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ABSTRACT: The existence of subtypes of dopamine receptors as defined by Kebabian and Calne is now well 
accepted. The Dl receptor is typically associated with stimulation of adenylate cyclase, while the D2 receptor is 
either independent of adenylate cyclase or mediates its inhibition. Considerable interest has been generated by the 
potential physiological and clinical roles of these receptor subtypes. Availability of agonists and antagonists specific
ally acting at the D1 or D2 receptor site has stimulated research to characterize the functional effects of each receptor 
subtype. This might facilitate the development of effective compounds to control the signs and symptoms of 
Parkinson's disease and perhaps prevent the induction of debilitating side effects. Recent evidence indicates that Dl 
receptor stimulation is required to obtain full expression of the D2 receptor site, which has typically been associated 
with the clinical benefits of dopaminergic therapy. Both pre- and postsynaptic location of the receptors must also be 
taken into consideration as well as involvement of other neuronal systems. It appears that in PD, progressive 
involvement of the dopaminergic pathways is the principal pathological course, however, noradrenergic and serotonergic 
pathways are likewise involved. This multineuronal involvement suggests that drugs acting specifically at receptor 
sites, located on both pre- and postsynaptic neurons, might be required at different times during the course of the 
disease process to control its symptoms and/or the complications occurring after long-term treatment with a given 
drug. 

RESUME: Importance clinique des recepteurs D-l et D-2. L'existence de sous-types de recepteurs dopaminergiques 
tels que definis par Kebabian et Calne est maintenant bien etablie. Le recepteur D-1 est associe de fa§on caracteristique 
a la stimulation de l'adenylate cyclase, alors que le recepteur D-2 est soit independant de l'adenylate cyclase ou sert 
de mediateur pour son inhibition. La possibility que ces sous-types de recepteurs aient des roles physiologiques et 
cliniques a provoque un interet considerable. La disponibilite d'agonistes et d'antagonistes agissant de facon 
specifique aux sites des recepteurs D-l ou D-2 a stimule la recherche visant a caracteriser les effects fonctionnels de 
chaque sous-type de recepteur. II est possible que ceci facilite le developpement de substances efficaces pour 
controler les signes et les symptomes de la maladie de Parkinson et peut-etre prevenir l'installation d'effets 
secondaires debilitants. Selon des donnees recentes, la stimulation des recepteurs D-l est necessaire a l'obtention de 
l'expression totale des recepteurs D-2 qui a ete associee de facon caracteristique aux benefices cliniques de la therapie 
dopaminergique. On doit tenir compte de la localisation pre-synaptique et egalement post-synaptique des recepteurs 
ainsi que de l'implication des autres systemes neuronaux. II semble que dans la maladie de Parkinson, l'atteinte 
progressive des voies dopaminergiques est le principal mode devolution pathologique; cependant, les voies 
noradrenergiques et serotoninergiques sont egalement atteintes. Cette atteinte multineuronale suggere que des 
medicaments agissant specifiquement aux sites recepteurs, localises sur les neurones pre- et post-synaptiques, 
pourraient etre necessaires a differents moments pendant revolution du processus pathologique pour en controler les 
symptomes et/ou les complications survenant au cours du traitement a long terme avec un medicament donne. 
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In 1960, Barbeau1 and Hornykiewicz2 respectively demon
strated a loss of dopamine (DA) in the striatum of parkinsonian 
patients. As a result, interest has been focused on the availabil
ity and efficacy of dopaminergic agents used to treat Parkinson's 
disease (PD). L-Dopa combined with a dopa decarboxylase 
inhibitor (L-Dopa/DDI) has been demonstrated as an extremely 
effective therapeutic agent to control the symptoms of PD. 
However, it is now clear that long-term therapy is required to 
manage parkinsonian patients. Furthermore, since the progres
sive nature of the disease ultimately affects several neuronal 
systems, a number of drug related side effects have been reported 
which have significantly reduced the efficacy of L-Dopa/DDI 

treatment. As a consequence, several DA agonists are cur
rently being evaluated to determine their potential advantages 
in the long-term management of parkinsonian patients. The 
principal features desirable in these agents is optimal control of 
signs and symptoms of PD and lack of side effects, in particular, 
abnormal involuntary movements (AIM), fluctuations in response 
or psychotic behavior, even after long-term therapy. 

