SPECIAL ISSUE ON

I— - —

5. Patpath, G K. and_Dhawan, B N, Currest Research on
Medicinal Plants 1n India (ed Dhawan, B N), Indian National
Science Academy, New Delhi, 1986, pp 45-71,

& Patnaih, G K. and Dhawan, B N, Current Research n
Pharmacology in India (1982-1987) (eds Agarwal, K. K, Seth,
P K and Dhawan, B N ), indian National Science Academy,
New Dethi, 1994 (in press)

7 Dandiya. P. C. and Sakwna, M. R, Research and Development of
Indigenous Drugs (eds Dandiya, P. C. and Vohra, S D),
Institute of History of Medicine and Medical Research, New
Delhy, 1989, pp. 3444

8§ Dhawan, B N, Proc Indo-US Symposium on Menial Health
and Neurosciences in the Decade of the Brain (eds. Srinivasa
Murthy, R and Koslow, S H), Nattonal Institute of Mental
Health, Rockville, 1994 (1n press)

9 Bhattacharya, S K, Bos¢, R, Dutta, S. C., Roy, A. B and
Guha, S R, Ind J Exp Brol, 1979, 17, 598-600.

10 Bhattacharya, S§. K., Ray, A. B. and Dutta, §. C., Plania
Medica, 1975, 27, 164-170

11. Jamwal, K S, Anand, K. K and Chopra, I C, Arch Int
Pharmacodyn , 1962, 138, 400411

12. Sharma, J D, Dandiya, P C., Baxter, R M and Randell, S. I,
Nature, 1961, 192, 1299-1300.

I3 Arora, R B, Chatterji, A. K, Gupta, R. D, Arora, C. K and
Tandon, P. N, CNS Drugs (eds Sidhu, G S, Kacker. I K,
Sattur, P B and Thyagarajan, G ), Council of Scientific and
Industrial Research, New Delhi, 1966, pp 118-132

14 Bhide, N. K. and Aimen, R A, Nature, 1959, 183, 1735-1736

15 Sheth, U. K, Vaz, A, Deliwala, C. V and Bellare, R A, Arch
Int Pharmacodyn., 1963, 144, 3450

[6. Singh, H K. and Dhawan, B N., J Ethnopharmacol , 1982, §,
205-214.

17 Singh, H. K, Rastogi, R. P., Srimal, R. C. and Dhawan, B N,
Phytotherap Res., 1988, 2, 70-75

r—

1#. Simgh, H K, Srnimal, R C. and Dhawan, B N, Actes I Collog
Europ Ethnopharmacol | 1990, pp. 319-321

{9. Karanth, K S, Hanidas, K K, Gunasundari, $§ and Guruswam,
M N, Arogya, 1980, 6, 137-139

20 Chopra, R N,, Chopra, G S and Chopra, | C., Ind J Med
Res , 1942, 30, 155171

21. Chopra, R. N and Chopra, G S, Ind J Med Res, 1935, 13,
359-389

22 Dhawan, B N, Structure—Activity Relationships of the Canna-
bmoids (eds Rapaka, R S. and Makniyannis, A ), National
Institute on Diug Abuse, Rockwille, 1987, pp 189203

23. Atal, C K, Siddiqui, M. A, Zutshi, V, Alma, V, John, R R,
Rao, R G, and Kaur, S ,J Ethnopharmacol , 1984, 11, 309-317

24. Ghosh, D., Thejomoorthy, P and Veluchamy, nd J
Pharmacol., 1983, 15, 331-342

25. Nazimuddin, § K, Viswanathan, S, Kulanthaival P,
Gopalakrishnan, C and Kameshwaran, L., /nd J Med Res,
1980, 71, 476479

