the demonst;ated positive heterotropic modulatory effect
on agonist binding to the D-2 receptor, raises-the interesting possibi~
lity that the spectrum of the pharmacological effects of PLG is mediated
through differential interaction with the dopamine receptor/adenylate -
cyclase supramolecular complex. The biochemical findings imply that
PLG can exert both positive and negative iodulatory control over
central dopaminergic neurdtransmission through activating putative

PLG binding sites, and the degree and direction of modulation may
be dependent on the functional state of dopamine receptor. If the
dopamine receptors are rendered supersensitive by pharmacological

angd/or surgical manipulefion, PLG behaves as an indirect negative

.
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dopamine modulator. On the other hand, if the dopamine receptors

are in a desensitized state, PLG may 'up-regulaté} dopaminergic
aétivity. » .

Subsequent to the publication of this study (Chiu et al., 198la)
Bhargava tlQéZ) in an abstrac£ replicated the in vitro effect of PLG
‘on 3H—apomorphine and 3H'—spiroperidol binding in rat striatal-memb:ane
preparatiop and EEported identical findings. He further extended the
original biochemical result to other PLG analogues: cyclo ftéu-gly),
and pro-leu-CH.

As reviewed previously in "Pharmacological Profile" some
investigators have postulated that cyclo (leu-gly) may arise fr&m
cyclizﬁtion of leu-gly follcﬁing'in;tial cleavage of the peptide link-
age between leu- and gly. This hypothesis probably explains the dis-
crepancy between the short pharmacological half—life.in rat plasma and
its relatively proibnged behavioural action (Van Ree and De Wied, 1976
and 1977; Walter et al., 1979; Witter et al., 1980). A;ternacively,
the similarity in the pﬁarmacological profile of PLG, and cyclo (leu-
gly) shggests the existence of 5 common receptor site in the brain.

Furthermore, Bhargava (1982) found that both PLG and cyclo (leu-gly)

., modulate au-apomorphine binding in the hypothalamus. Although pituitary

-

mdopamine receptors have been ;dentified by radioligand binding technique
(Brown et al.; 1976) ,no data have been published on the positive
biochemical identification of dopamine receptor in the hypothalamus.
It is knowﬁ fhat dopamine is synthesized by the cell bodies in the

arcuate'nuéleus of the mediobasal hypothalamus and the nerve terminals
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projecting to the median eminence. Furthermnre,'dopaﬁine is released
intb the hypophysial portal capill;rigs to interact with pituitary
dopamine receptors. If the emerging concept of the existence of
dopamine receptors im .the hypothalamus is experimentally 5ubs£antiated,
this will obiige us to re—evaluvate the mechanisms of dopamine agonists
used in treating neurvendocrine disorders (reviewed by Muller et al.,
1981).

To recapitulate, tﬁe biochemical analysis of cthe interaction
of PLG with, dopamine receprors in rat striatum tends to suppoft the
hypothesis that PLG facilitates central dopaminergic neurotrans—
gission through interacting with putative PLG bipding sites functioﬁélly
coupled to dopamine receptor/adenylate cyclase complex. In Chapter Vfr

an attempt will Be made to 1&entify putative binding sites for PLG by

radioligand binding techniqge.



CHAPTER VI

BIOCHET}G*L IDENTIFICATION OF PUTATIVE RECEPTOR
SITES OF PLG

VI.1 Theory and Technigue of BRadioligaund Receptor Binding 5

Recently, there has been an escalating interest directed tbwa;ds
characterizing the bioc@emical and pharmacological properties of bind-~
ing of radioligands with putative receptors for hormones; neurotrans-
mitters/neuromodulators and drugs.” The radioligand binding technique
has been successfully and extensively employed by numerous investigators
to examiné the changes in putative receptor function in relation to drug

treatments, and diverse disease states ranging from asthma andwdiabetes
to schizophrenia. In parallel with this phenomenal growth in research
on receptor binding, there have also arisen considerable unresolved
controversies concerning‘the idencification, locaiisation, subtype
classification and the relationships of putative receptor binding sites

with other cellular effector mechanisms (enzymes, regulatoay.proteins).

Hence a brief overview of the various aspects of drug-receptor inter-

actions will clarify some of the issues in receptor research. No attempt is

meant to be comprehensive;this brief overview is derived from reviews

already published (Boeynaems and Dumont, 1975; Cuatrecasas and Hollenberg,

1976; Burct, 197#; Bennett, 1978),

J
VI.l.a Equilibrium Binding Properties

The simplest model tb analyze ligand-receptor interaction is the

principle of masg-action which has been used extensively in enzyme-substrate

93

B P URSNTY LIPS, W ISR PP TP P

PV

b

ARV



94

kinetics. A homogeneous univalent species of ligand can be assumed
to interact with a single non-interacting poﬁulation of binding sites °
termed putative receptor sites. The receptor defined under-this stipu-
lations is assumed to reflect in vivo receptor function. The second-
:\ ~
.order reaction occurs between a ligand (L) and a receptor (R) to form
a binary complex (LR) in a reversible manner:
Kl -
-L+3—» LR : (L

o1

From équilibrium binding studies the equilibfium dissociation constant
(Kd), or the reciprocal of equilibrium affinity cons tadt (Ka), may be
compared with Kd'obtained from kinetic experiments.

The Kd' is related to association rate constant (Kl) and

dissociation rate constant (K_l) by the following equation:

K
K, = —-il : (2)

Although in most cases of ligand-receptor interactiom, the simple
bimolecular binding reaction suffices to account for describing the bio-
chqmiéal properties of putative réceptor sites, DeLean, A. et gl. (1979)
claim that ligand-receptor binding may involve the interaction of several
functional regions on the ligand with complementary receptor 'subsites'
and propose the theory of‘flexible polyvalent ligand binding. More
vigorous evidence other than computer programming modelling
is reqt}xed to decide whether multiple receptor gccupancy by the inter-

acting ligand is preferred over single receptor occupancy.
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Equilibrium saturation binding data are often analyzed by the
Scatchard apprqgch, or its variant, the Hill Plot. Bri;fly. the
Scatchard plot and the Hill plat are mathematical ctransformations of
the quantity of ligand spe;ifically bound to the racepror as a f&n:cioﬁ
2f the radioligand concén:racion. Saturation kinetics gives the

following Scacchar& equation:
, (BY/(= (B)/Ky+ (B )/K, - (3)

where (B)= concentration of ligand-receptor complex;

(L)= concentration of free ligand density of ligand complex:

B = maximal receptor deasity.
max -

The Hill transform is as folldus::

(B) | .
103[ (Bmax) =5 J n log(L) = n log KO.S (4)

. : - X
From the plot of the conéen:rati;L of th; ligand bound, B, (8) versgus
(B/L}, the Kd can be determined from the negative reciprocal of the slope,
-1/Kd, and the intercept on the X-abscissa gives the value of the maximum
réceptﬁf density (Bmax) forrthe specific putative receptor system.-Frﬁg
the saturatioh curve describing the amount of liganﬁ specifically bbgnd
versus the ééncentracion of the free ra&ioligahd, the Hill plot can be
derived to decarmine the concentration of the ligand at which half of

the available binding sites are obcupied, namely, K 5 provided that

0
the Bmax is known from the saturafion binding isotherm.
The value of the Hill coeffigient is determined from the slope

of the Hill plot and the intercept on the X-abscisca vields the value
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of Ko 5 The essential equivalence of Scatchard plot and the Hill
plot in measuring the binding parameters of the radioligand should be:

emphasized. A linear Scatchard plot implies a Hill coefficient of

///51053 to 1.0, where;s a Hill coefficient of 1.0 is invariably associated
W

o

ith.a linear Scatchérd plot. On the other hand, a Hill coefficient of
close to unity does not always guarantee that the binding reaction is a
simple bimolecular reaction. Secondary processes occur subsequent to
the initial";eaction of the ligand wicﬁ the receptor site. If the ligand
is flexible and c;nformacional change occurs following the binding
reaction, the modified ligand—receptor'complex may also follow the law
of mass reaction, ,giving rise to a linear Scatchard plot. The binary
ligand-receptor complex may further incgract with the ligand, giving
rise to a ternary ligand-receptor complex. To distinguish bi;nlecular
binding reactions from higher order reactions, the.equilibriuﬁ dissocia~
tion constant (Kd) obtained from satﬁratio; equilibrium conditions is
compared with the Kd' obtained kinetically from the relationship K&'-
K_l/Kl, where K_1 = dissociation rate constant; Kl = association.rate
constant. I& Kd' = Kd, a simple bimolecular reaction is most likely to
occur.

A nonlinear Scatchard plot associa%ed with a Hill cﬁefficient
significantly deviéting from unity suggests that the actual binding
feactioe is more complex than the orié}nal-aimple ligand-recéptor coﬁplex.
A curvilinear Scatchard plot exhibiting upwards concavity (Hill éoeffi- :
clent less than 1) indicates that at higher ligand concentrations, the
receptor shows low binding affinity. The results are consistent with

the occurrence of heterogeneous binding sites differing in their binding

™
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affinities for the ligand, negative cooperative site-site interactions,

or ; two step/three component binding reaction, SopHisticated methods’

of analyziﬁé complex equilibrium bigding adsorption isotherm may be
required té distiﬁguish between these possibilities. On the other

hand, a curvilinear Sca;chard plot exhibiting downward concavity (Hill‘
coefficient greater than 1).indicates that at lower ligand conﬁentrations,_
the receptor shows low binding affimity. ?hg resul:; imply-iositive

cooperative effects which may further be confirmed in kinetic anaiysis.

Certain artifactual factors may alsoc coatribute towards curvilinear

Scatchard plots: 4inappropriate use of blgnk, too high a concentration

-

of the unlabelled displacing ligand, and the failure for low concentr;-

tion of the ligand to reach equ{librium (Boeynaems and Dumont, 1975).
. L ]

' VI.1.b Kinetic Binding Properties - o -

One kinetic approach to determine the association and digsociation

rate constaﬁts is described by the integraﬁed second-order rate equation:

1n[_(LR)eq[(L)T-(LRJt(LR)qu/(B)max ] ) | |
- T @R, - R ] .
(L3 _ - (LR
T ' "max " aq
=K, + [ ] (5)
1 (LR)eq -

whereﬁ (L)T = total concentratioﬁ of the ligand; < .

(B)max = total concentration of putative receptor sites;

(LR)eq = ligand-receptor complex specifically bound at equilibrium;

(LR)t = concentration of‘}igand—receptor complex at time t.
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The élope of the plot of the left-side of tﬁe equation versus
time will give the kinetic association constant (Kl). This approach
makes no assumptions about the relative concentrations of ligand and
biﬁding sites, although it depends on separate Scatchard analysis for
independent determination of the total numker of.bfnding sites (Bmax)'

Qﬁ;ther approach makes use of the assumption that tne amount of the
ligand bound (ligand-receptor complex) is very small as compaéi; with
the total conceut{ation of the iigand used iﬂ the incubation mixture.

Under such conditions essentially most of the ligand remains unbound.

Only a very small fraetion of the ligand useﬁ (< 10%Z) is bound even at equi-
librium. The gquation (5) simplifies tP the following pseudo-first-order
reaction ag described by the equation:

—~

(LR)eq
1n (LR} __ - (LR) - KlT.(L)T(B)max/(LR)eq (&)
eq t :
where: (B) = total concentration of putative receptor sites;

max

_(LR)eé‘-~concenFration of the liga;d-receptor complex at
equilibrium ;

(LR)t = concentration of the bound ligand at time ¢;

= concehtration of the total ligand at time 03

Kl = the rate constant of assoclation;

K = the rate comstant of disgociation.

-«
" When ln[(LR)eq/(LR)eq - (LR)] 1is plotted as a function of time,

a straight line is obtained ih the case of a simple bimol?é:;ar binding
[ : : . o

reaction. This kinetic approach, however, depends on the value of B

N
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K !
\\to be determined‘f;om saturation equilibrium binding studies. Alter-
natively the rate constant of association can be obtained from rate

constant of dissocliation as described by Kitabgi et al. (1977):

] 1n (LR:LR)EQIIJ ~((L)K, + K_Dt (N
eq
where: (LR)eq -.cancentration of bound ligand at equilibrium;
(LR)t = concentratipn of bound ligand at time t;
(L) = concentration of total ligand;
K+1 = rate constant of association;
K_, = rate constant of dis§ociation.

When ln[(LR)eq/(LR)eq - L] is plotted as a function df time,

the slope having a value of [(L)K1 + K_l] is obtained.

The rate constant of dissoclation K_l is determined from a

separate series of experiments. This approach involves either the
"addition of cold ligand and infinite dilution'" method or "infinite

dilution alone" method to the incubation mixture which has been pre-:

| incubated for a spetified time interval. The time required for the
’ )
binding reaction to reach equilibrium is determined from the previous

association series of experiments. The concentration of the cold dis-

placing ligand should be high enough to displace all of éhe specifi-

cally bound ligand at equilibrium. The following equation may be used

to calculate the rate constant of dissociation K 1

. . - 1"
1n{(B,)/(B)] = k_;t : (8)
where: (Bo) = concentration of bound ligand at time o;

(B:) = concentration of bound ligand at time t.