It should be emphasized that a number of crucial factors are 
essential to the development of effective therapeutic agents for 
PD. Amongst these are an improved knowledge of its progres
sive pathophysiology, classification and localization of DA 
receptors and availability of specific DA agonists and antagonists. 
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This manuscript will review the significance of several fac
tors pertaining to the DA receptor and its relation to the brain 
dopaminergic system: namely, the classification, localization 
and physiological roles of both Dl and D2 receptors. Increased 
knowledge in these areas might allow optimal therapeutic man
agement of PD. 

Classification of the DA receptor 

It is now well accepted that the DA receptor exists in two 
receptor subtypes termed Dl and D2 by Kebabian and Calne.3 

Their classification was an attempt to clarify the reasons ergoline 
and dopaminergic agonists, in particular could mimic the effects 
of DA in certain tissues. In the anterior pituitary gland, both 
ergots and DA block secretion of prolactin (PRL) from the 
mammotrophs, while in other tissues, e.g., the striatum, ergots 
block activity of adenylate cyclase while DA stimulates it. In 
1983, Kebabian was able to refine this first hypothesis; using 
tissue from the intermediate lobe of the rat pituitary gland, he 
demonstrated that D2 receptor activation resulted in inhibition 
of adenylate cyclase activity.4 In addition, the discovery of 
specific Dl and D2 agonist and antagonist drugs has greatly 
facilitated the characterization of the receptor subtypes in vari
ous tissues.5'6 

However, the two receptor subtype hypothesis was not read
ily accepted. This was based on the observation that different 
classes of dopaminergic agents had different affinities for the 
receptor sites. Hence, as many as four different receptor sub
types were proposed.7 It is now recognized that both D1 and D2 
receptor sites exist in high and low affinity states,8,9 and that 
given the appropriate conditions, either can be in "high or low" 
states as has been elucidated by Seeman. 

Localization of the DA receptor 

The DA receptor is localized in pre- and postsynaptic nerve 
terminals, dendrites, axons and cell bodies. The presynaptic 
DA receptor is also called an autoreceptor. Its proposed two
fold function is to regulate DA nerve terminal activity through a 
negative feedback system controlling the release and synthesis 
of DA and to control the firing rate of the neuron.10 The 
autoreceptor has characteristics similar to those of a D2 receptor. 

Postsynaptic receptors are localized on both dopaminergic 
and non-dopaminergic neurons, e.g. glutamatergic or choliner
gic neurons, which receive DA input and can be of either Dl or 
D2 subtypes. Typically, the D2 receptor has no effect or inhib
its the formation of cAMP. Stimulation of the D2 receptor 
results amongst others, in inhibiting the secretion of PRL from 
the anterior pituitary gland and the evoked-release of acetylcho
line (Ach) from cholinergic neurons'' and in reversing parkinso
nian symptoms in both animals and humans.I213 The functional 
role of the D2 receptor has been associated with behaviors such 
as stereotypy, locomotion, vomiting, psychotic activity and 
normalization of motor activities. 

The D1 receptor, on the other hand, stimulates the formation 
of cAMP, but without modifying the formation of Ach in the 
striatum.14 The functional role of the Dl receptor has not yet 
been determined. 

Nevertheless, stimulation of the Dl receptor is associated 
with behavior abnormalities such as dyskinesia and stereo
typy.15"18 This is clearly shown by an increase in perioral 
movements induced by the Dl agonist SKF 38393 in neurolep
tic treated rats15 as well as by an increased stereotypy in naive 

animals treated with a combination of Dl and D2 agonists.1617 

Similarly, the addition of the specific Dl receptor antagonist 
SCH 23390 blocks the rotations induced by L-Dopa and 
apomorphine.18 

Interactions between Dl and D2 receptors 

Recently, Goldstein'9and Robertson2021 each have hypothe
sized potential mechanisms of action to explain the differential 
activities of L-Dopa and D2 agonists. Goldstein has postulated 
that binding of DA to the dopaminergic receptor alters the 
conformation of D2 receptors from a low to a high affinity state. 
Formation of this ternary complex (high affinity state) mediates 
the effects of DA agonists and induces a biological response. 
D2 agonists, like bromocriptine which has a high affinity for D2 
receptors, compete with DA for binding to the receptor when in 
high affinity state. As bromocriptine dissociates more slowly 
from the receptor than DA, its biological efficacy is prolonged. 