26 Guyral, M L., Kohlt, R P, Bhargava, K P and Saxena, P N,
Ind J Med Res, 1955, 43, 89-94

27. Palanicherry, S and Nagarajan, 8., J Ethnopharmacol , 1990,
29, 73-78.

28 Srimal, R C. and Dhawan, B N, J. Pharm Pharmacol , 1973,
55, 447-452.

29 Ghosh, D and Anand Kumar, A , Ind J Pharmacol , 1983, 13,
391-402

30 Kulkarmiy, S K and Varma, A, Ind J Exp Biol, 1992, 390,
885-888

31 Dhawan, B. N, The Medicinal Plant Industry (ed Wijesekera,
R. O B), CRC Press, Boca Raton, 1991, pp. 77-84

32 Pradhan, S N, Pandey, K and Badola, R, P, Br J Anues.,
1964, 36, 306-311

31 Dhawan, B N, Comp. Rend. Cong Iniernat Fhytotherap,
Nice, 1989, pp 27-35.

e e L —

Peripheral markers for CNS disease
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GROWING evidence of a biochemical basis for the
alterations in nervous activity, including behaviour and
mood, has led the neuroscientists to investigate the
precise mechanisms of neuropsychiatric disorders.
Experimental studies involving animals and in some
cases human volunteers have helped in understanding
the pathogenesis of a wvariety of neurological and
neuropsychiatric disorders and actions of drugs and
chemicals. Delineation of the role of dopamine receptors
in Parkinson’s disease and the observations that two
environmental chemicals, viz. MPTP and manganese,
could produce Parkinsonism-like syndrome is one such
achievement, Similarly, copper and aluminium have
been shown to play a role in Wilson’s disease and
Alzheimer’s disease, respectively. These studies have
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helped in the development of effective therapeutic drugs
and better management of the patients.

Advances in cellular and molecular neuroblology have
established that neurotransmitters and their receptors
and cellular signalling play a central role in the
functioning of the brain. Ever since the understanding
that neurotransmitters play a key role in the functioning
of the brain', neuroscientists have attemnpted to study
them under clinical conditions using body fluids and
post-mortem brain samples from disease-affected
individuals. The latter studies have provided some
useful information. However, the reliability of the data
using post-mortem samples is uncertain due to
difficulties associated with proper isolation and
preservation of the tissue; this could significantly affect
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the biomolecules. Moreover, the choice of age, sex and
stage of disease is not possible. Monitoring of the
observed biochemical alterations with the advancement
of disease or treatment follow-up in living condition is
not possible. Studies on cerebrospinal fluid (CSF)
contents for metabolites of neurotransmitters in patients
after lumbar puncture often pose ethical considerations
and are not preferred. Henkins® reported low zinc levels
in saliva in the syndrome of idiopathic hypogeusia and
other conditions with loss of taste.

Neuroscientists have, therefore, attempted to use
peripheral tissues and fluids as a marker for studying the
function of CNS under healthy and disease conditions.
For example, lacrimal fluid, saliva, sweat, urine, blood
and blood components, and cerebrospinal fluid have
been used for studying the following conditions:

Saliva: . Henkin’s syndrome, low zinc levels,
hypogeusia

Lacrimal Toxic exposure to heavy metals,

fluid: autonomic disturbances

Sweat: Inborn errors of metabolism affecting
CNS and autonomic system

Urine: Porphyric polyneuropathy, multiple
myeloma, homocystinuria, metachromatic
leucodystrophy

Blood: HLA tissue typing in genetic disorders,

e.g. narcolepsy, alpha fetoproteins
Red blood Acanthocytosis in dystonia, bone marrow

cells: tumour, lead polyneuropathy, basophilic
stippling
Serum: Levels of copper (Wilson’s disease), raised

serum prolactin level in true tonic
clonic epilepsy
Mast cells: Neurofibromatosis

Lympho- Neurodegenerative conditions like

cytes: movement disorder

Platelets: Parkinson’s disease, affective disorders

Cerebro- Myelin basic protein (MBP), multipie

spinal sclerosis, (T ) brain tumours, (T) IgA, 1gG,

flud: JgS, other CSF proteins like glial fibrillary
acidic protein (GFAP) ( T) in syringomyelia,
( T) in spongiform encephalopathy (S-100 1s
increased in Creutzfeldt—Jacob’s disease and
Alzheimer’s dementia).
Enolase (14-3-2 protein) are possible
precursors or markers of pathology in CNS.
Abnormal pyruvate and lactate In some
childhood metabolic CNS disorders present-
ing with mental retardation,

Urine

Screening of metabolites of neurotransmitters in the
urine of psychiatric patients suggests altered
neurotransmitter function in certain conditions such as
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depression and s.'.:hizfonphrenia3 . In patients of depression,
reduced levels of serotonin® have been observed. Sabelli
et al’ have suggested a decrease in urinary phenyl
acetic acid (PAA) as a marker for affective disorder
associated with panic attacks. Urinary 3-methoxy-4-
hydroxy phenyl-glycol aldehyde (MHFG) level has also
been measured in depressed patients together with
symptomatologyﬁ. However, urine analysis 1n
psychiatric conditions offers an indirect method for
assessing CNS activity and is limited in applicability.
Moreover, conditions related to renal malfunction,
presence of metabolites of drugs and chemicals could
lead to erroneous data. Therefore, these urine-based
estimations have not found much clinical application in
studying CNS disorders.