PO S T

wb
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The slope of the plot lg[(Bt)/(Bo)] versus time gives the rate
constant of dissociation K-l which may be substftuted into the equation
(7) to give Kl. If the dissociation constant derived from kinetic experi=-
ments is comparable to that obtained from equilibrium studies, and the
plot of 1n[(Bt)/(Bo)] vs t is linear, the binding reaction follows mass
action kinetics. The non-linear behaviour of dissociation m;y be explained
on the same basig as biphasic or curvilinear association data: the pre—’
sence of heterogeneous binding sites, cooperative site-~site interactions,
and a ternary ligand-receptor complex. If the valug of K-l is independent
of the.m;thods used to dissociate the ligand-receptor complex, the dis-
sociation reaction is a simple bimolecular process. If a more rapid rate
of dissociation is obtained by the addition of & cold displacing ligand
than by "“infinite dilution" method, negative.¢00perativity is likely to
occur. On the other hand, if the method of infinite dilution causes the
Eomplex to dissociate fastef than the addition of coid competing ligand, -
then positiveICOOperagivity may be. involved. |

Recently, there has been considerable interest in interpreting
complex radioligand binﬁing adsorption isotherm, especia;ly curvilinear
Scatchard plot, in relation to eithe? receptor heterogeneity or negative
cooperag}vity. De Meyts (1973)'f1rst demonstrated the d;pendence of dis-
sociation‘rage of a ligand-receptor comﬁlex on receptor-occupancy. He
showed that in the system of insulin receptors on IM-9 lymphocytes, éfcer
a preincubation period‘('association phase') of "labelled 1igand”, the
‘Qisgociati9n éf the bound ligand occurred much faster in the presence

of high concentrations of competing unlabelled ligand at infinite

dilution as compared with "infinite dilution” alone. The rate of
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dissociation appears to bera function of the occupied receptor con-
centration, as increasing the concentrations of the labelled ligand
during the assoclation phase facilirated the subsequent dissociation -
phase in a dose—dependent manner. He attributed this biochemical
finding to the phena;enon of '"megative cooperativity': the affinity
of the ligand for the receptor is directly dependent on the occupancy
of the receptor (occcupancy-dependent affinity). The effect is evident
in several analogues of insulin and manifests certain stereochemical
requirements. Indeed, the exact regidn responsible for the cooperative
effect has further been identified and is distinguished from the region
required for the expression of its biological activity‘(De Meyts et al.,
1978). Negative cooperative interactions have Been generalized to
other hormone-receptor systems: TRH, thyrotropin, nerve growth factor,
Not all investigators agree on the interpretation of the
curvilinear Scatchard plot with respect to negative cooperativity.
Pollet et al. (1977) could not replicate De Meyts's original findings.
De Lean and Rodbard (1979), ysing mathematical modeling of negative
cooperativity, attributed tzg*aﬁparent E;;onsistency to: 1) the .
"nonspecific” countghassociated with the high concentrations of the
labelled ligand prior to the dissociation, and the effecgp on the sub-
sequent dissociation rate; 2) the inevitability of "minor delay" between
the association phase and the dissociation phase. The existeﬁce éf a
hetereogeneous receptor with independent multiple classes of bi;ding

sites however, would also be consistent with the phenomencn of negative

cooperativity. For a heterogeneous mixture of receptor binding sites,
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incubation with progressively increasing concentrations of labelled
ligand would be anticipated to result in a faster dissociation rate.
At the higher concentrations of.the labelled ligand, the fraction of
ligand bound to low-affinity sices proportionateiy increases and
hence by definition; is more likely to dissociate much faster. The
coexistence of negative cooperativity and receptor heterogeneity has
been suggested bj Olefsky et al. (1979).

The mechanisms underlying the linear relationship bel;ween the
effective equilibrium coﬁstanc of dissociation (Kd) and receptor
occupancy are open t; a number of speculations. Site-site interaction
requires thﬁt the receptor must exist in 2 dimer or higher order of
polymer so thatdthe signal generated by the initial binding of the
ligahd to the receptor will be transmitted to the continuous regioms.
Ligand~induced aggregation chanéés have been observed in hormone-
receptor interactions (Nicolas et al., 1976). Alternatively, the
nefative cooperativity would also be accommodated by the "mobile

receptor hypothesis', whereby receptor occupancy can modulate the

dissociation rate of the ligand-receptor complex (Jacobs and Cuatrecasas,

1976). Clustering and cross-linking of insulin receptors can also be

responsible for the negative cooperativity effects (De Meyts, 1973).

o
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VI.l.c- Sompetition Binding Studies

-

Radioligand binding assays may also be used to characterize
the interactions of unlabelled ligands and their congeners with
putative receptor sites with respect to the pature of competition:
fully competitive, uncompetitive and non—competitive. One of the
criterlon of receptor identification is that the relative order of
potency of various analogues of the parent compound in competing: for
the putative binding sites as labelled by the radioligand' parallels
closely with their potencies in in vivo biological systems. This
speculation rests on the assumption that receptor recognition and
activation by agonists 1s transduced and modifi;d into a sequence of *
pharmacological responses, the magnitude of which depends on the —
maximal occupancy of the receptors.
In competition studies, the competitive displacement of the
labelled ligand by the unlabelled compound in a given tissue;pre—
par;tion in vitro is usually used to define "specific binding". '
The competition curve relating the log of the concentration of the
displacing agent to the percentage displdcement 6f the binding in the
absence of the inhibitor follows a sigmoidal ‘shape.
A:.hiéh conceﬁtrations of the displacing ligand, éhe binding

will decrease to a plateau. Caution should be exercised, however, to

L e

select a concentration not too high as to displace "non-specific »
,binding". Saturable, non-specific binding oécurring by the displacement

of the labelled ligand by the unlabelled compound has been commented
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on by Seeman (1980). In general, the concentration of the displacing
compound should be at least 100 times the Kd ﬁalug for thg radioligand
as determined from saturation equilibrium studies. The potencies of
various compounds in competing for various putative receptor sites can
be measured in their IC50 values: the concentrations of the reséective
agents requifed to inhibit 50X of the specific binding of the radidd
ligand to-the receptor site. The IC_, may be related to the equilibrium

50

dissociation constant of the compound by the following equation by

Cheng and Prusoff (1973):

R', = i (9)

where: L = total concentration of the dioligand;
K'd = pquilibrium dissoclation constant of the displacing agent;
Kd = equilib;ium dissociation constant of the labelled ligand
as derived from Scatchard ahalysis.

This equation holds only when the ligand-receptor interaction
follows mass action kinetics and when the amount of ligand bound 1s very
small (< 10%Z) as compared to the total ligand used in the incubation
mixture. In general, Icso'values can be determined from competitive
inhibition curve or f;om indirect Hill plot (or logit;log plot) as dg-'

v
fined by the following equation:

(LR) ; .
log IR = (LR)IJ = —n log(l) + n log IC50 (10)

where: (LR) = amount of ligand bound in the absence of inhibitor;
w - (LR)I = amount of ligand bound in the presence of inhibitor;

-n = apparent Hill coefficient (or slope factor);
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&fiﬁgb = concentration of the inhibitor required

to inhibit 50% of specific binding.

From the plot of log [(LR) /{(LR) - (LR) [ }] versus log (I) the
slope will give -n and the intercept on the abscissa will give the IC50
-;alue for the particular compound. The value of the Hill coefficient
has certain meaning with respect to multiple receptor oqcupancyland'
cooperative interaction. If the Hill coefficient is close to unity, the
ligand will be interacting with a‘single class of independent homogeneous
class of binding sites, according to the simple law of mass action. If °

the Hill coefficient is significantly less than 1, this may reflect

complex interaction of the ligand with the putative receptor sites and

negative cooperativity may be suspected. On the other hand, if the Hill

coefficient is significantly greatgr than 1, positive cooperativity .

may occur. , r“‘“““\WJ}
The 1ssue of shallow or biphasic competition curve describing

the interaction of an inhibitor with the rgdioligand has been the subject

of considerable interest in receptor binding, posing implications for

receptor sub-classification and functiomal heterogeneity of reéepcors.

Seeman and his coworkers (reviewed by Seeman, 1980) interpreéed the

shallow competition curve of am antagonist against dopamine agonist

binding as evidence for multiple binding sites for dopamipe in the

brain; similar findings have also been found‘}or the competition of a

dopamine agonist against dopamine antagonist binding. In other words,

the radioligand is labelling at least-two‘populationa of récepcors”

differing not only in their relative affinities for dopamine receptors

b
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but also in their functional association witﬁ putative neurotransmitters.
Seeman's approad@_has been focussed primarily on using one specific
uﬁlhbelled competing agent directe& towards one population of recegtors,
thereby unmasking the specificity of the radioligand with respect to

the other set of receptors. 3H-Dihydroergocryptine, a relatively non-
selective radioligand labelling both a~adrenergic and dopamine receptors
in’tﬁe caudate nucleus, can be rendered selective for a-adrenergic
receptors by using spiroperidol te 'block' dopamine receptors (Titeler
and Seeman, 1979). Under Seeman's assay conditions, spiroperidol com-
petes fof specific apomorphine binding in striatum in a biphasic manner
which may be resolved into two dopamine receptor ;subtypes: D3 and D4
‘subtypes (Titeler, et al., 197 9). By varying the experimental conditioms,
3H-N-p;opylnorapomorphine can be shown to selectively label either D

L]

or Dé’ and more recently, D2 subsites (Titeler et al;, 1979). While

3’

the classification of dopamine receptors into Dl-adenylate cyclase linked
and D2-non-adenylate cyclase linked has been generally accepted, not

all investigators are convinced on the ba;is of competition data of the
existence of multiple dopamine receptors as éeeman,‘ét al. ééscribed.
Sibley et al., (1982) found similar biphasic sha;low competition curve
with respect to agonist/antagonist and antagonigt/agonist binding, but
interpreted the anomalous binding pattern as suggestive of two states

of dopamine receptors (at least in the anterior) pituitary inducible

by agonists but not by antagonists, and modulated by guanine nucleotides.

In an attempt to resolve the discrepancy between the results
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from Sayder's group and Seeman's group, Leysen and Gommeren (1981)
reanalyzed the equilibrium binding characteristics of 3H—apomorphine
and 3H-Spiroperidol binding in rat striatal membranes; It appears that
while the néture of the buffers used and hence the ilonic gtrengths of
. the incubation medium may account for some of the differénces, aqomaloué
binding pattemns were observed for both 3H--apomorphine a;d 3H—spiroperidol
‘binding under various assay conditions. While agoqist—égonist and
antagonist-antagonist interactions appear to be fully competitive, agonist-
antagonist and antagonist-agomist interactions are of the mixed compe-
titive type. Mathematical analysis of Equilibriumland kinetic binding
data are based on the assumption that interactions between‘molechles
(ligaﬁds, inhibitors and receptor siteg om membréne suspensions) obey
the law of mass action expressing reactants and products in
molecular concentrations in solution. Leysen and Gommeren (1981) claim
that these stipulations are not strictly satisfied in equilibrium ligand-
recepﬁor binding studies. Interactions between ligands exﬂibiting com-
plex physico-chemical properties (partitionm coefficient, lipid solubility
and pKa) with non-solubilized sites on membrane suspensions involve
free energy changes as integral components of 'surface phenomena' which
are not adequately taken into account by the law of mass act:ion.- Receptor
binding studies are usually carried out in a micro-environegnt in which
the micellar suspensions of the receptors are incofporated in membrane '
phospholipids which are required to maintain the receptor proteins_ in
their native conformation. The electrostatic interaction of the ligand

with the membrane, the possible re—arrangements of the membranes create
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additional free energy changes in addition to those involved in

direct interaction of the ligand with the receptor. -
Despite these limitations and criticisms of receptor binding,

radiocligand binding studies remain valuab{:.tools to iéentify various

receptor subtypes in different tissues and to examine their pharma-

cological properties.

VI.2 ' Structure—Activity Relationship Adnalysis

The scientific development of any agent of potential pharma-
cological and therapeutic:interest depends on tﬁzhsynthesis of a
series of structurally related compounds and correlatlng their
activities with their chemical structures in standardized pharmaco-
logical testing systems capable of Predicring their clinical efficacy.
Since Plotnikoff et al. (1971, 1974a) first demonstrated the activicy
of PLG in L-DOPA potentiaéion, reversal of deserpidine, and antagonism
of oxotremorine-induced tremor (reviewed in II.1, "Pharmacological
Profile"), four independent groups of investigators: Bjorkmann et al.
in Sweden (1976, 1979). Failli, Voith et al. in Canada (1977),
Johnson et al. in U.S5.A. (1978) and Walter et al. in U. S.A (1979),
modified the various structural elements of PLG and prodhced various
derivatives exhibiting differential orders Pf potencies in behavioural
testing systems. The resultsg (summarized in-Table VI.1l) indicate
that certain relatively stringent stereochemical requirements have . -
been partially satisfi?d for the expression of the ﬁharmaéological

activity of PLG and its congeners,
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Bjorkm;nn et'al. (1976, 1979) in an' attempt to dé;ermine
the importance of the pyrrolidine ring of Pro, synthesized a series
of pyro—Glu- (<« Glu);compounds cha;acterizéd by the presence of ‘ek
pyrrolidin-4-one ring whose molecular size is similar to :hat’of
pyrrolidine ring. In the oxotremorine trémor antagonism test,

pyroGlu-Leu—GlyNH2 and pyroGlu~L --GlyNH-C2 5 were shown to be morz ‘

g

potent than the parent compound. pwever, suBstitution'qf\Ehe

pf%rolidine ring of the proline molery of flﬁ by a thiazeiidine or

cyclopent_ane«rw system resulted :f.ne oss of ac vity (Johnson et al.,

1978). It appears that the predence of the ‘nitrogen atom of th; amino

terminal moiefy ihdependent of its basicity is essential for the

tremorlytic activity, since nitrogen is ba§ic in Pro and nonbasic in

< Glu. Although the énhanced lipophilicity of the derivdtive

cyclopentﬁnecarboxylic acid is devoid of ‘activity in the oxotremorine ‘

test, it is active in serotonin-potentiation test\(Johns&n et al.;

1978). : . :
. /

Pharmacokinetic studies'indicatel\that the initial cleavage of

PLG occurs at the peptide linkage between Pro~ and Leu- and the

pharmacological half-life of the tripeptide in the plasma has been

estimated to be less than 20 min. in the'rat {(Redding et al., 1973;

L}
Verhoef er al., 1982). Failli et al. at Ayerst Lazboratories, Montreal,
Canada (1977) introduced various substituents on the nitrogen atom of
;hé peptide bond between the proline moiety and the lzucine moiecy

and found that the N-methyl derivative, L-prolywﬁEme:hyl—D-lquyl- .

