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ABSTRACT: The study of neurotransmitter receptors aids in the understanding of the normal anatomy, pharmacol
ogy, therapeutics and pathophysiology of disease processes involving the basal ganglia. Receptors may be studied 
in vitro by homogenate binding experiments, enzyme analysis or quantitative autoradiography and in vivo with 
positron emission tomography. In the substantia nigra (SN), receptors have been identified for somatostatin, 
neurotensin, substance P, glycine, benzodiazepine and GABA, opiates, dopamine, angiotensin converting enzyme 
(ACE) and serotonin. The striatum has receptors for dopamine, GABA and benzodiazepines, acetylcholine, opiates, 
substance P, glutamate and cholecystokinin. GABA and benzodiazepine receptors are also located in the globus 
pallidus. In Parkinson's disease, striatal dopamine D-2 receptors are elevated in patients that have not received 
L-DOPA therapy. This supersensitivity is reversed with agonist therapy. Muscarinic binding to cholinergic receptors 
seems to correlate with dopamine receptors. Delta opiate receptors are increased in the caudate and mu binding is 
reduced in the striatum. In the SN of patients with Parkinson's disease, there is reduced binding of somatostatin, 
neurotensin, mu and kappa opiates, benzodiazepine and GABA and glycine. In Huntington's disease, there is 
reduced binding of GABA and benzodiazepines, dopamine, acetylcholine, glutamate and CCK. There is increased 
binding of GABA in both the SN and globus pallidus. Glycine binding is increased in the substantia nigra and ACE is 
reduced. 

RESUME: Recepteurs dans les noyaux gris centraux. L'etude des recepteurs des neurotransmetteurs nous aide a 
comprendre l'anatomie normale, la pharmacologic la therapeutique et la pathophysiologic des processus pathologi-
ques touchant les noyaux gris centraux. Les recepteurs peuvent etre etudies in vitro par des epreuves de liaison sur 
homogenat, l'analyse enzymatique ou l'autoradiographie quantitative et in vivo par la tomographic par emission de 
positron. 

Des recepteurs pour la somatostatine, la neurotensine, la substance P, la glycine, les benzodiazepine et le GABA, 
les opiaces, la dopamine, l'enzyme de conversion de l'angiotensine (ECA) et la serotonine ont ete identifies dans la 
substance noire (SN). Le striatum possede des recepteurs pour la dopamine, le GABA et les benzodiazepines, 
l'acetylcholine, les opiaces, la substance P, la glutamate et la cholecystokinine. II y a egalement des recepteurs pour le 
GABA et les benzodiazepines dans le globus pallidus. 

Dans la maladie de Parkinson, le nombre de recepteurs dopaminergiques D-2 au niveau du striatum est augmente 
chez les patients qui n'ont pas ete trails par la L-DOPA. Cette hypersensibilite disparait lors de la therapie par des 
agonistes de la L-DOPA. La liaison muscarinque aux recepteurs cholinergiques semble faire correlation avec les 
recepteurs dopaminergiques. Le nombre des recepteurs aux opiaces de type delta est augmente dans le noyau caude 
et la liaison aux opiaces de type mu est diminuee dans le striatum. II y a une diminution de la liaison de la 
somatostatine, de la neurotensine, des opiaces mu et kappa, des benzodiazepines, du GABA et de la glycine dans la 
SN de patients atteints de la maladie de Parkinson. Dans la maladie de Huntington, il y a une diminution de la liaison 
du GABA, des benzodiazepines, de la dopamine, de la muscarine, du glutamate et la CCK. II y a augmentation de la 
liaison du GABA dans la SN et egalement dans le globus pallidus. La liaison de la glycine est augmentee dans la SN et 
I'ECA est diminue. 

Can. J. Neurol. Sci. 1987; 14:395-401 

Neurotransmitter receptors play an essential role in neural 
transmission and the functional integrity of the brain. The study 
of these receptors aids in the understanding of normal anatomy, 
pharmacology and therapeutics as well as the pathophysiology 
of disease processes involving the basal ganglia. The field of 
receptors has evolved into a rapidly growing area of research. 
The purpose of this article is to provide a review of the subject 
to help in the understanding of the current areas of research, 
and the role of receptors in movement disorders. 