Blood components

Whole blood

Several workers have investigated  peripheral
neurotransmitter levels in neuropsychiatric diseases in
terms of their concentration in whole blood. Most of the
earlier reports on transmitter analysis in diseased
conditions were based on using whole blood. 5-
hydroxytryptamine (5-HT) content has been reported to
be significantly lower in the blood of individuals with
Down syndrome (Mcmgxi:)li:?,-;rs)7 and elevated in autistic
children®. Whole blood catecholamines have also been
investigated in juvenile obsessive compulsive disorder’.
In schizophrenia whole blood 5-HT levels are
significantly elevated!’. Interestingly, a recent report has
mentioned the utility of a haemoglobin-acetaidehyde
adduct as a new biological marker for alcoholism'".
Most of the present researchers now prefer isolated
blood fractions such as plasma/serum for analysis In
comparison with whole blood due to the convenience in

storage of samples.

Plasma

There have been a large number of studies on the
measurement of  various neurotransmitters  and
associated substances in the plasma of diseased persons.
Plasma levels of 5-HTY, Taurine", mrepinephrine”
and dopamine'’ have been reported to be altered in
patients with migraine, Spielmeyer—Vogt discase and
schizophrenia, respectively. Plasma kynuramine and
dexamethasone'® levels have been suggested as good
indices for monitoring depressive patients. Plasma
dopamine P-hydroxylase activity has also been studied
in psychiatric conditions'’. Often altered plasma levels
are indicative of a ‘disease effect’ or ‘phase eftect’ of
the state, as in the case of elevated  plasma
tetrahydrobiopterin levels in psychiatric patients'®
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Serum

Certain serum enzymes have been evaluated as possible
peripheral markers for CNS disorders. Studies have
been conducted on serum and CSF «-l-antichymo-
trypsin level in patients with Alzheimer-type dementia,
Down syndrome, vascular dementia, Parkinson’s disease,
spinocerebellar degeneration, cerebrovascular disease with
dementia and Duchenne muscular dystrophy'”. A signifi-
cant elevation of «-l-antichymotrypsin was observed
specifically in sera and CSF of Alzheimer-type dementia
patients, aithough there was no correlation between
serum levels and the degree of dementia. Enzymes like

acetylcholinesterase (GH iSOEI’IZ}’mE)ZG and creatine
kinase”' have been studied as markers for Alzheimer-

type dementia and major depression, respectively. Low
dopamine B-hydroxylase has been suggested as a
biological sequela of abuse and neglect in children®. In
certain nonpsychiatric conditions such as follow-up of
brain tumour patients after surgery, serum thymidine
kinase has been found to be a useful peripheral marker™.
Both serum and urinary B-hexosaminidase have been
suggested as markers of heavily drinking alcoholics®,

Lymphocytes

With the demonstration of specific neurotransmitter-
binding sites such as adrenergic and dopaminergic in
peripheral lymphocytes, their responsiveness in certain
disease conditions has been studied. Altered °“H-
spiperone binding has been reported in lymphocytes of
Parkinson’s disease patients®, Differences in tritiated
spiperone binding between neuroleptic responsive and
nonresponsive schizophrenic patients have been
observed. Masserini et al.*® investigated lymphocyte
subsets in schizophrenia in relation to clinical,
neuromorphological and treatment variables. Adrenergic
receptors in lymphocytes have been studied in condi-
tions such as congestive heart failure’’ and asthma?®, A
reduction of lymphocyte B-adrenoceptor level in chronic
alcoholism followed by rapid reversal after ethanol
withdrawal has been reported”. Lymphocytic glutamate
dehydrogenase activity has been measured in physio-
logical aging and neurological diseases®®. In their report,
heat-stable GDH was significantly elevated in aged
people while a decrease in activity was observed in
Parkinson’s and Alzheimer’s disease patients. In addition
to lymphocytes, elevated state of leucocyte (WBC)
adhesiveness/aggregation has also been suggested as a
new independent marker of mental stress’’.