«
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g}ycinamide hydrochloride (Pareptide sulfate) conferred the greatest
protection against enzymatic degradaéion. The effect iJE’Eereospecific;
sinpe the enantiomer of Pareptide sulfate, L-prolyl-N-methyl-L-leucyl-
glycinamide, has been found to be less potent in antagonising

fluphenazine-induced *catalepsy (Voith, 1977). Whereas various N-methyl

analogues of PLG: L?prolyl—N-isobutylglycyl—glycinamide, L~-prolyl-N-

methyl-L-leucyl-D-alaninamide and L-prolyl-N-methyl-D-leucyl-D-alaginamide”

are effective, though differing in their potencies and duration of
acti;; against fluphenazine-induced cataiepsy upon acute admi?istration,
the paQeﬁ; compound, PLG is only active following chronic admi:istratiop.
Chiu et %£1.,(1981 a and b) have recently confirmed thag the anti-
cg:glept%; acsion of PLG occurxred onl& after protracted treatmept.

On the other hand, the N-mef{yl derivatives of -PLG have beenquynd to

be somewhat less potent than PLG itself in the L~DOPA potentiation test

. (Voith, 1975). These results suggest that the rank order of potencié&
of thése analogues must be defined inm’ relation to the s;ecificity of

the testing paradigm, because the h;u;ochemical substrates subserving
different tésting_systems may be different. It remains to be seen
whether the ﬁ—alkyl-subatieuted analogUfa‘of PLGJpossess greater
intrinsic e%ficacy'in addition to their demonstrated metabolic stability.
Peptides resistant to enzymatic degradatiom, however, mnylpresent'
probiems associatéd'with.gyatemic availability in humans, since they
have been ;hown to be pég:ly ahsorbe; from the gastrointestiﬁal tract
(Hul et al., 1981). | | o~ .

Y

-

R P o

et
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Hycdrogen bonding at the carboxyl terminal of PLG is important
for its rremorlytic effect, in view of che conformactional energy
calculation carried out indicating that at least one of the c;;boxyl
terminal amiae hydrogens is Fequired to maintain the molecule of P1G
in a rigid s=turn (Ralston ecr al., 1974). Anal&gues from whose
carboxyl terminals no hydrogen bonds and hence no 3-turn can be formed,
as exemplified in the ester.or free acid forms of GluQLeu-Gly—Nﬂﬂ- are
essentially devoid of any tremorlytic activity.

In the <Glu series, replacement of the primary nitrogen atom
at the carboxyl terminal with substituents such as n-propylamide and
dimethylamide enhanced the activities} but the rank order of potencies’
of analogues cannot be correlatéd with their enhancead lipophiliéity.

On the other hand; the primary carboxamide molety appears to be
necessary for the effects of PLG in potentiating L-DOPA and antagonis-
ing oxotré;qrine-induced tremor since replacement of this functional

group with -CONHCH,, -0C00H, -CN and —COCH3 results in loss-of acrivity

3
(Joknson et al., 1978). Similarly, substitution of the glyecinamide
residue with a semicarbazide or f8-alaninamide residue produced inzctive
compounds in behavioural taéks.a Johnson et al. (1978) made an interest-
ing observation that a 1l:1 mixture of_L—prol?l—L;leucyl-(+)—thiazolidine-
2-carboxamide and L-prolyl-L-Ieucylﬁ(—jfthiazolidine-ﬁ—carbokamide s

ma rkedly poientia:ed the behavioural effects of DOPA without exhibiting
any tremorlytic activity. However, L-prolyl-L-leucyl-L-prolinamide )

antagonised oxotremorine —induced tremor, but had nc z2ffect on L[OFA

behavioural arpusal. The existence of specific purative receptor sites
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manifesting differential sensitivity to various.analogues may be
considered.

I; the study of oxotremorine tremo£ antagonism, Bjorkman
et al. (1976) claimed that the tripeptide amidé backbone is of
crucial importance for the tremorlytic effect, @s structurally-
related di-peptides and tetrapeptides such as Pro-Leu, Leu-Gly—NHz,
Pro—Leu—Gly-Gly—NHz-HOAC are pharmacologically inactive. It 1is
uncertain that the sustained effec;s of PLG can be attributed to an
active metabolite. Walter et al. (2979), however, synthesized two
series of dipeptides: 1) the N-benzyloxycarbonyl series in which
the N-benzyloxycarbonyl group (Z-) is attached to Eﬁe Pro- residue;
2) cyclic dipeptides series. They were able to demonstrate that
benzyloxycarbonyl derivatives of PLG, Pro-D-Leu, exhibited significant-
activities in imhibiting the development of physical dependence as
measﬁ;ed ﬁy thg changes in body temperature associated with naloxone-
induced withdrawal. The inhibitory action of Z-analogues of PLG does
not appear to be stereospecific. However, the diketopiperazine analogue
cyclo (leu-gly) is as potent as PLG in inhibiting physical dependence
in mice. ‘-The parallelism between the parent compound PLG and cyclo
(leu-gly) in inhibiting tolerance to and physical dependence on
worphine and human B-endorphin has been docdl’pted in a number of
studies {Bhargava, 1981 a and b)

The cyclic compound possesses certain interesting pharmaco-

kinetic features: it can cross the blood-brain barrier as well as thé

intestinal mucosal tréct, and 1s resistant to enzymatic degradation in
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the brain for at least 96 hours (Rainbow er al., 1978). In the 6-
hydroxydopamine-lesioned animal model of Parkinson's disease, daily
subcutaneous administration of cyclo(leu-gly) for a period of 14 days

(50 Mg/mice/day), antagonised the enhanced locomotor activity and
hypothérmic response upon acute apomorphine challenge in mice (Ritzmann
and Bhargava, 1980). Hence cyclo(leu-gly) cam block the development of
.dopamine receptor supersensitivity induced by chemical denmervation of

the nigro-striatal pathway,’although it does not protect against the
depletion of dopamine caused by the neurotoxin, 6-hydroxydopamine,
Cyclo(leu-gly) shares with PLG in selectively enhancing the binding of
the dopamine agonist 3H2apomd§bhine to dopamine receptors in rat striatum
in vitro (Chiu et al., 198la; Bhargava, 1982), and may function as a
modulator of dopamine receptor'sensitivity in the CNS. More detailed
pharmacological analysis of the action.of cyclo(leu-gly) should be under-
taken in view of the potential clinical implications of these behavioural
findings in the treatment of narcotic addiction aﬁd analgesia.

In summary, structure-function ar‘xalysis reveals that the diverse
pharmacological activities of PLG (reviewed in the section, "Pharmacologi-
cal Profile of PLG") depends on the presence of certain stereochemical
featurea: 1) the pyrroligine or pyrrolidin-4-one ring; 2) at least one
hydrogen at the carboxyiﬂterminal for hydrogen bonding; 3) the primary
carboxamide moiety at the carboxyl ferminal; 4) the necessity to prb—
tect the peptideé bond between Pro- and Leu- against enzymatic cleavage
1s also noted. On the other hand, cyclization of the leucine and glycine

amino acid residues yields a dipeptide, cyclo(leu-gly), not entirely dis-
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similar to PLG in aﬁimal models of learnming and opiate tolerance.

Since the enhanced activities of various eyalogues of PLG may not be
explained in terms of their hydrophobicity and, by extrapolation, their
relative ease of diffusion across bilological membranes, the existence
of specific Einding sites with relatively stringent stereochemical

requirements for PLG is thereby implicated.

VI.3 Materlals and Methods

In view of the .specific effect of PLG on 3H~apomorphine bindifB
as previously described in Chapter V, it appears reasonable to
hypothesize that the spectrum of the pharmacological activities of PLG
is mediated through specific receptor mechanisms; Structure-activity
relationghip analysis (VI.2) reinforces the necessity of stereochemical
aspects of pgtative P1G binding sites. In this section au.attempt is

made to identify specific PLG binding sites in both human and rat brain,

using radioligand binding technique.

Preparation of 3H-PLG and Analogues of PIG.

Synthetic PLG was purchased from Sigma Chem. Co., St. Louis,
MO, USA. Radiolabelled [Lrproline-2,3,4,5-3H-PLG] was synthesized by
coupling benzoyloxycarbonyl proline [2.3,4,5—3H( ] to leucylf
glycinamide according te the procedure of Y.P. W:Z at New Englagd Nuclear,
Boston, Mass. USA. The radiochemical purity of 3H—PLG was determined
to be greater than 97X by thin-layer chromatography using the fbllowing

solvent systems (1) N-butanol: acetic acid:water (25:4:1);
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(2) Chloroform:methancl:ammonium hydroxide (85:15:1). The radio-
labelled peptide (specific activity:80 Ci.mmol) was stored in etﬁanol—
water (1:1) at -20°¢.

_The‘sources of various analogue§ of PLG are as follows:
cyclo(leu-gly) (Peninsula Lab., Palo Alva, CA, USA); L—prdlyl—N-
methy1—D—1eucyl—gl§cinamide sulfate (pareptide sulfate, Ay-24,856
Ayers; Lab., Montreal, Canada); L-prolyl-L-leucylglycinigrile, L-
'prolyl—L—leucyl-L—prolinamide, L-prolyl-L-leucyl-{-)thiazeclidine~2-
carboxamide, L—prolyl—L-leucyl—(+):hiazolidine-Z-carboxamide, L-
prolyl-L-leucyl-glycine and N—cyclopentane cérbonyl-L-leucylglycinamide,
L—thiazolidine—&-carbonyl-L-lgucylglycinamide (synthesized and kindly

supplied by ﬁi\‘ﬁts. Johnson, College of Pharmacy, University\:f—"/)

-

Minnesota, Minm. 55455, USA.)

”
.

Sources of Drugs

The soufce§ of drugs used are as follows: DALA (D—Alaz, Met’
.,enkephaiinamide; Calbiochem, La Jolla, CA, USA); TRH (L-Pjroglu-Hig-
Pro—NHz), neurotensin, Substance-P, a-MSH (a-melaﬂocyte-stimulating
‘hormoue), oxytocin, ;cetyléholine, y~aminobutyric acid, L-aspartic acid,
 carnosine, dopamine, epinephrine, L-glutamic acid, glycine, histamine,
S-hydroxytfyptamine; norepinephrine, apomorphine, atropine,’%icuculiine,
hexamethonium and isoproterenol (Sigma Chem. Co., St. Louis, MO, USA);
morphine;éulfate (M. & B. Canada); naloxone hydrochleride (Endo. Lab.,
Garden City, N.Y., USA); brohocriptine (Sandoz, Dorval, PQ); mepyramine

and cimetidine (Smith, Kline, & French, UK); propranolol {(Ayerst Lab.,
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Montreal, Canada); spiroperidol (Janssen Pha ceutica, Belgium);
phentolamine (Rigirine HCI‘™, CIRA, Canada). A1l other chemicals used

were of the analytical grade available.

Membrane Preparation and 3H—PLG Binding Assay

Adult male Sprague-Dawley rats {200-300 g) were obtaiped from
the Canadian Breeding Farm, PQ, Canada ;nd allowed to ;cclimatize for
at-least two days prior to the experiments. The animals were sacrificed
by decapitation and the brain regions were dissected out according to
the method of Glowinski and Iversen (1966).

Human brain tissues were obtained poest-mortem within 12 hours
from individuals whose previous medical history did not indicate the
occurrence of neurological or psychiatric disorde;slend to the best of
our knowledge, not recelving any form of medical therapy. Various
regions of the human bra1n1;ére carefully dissected out on ice and
remainéa frozen at -70°¢ prior to binding studies. The striatum (caudate
nucleus and putamen) was éiasected out and the substantia nigra was
separated from the tectum and tegmentum of the midbrain. The hypothalamus
was dissected along the wall of the third ventricle inferior to the
hypothalamic sulcus in the midsaggital section and included the mammillary |
bodies and the medial and lateral zones of the hypothalamus. With re-
gard.to the thalamus, no furthe; attémpt was made to res&lve it into
anterior nucleus, dorsomedial and lateropogterior nucleus,rventral

anterior and ventral lateral nucledi groups and the specific thalamic

nuclel sdch as the medial ge.nicu.latetnd lateral geniculate bodies.

¢ o
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Only cerebellar cortex separated out from the medullary center of the
cerebellum was usedrin the binding assay. The non-frontal cerebral
cortex represented the pooled tissue from the parietal cortex, occipital
cortex and temporal cortex.

Crude membrane homogenates were prepared fresh from brains for
routi;e 3H-PLG binding assays. The various rat and human brain regions
were dissected out, welghed and homogenized in 50 volumes of 50 =M
Tris-HC1 5mM buffer (pH 7.4) with a polytron homogenizer (setting at 6)
for 20 seconds. The homogenate was twice centrifuged at 40,000 xg for
10 min. in the refrigerated Sorvail centrifuge with an intermediate
resuspending in fresh Tris-EDTA buffer. The final pellet was suspended
in 30 volumes of Tris-EDTA buff%f {pH 7.4) for biqding studies.

Routinely, 400 pl of tissue suspensions (0.8-1.2 mg protein)
was added to Tris~EDTA buffer (pH 7.4) containing various concentra-
tions of 3H—PLG in the presence or absence of different unlabelled com-
peting agents. In addition, 50 ul of aprotinin (21.5 TI/ml, TI = 900
kallikrein inhibitor units, Sigma Chem. Co., St. Louis, MO, USA) and
50 ul of 0.3 mg trypsin inhibitor (Lima Bean type II-L, Sigma Chem._Co.:
USA) dissolved in 0.2% bovine serum albumin were added to the incubation
mixture. EDTA wés included in the final incubatiqn medium because Hul
et al. (1980) found that EDTA was the most potent inhibitor of PLG-
degrading enzyme in the rat brain. The final total volume for ;he
incubation m%f§ure was 1.0 ml. Incubation was carried out in triplicate
in a ;atér bgth with conataﬁt shaking maintained at OOC for 30 minutes”™

when equilibrium was reached with respect to the spgcific 3H-—PLG binding.
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The bound 3H-PLG was separated from the unbound form by rapid
filtration over Whatman GF/B filters using the Millipore filtering
mapifold system under partial vacuum. The incuwbation tubes were
raﬁidlf washed thrice with 5.2 ml of ice—cold 50 mM;Tris—HCl (pH 7.4),
followed by four 2.2 ml washings of the filters. The fii@%ation step
required less than 15 seconds for each incubation tube. The filters
were then inserted in liquid scintillation counting vials containing
5 ml of liquid scintillation fluid (PCS, Amersham Corp. I1l. USA) and
allowed to equilibrate for at least six hours prior to counting for
radicactivity in the Beckman liquid se¢intillation counter.