Receptors are protein macromolecules that are located in cell 
membranes, cytoplasm or nucleus. Most drugs are thought to 

act on drug or neurotransmitter receptors. The activation of 
receptors may initiate a second messenger system or may lead 
to electrical discharge and signal propagation in post-synaptic 
cells. Many receptors are on post-synaptic or pre-synaptic 
membranes. The latter may be involved in a feedback inhibition 
system and are called autoreceptors. Each type of receptor 
may have many subclasses. Activation of one class of receptors 
may oppose the physiological function of the neurotransmitter 
acting at a different site. To complicate the issue even more, 
there may be more than one affinity state for each subclass of 
receptor. This will be discussed in more detail in the section 
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pertaining to the individual neurotransmitter systems. 
There are many receptors located in the basal ganglia that are 

potentially involved in the control of movement. These include 
receptors for dopamine, gamma amino butyric acid (GABA), 
benzodiazepines, opiates, acetylcholine, glutamic acid, glycine 
and peptide neurotransmitters. While some of these have been 
investigated in detail in both humans and animals, others have 
had very preliminary studies in the latter only. The methods of 
analysis and the species used have varied to such a great extent 
that it is often very difficult to compare data. 

METHODS OF ANALYSIS 

Neurotransmitter receptors may be studied by in vitro and in 
vivo techniques.' Binding studies yield an index of receptor 
density (Bmax) and a dissociation constant (KD) that is 
inversely proportional to the affinity of the ligand. Pathological 
states can be assessed in terms of change in receptor numbers 
or change in the affinity of the ligand. If the KD remains 
constant, then one may conclude that the disease process has 
changed the receptor density. 

In vitro tissue homogenate binding may be assessed by a 
radioreceptor assay using tightly bound antagonists. With this 
method, receptors that have both high and low affinity states 
are measured together. If one uses an agonist, it is possible to 
assess only a high affinity site and thus fail to obtain a true total 
receptor density. It is therefore better to use antagonists when
ever possible to study a total receptor number. High and low 
affinity states change with the freezer life span of the tissue and 
experimental variables such as ionic concentrations and the 
addition of guanine nucleotide. This makes it impractical to 
assess the various affinity states in post-mortem human tissue 
at this time. Animal work is now being pursued to study alter
ations in high and low affinity states of receptors such as the 
dopamine receptor induced in pathological states. 

Radioreceptor assays may be performed with a filtration or 
centrifugation technique. Saturation analysis attempts to mea
sure the specific binding of a tritiated ligand to the receptor, 
first by measuring the total binding to the tissue and then 
subtracting the nonspecific binding in the presence of an excess 
of cold antagonist. The saturation binding curve is a function of 
the numberof receptors and the concentration of tritiated ligand 
available. Scatchard analysis transforms this data to a linear 
plot with KD as the negative slope of the line and Bmax as 
the x intercept. Filtration methods enable one to process a large 
number of samples but has the disadvantage of losing protein 
(and receptors) through the washing and filtration process. 
Furthermore, an exact measurement of the free concentration 
of the ligand is not possible and may lead to error in the 
calculations due to depletion by nonspecific binding sites.2 

Centrifugation assays are more time consuming, but both of 
these potential problems are eliminated. 

Tissue homogenate studies give a high degree of accuracy, 
but lack in anatomical precision. Autoradioagraphic analysis of 
tissue slices provides improved anatomical resolution of recep
tor location.3 The application of varying concentrations of ligand, 
in addition to the assessment of specific binding, allows for the 
calculation of the binding indices. Computerized grain counting 
analysis has improved the accuracy of the quantification with 
this technique. The anatomical localization greatly improves 
with this technique, but the accuracy of the binding estimate 
does not approach the tissue homogenate method. Recently, 

animal studies have been performed with the in vivo administra
tion of isotope providing a model for the validation of PET 
binding studies.4 

Positron emission tomography (PET) has been used to study 
neurotransmitter receptors.5 The aim of PET is to provide a 
quantitative in vivo analysis of receptors.6 After the injection of 
positron emitting ligands, one can measure the regional radioac
tivity of the brain. The previous disadvantages of post-mortem 
artifacts, difficulty in matching patients and problems with 
brain acquisition, are all surpassed. The initial receptor studies 
were analyzed by comparing the ratios of radioisotope concen
tration in areas that are rich in receptors (basal ganglia) to those 
that are devoid of receptors (cerebellum). Recently, new 
approaches for the saturation analysis of receptors7 and tracer 
kinetic analysis8 have provided measurements that may be 
compared with homogenate and autoradiographic techniques. 