Platelets

Blood platelets have been considered as a peripheral
model for the central nervous system for quite some
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time. Initially, platelets were proposed as a model for
presynaptic nerve terminals on account of their ability to
accumulate, store and release biogenic amines such as 5-
hydroxytryptamine, noradrenaline and dopamine®
Reports on the presence of neurotransmitter and drug
receptor proteins in platelets which are altered in several
neurological or psychiatric disorders have further
strengthened the proposition of platelets as neuronal
model. With the demonstration of several neuro-
transmitters and their receptor sites and related enzymes,
platelets can be considered to have multineuro-
transmitter sites similar to neurons, Similarities between
platelet and brain neurotransmitter proteins have been
demonstrated immunologically’® and by the discovery of
neuron-specific proteins such as enolase’”*® and
synaptophysinw.

The use of blood platelets as a model system for the
synaptic apparatus can, however, be justified only for
those parameters where it can be shown that blood
platelets and nervous tissue share almost identical
characteristics. To date, the knowledge of many
biochemical mechanisms underlying platelet physiology
ts still fragmentary. In fact, the functional role of
neurotransmitter—-receptor binding sites located on the
platelet cytoplasmic membranes, i.e. their coupling to a
specific transmembrane signalling mechanism, needs
precise  biochemical and physiological characteri-
zation™.

Some structural aspects of platelets are analogous to
those of neurons. Both possess a limiting membrane,
mitochondria and dense-cored vesicles where neuro-
transmitters are stored. Mitochondria provide energy for
cellular functioning and localize monoamine oxidase
(MAO)Y*' for neurotransmitter catabolism like neurons,
and the vesicles or granules are storage sites for
serotonin, prepacked for release by excitation—secretion
coupling. Platelets and neurons differ in some
respects’, e.g. platelets contain alpha granules which
store glycogen while neurons do not, and neurons
contain a cell nucleus whereas platelets are anucleated.
Perhaps very important is also the fact that platelets are
not ‘innervated’ and do not ‘innervate’; thus, they lack
synapses. The platelets can be considered structurally as
a model for the presynaptic serotonergic nerve terminal
but cannot serve as a model for synaptosome since the
post-synaptic element of the synapse 1is lacking.
However, other platelet membrane receptors may
potentially model either presynaptic or postsynaptic

neuronal receptors.

Monoamine systems in platelets

Serotonin

Ever since the presence of serotonin was demonstrated
in platelets®, its biosynthesis in platelets has been a
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subject of extensive study. The current belief 1s that
human platelets do not synthesize 5-HT””, rather the 5-
HT destined for platelets is believed to be synthesized in
enterochromaffin cells of the gut. New platelets from
bone marrow have storage granules and transport
mechanisms but no 5-HT. When they pass through the
gut circulation the new platelets pick up their 5- HT®

Uptake and storage
5-HT accumulation in platelets is against a considerable
concentration gradient, reaching as high as 200:1 for
platelets compared to plasma*’. Uptake is both by active
and passive processes and occurs mainly at two sites:
the cytoplasmic membrane and the intracellular 5-HT
storage organelles. Of particular interest are the studies
with plasma membrane vesicles of porcine platelets
since the transport of 5-HT across the membrane can be
examined independently from intracellular events®™ 4.
Active uptake of 5-HT is selective, temperature-
sensitive and concentration-dependent, exhibiting
structural specificity and ion dependency®’. Active
transport system of platelets is similar to the brain m
terms of pharmacological and kinetic parameters”,
although differences may exist”. Interestingly, it has
been observed that antibodies against blood platelets
influence 5-HT uptake and imipramine binding In
synaptosomes% Metabolic inhibitors, e.g. c¢yanide,
fluoride, dinitrophenol, monoiodoacetate as well as
ouabain, in concentrations which do not cause apparent
dama;e to the platelet structure, decrease the uptake of
5:HT"". The serotonin transporter system in platelets has
been excellently reviewed’">%. At high concentratlons
(107> M) the uptake of S-HT is by passive diffusion™
Blood platelets are able to not only accumulate
exogenous amine but also store them in a metabollcally
stable form in specific storage organelles®’. The 5-HT
storage granules are spherical bodies containing a dense
aggregate of osmiophilic material surrounded by a unit
membrane. The granular amine transfer mechanism does
not appear to be classically ‘active’ since it lacks
dependency upon energy. Monoamines have been shown
to interact with ATP by electrostatic forces, thus
forming storage complexes™. Recently, serotonin
organelles of rabblt platelets have been shown to contain

synaptophysm

Release

Release of 5-HT by platelets has been shown to occur
through several mechanisms, Passive efflux®, disruption
induced by external stimuli such as K* and Ca*’
concentrations, thrombin and platelet activating factors
cause the release of platelet 5-HT by a common
mechanism known as platelet release reaction. In both
platelets and neurons three main types of release, viz.
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exocytotic release, reserpine-induced release and
phenyl- or indolyl-alkylamines-induced release have
been observed. Also, similarity in the mechanism
underlying these three types of release in platelets and
neurons has been outlined*’ although the stimuli for
exocytosis may differ.