Protein levels in the tissue suspensions were detegmined
according to the method of Lowry, ﬁsing bovine's;rum albumin disaolved

in 40 mM Tris-EDTA buffer as the standard (Lowry et al., 1951).
VI. 4 Results

3H—PLG Binding to Brain Membranes

The protein coﬂcenttation dependence of specific 3H-PLG binding,
defined as the difference between the total and non~specific binding in
the presence of 10 M, was examined in the rat striatum. Specific bind~
iﬁg increases linearly as a function of th; concentration of the membrane
protein in-che incubation suspension over the range of 0.4 to 1.2 mg
of protein. When 400 pl of cﬁe membrane suspension equivalent to
approximately 0.4~0.8 mg of protein was added to the final incubation
mixtures the specific binding constituted about 40-50% of the total

binding. Higher concentrations of the membrane suspensions decreased
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the filtration rate through the filters.
In an attempt to ascertain the identity of membrane-bound

3H—PLG in the filter after incubation, the filter containing the

tissue suspension was extracted with 93; methanol. A stream of
nitrogén was used to evaporate off the methanol from the extract which_
was sub;equently lyophilized in vacuum. The resiéug:was re-dissolved
in 1.2 mi of 907 methanol and allowed to evaporate to dryness under a
steady stream of nitrogen. ” The final solid was dissolved in 80 pl
ethanol-watér (1:1) and 20 pl of the material was spotted onto the
precoated Polysilicic acid gel glass paper (Gelman Instrument Co.,
Michigan, USA) along with unlabelled PLG carrier. The chromatograp_
was developed using n-butanol:acetic acid:water (4:1:1) as the sof;ént LR
system. After spraying with chromic acid, 1 sq.cm.-strips were cuﬁ
from the chromatogram paper and the radioactivity was determined by
liquid scintillation spectroscopy upon addition of 5 mi of PCS to a
counting vial. The results showed that over B5% of the radioactivity
extracted from the membrane filter co-migrated with the same R_ as the

. f
native 3H--PLG.

Equilibrium Binding Data

The concentration dependence of 3H-PLG binding to membranes
froﬁ rat striatum was examined over the concentrafion range §f 1-12 oM \\\
of 3H—PLG. The specific binding of 3H—PLG to r;t striatal mémbranes
appears to be saturable, whereas the non-specific binding increases

linearly with the concentration of the radioligand. (Figure 6.1).

ST
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The parameters of 3H-PLG specific binding were derived from Scatchard
" analysis of the binding daté, using linear regression analysis. -
3H-PIG binds specifically to a single class of non-interacting,ﬁiﬁding
sites with an equilibrium dissociation constant (KD) of 4.69 + 0.50 oM
and the maximal number of binding sites (Bmax) was determined to be
9.20 + 0.30 fmoles/mg protein.

In the human striatum, the.concentration-dependent specific
binding of 3H-PLG to the membrane homogenates appears to be saturable.
Scatchard analysis of 3H-PLG binding shows that 3H-PLG binds specifically
to a single class of non-interacting binding sites exhibiting an equ;—
librium dissociation constant (KD) of 3.94 nM and a maximal capacity of

binding of 9.60 fmoles/mg protein (Figure 6.2).

Kinetic Binding Data

The time courses of aasociat%on and dissociation of 3H—PLG
binding to striatal mémbrane suspensions were investigated. The bind~
iné of 3H-PLG to membranes increased wita time and reached a plateau
level at 30 min. The rate constant of association of 3H-PLG binding
was determined byllinearization.of the binding curve according to the ¢
pseudo-first-order reaction, assuming that the amou;t of free 3H-—PLG
in the incubation medium was much gréater than the concentration of
memb rane-bound 3‘l-I—PLG and was therefore virtually coﬁstant. The slope
of the plot of ln[Beq/(Beq 0 B)] versus time (Figure 6.3) yielded the

observed association rate constant, Kobs’ and the rate constant of

association, K , was derived from the formula K, = (Kgbs --K_l)[L] in

»
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which K-l is the dissociation rate constant, [L] is the concentyation

of the radioligand and Kobs is the observed rate constant (Kitabgi et

al., 1977 . The value of K1 was‘fognd to be 7.5 x 105 M—l sec-l
.The kinetics of dissociation of specific 3H—PLG binding was

investigated by adding 100 M of unlabelled PLG to the reaction

mixcture, 30 min. after the start of incubation. The amount of PLG

specifically bound at each given time iﬁterval was obtained from the

def ence of total and'non—specific PLG biﬁding. As can be seen in

Figu:Z 6.4,-théldissociation of bound PLG was descriﬁed by an exponential

ti course. The dissociation binding data*were linearized according

-
. t; the method of Kitabgi et al. (1977) from which the disscciation rate
,,’/’:;nstant K_, was derived according to the equation (ln [B]/[BOJ-- K

rd

-1
/ in which BO represents the amount of PLG specifically bound at time .
The value of rate constant of dissociation qu was found to be 1.07 x .
103 sec*l.

The edﬁilibrium dissociﬁtién constant (KD) was calculated f;om
the respective values of the rate constants of agsoclation and dis-

sociation obtained from three independent experiments according to the

equation K = K_,/K, and found to be 1.42 + 0.21 nM.

Pharmacological Specificity of 3H—PLG'Binding

n order to delineate the pharmacological specificity of the

putative P1G receptor, variéus analogues of PLé PLG~related and unrelated
neuropeptides, putative neurotransmittera and prototypal receptor agonists

and antagoniats were Cested for their relative potencies to compete for

-
*
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gpecific 3H—PLG binding in-the rat sgriatum (Tables VI.ZA and 2B).
Unlabelled PLG inhibited maximal binding of 3H-PLG tn a monophasic manner
and the value of Hill Ebefficient (0.95) does not indicate the existence
of either positive or negative cooperativity. The N-methyl analogue of
PLG, L—pro—N-méthyle-leu-glycinamide sulfaﬁe (Pgreptide)_competed
effectively for maximal H-PLG binding with an ICg, of 73 oM. H—cycj_.‘?:-
pentane—carbonyl-L-leucyl—gljFinenitrile did not inhibit binding of 3H-
PLG at 100 pyM. However, L-prolyl—L—leucyl-.t")thiazolidine—2-ca:boxamide
. and L-prolyl- L-leucyl—(+)thiazolidine-z— carboxamide displaced specific
3H--PLG binding with substantial potencies corresponding to ICSO of

78 oM and 164 oM regpectively. Similarly, L—prolyl—L—leucyl-L—prolinamide
and cyclo(leu-gly) appear to possess moderate affinities for: 3H-PLG
binding site as shown by their IC co Values of 104 oM and 553 nM respec- =
tively. Inaccive peptides structurally related .t PLG like L-leu-gly-gly,
L-pro-gly-gly|, L—leu—gly had no effect on H-PLG binding even at the final

concentration mM. Oxytocin, the presumed precursor of PLG (Celis

et al., 1971) andp-MSH were without any activity in 3H—PLG binding(ki%i.

Furthermore, neuropeptides such as substance P, neurotensin 4a¥d an *

enkephalin analogue (D—Alaz, MEts-eukephalinamide) did not influence

3H—-PLG binding at the final concentration of 1 mM. Similarly, various

putative neurotransPitters and prototypal receptor agonisté and antagonists

failed to inhibit specific 3H-PLG'bnging (Taﬁle VI. 2B).
The pharmacological specificity of ?H-PLG binding in human brain

was ascertained by examining various analogues of PLG and putative neuro-

)

transmitter receptor agonists and antagonists for their relative potencies

[ e o sty et poremele oy
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_in competing for specific 3H---PI..G binding in human striatum. As shown in

Table VI.3, nzyhmatically stable analogue of PLG, L-prolyl-N-methyl-D-

leucylglycinami ulfate, (Pareptide sulfate),displac:?lnaximal PLG bind-

ing with an IC_, of 60 nM while L-prolyl-L-leucyl-(-)-thiazplidine-2- .

50
carboxamide and L-prolyl-L-leucyl-L-prolinamide inhibited 3H—PLG binding

"with IC_. of 83 pM and 120 oM respectively. ‘Cyglo(leu-gly)R on the other

50
hand, competed for'séggific 3H—PLG binding with an 1050 of 450 nM.
N—Cyclopentane?éfkggg&-Lileuc}l-giyéidamide and L—thiazolidine-&-carbgnyl—
L—leqcylgl?ﬁfgamide‘at cdacentratiéns of 100 puM d1d not.éffect specific g
H-PLG'binding. Putative neurotransmitters (dopamine, norepinephrine '
and Y-aminobutyric acid) and receptor antagonists (spiroperidol

nalcxong) dld not affect specific 3H—PLG binding.

Regiohal\Distribution of $pecific -H-PLG Binding .
= Y : .
¥ . o
The nal distribution of specific "H-PLG'binding was examined

in the v&*ious T ions of rat brain, using 8 nM 6f13H—PLG in the binding

agssay. Iable VI.4 illustrates the differential enrichmenﬁﬁof specific = *

3H—PLG biading sites ﬂﬁ(ﬁhe rat brain. The striatum appears to be mos g
densely populated with Specific 3H—PLG'binding sites, followed the

hypothalamus and the cerebral cortex. Relatively few binding sites occur

in the hippocampus, cerebélLum, medulla-pons and midbrain,

o - ,
” The regional distribution of specific i?ﬂPLG binding was examined

in 11 regions of the hiuman brain, using 8-aM of 3H-PLd'in the binding

- /g:gggay. A8 can be’®seen in Table ¥I.5, the highest density af B%ZyEG ,' .

./\J

bloding sites occurred in the substan&ial nigra‘folicwe& by the striatum

and hypothalamus., Intermediate levels of 3H—PLG binding were observed

v ZJK/A~ .' . ) _

. ‘

‘@

-~
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in the frontal and non—frontal cerebral cortex, thalamus, hippocampus,
and midbYain. The medulla, cerebellum and pons were sparsely enriched

" with specific 3H--PLG binding 'sites.

‘;b,4> _ ' s

V} . %D'iscus sion

The results 9f our present study of PLG Eim in rat brain

¥

in/dicate tlylt 3H—I’LG binds speclfically to crude membrane homogenates

derived from rat striatum with high-affinity and in a ;at_urable‘msn'ner.

-

Equilibrium binding data yield a dissociation constant of 4.69 + 0.50 nM

. »
for the rat striatum. " The series of kinetic experiments show that

L]

. 3 . . . .
specific "H~PLG binding is reversible and has a dissociation constant
\ .

Ky _c_J_f\ 1.42 + 0.21 as derived from the association rate constant and

1

on rate constant. The linearity of Scatchard plot of ?H—PLG

binding reve: that PLG binds to a single class of non-interacting sites

+ 0.30 fmoles mg_l protein. The results of

the study on spegific 3H.-'— binding in human brain corroborate the study.

in' the’ 'r ent cles ‘and indicate that 3H—PLG binds to crude membrane
homogenates obtained from human striatum with high affinity® and in a

> saturable manner, as evidenced from the Bma'x of 9.60 fmdleé/mg protein

of 3.94 oM.

< : . . .
- Structure-activity relationship analysis suggests that speciﬁc‘\;___G .
'a-PLG binding to rat neuronal membr constitutes a valid in vitro

bioche.mi.cal hde for putative PLG receptor function. Certain confdrma-
t:i'onal constraints hdve to be satisfie.:i—?for optiﬁfal' interaction of PLG

‘'with putative receptor sites on neuronal membranes. The rank order of
[%

potencies of various analogues of ‘PLG iri'ﬁl':;;.&ng for specific 3H-}?LG

bidfq ng- correlatas with that in behavioural systems in vivo. . The primary
. o

R
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carboxamidi group of the glycine moiety of PLG appears to be'essential
for its activity in L-DOPA potentiation paradigm, since the biologically
inactive derivatives (Johnson, et al., 1978), N-cyclepentane carbonyl-L-
) 1eucylglycinamidé and L-prolyl-L-leucylglycinenitrile, do not exhibit
. any activity in thel3H-PLG binding assay. Whereas the pyrrolidine ring
of proline moiety-cannot be substituted with thiazolidine ring or
cyclopentane ring without loss of activity in both the behavioural tasks
and 3H—PLG binding, the glycinamjde residue of PLG can be modified
to some extent without affecting bindipng to PLGIreceptors. L-prolyl-
Lilgpcyl—leucyl-(-)—thiazolidiqe-Z-carboxamide ana L-prolyl-L-leucyl-L-
prolinamide competed for specific 3H,--PLG binding with an IC50 of 78 nM
and lOd_nﬁ respectively in a manner reflecting théir potencies in in
vivo assays for L-DOPA potentiation and oxotremorine antagonism.
Furthermo;e, N-methylation of peptide bond between proline and leucine
moieties confers~resistance against enzymatic degradation in vivo
(Pelletier, et al., 1975). The resultant derivative, L—pfo-N—methyi?
D~Leu=glycinamide (Pérepuide S“lfffe) exhibits significant'affinity for
the putative PLG receptor, as evidenced from the ICsO of ?3 oM in 3Hf
PLG binding and its enhanced anti-cataleptic_effect (Voith, 19?7).
’ Surprisingly enough, the diketopiperazine cyelo{leu-gly)} mimics the
effect of PLG in blocking ﬁorphine-‘(Ritzmann, et al., 1979) and haloperidol-
(Chiu, et al., 198la) induced supersensitivity of dopamine receptors and
protecting against puromycin-induced amnesia (Rainbow, et al. , 1979).
remains to be establishig whether cyclo(leu-gly) represents the pharmaco—

" logically active metabolite of PLG, although it displaces specific 3H—

PLG binding with an ICS, of 553 nM. *
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In binding studies on humanlbraié}—pareptide sulfate competed

-

for specific PLG binding in the striatum with an IC50 of 60 nM. Alter-

natively, the pharmacological effects of PLG may be mediated through the
cyclized active metabolite, cyclo(leu-gly), which displaces specific
3H—PLG binding with an ICSO of 450 oM. N-cyclopentanecarbonyl-L-leucyl-
glycinamide and L-thiazolidine-4-carbonyl-L-leucylglycinamide are ineffec-

tive in competing for specific PLG binding in human strlatum. The PLG

analogues, L—prolyl—leeucyl-(-)-th?azolidine—z-carboxamide and L-
prolyl-L-leucyl-L-prolinamide, on the other hand,  exhibited IC50 values
of 83 nM and 120 nM, respectively, in the 3H—PLG binding assay. It

thus appe:'-zrs that in both the human and rat brains, the glycinamide
residue of PLG is tolerant to substitution withoug affecting binding
to PLG reéeﬁtors. These findings are consistent with the results obtained
with these analogues iﬁ the‘iglgigg assays for DOPA potentiation and
oxotremorine antagoniém(Johnson et al.,'1978)i

- . The pharmacological specifiéity of 3H—PLG binding to striatal

membranes 1is emphasized by the lack of effect of other neuropeptides

) y 3
such as neurotensin and substance P and peurotransmitters on “H-PLG

- binding.” This finding parallels the negative results obtained with PLG
on the activities of choline acetyltransferase and glutamic acid decar-

- boxylase, biochemical markers for,cholinergic and GABAergic neurons

(Kostrzewa et al., 1979a)and on opiate receptor binding (Czlonkowski
et al., 1978).