DOPAMINE RECEPTORS 

Dopamine receptors are present in the substantia nigra, cau
date and putamen. There are two classes of dopamine receptor, 
D| and D2.

9 The D| site activates adenyl cyclase and the D2 site 
either inhibits or does not affect this second messenger system. 
The D2 site has a physiological role in the control of motor 
functions. The D| receptor, on the other hand, does not have a 
well defined physiologic role, it may be involved in modulating 
the D2 system. This interaction and the clinical significance of 
the two sites are the topics of another paper in this volume 
(Beaulieu) and will not be discussed here. 

There are high and low affinity states that have been identi
fied for both classes of dopamine receptors. These affinity 
states are appreciable only when agonists are used in the bind
ing studies; antagonists do not recognize the difference. The 
proportion of high and low affinity states may be changed in 
vitro, depending on experimental conditions. It is not known 
what causes the conversion in vivo between the two states, 
though neuromodulators have been implicated. It has been 
suggested that the post-synaptic D2 state is normally functional 
in the low affinity state in the striatum. Pre-synaptic autoreceptors 
most likely function in the high affinity state.10 

D2 Dopamine Receptor 
This site has been analyzed in vitro by homogenate binding 

studies" and quantitative autoradiography.1 Most of this work 
has employed high affinity radioactive neuroleptics. Spiperone, 
a butyrophenone, is a suitable ligand for this site but has the 
disadvantage of binding to S2 serotonin receptors in the same 
concentration range. In the striatum this is not a major problem 
because of the lack of S2 receptors in this location. Substituted 
benzamides have a higher degree of specificity at the D2 site. In 
vivo PET studies have used spiperone derivatives and raclopride7 

for dopamine receptor binding studies. 
It is difficult to assess the exact cellular location of D2 binding 

sites. Anatomical localization is suggested by indirect means 
with lesions at distant sites that are known to send processes to 
the area of interest. If receptor sites drop out or increase in 
number, the relationship of the distant neuronal population to 
the site under study may be inferred. Until histofluorescent 
studies are available (after receptor purification is achieved), 
this is the best that can be anticipated. D2 receptor sites are 
possibly both pre and post-synaptic. The dopaminergic neu-
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Figure I — Dopamine D, and D2 receptor sites in the striatum and substantia 
nigra. Legend: DA - dopamine, ACh - aceytkholine, Glu - glutamate, 
GABA - gamma amino butyric acid. 

rons of the pars compacta of the substantia nigra send axons to 
the striatum. The exact termination of these axons has been 
thought to be on two specific neural populations.12 One site is 
that of the interneurons of the striatum. The other site is on the 
pre-synaptic axon of glutaminergic neurons from the cerebral 
cortex, as judged from cortical lesion studies. As many as 40% 
of the receptors may be at this location, suggesting a dopaminergic 
role in the cerebral modulation of movement. Recently, this 
site for D2 receptors has been questioned13 with the use of 
quantitative autoradiography. In the substantia nigra, D2 sites 
are found in the pars compacta. These are most likely auto-
receptors on dopaminergic cell bodies and dendrites as judged 
by human studies in patients with Parkinson's disease.'4 (See 
Figure 1) 

D2 dopamine receptors have been found to be altered in 
pathological conditions. Supersensitivity, defined as an increase 
in receptor density, can be induced by denervating the receptor 
by anatomical lesions or with neuroleptics.15 Striatal D2 dopa
mine receptors have been found to be increased in patients with 
Parkinson's disease who have not been treated with dopamine 

agonists 
16,17,18 This supersensitivity is reversed if patients are 

treated with L-dopa, but the density is not reduced below the 
level of controls. The receptor density does not decrease pro
gressively with the duration of time the patient is on agonist 
therapy or with the progress of the disease.I9 This suggests that 
the late onset reduction of benefit seen with agonist treatment is 
not due to loss of receptors as previously suggested by others. '8 