Degradation

Monoamine oxidase (MAQ), responsible for the
oxidative deamination of monoamines, and 5S-HIAA, the
major metabolite of 5-HT, have been demonstrated in
platelets. In human platelets, MAO has been found to be
of B type, as the enzyme preferentially catalyses the
deamination of amines like f-phenethylamine and
benzylamine, and is relatively sensitive to the B-type
MAO inhibitor deprenyl®. The properties of MAO A
and B in platelets are similar to those of the corres-
ponding enzymes in the brain®. Human blood platelet
monoamine oxidase has been proposed as a biological
marker for a variety of psychiatric diseases*'

Catecholamines

Metabolism

Biosynthesis of catecholamines, dopamine, epinephrine
and norepinephrine has not been demonstrated as yet in
platelets. However, platelets contain the enzyme phe-
nolsulphotransferase capable of catalysing the sulpho-
conjugation of a wide variety of phenolic compounds,
including dopamine, in a manner similar to the brain

tissue>°

Uptake and storage

Adrenalineﬂ, noradrenaline’® metaraminol®>®  and
dopaminef’o accumulate in blood platelets against a
concentration gradient at 37°C. Recently, a highly
selective, temperature-dependent uptake system for
dopamine comprising both high- and low- afﬁmty
components has been demonstrated 1n human platelets™

which is similar to brain dopamine uptake This system
is an independent one for dopamine as the other
sympathomimetic amines, adrenaline and noradrenaline,
have no effect. In addition to this, passive diffusion may
also account for dopamine uptake®'. Platelets have been
considered as poor investigative models for dopamine
reuptakeﬁz. Similarities in catecholamine uptake system
of adrenergic neurons and platelets have also been
suggu:—:stve:'a:i'ifi The passive uptake components for
adrenaline and noradrenaline are dominant over the
energy-dependent, carrier-mediated mechanism. Adre-
naline, dopamine and, to a lesser extent, noradienaline
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accumulate in the 5-HT storage granufﬂsﬁ though the
amounts are constderably less compared to 5-HT.

Release

Catecholamines may be released from storage granules
along with 5-HT during the platelet release reaction.
However, no independent release factors or conditions
have been reported for them. Born and Smith®’ demon-
strated that following incubation with radiolabelled
adrenaline, more than half the accumulated radioactivity
is present as adrenaline metabolites. In contrast, both
dopamine and noradrenaline are only slowly meta-
bolized following accumulation although dopamine at
least 13 a substrate for the platelet monoamine oxidase.
Platelets accumulate  dopaminergic  neurotoxin
MPTP®, which is rapidly converted to MPP* by platelet
MAO B%. MPP" itself is also actively accumulated by
the same energy-dependent carrier mechanism as that
utilized for transport of 5-HT and dopamine®’. Blood
platelets have been considered as a very useful cell
model for studying in vifro and in vivo mechanisms

leading to cell-specific accumulation of the neurotoxin
MPTP and MPP" (ref. 40).

Amino acids and other compounds

In addition to biogenic amines, platelets can accumulate
Other neurotransmitters or neuromodulators such as
glutamate, aspartate, glycine, taurine and GABAS: %
it has been reported that 75% of GABA present in the
blood is concentrated in platelets, suggesting their
ability to accumulate and/or synthesize GABA®. Blood
platelets also contain a relatively high proportion of
free amino acids’’ such as glycine, glutamic acid,
taurtne and aspartate, GABA transaminase has been
detected in the lysate of platelets with properties similar
to those found in the brain, liver or kidney’..
Interestingly, the high-affinity GABA uptake system in
platelets seems to resemble glial cells’”. Further, related
amino acids inhibit GABA uptake in platelets, suggest-
ing the possibility of a common transport mechanism’>.