The results of our study show that the highest deusity of puta-

© tive PLG binding sites in' the rat occurs in the striatum, followed by

*  the hygothalamus.and‘the cerebral cortex (Table VI.3). The capacity
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of 3H—PLG binding sites is of one order of magnitude less than that

previéusly found fo; dopamine {Creese et al., 1975) and GABA (Enna and.

Snyder, i975) but éesembles that reported‘for cholecystokinin (Saito

et al., 1980) and VIP (vasoactive intgstinal peptide)(Taylor and Pert,

1979). ’

" The occurrence of hiéh lgvels'of putative PLG binding sites in
the substantia nigra of humar brain merits some comments. It appears
ﬁstablished that the pathology of Parkinson's disease consists of
degeneration of cell bodies of dopamine'neurons igrthe zona cowmpacta

,of the substantia nigra with the result that dopaminergic neurotrans-
mission along the nigro-striatal pathway regulating extrapyramidal
motor function is attenuated (Bernheimer et al., 1973; Barbeau, 19753 b).
From the neurochemical perspective, Parkinson s disease is envisaged
as a "striatal dopamine deficiency' disease (Hornykiewicz et al., 1973).
lWhile nolfurther atteﬁpt has been made in our human brain study to
distinguish the zona reticulat; from the zona compacta, thé enrichment
of the substantia nigra with putative PLG binding sites provides the
neurcanatomical 3ubscraté;for the repprted beneficial therapeutic effects
of PLG in Parkinsonian bl;ients (Barbeau, 1975; Gerstenbramd, et al.,
1976; Gonce and Barbeau, 1978). Recent pharmacological studies on the

- multiple interactions of neurotramsmitters in the basal ganglia suggest

that the substantia nigra may be bettqr conceived as an output station

for striatal motof responses (Dray, 197;). Hence the dopqmine_neurons

in the substantia nigra function as a feed-forwérd modulatory system,

which through the intervention of striato-nigral and pallido-nigral

GABAergic and Substance P (SP)ergic fibers, 'primes' the striatal neurons

v
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-

for the execution of postural, motor and behavioural tasks. Furfher-
more, our binding studies of PLG raise the issue as to the possibility
;f specific peptidergic dysfunction in Parkinson's disease and related
extrapyramidal motor disorders. The seusitiviﬁy and respoasiveness of.
dopamine receptors may be modulated specifically by pucative PLG
receptors within the nigro-striatal dopaminergic loop. Conceivably

the super- and subsensitivity of dopamine receptoré may be reflected
secondarily to the PLG receptors functionally coupled to dopamine/
neuroleptic ?eceptbr complex. Positive atieméts to identify alterations
in the binding parameters of the putative PLG receptors obtained from
post-mortem Parkinsonian brains will possibly elucidate the dynamics of
PLG-dopamine, interactions and hence justify the rational institution of
peptide replacement therapy in egtrapyr#midal motor disorders.

Hui et.gl. (1980) found the highest catalytic activity of PLG-
degrading enzyme in the striatug and the medulla oblongata of rat brain,
as contrasted with the low enzymatic activity in the hypothalamus,
cerebellum and the pituitary. The substrate specificity of PiG—degrading

enzyme has been well defined with respect to thé structural requirements,

it would be the high' degree of substrate specificity of PLG-degrading

énzymg makes 1t likely that endogenbus PLG exists in the striatum.
Recently there'has_been considerable research on the identificatiog
and characterization of synaptic neuropeptidases fesponsi£2e for
modul#ting the turnover of neuropeptides locaiised in specific
neuronal tracts of mammalian brain (reviewed by Schwartz et al., 1981).

In the CNS, at least three types of well-delineated pel;tidaae activitie‘
\
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may account for tK% hydrolysis of the opioid pentapeptides:
aminopeptidases, angiotemsin-converting enzyme and enkephalin-
dipeptidylcarboxypeptidase. The close proximity of these various
classes of enkephalinase in relation to opioid receptors gives rise

to the possibility that they may also modulate opiate receptor function.

Very few studies have been carried out to measure the kinetics of
receptor synthesis and turnover: results with protein synthesis
inhibitor are difficult to interpret. It remains to be established
that PLG-degrading enzyme satisfies the crireria for the identification
of‘inactivating neuropeptidases as proposed by Schwartz, et al. (1981)
and the extent to which it plays in determining the turnovef of the
tripeptide. -

The l;mited available data on the endogenous level of PLG
make it difficult to relate it to the regional discrieution of putative
3H—PLG binding sites. Kastin, et al. (1980) developed erradioimmunoassay
using 'I'yr—Pro-Leu—Gly-!H2 and iéentified several PLG-like materials in
the rat pineal‘gland. Although fLG was ret isolated frdm bovine

: -

hypothalamus and strdﬁturally Cheracterized ¥ chroma;ographic and
electrophoretic mobilities and mass spectra fragment;kion patterms
(Nair, et al., 1971), %|ve recent sﬁudy by Manberg, et al. (1982) failed
to find any endogenous PLG in)the rat hypothalamus, preoptic area,
pltuitary or eye tissue by a radioimmuncassay metﬁod measuring both
oxyteocin and PLG followed by separation on high pressure liquid
chromatography (HPLC). The source of the discrepancy is unknown but

may be related to the sensitivity and specificity of the methods used.

. 5 ,/, | .
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Although we have identified high~affinity, low-caaacity
binding sites specific for PLG in human and rat brain, the localisation
of these receptor sites in relation to putative neurotransmitter system
is uwnknown. Immmohistochemical studies of neuropeptides supﬁort the
hypothesis of "coexistence of peptides with amine neurotransmitters"
in the central and peripheral nervous system (Hokfelt et al., 1980a).
Cholécystokinin coexists with dopamine in the mesgaimbic area which is
thought to be inveolved in the-regulacioh of motivational affective
responses (Hokfelty 1980b). Substance P, on the other hand, has been
found to be assoclated with serotonergic neurons in the medulla and pons
(Chan-Palay et al., 1978; Hokfelt et al., 1978).' The localisation of
peptidergic receptors on aminergic nerve terminals will have implica-
tions for the pathogenesis of neuropﬁ?chianﬂn disorders which have
hitherto been ascribed primarily to dyafunctiod in aminergic neuronal
systems. Autoradiographic technique can be used to localise putative
PLG binding sites and to investigate its relationship with dopaminergic

neurons in the mammalian central nervous system.

Further detailed knowledge regarding the topography of specific
PLG binding sites 1s required to'delineate the molecular events whereby
occupancy énd activation of PLG recognition sites on-membréneg is trans-
lated to a well-defined sequence of pharmacélogical respons;s. Cn the
basis of our findings that PLG selec?i#?ly enhanced the affinity of 3H-
aﬁomorﬁhine binding (Chiu et al., 1981a) and inhibited the a;tivity
of AOpamine-sensitive adenx&ate cyclasea (Mishra and Makmén. 1975), we

posﬁulate that the putative PLG receptor binding site is functionaily

&
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éoupled to, though not necessarily spatially associated with, dopamine/
neuroleptic receptor adenylate cyﬁlase complex. Furtﬁermore, dopamine--
.sénsitive adenylate cyclase may serve as the transducer in PLG-related
synaptic events. In the thalamus and'cerebelium, PLG has béen shown

to selectively increase cGMP formatidn through activating guanylate
cyclase (Spirtes et al., 1980) though it remains to be.eseablished
whether the cGMP effect in these two brain areas is mediated by
interacting through specific recognition sites. In view of thé diverse
ﬁeurological and psychiatric disorders in which alterations in neuro-
transmitter receptor sensitivity are implicated (Olsen et al., 1980),
it would be interesting to investigate whether PLG can "down-regulate"

-

or "up-regulate' the sensitivity of other neurotransmitter neuronal

: .
systems. The possible desensitizing effects of PLG on enhanced BH-
spiroperidol binding associated with chronic neuroleptic treatment
will be studied. .

Although existing evidence does not suffice to consider PLG.
primarily as a neurotransm{ffg;/neuromoéulator, the spectrum of
neurochemical and behavioural effects manifestei by PLG in a variety
of blological systems is likely.to be mediated through interacting with
putative PLG binding sites in thé=CNS. The radioligand binding assay

~enables us to explore.the pharmacological relevance of putative PLG

receptor function. °
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TABLE VI.2A

Displacement of 3H—PLG Binding by PLG-relacad Analogues

in Rat Striatum

ICSO nM
L-Pro-L~leu—-glycinamide . ) E 18
L-Pro-N-Methyl-D-lau~glycinamide sulfate 73
L—Pro—Lfleu-(w)-thiazoiidine-2-carboxamide 78
L-Pro-L-leu-L—prolinamidé 104
L-Pro-L—leu—(+)-thiazolidine-z—parboxamide 164
Cyclo(leu-gly) 553
L-Leu-gly-gly . : ' 510,0Q0
L-Pro-gly-gly N . 10,000
L-leufély' ' ) 10,000

Six to eight congentrations of the agent were used to compete
for specific 3H—PLG binding at 8 oM in rat striatal membrane preparation.

IC_. values for various displacing agents were determined by log probic-

50

énalysis and represented the mean of 3 independent experiments per-

formed in duplicate
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Pharmacological Specificity of 3H-PLG

y

TABLE- VI.2B

in Rat Striatum
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Binding

L
Putative’ Receptor Agonists

Peptides " Neurotransmitters ' & Antagonists .

a MSH Acetylcholine Apomorphine.-

Leu-gly-gly v-Amincbutyric Acid Atropine

Pro-gly-gly L-Aspartic Acid Bicuculline

DALA ~ ‘ Carnosine i ’ Bromocriptine

Neurotensin Dopamine Hexamethopium

Oxytocin Epinephrine Isoproterencl

Sub;tance P L-Glutamic Acid Mepyramine .

TRH Glycine. Morphine
Histamine Naloxone ;}1
5-Hydroxytryptamine Phentolamine
Norepiﬁgihrine Propanolol

Spiroperidol

*Agents which fail to inhibit specific 3H-PLG binding ;t 100 pﬁ. -.‘

In all cases two to four concentrations of the competing agents were

used in the binding assavs which were carried out in triplicate.

a-MS5H, oa-melanocyte-stimulating hormone- (melanbﬁfbpin); TRH, thyrotropin- ‘

-
releasing hormone (L—Proglu-His-Pro-NHZI; DALA, D-Ala

s

.

"\

2

s Metq—bnkephalinamide.
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- TABLE VI.3 - -

Displacement of Specific 3H-PLG Biuding by PLG-related

Analogues in Human Striatum -
-
ICy, (oM
L-Pro;N-Methyl—D—leu-glycinamide Sulfate : 60
L-Pro-Leu-L-1-thiazolidine-2-carboxamide 83 .

: Y RN ~ . . .
L-Pro-L-Leu-L-prolinamide . *120 . .
Cyclo(leu-glys ) ‘ SR | 450

- - ’ ' . .7
N-cyclopentanecarbonyl-L-leu-glycinamide - > 10,000
L-thiazolidine-4-carbonyl-L-leu-glycinamide . - > 10,000

-
-

Six to eight concentrations of ;he agent were used to compete
for sﬁecific'3H-PLG bfnding at 8 oM in human striatal membrane pre-
parations. 1950 Values_for various diéplacing agenfs were deter@ined
by log probit analéais and represented the mean of 3 independent

experiments performed in duplicate (s.e.m. <10% of the mean}.
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! TABLE VI. 4

Reglonal Distribution of 3H-PLG Binding in Rat® Brain

3H—PI:G
Region N specifically bound fmoles/mg
< protein
Striatum 7.41 + 0.54 :
) L = &
.Hypothalamus . : 3.12 + 0.42 .
. Cortex ‘ 3.00 + 0.14
Midbrain | | . 2.70 +0.98
Hippocampus _ : ‘ 7.42 + 0.31
Cerebellum ’ 2.41 + 0.75
'Médulla-—pons 7 2.12 + 02}
L . -
— . -
» .4 4 |
0 &

. .
\ o oL
The results represent the means + s.e.m. of three ipdependqﬁgq\

experiments carrié& out in triplicate on crude membrane homoggqates,
- .

8 oM of §H-PLG was used in the binding assay éﬁd the'SpéEific binding

‘of 3H-PLG was defined as the binding displaceable by 100 uM of

unlabelled PLG. - . S
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TABLE VI.5

Regional Distribution of 3H-PI_..G Binding in Human Brain

3H-E'LG specific bound

Region (fmoles mg ™ protein)
¥ Substantia mnigra* 10.76 + 0.53
% Striatum 5.30 + 0.32
Hypothalamus 3.75 + 0:16
Frontal cerebral cortex 3.12 + 0.48 ,
Thalamus 3.07}_ 0.25
: ‘ : »
Hippocampu.s ' ?_‘. 0.26 '
Non-frontal cerebral cortex dis1 + 0.52 _ '
Midbrain## 2.37 % 0.29 B
J Medulla 2.11 + 0.22
Cerebellum 1.74 + 0.11
Pons 1.67 + 0.19

The data represent the means %+ s.e.m. of independent experiments carried

out in duplicate on four hyman brains obtained post-mortem from individuals

knowu to,have no previous history of neurological or psychiatric diseases.
of 3H—-E'LG was used in the binding assay and the specific binding

of H~PLG was defined as the difference in total and non-specific binding

occurring in the presence of 10 uM of unlabelled PLG.