In Parkinson's disease the D2 density is also reduced in the 
substantia nigra. This again suggests that the location of these 
sites is on the dopaminergic cell and its processes. In Progres
sive Supranuclear Palsy these receptors are decreased in both 
the striatum and the substantia nigra.20 This has also been 
confirmed semi-quantitatively in vivo with PET studies using 
76Br-bromospiperone.2' This may be the reason for the failure 
of agonist therapy in this condition. In Shy Drager syndrome 
there has also been a reduction of D2 receptors found in the 
substantia nigra.22 In Huntington's disease there is a reduction 
of sites in the striatum.23 In this condition, there is a normal 
dopamine content in the striatum and coupled with a reduction 
in the numbers of receptors, there may be increased dopaminergic 
transmission in the surviving neurons. This reduction in striatal 
D2 receptors is reversed with neuroleptic treatment (Seeman 
personal communication). Schizophrenic patients have been 
shown to have an increased density of the D2 receptors but 
there is some controversy if this is a result of neuroleptic 
treatment or a primary manifestation of the disease process.24 

D! Dopamine Receptor 

This class of dopamine receptors has been analyzed in vitro 
with the use of tritiated antagonists such as flupenthixol and 
more recently SCH 23390. The latter has a much higher degree 
of specificity. D| receptors also have a high and low affinity 
state and the significance of this is unknown at this time. 

Striatal D| receptors are thought to be located on the post
synaptic interneurons. In the pars reticulata of the substantia 
nigra, these receptors are found on pre-synaptic processes of 
GABAergic neurons that originate in the striatum.25 The evi
dence for this comes from animal studies in which the striatum 
was lesioned with kainic acid and binding studies were per
formed in nigral homogenates. This suggests that there is modu
lation of the GABAergic neurons by the dopaminergic cells of 
the substantia nigra pars compacta. (Figure 1) 

The D| dopamine receptor has been reported to be abnormal 
in several diseases. In Parkinson's disease, striatal sites are 
increased.26 It is unclear if this is reversed with treatment. In 
Huntington's disease, striatal and substantia nigra pars reticulata 
D| receptors are reduced.23 This is further evidence for the 
proposed nigral site of this receptor. 

GABA/BENZODIAZEPINE RECEPTORS 

Basal ganglia GABA and benzodiazepine receptors are located 
in the caudate, putamen, substantia nigra and globus pallidus. 
This receptor has many sites that interact with each other. The 
primary GABA receptor is associated with a benzodiazepine 
binding site. The GABA site is centered on a chloride channel 
that is activated with receptor binding. Benzodiazepine site 
activation facilitates GABA binding at the primary site. Barbitu
rates may also bind to the benzodiazepine site. The GABA site 
has high and low affinity states.' The benzodiazepine site has 
two classes, type I or type II. In the striatum, GABAergic 
neurons are interneurons and are also part of the output path
way of the basal ganglia. These striatal neurons project to the 
globus pallidus pars externa and interna as well as the substantia 
nigra pars reticulata. Pathological alterations in the GABA 
content of the brain have been postulated in Huntington's 
disease, epilepsy and spasticity. There is a potentially impor-
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GABA and Benzodiazepine Receptors 
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Figure 2 — GABA and benzodiazepine receptor sites in the striatum, globus 
pallidus and substantia nigra. Legend: Bl - benzodiazepine I site, BII 
-benzodiazepine 11 site, GABA -gamma amino butyric acid, DA -dopamine. 

tant interaction with the dopamine system that has not been 
clearly defined. 

GABA receptor 

This receptor may be measured with the specific antagonist 
bicuculline.1 Most reports make the use of agonist binding with 
labelled muscimol or GABA. Anatomically, it is again difficult 
to confirm the exact cellular location of the receptors in the 
basal ganglia. GABA receptors are thought to be found on 
interneurons of the caudate, putamen, globus pallidus externa 
and interna as well as the substantia nigra pars reticulata and 
possibly pars compacta.27 Lesion studies in rats have suggested 
that the GABA receptor has a post-synaptic location in the 
substantia nigra pars reticulata.27 There is also indirect evi
dence that some GABA sites are on dopaminergic cells in the 
pars compacta.28 The exact location of receptors in the striatum 
is unknown. It is possible that there are both pre-synaptic and 
post-synaptic sites on the interneurons. In the pallidum, the 
sites are thought to be post-synaptic. (Figure 2) 

GABA receptors have been studied in pathological states. 
Binding of this neurotransmitter has been of interest in 
Huntington's disease because of the decrease in GABA content 
of the striatum. GABA binding has also been found to be 
reduced in the caudate and putamen of post-mortem tissue 
from patients with this condition.2930'31 In the pallidum and 

substantia nigra pars reticulata, there is increased binding sug
gesting a supersensitivity. In Parkinson's disease, GABA bind
ing has been found to be reduced in the substantia nigra.28'32 

The authors have postulated a role of the GABA system in 
modulating the dopamine output of this region. There is pres
ently no way of distinguishing cause and effect. 