Neurotransmitter binding sites in blood
platelets

Serotonergic binding sites’ 377

In addition to membrane receptors for serotonin uptake™
and for fricyclic antidepressants”, other types of
membrane receptors for serotonin have been demon-
strated In blood platelets. Such receplors seem to differ
from the serotonin receptors responding to substances
such as ADP, thrombin and collagen. A great deal of
speculation exists about different categories of serotonin
receptors in the brain, Some investigators categorize
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them as presynaptic and postsynaptic serotonin
receptors regulating the neuronal firing and synaptic
functioning of serotonin neurons. Others categorize
serotomin receptors by their ability to be stimulated
and/or blocked by specific antagonists or their link to
adenylate cyclase or different binding ligands. Three
subtypes of serotonin receptors have been characterized
in the brain so far”. At present it is dufficult to compare
the various subtypes of brain serotonin receptors with
those of platelets. However, among the platelet neuro-
transmitters, serotonin receptors have been the best
studied ones. Initially, serotonin membrane receptors of
platelets were studied on the basis of physiological
parameters (i.e. shape change, aggregation) rather than
on purely molecular pharmacological grounds, i.e.
ligand binding”, Pletscher and his associates explored
extensively a 5-HT receptor on the quter membrane of
a platelet which mediates shape change reaction —a
transition from the physiological discoid form into a
spheroid form”’. This receptor is distinct from the 5-HT
uptake site and is stimulated and blocked by various 5-
HT agonists and antagonists as well as by drugs that
inhibit platelet shape change’’. The platelet 5-HT
receptors have been considered to be a better model for
3-HT receptors in the spinal cord and reticular format-
lon than for 3-HT receptors in the central nervous system.

An elegant series of experiments by Leysen and
Ccoworkers has unveiled the presence of putative 5-HT,
receptors labelled by *H-ketanserin on blood platelets’®.
This ligand was found to label cat platelet 5-HT,
binding sites, demonstrating similar pharmacological
characteristics as of rat striatal and frontocortical sites.
5-HT, receptors in human platelets have also been
identified using the antidepressant drug derivative *H-
tetrahydro-transodone, which binds to human brain. In
addition to direct binding studies, Leysen's group has
shown functional correlations in both brain and platelets
3-HT receptors. Whereas brain 5-HT; binding is
Correlated with animal behaviour (tryptamine-induced
Chronic seizures, mescaline and S-hydroxytryptophan-
induced head twitches), platelet 5-HT, binding is
correlated with 5-HT-induced platelet aggregation. The
5-HT; receptors of blood platelets do not appear to
activate the adenylate cyclase system. Binding of °H-
lysergic acid diethylamide (LSD) in platelets has been
suggested as a model for studies on peripheral and
central 5-HT receptors in man’”., The platelet 5-HT,
receptor has often been proposed'™™ as an effective
model for 5-HT, receptors in the brain and could serve
as a window to CNS disorders linked to S-HT, receptors
such as anxiety and depression™,

Dopaminergic binding sites

In the past twenty vears,
transmission has received

dopaminergic
considerable

neyro-
scientific
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attention® . Involvement of the dopaminergic systems in
neurological and psychiatric states has provided impetus
for studying dopaminergic transmission in CNS
functioning®'. Receptors for dopamine have also been
characterized in peripheral tissues like oesophagus®,
gastrointestinal tract®, ciliary body®*, liver®, kidneys®,
lymphocytes® and in blood platelets®’. Earlier studies
have shown that 3H-hzzllcu:)eridc}l labels intact blood

platelets (platelet-rich plasma) nonspecifically®®.

Adrenergic binding sites

Physiological and pharmacological studies indicate that
actions of catecholamines involve both o- and 8-
adrenergic receptors in several tissues. Adrenoceptors in
the CNS have been subdivided primarily into o and 3
types, which are further differentiated into a1, o2 and
B1 and B2 subtypes® . Existence of multiple types of «-
adrenergic receptors in different tissues and the presence
of some of these in the platelets has been demon-
strated”. Since classification of o-adrenergic receptors
1s complex and constantly changing due to rapid
advances In this field, it is often difficult to draw
similarities between the brain and the platelets. The
in'tial observations that platelet aggregation induced by
pnysiological catecholamines could be possibly
mediated by adrenoreceptors led to the discovery and
characterization of both o-”' and B-adrenoreceptors® in
platelets. The observed response to adrenaline seems to
depend on the number of stimulatory a-adrenoreceptors
present, as well as on the ratio of these receptors to the
inhibitory adrenoreceptors present on platelets. It has
been suggested by many investigators that o-adreno-
ceptors on the human platelets are exclusively of the o2
subtype93. When o-adrenergic agonists (such as norepi-
nephrine) .occupy the membrane receptors, adenylate
cyclase activity is inhibited, cyclic AMP production is
decreased and platelets tend to aggregate94.