*Obtained from two brains. = -
Rk - _ ..
The midbrain was dissected out separately from the substantia nigra.

"
+ 419,
- hd

by
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. ] ’ ’\/ . :
FIGURE 6.1 ~

Scaichard plot of specifiC'BH—PLG binding to rat strfatal membrane

fractions. The data points ( M) are }e.rived from one representative

] - .
exepriment carried out in triplicate. The binding parameters (KDand

Bmax ) are determined by linear regression analysis (Coeffof:?t of -

correlation = 0.94). Upper inset shows specific binding o 3 ~PLG

as a function of the rgﬁlioligand concentration. Saturability of3H-.P_LG
binding appears to occur at about ‘8 oM. Thewexperiment was replicated

three more times and similar results were obtained:
) s

-

N
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FIGURE 6.2

-

Scatchard plot of specific 3H-PLG binding to human striatal
membrane fractious.. The data points (@ are derived from \ial;xes of
one representati&é'experiment carried out in triplicéig. The bind;pg
‘parameters (KD‘ang B ) are determined by liﬁear regression dﬁilysis.
Upper inset shows specific binding of §H-PLG as a function of the
radioligand concenctaéion. Saturability of 3H-PLG binding appears to

occur at about 8 nM. The experiment was replicated twice and similar

results were obtained.
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FIGURE 6.3

Time course of association of specific 3H—-PLG binding in rat
striatal membranes. Two p;rallel sets of tubes with or without 10 uM
of unlabelled PLG were incubated for various time intervals and at each
givenntime interval, the content of the incubation tube was filtered
over Whatman GF/B filter. Thg-magnitudé of specific 3H—PLG binding,
determined at each time interval as the difference between totai and
non—specifié binding, at 30 min. was taken as the Beq - 3H-PLG specifi-
cally bound at equilibrium, from which the sﬁecific biﬁding at each
time interval (B) was subtracted to obtain. The'ratelconstant of
asgoclation of Spedifiq 3H—_PLG binding, Kl,_was determined from‘the
plot of ;ﬁ (Beq/Beq - B) versusftime, where B = 3H-PLG spegifically

bound at the given time interval and Beq = 3H—PLG specifically bound at
- -

- equilibrium (30 min), according to the procedure of Kitabgi, et‘él. (1977).
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FIGURE 6.4

Time course of dissociation of specific 3H—PLG binding in rat
striatal m@rmes. Two parallel sets of incubation tubeé with or
without 10 uM of unlabelled PI}G were incubated for 30 ;in. and the end
of the, 30-min. incubation period, unlabelled PLG at- the finalwconcen-
tration of 1 mM was added to the final assay mixture in both sets of
tubes. Samples of total and non-slsecifically bOLT.(I'ld 3H—-PLG were filtered
at.specifiotd time intervals as previously described {n "Materials and
Methods". Linegrization of the e_:cponential. decline of specific Bg;PLG
binding resulted in the plot of ln(B/BO) versus -time from which the _ {
.rate constant of dissociation is determined aﬁcording fo pro!gdure'of
,aK;tagPi, et al. (1979). BO =- 3H-PLG bound izmthg start of fhe experi- F/,/’;>

ments; B = 3H—PLG pound at each respective time interval afiter adding

-

the unlabel'led peptide. The experiment was replicated twice -
. . . l

similar results were obtained.

s

[
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CHAPTER VIL

L 4

DOPAMINE RECEPTOR SUPERSENSITIVITY: MODIFICATION BY PLG

VII.1 Tardive Dyskinesia : »

—~

Although the therapeutic effects of antipsychotic drugs of the
phenochiazine, butyrophenone and thioxanthene series in schizo-

phrenia’have been established, attention has recently been directed

towards the increasing occurrence of, tardive dyskinesia, an essentially

~ f/involuntary hy§;:;1;2¥ic syndrome that, develops during or followin

prolonged antipsychotic EE}rapy in psychiatric patients (reviewed by
Tarsy and Bqldessarini, 1977; Crane, 1978; Jeste and Wyatt, 1979;

Muller and. Seeman, 1978). The neurological syndrome consists of

"sucking and smacking movements of the lips, lateral jaw movements,

and tongue thrusting or fly-catching movements", the so-called bucco-
lingual-masticatory (BLM) triad. In addition, concomitant chorecathetoid
abnormal movements of tﬂe extremities and the trunk are occasionally
observed in these patients. The syndrome is often reversible in younger

patients upon judicious discontinuation of the anti-psychotic therapy;

however, the persistent form of tardive dyskinesia, predominates in older

ey "

patients (Tarsy and Baldessarini, 1977). Although Christenssen (1976)

found neuronal degemeration and gliosis of the substantia ﬁigra in brain

tissues obtained from deceased psychiatric patients with éhronic oral
[ B ’ .

.dyskinesia,whether chronic neurolegtic induces an irreversible organic”

-

lesion in £ﬁe basal gangiia remadns to be validated.

148
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Supersensitivity of dopaminergic neuronal system has been pro-
posed to be the pathogenetic mechanism subserving tardive dyskinesia
(Carlsson, 1970; Klawans, 1973; Tarsy and Baldessariﬁi, 1977; Muller
and Seeman, 1979). In particular,.che.foci of the biochemical lesion
appears to be at the level‘of postsynaptic dopamine receptor, gince in
animal s?udies,ghronic‘administration of neuroleptics has been found to .
be associated with enhanced dopamine ¥eceptor binding and dopamine-
sen§icive adenylate cy?lase in the striatum (Burt et al., 1977; Muller .
amd Seeman, 197§; Mishra et al., 1978; Ciow et al., 1930). Thé;E
. behavioural.correlates of dopamine receptor supersensitivity are re-
fleg%ed in augmented stereotyped and locomotor responses towards
apomorphine (Tye et al., 1979} . Electrophysiological studies further
feiﬁforce the concept of neuroleptic-induced supersensitivity of
dopaﬁiné réceptors‘ Yarbrough (1975) reported-increased striata; neuronal
-‘responses to iontophoretically applied dopamine agouistsrfollowing pro--
tracted neuroleptic administrati;n. -

The supef&ensitivity oé aOpamine receptoré may not be restricted
to the postsynapti; membéane of striatal neurons; the?in#olvement of
pre-synaptic dopamine receptors in tardive dyskinesia has rec;ntly been
proposed by Jesté and Wyatt (198l). In the sgbsﬁantia nigrd, there is
electrophysiological evidence fof. autoreceptors at the soma of dopamine
ne;rons. Aghajanian an? Bunney (1977), using.microiontophoretic single-

cell recording tqspniques, found that dopamine agonists such as apomorphine

inhibited neuronal firing of the soma of the zona ccmpacté of the'

'3
£
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u

- substantia mnigra and hyperpolarised the membrane pofentiidl. Moreover,
Skirboll et al. (1979) showed that the soma of the : ral dopamine
ﬁeuronslappears to be_morg sensitive to apomorphine as compared to
the caudate nucleus. Differential interéction of dopam & an agonists
with nigral autoreceptor and striatal postsynaptic doﬁﬁiz;;‘::ceptors
1s evidenced from biochemical studies. Studies show when the postsynaptic
dopamine receptor is destroyed by kainic acid (Di Chiara et al., 1976)
or the 5tr¥ato-nigral‘impulse flow is inmhibited by Y-hydrﬁxybutyrate
(Walters and Roth, 1976),neuroleptics can still induce an increase.in
ﬁopamine turnover, indicating preferential inceraction with nigral
autoreceptors. The doﬁaminngutorécep;Sr may nqt'be localised pre—~"
dominantly on.dopaminergic terminals or- the soma of dopamine neurons,

but may also exist at the dendrites of nigral dopamine neurons. The

functional Eignificance of dendrite release of dopamine from the substaatia

’

nigra has become a éhbject-of'increasing interest for pharmacologists. -

Jeste and Wyatt (1979) reviewe@ the various pharmacological .

approaches currently adopted.to alleviate the neurcological symptoms

of tardive dyskinesiaéand éoncluded that, despite tﬁe inherent short-

comings, continued neurcleptic treatment remains the standard mode of
therapy for tardive dyskinesia. Paradoxically, tardive dyskinesia may

first appbar when“fhe dosage of .neuroleptic is discontinued or decreased,
[ ] - .

although in a variable proportion of patients tardive dyskinesia is -

hY

. reversible upon neuroleptic withdrawal. Cholinmergic drugs have also
beerr tested for their efficacy to suppress the symptoms on the agsumption

-that they may restore dopaminergic-cholinergic balance in the basal ganglia,

4l

- ~
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but the clinical results have not been consigtent. Friedhoff (1977) pro-
posed that the potential thérapeu;ic value of dopamine agonists and L-
DOPA should be carefﬁlly agsessed in tardive‘dyskinesia within the
theoretical construct of receptor sensitivity modification. List and
Seeman (1979) found that supe¥sensitivity of dopamine receptors :)uld

be reversed by high doses of L-DOPA in rats. In view of the multiple

iﬁteragfions of doﬁamine with -putatiyve neurotransmitters,intrinsic

dopamine agonist activities are not/necessary for inducing desensitization
of supersensitized dopamine receptors. In.Chapter V, PLG has been found

to preferentially enhance the affinity of dopamine agoﬁist 3H-;pomorphine
bi;ding to dopamine receptofﬁ and in-Chépter VI, a radioligand binding
technique was developed to characterize the ﬁinding pharmacological pro-
perties of binding of PLG to specific receptor. sites in the human and rat
brain. These biochemicgl findings, along with the demoustréteq apti— "A/’
cataleptic properties of PLG in morphine- and‘halopeiiaollinduced catalepsy

~ .
(v), are interpreted to suggest that there exist putative PLG binding

sites capable of differencially ﬁodulécing dopaﬁinergic neurotrﬁnsmission.'
In an a del of tardive dyskigesia,Atﬁe éffeéﬁ_of concomitant
admiﬁistragion of "RLG on dopamine receptor supersemsitivity associated
—with chronic haloperidol o:/?ﬁi;;promazine éﬁminisiration was invest%gate&.
In a preliminary study, Ehrenging. et.al. (1977) feported that
orai dosages .of PLG (up'to:2500 mg daily). for 7‘weeks.éign~ cantly but

transiently decreased the severity and frengncj of lingual-fadial-buccal

dyskinesia in psychiatric paﬁients maintained on neurolepﬁic therapy.

v

-—f’“\\
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Vii.2 Mate:iéls and Methods

Subjects and Drugs: Male Sprague Dawley rats purchased from

the Canadian Breeding Farm, Quebec, were used throughout the studies.

The animals weighing between 200-250 gm upon ar}ival were housed
individually in plastic cages in temperature-cont olled rooms maintained
on a IR- ight-darkness cycle. They were allowed\free acgess to

foo& (Purina rat chow) and water and to acclimatize éhemSelveg for at

The éburces of the drugs used were as fgllows: haloperidol,

L ]
McNeil Laboratories, Canada; spiroperidol, Janssen Pharmaceutica, Belgium;

chlorpromazine and PLG from Sigma Chem. 3H'-Spiroperidol_,binding assay:
L

[1~Phenyl-4—3H]—sbifoperidol (25.64_Ci/mmele)/was purchased from New

-

The series of chronic drug studies were undevtaken in male
-
Sprague—Dawley rats to gxamine (1) PLG—HAL interaction; (2) PLG~CPZ .

interaction.

~For Pﬂ;:;kb—lnneraction. Rats weighing 200-250 g upon arrival

.were randomly . assigned tq, six groups and received various drug dosages

for 21 days according tp the following protocol: {1) group I was given
isotenic saliee (L ml kg-l g.c.); (2) groups II and III were administered
PLG at th spectise doses of 10 and 40 mg,kg-l s.c.; (3) groups IV aed
V were dgsed with PLG at 10 and 40 mg kg -1 s.c., ten seeonds prior to

el

haloperidol (3 mg kg i.p.); (ﬁlﬁgroup VI received haloperidol {3 mg kg
i,p.) only. ' ’

o
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‘. )
‘For PLG-CPZ Interaction. Four randomly assigned experimental

groups were subject to the following schedules of drug treatments

once daily for 21 days: (1) group I received saline; (2) group II was

injected with PLG at 10 mg kg-l s.c.: (3) up III was administered

1

PLG (10 mg kg_l s.c.) ten seconds prior to CP (20 mg kg ©— ilp.); .

(4) group 1V was dosed with CPZ (20 mg kg~ 1.p.). All the animals

- were sacrificed five days following the last drug administration and

3H-spiroperidol binding studies were carried out with the striata’as .\
described previously. : i
e [3H] Spiroperidol ;iﬁﬁipg Assay: The procedure for [3H] splro~ -

peridol binding was previously described in Chapter V. The gpecific

binding of [3H] spiroaetiagif;;; defined as the difference between the

_total bindingand'thﬁgzggrspecific binding in the presence of 500 nM of

unlabelled spiroperiddl. The blank value of non-speéific b;ndiqg in the h)(//’

presence of 1 uM o% a-(+9-buQaclamol was'siqilar to Ehat obtained with

Sg; oM of unlabelled spiroperidol.- : L .
Statistics. The bindfng data were analyzed by  the Scatchard

plot from which the binding parameters, maximal number of binding sites

(Bmax) and dissocilation constant (KD)fzwere derived by linear regregsion

analysié. The biochemical data from different groups 6f animals were

analyzed statistically by one-way ANOVA followed ﬁ§‘the bun@an Multiple

range test. . i
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.VII.? Results _

The £;sult; indicate Scatcﬁgrd plq!: obtained froﬁ normal
éaline—control rats ylelded a singiéhclass of. non-interacting binding
sites with a B__ of 317 + 25 fmoles mg = protein and Ky of 0.52 + 0.20nM.
Protracted treatment with the two neuréleptim;.(héloperidol an&.