Benzodiazepine Receptors 
Two types of benzodiazepine receptors have been identified 

by the selective binding of different classes of agonist com
pounds.33 Labelled flunitrazepam will bind to the sites equally. 
Type I sites bind Beta-carboline derivatives (BCCE) selec
tively and type II bind triazolopyridazine derivatives (CL218872). 
PET studies with the benzodiazepine antagonist RO15-1788 
have been reported.34 The distribution of the receptors in the 
striatum and pallidum seems to parallel GABA receptors. In 
the substantia nigra however, there is indirect evidence for the 
differential localization of these types. It has been suggested 
that type I sites are post-synaptic and are found on dopaminergic 
neurons. Type II sites are pre-synaptic to the dopaminergic 
neurons, but post-synaptic to the striatal nigral fibres, suggest
ing localization to interneurons in the pars reticulata.35 These 
conclusions are taken from studies in rats after sequential lesions 
had been made in the striatum and substantia nigra. 

Benzodiazepine receptor alteration has been documented in 
disease states. In Huntington's disease there is reduction in 
type I and II sites in the striatum. In pallidum there is an 
increase in both types,29,31 and in the substantia nigra there is 
an increase in type II sites in animal models.35 In Parkinson's 
disease there is a reduction in the type I density in substantia 

14 

nigra. 

OPIATE RECEPTORS 

Opiate receptors are found in the caudate, putamen, globus 
pallidus and substantia nigra in the basal ganglia. There are 
many classes of receptors including mu, lambda and kappa.36 

There are differential effects of various agonists and antago
nists in this system. The mu site is activated by the agonists 
met-enkephalin, morphine and DADL and inhibited by the 
antagonists naloxone and ICII54129. The lambda site binds the 
agonists leu-enkephalin and DALA and the antagonists ICI154129 
and naloxone. The kappa site is characterized by binding the 
agonists dynorphin and bremazocine. Carfentanil has been labelled 
with positron emitting ' 'C and has been used to identify opiate 
receptors in vivo.5 The role of opiates in the function of the basal 
ganglia has been the subject of much recent interest. It has been 
shown that striatal neurons may contain both GABA and opiate
like immunoreactivity.37 This has lead to the speculation that 
opiates may block GABA release and modulate the basal gan
glia outflow pathway. 

The anatomical localization of these receptors has depended 
largely on lesion studies in animals. It has been suggested that 
mu sites are found in patches in the striatum and that the 
lambda sites are found diffusely in this region.38 It has been 
proposed that striatal mu and lambda receptors are partially on 
the presynaptic axons of nigral dopaminergic neurons.39 In the 
pallidum and substantia nigra pars reticulata, lesion studies 
suggest that some of the mu and lambda sites are on presynaptic 
terminals of striatofugal neurons,37 while others are on dopa-
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Figure 3 — Opiate receptor sites in the striatum, globus pallidus and substantia 
nigra. Legend: Lambda, kappa and mu sites are labelled with Greek 
letters, GABA - gamma amino butyric acid, DA - dopamine. 

minergic neurons.14 Kappa sites are located in the substantia 
nigra pars reticulata in rats.36 It has been postulated from post
mortem studies of Parkinsonian tissue, that the kappa sites are 
on dopaminergic neurons in the substantia nigra.I4 It is unclear 
at this time what the exact anatomical relationship is for the 
different classes of opiate receptors and the role of these pep
tides in the modulation of the basal ganglia. (Figure 3) 

In an animal model of Huntington's disease, Abou-Khalil et 
al have found a reduced binding for the lambda site in pallidum 
and substantia nigra pars reticulata.37 In Parkinson's disease, 
both a reduction in striatal lambda binding40 and an increase in 
this class of receptors has been reported.18 In the substantia 
nigra in patients with this condition, a reduction in kappa and 
mu binding has been found.14 