Interestingly, «a2-adrenoceptors on human platelets,
like those on neurons in the rat brain, appear to become
subsensitive after long-term administration of tricyclic
antidepressant drugs. Further, chronic administration of
tricyclics to endogenously depressed patients was found
to reduce the number of *H-clonidine binding sites on
the platelet membranes. Observations such as these
highlight the fact that specific binding of radiolabelled
o2-adrenoceptor ligands to human platelet membrane
could be used to evaluate a2-adrenoceptor function in
endogenous depression as well as to assess biochemi-
cally the therapeutic responsiveness.

Brain and platelet oa2-adrenergic receptors exhibit
similar quantitative pharmacologic responses to a
number of agonists and antagonists*®, Furthermore,
changes in platelet aggregation and o2-adrenergic
receptor sites in depressive disorders / have been

CURRENT SCIENCE, VOL. 68, NO 2, 25 JANUARY 1995

correlated with ¢hanges in central adrenoceptor
density”. Based on all these similarities in pharmaco-
logical and kinetic properties between the brain and
platelet adrenoceptor sites, the responsiveness of the
blood platelet o2-adrenergic sites in certain psychiatric
conditions’® have been suggested to serve as a satis-
factory model for investigating certain characteristics of

the brain o2-adrenergic receptors™.

The presence of P-adrenergic, predominantly of B2
subtype binding sites, has also been shown in human
plateletsgz. PBl-selective antagonists (atenolol, meto-
prolol) had no influence on isoprenaline-induced cAMP
formation in human platelets. The validity of platelet -
adrenoceptors as a model for brain versus vascular
adrenoceptor has been suggested”’.

GABA binding sites

There is only one report’ stating the existence of
GABA binding to human platelets using *H-muscimol as
the ligand. The possible role of GABAergic mechanisms
in blood platelets has also been reviewed 2.

Drug binding sites

Binding sites for tricyclic antidepressants, noncyclic
antidepressants, benzodiazepines, phencyclidine and
other drugs have been demonstrated and used in the
study of certain neuropsychiatric disorders” '~

National scene

Most of the studies conducted in the country on
peripheral markers have been confined to blood
platelets. Earlier studies conducted by Prof. K. P.
Bhargawa’s group (King George’s Medical College,
Lucknow) demonstrated that the uptake of 5-HT in
platelets is diminished in hypertensive patients. In a
recent study conducted by this group on hypertensive
patients, a marked decrease in 5-HT content and
increase in 5-HT efflux, accompanied by increase In
plasma 5-HT and 5-HIAA levels has been reported'®. A
significant correlation between rise in diastolic blood
pressure and these changes in 5-HT kinetics in platelets
in these hypertensive cases was observed. This group is
continuing their study on uptake of 5-HT and other
neurotransmitters in platelets.

A significant amount of work has been done by Seth
and his associates on platelet S5-HT and DA-
neurotransmitter receptor types. High-affinity binding of
'H-5-HT has been demonstrated to occur on 5-HT
uptake sites'™, as inhibitors of 5-HT uptake, namely
amitryptaline, imipramine and nortryptaline, were potent
inhibitors of binding rather than 3$-HT receptor
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antagonists like methysergide and cyproheptadine.
Recently, they have also observed specific glutamate
binding sites in blood platelets'® '°®. The presence of

both DA-D! and DA-D2 receptor binding sites in
platelets have also been shown by this group' .
Platelet dopaminergic binding sites have been

proposed as possible peripheral markers for CNS
dopaminergic alterations in neurotoxic and neuro-
logical conditions'®®. Exposure to neurotoxicants such as
acrylamide, styrene and methylmethacrylate has been
reported to lead to a significant increase in CH)-
spiperone binding 1n platelet and striatal membranes,
whereas methyl mercury chloride exposure results in
significant decrease of binding in both tissues'®.
Investigations carried out in neurologic conditions such
as mental retardation and hyperkinesia reveal an
elevation of "H-5-HT binding compared to controls.
Platelets from schizophrenic patients were found to
elicit significant elevation in 3H—5]:>iper0»ne (labelling
DA-D2 receptors) binding''®. Interestingly, these
alterations have been found to be analogous to changes
reported in corresponding CNS sites in these
conditions'''.