. chlorpromazine) resulted in significant (P < 0.05) elevation of the -
'rec.eptor ‘densi_.:slr for 3E[—s.pir:c:pe.r:de:Jl. in rat striatum (Table VII.'l),

when compared to the sglinEecontrél. Haloperidol t3 mg kg-l 1.p.) when
administered once daily for 21-days, caused a mean increasgrof 587 in
t:he'Bmax of 3I;—spiroperidol binding over the saline~control, whereas
chlorpromazine (20 mg kg_;‘i.p.) b{dhucgd a mean increase of 67%.

These observations‘cénfirm the results -of our eadlier studies (Marshall

-~

:and Mishre, 1980) and other iﬁvestigators (Muller and Seeman, 1978; Burt,
et al.. 1977) on the enhancement of specific 3H—neuroleptic binding
following chronic administratigg:\}qneuroleptic drugs ‘

) Simultaneous'administratipn of PLG with haloperidol or chlor-

. promazine; however, antagonized the elevation in specific 3ﬁ—spir;peridol

_'binding produceq.by chronic adminiscration of ‘neuroleptics alone. As
can be seen in Tahle VII 1, the striata from rats chronically treated.

with both halpperidol and PLG (10 mg kg™t s.c.) exhifbited a receptor

density for specific'3ﬂ—spiropefidol binding (380 + 14 fmoles mg_l
‘ ik - ) -

”':.:1y different from that found in’ saline-control

(317 + fmoled™ M Potein) or PL control (296 + 29 fmoles mg protgin).

Rats conéurréﬁ 1y treated with' both G (10 mg kg ) and chlorpromszine
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' TABLE VII.1
\ Biqck_ad of Haloperidol (HAL)-induced Increase in Specific
,3H-'spi'roperidbl Binding by PLG
7 5 | , S |
b Cmax | - . .
Treatment Groups . n  (fmoles mg' “protein) (om) . LN
'S . .
v I Saline 8 317 #25 - 0.52 + 0.20 -
II PLG (10 mg kg ™) 8 296 + 44 0.50 + 0.11 -
" _III PLG (40 mg kg b) 4 267 + 29 0.38 + 0.07 - -
MG (10 mg kg- ) ' : .
. +. "\I_\\ . . .
HAL ( Bmg‘kg ) 4) ‘ 380 + 14 - 0.66 + 0.18
- G (40 nmg kg ) o A . 5
HAL ( 3 ug kg 1)t .4 3% +20 . 0.74 +0.35
o ~ = - . _ .
VI HAL ( 3 mg kg 1) 5 *98 +22° - 0.58 + 20
w ) . .
. ] | k'
\ - n = number of rats in'each treétmeut group. .
/ > 'n A q—— i . . "
o Significantly different (0 < 0.05) from treatment groups I, I1 and III
_ by the Duncan's mult:l.ple range test. '
\,/ . - %*No statisti 1ly significant difference was found among thgfour'
. . . e . . . &
. treatment gfoups w’ith/es;:ect to the KD values at 0.05 level.
g
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TABLE VII.2

Blockade of Chlorpromazine (CPZ)-induced Increase in Specific

4-spiroperidol Binding by PLG2

\
' b . Bmax | K% -?}
Treatment Groups n _ -1 . D .
(fmoles mg ~ protein) (am)
I Saline 8 . 317 + 25 0.52 + 0.20 %
. N o
II PLG (10 mg kg ) 8 296 + 44 0.50 + 0.11
III PLG (10 mg kg ') Y, , :
CPZ (20 mg kg )T 4 269 +33  ° 0.19 + 0.07
IV CPZ (20 mg kg 1) & . *529 + 41 0.34 + 0.20
L8] .
nb‘- number of ;afs in_each treatment group. L -

"The éitiatum from eanh rat in the different treatment groups was used
for one Scétchafd.piot of 3H-spiroperidol binding from which the mean
‘values and s.e.m. of B (maximal binding sites) and KD (dissociation

constant) were determined.
. : f . :
*Significantly different (P < 0.05) from treatment groups, I, II, III,

IV and V by the Duncan's multiple range test.

**No statistically -significani: difference was found among the six treatment
groups with respect to the K_ values at < 0.05 level. ' .

\O D‘
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o

(20 mg kg-l)'failed'to demonstrate (Table VII.2) the increase in

specific 3‘d-spiroperidol binding associated with chronic treatment

with ‘chlorpromazine alone (529 + 4; fmoles mg-l protein). PLG, when

-administered alone at the dose_of 40 mg kg“l for three‘éeeks pfodhced

a slight decrease 15 specific 3H~spiroperidol binding (267 + 29 Emoles

mg-l protein); the difference, however, was not statistically signifi—

cant (at 0.05 level) when compared with the saline-treated groups

(317 + 25 fmoles mg -1 protein). -
In all tie drug treatﬁent groups, no statistically significant

difference was found in the dissociation constant"(K ) of 3H—spiroperi‘fol

Binding sites in the striatum. Hence the alterationg\in the sensitiviCY

. C_, ¥
of dopamine/qeurolept;c receptors in the striatum caused by prolohged

. . . 1 X
neuroleptic administration, and their reversal by co-treatment with
PLG, are reflected primarily in the relative density-of ?H—spiroperidol

binding sites rather than in the affinity of the binding ligand.

VII.4 Discussion s - 7

The results obtained in the presant study demonstrate that PLG,
when administered concurrently with a prototypal dopamine receptor ' .,
antggonist (chlorpromazine or haloperidol), effectively antagonizes the
dei:japment of dopamine receptor supersensicivity by restoring the speci—
fic binding of H-spiroperidol towards normal level in the striatum. '

. Pert, et al. (1978) previously showee that lithium co-tFeatment .
suppressed the development‘of neuroleptic induced dopamieergic ;ﬁper-

. I - '
sensitid@tff\and suggested that the therapeutic action of lithium in

- .

N2 4
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. manic depre§sion may be related to its ability to stabilize the
oscillacfﬁns of dopamine receptor sensitivity. On the other hand,
the desensitizing effect of PLG on haloperidol~- and chlorpromzine-

ingpced.supersenaitivity of dopamine receptors most likelf reflects.
. o B L. ]
specific receptor-mediated modulation of dopamine receptor responsive-

. o <
ness in the ssxiitum. )
Conceivably, PLG possesses'a pharmacologically distinct unique
N ’ . ' + -;-*‘
receptor functionally coupled to the dopamine/neurcleptic receptor:

adenylate eyclase complex, and that occupancy and activation of the

putative PLG receptor.is respsnsible.for the observed.desensitizing

/J._

r .
effects of PLG on dopamine receptors. In support of our hypothesis we

have previously shown that PLG selectively ipcreases the affinity of

the specific binding of- the dspamine‘agqnist-BH-apomotphine to the
dopasI:t7neuroleptic reteptor in vitro without affecting specific’
3H-spiroperidol.binding . Furthermste, we hase identified by
radioligand binding technique high-affinity binding sites for PLG
exhibiting satur;bilihf, reversibility,'phatmacslogital and regional
specificity in rat and human brain'(VI) " In this'respect it is reievant
to ner that cyclo(Leu—gly), a diketopiperazine derivative of PLG com=-
peted for specific PLG binding with an order of potency paralleling its
in vivo pharmacological activity, whereas inactive mono- and dipeptides
like.lee-gly and.proline fail to affect PLG'binding. More signifieantly,
Ritimann "and Bhargava (1980) have reeEntly found tﬁat cyclo(leu-gly),

when administered prior to haloperidol, suppressed the behavioeral
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manitestations of haloperidol-induced supersensitivity of dopamine
receptors: augoented locomotor hyperactivity and hypothermic responses
towards apomorphine. Although go attempt’has been made in qur present
study to correlate the temporal profile of biochemical thanges with -
behaviocural events, both PLG and cyclo(leu-gly) are likely to exhibit
their pharmacological activity through interacting with th; putatipe
-PLG receptor in this animal model of tardive dyskinesia. ’

,It may be argued that cyclo(leu-gly) does not compete for
specific 3;I-PLG bindiog with an‘order of potengp paralleling its potency
in behavioural systems (IC.. = 450 nM in the rat striatum. Interection

50 -
with putative PLG binding sites’ is necessary, though not sufficiesnr, for

triggering a biological response. The magnitude of a pharmacological ™
‘response elicited by an agent depends also on the extent of the
coupling of the putative PLG eites with-otherIEellular éomponents
(calmodulin and GTP—coupling GTP-regulatory protein) and amplification
system (adenylate cyciaae system), The relationships of PLG binding
sites with these effector mechanisms have not been analysed in detail,
though PLG inhibits dopamine-sensitive adenylate cyclase (Miehra and '?.
Hakman, 1975).
Although PLG has been found to prevent the development of
haloperidpl—- and chlorpromazine-induoed eupersensitivity of dopamine
\\\\“—tpceptors, it is not known whether PLG and its analogoes can reverse
superaensitized dopamine receptors. This-purportediaotion of PLG is per-

haps of more than theoretical interest. In humans tardi;;]dyskinesia can

. be divided intv the two types: reversible and persistent (Jeste'ahd(fiEEE;E;}9).
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Jeste and Wyatt (1979;71981) presented evidence that while withdrawal @ 4
dyékinesia may be attributed to supersensitivity of postsynaptic
hopaminé receptors, most péﬁients with persistgnt tardive dyskinesia -~ ~
.maf not exhibif dopaﬁinergic supersensitivity. Cerebrospinal fluid
studies indicated th;t tarfdive dyskinesia patients have high or normal
homovanillic acid'(HVA) level, an index of presynaptic dopaminergic
activity; as contrast with the low or normal cAMP level considered to
“nglect post-synaptic dopamine re;eptor function; these biochemical
.f;;di#gs have also been found in subhuman priméﬁes (réviewed b} Jeste.
and Wyatt, 19@1).: Furtﬁefﬁor;, if iﬁcfeése.dopahine/neuro;eptic receptor
_density is.an integral component of tardivezdyskinesia,'decrease in
recéptor number iﬁ old age would be anﬁicipated to prodﬁce fewer side-
e
effects; .The high prevalence of tardive dyskinesia in older patients
appears to contradict the hypothesis of postsynaptic dopaminergic
'supersensitivicy. Whegher the persistent type of tardive dyskinesia :s
assocliated with neuronal degeneration remains debatable.

* Tardive dyskinesia may reflﬁftlan imbalance between pre- and

post-synaptic functional activity of dopaminergic. neurons and the con—

”
L4

sequent reciprocal modulation éf post-synaptic dopamire receptér sensi-
tivity be pre-synapgig dopaminergié input. Thiﬁ hYpothesis may be
- verified by examining the effgptﬁ’Ef\%elebtive lesioning of pre-
.and post-synaptic dopamine receptors on the temporal profile of/super-_.
sensitivity development. Muller and Seeman (1979) explains the apparent
disqrepancy between th;—time courses of'aupersensitivity n humans gnd
rats by invoking the concept of compensation and decompensarion in tardive
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dyskinesia.‘ Hence patients maintained om neuroleptic treatment may

not adapt to the altered dopaminergic neurotransmission regulating
 motor behaviour. Decampensation presumably arises from the subsequent

breakdown in the equilibrium between pre— and post~synaptic dopamine

receptor nechanisms and the balance between.dopemine and other putatine

neurotransmitters in the-besdI”ganglia{ )

-The possibility'that nan-catecholaminergic mechanisms contributes
towar;e the pathogenesis .of certain subtypes of tardive dyskinesia
should also be considered | In animal model studies, chronic adminis-

-

tration of neuroleptics liéble»to be associated with extrapyramidal :
side—effects produces a decrease in.enkephalin level (Hong et al.,1978a) .
and Substance P level (Yang et al., 1978) in the striatun. Atypical
neuroleptics”such as clozapine and sulpiride fail to’nlter the levels
of these endogenous neuropeptiees. In view of the immunochemicai
evidence supportiné thelconcent of co-existence of peptides wit;_:I:;IEEI"}
neurotransnitters‘(biogenic'anines) (reviewed by Hokfelt et al., l980a),'
it may be surmised that tardive dyskinesia reflects a breakdown in the ]
peptidergic mcdulation of catecholaminergic mechanisms in the brain.
Hence the desensitizing effects of P1G in relation to haloperidol- and
chlorpromazine—induced supersensitivity of dopamine receptors can be in- |
terpreted in .the light of peptidergic-aminergic neurochemical imbalance'
“in the~9NS. This hypothepis.indirectly implies that extrapyramidal
notor dysfunption is associeted with specific peptidergic defect. i
L&, ‘ It would be interesting to investigate whether the desenai—

* tizing effect of PLG is generalized to in other dopaminergic syst:gr

-

- , | i |. ?
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w

mesolimbic/mesocortical'and tuberoinfundibular dopaminergic -
systems:The 'dopamine hypothesis of schizophrenia'.is currently pro=
posed to account for the -behavioural and cognitive dié- 4 "
turbances in schigophreniform psychosis. Hyperactivity of mesolimbic/
mesocertical dopaminergic terminals n;;ronal activity_prod%pes super-
sensitivity of dopamine receptors which is reflectéd in tﬁe increase .

in dopamine/neuroleptic hinding sites in the caudate nucleus and nucleus
accumbens upon postmortem examination (Lee and Seeman, 1980; Crow et
al., 1979). Cautioq, hgwever, must be exercised in interprétiﬁg the
binding data as the previbus drug-history must Be considered as the
confounding variable. Pafadoxically, éhronic neuroléptic administration
also inddces supersensitivity of dopamine receptors in the mesolimbic
areas (Gardper et alr, 1980). This biochemical finding probably is
un;elafed to the therapeutic effects of‘the neuroleptics, but may
represent the biocﬁemicél c;;sequence of unmasking sﬁpersensitive psychosis
known to occur in schizoﬁhrenics upon withdrawal of neurolepfics (bi
Chiarag et al., 1976). Stevens (1978) suggested that.electrical and
pharmacological kindiihg of the mesolimbic_dopaminergic.sys;ems indd%e
bizarre behaviocural sequences in cats not entirely dissimilaf to schizo-
phreniform psyghosis in humans. ' The parallelism betyffz’;Lychosis in

X cocéiné; an& amphetamine-aﬁﬁsera and the supersensitivity of mesolimbicé .
' dopadmine receptors (Saito et al., 1980; Post et al., 1982 ) lends .
-fufther adpport to the relevaﬁce of the mesolimbic kindling ﬁbdalmto

human psychosis. The desensitizing effect of PLG and its analogues has
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not been evaluated in animal models of_mesolimbic supersensitivity

of dopamine receptors. It would be interesting to investigate whether
PLG and its analogues'oan reverse or antagonise; 1) neurolep:ic-
induced mesolimbic dopaminergic supersensitivity; 2) cocaine- and
amphetamine-induced mesolimbic dopaminergic supersensitiﬁity. The
results obtainea\from these proposed studies will demonstrategt?e
apecificity and selectivity of the pharmacologioal activity of PLG and
'will have some clinical implications for the treatment of psychosis.