MUSCARINIC RECEPTORS 

Acetylcholine receptors in the basal ganglia are of the M2 

type. The antagonist 3-quinuclidinyl benzilate (QNB) is used in 
binding assays.41 These sites are on interneurons in the striatum. 
In Huntington's disease, the striatal receptor density is reduced.31 

In Parkinson's disease, there are conflicting reports. Rinne and 
• coworkers suggest that there is a bimodal distribution of recep
tor binding depending on the dopamine receptor content.I8 The 
interdependence of these two systems is not surprising in view 
of the roles of the two transmitter systems in the basal ganglia.42 

GLUTAMATE/ASPARTATE RECEPTORS 

Glutamate and aspartate are excitatory amino acids that are 
the putative neurotransmitters of the corticostriatal pathway. 
Their distribution in the brain is diffuse and they are thought to 
be the major excitatory transmitters involved in cortical 
transmission. There are at least three types of receptors for this 
system.43 These include the NMDA site, the kainic acid site and 
the quisqualate site. It has been recently suggested that the 
NMDA site is not the receptor mediating the corticostriatal 
system.44 Using tritiated glutamate as a ligand, a reduction in 
binding sites has been found in the striatum and cortex of 
patients with Huntington's disease.45 The study of the gluta-
mate/aspartate system is of great interest since kainic acid 
lesions in the striatum are used as an animal model for this 
condition. The potential use of glutamate receptor antagonists 
in the prevention and treatment of patients with Huntington's 
disease is presently being considered. 

GLYCINE RECEPTORS 

Glycine is an inhibitory amino acid that is found predomi
nantly in the spinal cord but also occurs in the substantia nigra, 
inferior olive and cortex. Its exact role in neuromodulation is 
unknown. Glycine binding is defined by the antagonist strychnine. 
These sites are thought to be located on dopaminergic cell 
bodies or dendrites. In Parkinson's disease there is reduced 
binding in the substantia nigra, while in Hungtington's disease 
there is increased binding. It has been suggested that this trans
mitter modulates dopaminergic neurons by inhibiting firing and 
dopamine release.46 

PEPTIDE RECEPTORS 

Peptides have been suggested as putative neurotransmitters 
in the basal ganglia. Neurotensin, somatostatin, angiotensin 
converting enzyme, substance P and cholecystokinin receptors 
have been reported in this region. 

Neurotensin This peptide modulates the dopamine system 
by enhancing dopamine release. Using tritiated neurotensin as 
a ligand, receptors have been found in the substantia nigra. In 
patients with Parkinson's disease, these sites are reduced sug
gesting a location on dopaminergic neurons.14'47 

Somatostatin Somatostatin also acts as a neuromodulator 
by increasing dopamine release. Binding studies in rats,48 humans 
and monkeys49 have shown receptor sites in the striatum and 
substantia nigra. Using tritiated somatostatin, parkinsonian 
patients have been shown to have a reduced number of binding 
sites in the substantia nigra.14 This suggests that the receptor 
location is on the dopaminergic cell body or dendrites. 

Angiotensin Converting Enzyme (ACE) This enzyme has 
been found in the striatum, pallidum and substantia nigra, and 
its physiological role is unknown. Strittmatter and colleagues 
have suggested that ACE binding is present on presynaptic 
terminals of striatonigral fibres and may be useful in identifying 
this pathway.50 Injection of toxins into the striatum causes loss 
of these sites. The binding sites have been studied with tritiated 
captopril and the density is not altered in patients with Parkinson's 
disease.14 

Substance P This peptide has been found in the rat striatum 
and its role may be to increase dopaminergic transmission.51 
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Quirion et al have postulated that tritiated substance P may be 
used to deliniate the nigrostriatal pathway. 

Cholecystokinin Using labelled CCK, binding sites have 
been identified on neurons in the basal ganglia. In Huntington's 
disease, CCK sites are reduced in the cortex and striatum.52 

The significance is not known at this time. 

SUMMARY 

The field of receptors is growing at a very fast rate. New sites 
are being identified and new techniques to analyze them are 
being used in vivo and in vitro. It is presently very difficult to 
assess the numerous studies in the literature because of the 
differing methodology used. Perhaps future changes in the in 
vitro methodology with the development of antisera to recep
tors and in vivo advances in PET will allow us to answer the 
many biological questions that have been asked concerning 
receptors in the basal ganglia. 
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