Using the DA-D2 binding assay, the authors studied
human blood platelet membrane in idiopathic
Parkinson’s disease (IPD). Two subgroups were evident
in the 108 IPD cases studied: one exhibiting an increase
and the other a decrease in "H-spiperone binding. It is of
interest to note that the patients exhibiting increased *H-
spiperone binding, responded satisfactorily to L-dopa
therapy clinically (assessed on H & Y scale and
Webester scale). They also showed a downward trend in
the *H-spiperone binding on follow up. The patients who
exhibited a decreased ’H-spiperone binding, showed a
poor clinical response as well as no significant change
in the binding of “H-spiperone following L-dopa
treatment. A significant decrease in platelet S-HT,
receptor was observed in IPD cases. As in the case of
‘dopamine receptors’ no correlation of clinical staging
with the 5-HT, receptor alterations was observed. The
activity of monoamine oxidase in platelets was found to
be increased in Parkinson’s patients. A significant
decrease in platelet aggregation induced by ADP (32%)

and EPN (60%) was also observed in Parkinson’s cases.

Conclusion

The measurement of transmitter-related parameters in
human peripheral tissues and body fluids not only
allows intraspecific analysis under desired clinical
supervision but also the data may be obtained relatively
painlessly and with little risk to the patient. A major
advantage of peripheral markers is that investigative
tissue can be obtained at various stages of an episodic
disease process and many time-based fluctuations may
be monitored in the same individual; hence, excellent

2i0

control of biological variation is possible. At present,
the search for markers in psychiatry has attracted
significant attention of both clinicians and neuro-
chemists. In spite of current limitations, biological
markers may ultimately increase the precision of
clinicians’ nosologic and therapeutic decisions. Besides,
their use in monitoring of patients during clinical
examination is another attraction.

Researchable questions

In spite of certain unanswered questions, platelets
continue to be an attractive peripheral model for the
central nervous system to biochemists, neurobiologists
and clinicians. Their morphological and biochemical
similarities with neurons and the ease with which they
could be repeatedly obtained from the same human
being, combined with the reports that alteration in
platelets reflect the changes occurring in the brain in
live situations, makes them the most viable peripheral
model. Most of the existing information about the
biochemical basis of neuropsychiatric disorders has
been derived from the studies of postmortem brain
samples. Unfortunately, variations such as tissue
collection and preservation procedures and the limited
choice of age, sex or the actual stage of disease often
lead to variable and even nonreproducible data.
Although the availability of current techniques like
positron emission tomography (PET) and nuclear
magnetic resonance (NMR) makes it possible to study
the neurotransmitters and their interaction with receptors
in the live brain, the technique 1s expensive and not
available easily in all the hospitals and biomedical
centres. This further makes blood platelets study an
attractive alternative.

The existing literature suggests that platelets could
possibly be used to study certain neurological disorders,
but there is a need to wunderstand further their
characteristics and mechanisms which bring about
changes in the platelet receptors under disease
conditions like (a) Parkinsonism, (b) schizophrenia, (c)
depression, (d) exposure to toxic chemicals and drug
exposure, (¢) prognosis of disease and (f ) drug abuse,
especially the effect of cocaine, nicotine, heroin on
dopamine and S5-HT receptors or (g) exposure to
specific environmental pollutants like cadmium. The
uncertainties about the usefulness of the platelet as
neuronal model can probably be settled as more data
about structure and function of the binding proteins are
understood.
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DUE to the rapid strides of progress in medicine and
kealth care practices, the average human life span has
been on the increase during the past 100 years. Conse-
quently, there has been a steady rise in that fraction of
the population which is above 60 years. For example, it
1s estimated that today there are about 60 million
persons in India who are above 60 years of age. If the
present trend continues, it is expected to touch the 100
million figure soon after the turn of the century. The
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picture is more alarming in the case "of developed
countries like USA, if one considers the percentage of
population above 60 years.

How old age is viewed in a society is a cultural issue.
How an organism becomes old is a biological question.
However, deterioration in mental function is both a
biological as well as a sociological issue. The study of
the aging phenomenon is termed as gerontology. If the
study emphasizes on the brain or the central nervous
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