:%f PLG functions both as a positive and a negative dopamine -
modulator, re—sensitigation of the. desensitized dopamine receptors is |
possible. Although L-DOPA or L-DOPA combined with DOPA &ecarbox}lase
inhibitor., benserazide (ROA-QﬁOZ) or carbidopa (ﬁg-aas), has been estab~
lished as the standard therapeutic agent in farkinson's disease, an:&é::\
cre;sing trend has beén obseived with respect to the declime in the effi-

- ‘ )
cacy of L-DOPA (reviewed by Barbeau et al., 1978; Rinne, 1978). Barbeauet al

(1970) classified L-DOPA dyskinesia into £

' types of diurnmal oscilla-
‘tions and their clinical features inclufle choreic, atnetoeic, dyatonic;
myoclonic and ballic movements. - tion of peripheral DOPA de-
carboxylase inhibitor does not alleviate the dyekinesia but only causes
the'movemente to occur earlier (reviewed by Boshes, 1981) Klawana et
al. (1975) and Carlsson (1970) postulated that L-DOPArinduced dyskineeia
'1s similar to neuroleptic-induced dyskinesia in that “supersensitivity

of dopamine reeeptora nnderlines_the neurological manifestations of

L-DOPA-induced dyskinesia and neuroleptic-induced dyskinesia. -~ -

. However, oscillations in performance (hon—off phenomenon”) and total
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unresponsiveness to LTDOPA‘("onzéff phenqmenon") can be attributed to
Qgsensitization of dopamine receptorsﬂin the striatﬁm (Bérbeau, 1976a;
Mishra, et al., 1978). tThese disturbing side-effects of L~DOPA
necessitate the continuous search for better anti-Parkinsonian agents.
Preliminary clinical experiences with dopamine.receptor agonistsz
apomorphine, piribedil, lergotrile mesylate, and'bromocriptine. broduced
divergent results in Parkinsonian pacients (reviewed by Barbeau, et al.
1979). On the otﬁg; hand, potentiation of dopaminé activity with PLG
has been shown to be_beneficial-in Parkinson's diseas; (reviewed in II).

Although PLG significantly potentiated the effects of oral L~DOPA on

motor performance and intellectual functioning (Barbeau, 1975) short-

ter\m ora administrati.on markedly reduced the severity of L-DOPA-

induced yskinesia (Kastin and Barbeau, 1972b). In view oﬂ‘ihe functional
relations p'between putative PLG binding sites and dopamine receptors,

the protective effect of PLG against DOPA-induced dyskinesia may be attri-

—b;ted to its ability to’' re-sensitize the desensitized dopamine receptors

caused by protracted dopamine reteptor stimulation. Recently, Le Fur
et al. (1980} have developed a non-invasive method™f assessing central

4

dopamine receptor function by measuring level of dopamine receptor

- binding in human lymphocytes arid reporcéd a decrease in dopamine receptor

o S

binding in lymphocytestsz Parkinsonian patients. It would be interesting to

investigate in more det4dl the anti-Parkinsonian properties of PLG in
iarger patient : - - populations and correlate their therapeptic responses

with d0pami§5\receptor binding in human lymphocytes. The neW'gnalogﬁe
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of PLG synthesized by Ayerst Laboratories, Parebtide sulfate {AY-24,856),
Montreal, Canada, holds promise as a potential anti-Parkinsonian agent.
Barbeau et al. (1979) reported that its inttavenous order of activity

is of the same order as.PLG. \EB?u\flinical results are required to

establish the therapeutic efficacy and poésible long-term toxicity of

Pareptide sulfate in Parkinson's disease and related extrapyramidal

motor dysfunction.

>
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CHAPTER VIII
CONCLUSION

Although the nt study does not addresslitseli to the

'
cal role of PIG as }IF, pharmacologicgi

issue of thetphy
analysis of the mechanisms of action of PLG in the mammalian brain o~
?éhapters IV, Vv, VI and YIII) reveals the following miigz;positive
findings: (1) chronic, but not acute administration of PLG
antagonises bo;ﬁ haloperidol— and morphine—induced catalepsy; (2) PLG

tidlly modulates the binding affiniﬁy of dopamine agonist TN
3H-apomorphine binding to dopamine receptors (most likely D-2) im the
striatum; (3) there are specific, saturahle, reversible binding sites
specific-f/} PLG exhibiting high-affinity and pharmacological speci-
ficit; paralleling in vivo ﬂhtative receptor interaction, (4)\FiG
desensitizes dopamine receptor aupersensitivity induced by chronic ~
administration of haloperidol or chlorpromazine. These results lend -
credence to the hypothesis that putative PLG binding sites in the bhrain
are functionally coupled to dopamine receptor/adenylate cyclase com-

plex in the striatum. Hence the demonstrated beneficial, albeit pre-—

liminary, effects of PLG in Parkinson's disease, tardive dyskinesiat

.‘an& L=DOPA. dyskinesia and depression are explicable in terms of specific

peptide receptor mechanisms in the CNS.

Although PLG has been shown to be potent in antagonising

‘ . .
neuroleptic-induced dopaminergic supersensitivity (Chapter VII), the

13
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desensitizing activity of P1G and its‘analogues is alsc manifested in. .
two additional.behavioural paradigms of dopamine tecepto ‘uper- . ~
sensitivity: opiate tolerance andgdependence and Parkinson's disease.

Over the past few xears, changes in central dopamine receptor
sensitivity assozigted with abnormalities in dopanineréic mechanisms
nave beer’ implicdted in parious neurological dysfunction and psychiatric
disorders (Baldessarini and Tarsy, 1980; Seeﬁan, 1980). Tne'following

¥

categories of neuro-psychiatric disorders are thought.to be relazed to
supersensitivity g,central.dopanine reeeptots.as an integral component

e . s
of the patho cal pXpcesses: (1) Parkinson 8 disease; {2) Tardive

dyskinesia; (3) Schizo ia; (4) Gilles de la Tourett:e syndrome;

(5) Minimal Brain'Dysfr.mction; (6) Opiate tolerance aud physical de-
pendence; (7) Alcoholism. ‘I'he concept of dopamine receptor super-
sensitivity has its heur“ /merits, inasmuch as specific pharmecologi—

‘

cal manipulation of dopamine receptor sens_itivity may restore- the be- !

O

a .
havioural and neurologica.]{control mechanisms, thereby eventuatifig in

clinical recovb( . These theoretical ideas have been further developed

and consolidated by Friedhoff (1977 who prOposed receptor sen'ﬁi:tivi
modification as an valuable therapeutic modality for tardive dyskine
schizophrenia anﬁourette syndrome. o

v There is o@umﬂage(\biochemical and behavioural evidence
suggesting/‘mt Parkinson's diseas /producesﬁ supersensitized state .
of dopamine receptora resembling 'denervation' supersensitivity
(reviewed by Barbeau et al., 1976aj,Seeman, 1980). It is not oert‘;ain -'

whether dopaminergic receptor supersensitivity represents a compensatory- .
‘ ‘ S

- o 3 /&3 . §
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- mechanism for the progressive decline in +the functional activify of

agonists towards ‘dopamine. The potential anti-Parkipsonian properf;ies
of PLG have been analysed in previo Chaptars IV, V, VI and VII.
?’ Recently, Ritzmann'and Bhargava  (1980) reported that subch;onié treat~
.ment, with the cyclié analogue, cyclo %ly), antagonised the behav- -
ioural muﬁestatim of dopamine receptor aenaitiv:l;ty in an animal”
model of Parkinson's disease. The significance 6f’t'hia behavioural
finding is not clear since cyclo(leu-gly) did not affect the decliae.' in .
dopamine 1eve.1 ind\;cea by the neﬁrol:oxin, 6—hydroxyda§a:nﬂ.ne‘. The
deaensitizing effect of PLG uith respect to animal model of Parkinson's
{isease appears to occur only after chrouic treatment, since acute
adnﬂ.nistrat:ion of PLG potent:l.ar.ed the behavioural effects of apomorphine .
(Schulz,et: al., 1979, Kostrzewa et al., ‘f978). »'_I){ecently Melamed and
.Wu;'tman (1980), presented evidence for decarboxylation.-of L-DOPA in non-
dppa_mine..'t:gic neurons. .
1} R In summary, the 'praperty.of PLG- to 'down-regulate' or 'u.p-_‘
- . re.gula;.e' senaitivity of dopamine receptors makes this agent wunique
among the classes 'of zxtotypal dgpamine receptor agoniats and

; « 8 tagonists. 'l'he. t:he.rapeutic potential of PIG énd its analogues, _ /{—

: ly Parept:l.de sulfate, in extrapyram:l.dal motor disorders should . [

o plored in :I.n well- oct:?olled clinical trials in selected

opulations. Dopaminergic stiiatal neurona.nay constitute

.. " an {mportant focus for :ha cotversion of exog‘{usly adminiatered L- - 0 _s&
T : /“‘-—- ’
¢ - DOP, I:gzﬁ functianal pool of dopam:l.ne. 1n Parkinson 8, diaease. .
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neurotransmicter associated with these non-striatal neurons has not

been identified, tut in view of the close relationship between amines

and peptides (Hokfelt et al.,1980a,b),it would not be surprising that

DOPA decarboxylase activity is found in peptidergic neuron.s associated

with putative -‘PLG binding s;ces in the s riar.mn'. )
‘The desensitizing action of PLG has been further been demonstrated

in another model of dopaminergic receptoi’ supersensitivity—o;;iace

_tolerance and physical dependence. Chronic administration of opiates

3
have been shown to induce supersensitivity of dopamine i:ecepcors

evident in the augmenl:ed behavioural responses t:Qt‘:ards piribedii and
apdmorphirfe ‘(Ritzmam et 21,1979)In an ext;a).ve -ee.ries of studies,

Ritzmann et al. (1979) and Walter. ec al. (1679) dbi%d- chat PLG end .
cyclo(leu-gly) inhibited the development of colerence dnd physical K .
dependence on opiates in a manner reflecting inr.eraction with int.rinsic
putative PLG receprors. 'I.‘he alternative exists chat\ PLG possesses certain
degree_mof.opiace antagonist: acciv:’.ty and functions as an indirect

rd

dopamine modulator. These two hypor.hesized roles of gPLG in relatiom to

its inhibit:ory effects on opiate tolerance end phyeica? dependence may.

a3 ‘ .
contribute equally well tcwards its demonscra d inhibimry effeccs on /v\j——‘

cplate t:olerance and physical dependence. ‘Il'i . udies wit’ PLG

L e

. parenthetically kindles enthusiasm to i fy n endogenom inhibitor

d it may be relevant to emphasise

-

LY .
addictibn. ( 8 ¢ * . -
’ % ~r . G \
g ' . -. ' i‘\/ ’ ,
% - .r.  & ‘ o
- - . " a N - F ,4?_.\- '. \.
- ‘ L , . » T
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In three animal models of dopamine receptor supersensitivity:
1) 6-hyd dopamine=-lesioned animals'(Parkinson's disease); 2) chronic
neuroleptic.treaCment [tardive dyskinesia); 3) chronic opiate treatment
and withdrawal {opiate tolerance and physical dependence); the desensi-
cizing property of PLG and its analogues on dopamine receptor sensicivity R
haa apparently been well documented. According to che original protocol
of receptor sensitivity modification, down-regu n of dopamine
receptors and the consequent'attenuation in dopaminergic activity -
occurs only‘dnring withdrawal phase, following the initial stimulation

. v
‘of dopaminergic system by the presence of a prototypal dopamine agonidt

(Friedhoff 1977). Reversal of supersensitivity may not necessarily
be the same process as dcwn-regulation below the basal level of function
with respect to synapcic adaptacion and adaptability. Reversal of
dopaminergic supersensitivity can-be accomplished rapldly in the pre4§FD
‘sence of dopamine agonieﬁ;whereas down-regula:ion belew the basal level
requires long-term treatment with dopamine agonists. The possibility

exists in certain psychopa;hological states: synaptic function shifts~— . ////f\
to a new steady state and down-regulation may be necessary to restore

the original control mechanisms, Regardles the exact
.mechaniem, reversal or-do;n—regulation of sé;:isensitized dopamin

receptors (or reneptord specific for other neurotransmitters) {is not
'hdependenc primarily on the dopamine ag (st properties of the exogenous
:agent but may equally be achieved with regt dopaminergiq modulation.-

There is biochemical and behavioural evide ce that PLG differentially (ii,
d‘ ] ’ .

. " .~ -
1 - l r . * ) N f )
I . . . - g
) - , ; I o
AN . . .. -d . i . .
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modulates the sensicivity of dopamine receptor/adenylate cyclase
complex through inceracting with putative PLG binding sites in the
mammalian brain (revieweJ in ChaPCer II) In mofgcular terms, PLG
putacive binding sices may be functionally coupled to, though

Sp;éially separated from, dopamine receptor/adenylate cyclase complex.-
Hence it ia very unlikely that the demonstrated desensitizing effect

of PLG is attzibuted to.altered pharmacokinetic characteristics of

interaéting drugs.
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