Robertson, however, has pursued this hypothesis a step 
furtherand has suggested that D1 receptoractivation is required 
in orderthat D2 receptorexpression is complete. He has demon
strated that the Dl agonist SKF 38393 potentiates the rotational 
behavior induced by the specific D2 agonists LY 171555 and 
bromocriptine in rats with unilateral substantia nigra lesions.21 

This synergistic effect is blocked by the Dl antagonist SCH 
23390. This clearly indicates that activation of the Dl receptor 
can modulate the behaviors resulting from D2 receptor stimulation. 

Results from these investigators suggest that in the presence 
of endogenous DA, dopaminergic drugs that are specific for 
high affinity state D2 receptors or those that do not discriminate 
between high and low affinity states, e.g., bromocriptine, ensure 
maximal response of dopaminergic cells. Similar data has been 
reported recently by Carlson et al.22 They indicated that concur
rent Dl and D2 receptor stimulation is required for complete 
expression of the postsynaptic receptor-mediated effects of DA 
agonists in the basal ganglia. 

Dl and D2 receptors in Parkinson's disease 
Much controversy exists over the respective roles of D1 and 

D2 receptors in relation to clinical manifestation of PD. Pimoule 
et al have shown no changes in the number of D1 receptor sites 
in PD striatum23 in spite of previously reported decreased activ
ity of adenylate cyclase - cAMP system.24 These findings suggest, 
at best, an indirect involvement of the Dl receptor in PD and 
tend to lend credibility to Robertson's and Goldstein's hypothe
sis of Dl and D2 receptor interactions. 

Published data on the status of D2 receptor binding sites 
analyzed in post-mortem brain tissue samples of parkinsonian 
patients are rather confusing. Some studies have shown an 
increase in the number of post-synaptic D2 receptor binding 
sites in the striatum of untreated PD patients.2526 When stud
ies have been performed on tissue samples from L-Dopa-treated 
PD patients, results have shown a reduction in D2 binding,25"27 

or no change28 or increased binding.29 Recently, Guttman and 
Seeman have confirmed increased postsynaptic D2 receptor 
density in untreated PD patients and a reduction to normal level 
following L-Dopa therapy.30 These data suggest that both in PD 
and in animals with substantia nigra lesions, a D2 receptor 
postsynaptic supersensitivity occurs in keeping with the con
cept of denervation supersensitivity following DA neuronal 
loss. 
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In addition to receptor changes, presynaptic changes in DA 
neurons also occur. Associated with the cell loss in the zona 
compacta of the substantia nigra, there is an increased DA 
turnover in the remaining DA nigrostriatal neurons as evi
denced by increased HVA/DA ratio.31 

These pre- and postsynaptic changes represent compensat
ing mechanisms for the degeneration of the nigrostriatal DA 
neurons occurring in PD. The presynaptic compensating mech
anism of increased DA turnover is activated first,3' when a 30% 
loss of DA occurs. More than a 95% degeneration of nigrostriatal 
DA neurons is required to activate the second compensatory 
mechanism of postsynaptic receptor supersensitivity.32 The 
major effect of this increase in receptor numbers in specific 
brain areas may be of pharmacologic importance as it optimizes 
the sensitivity and selectivity of striatal neurons to the presence 
of DA or DA agonists. Clinical manifestations of PD occur only 
with more than 80% DA loss, reflecting the compensatory 
effect of adaptive mechanisms. 

During the decompensation phase, therapy with L-Dopa com
plements the increased presynaptic activity and postsynaptic 
supersensitivity to control parkinsonian signs. However, within 
5 years, complications in therapy often occur and attempts to 
correlate them with altered D2 receptor status have been rather 
unsuccessful. Rinne26 and Seeman30 both have shown that treat
ment with L-Dopa rapidly eliminates the D2 postsynaptic recep
tor supersensitivity. Seeman however has shown normalization 
of D2 receptor binding sites. He suggests this down-regulation 
is not progressive with neither the duration of disease nor that 
of treatment with L-Dopa.30 Moreover, he could not correlate 
the occurrence of fluctuations in performance with down-
regulation of the D2 receptor. 

On the other hand, Rinne26 has identified 2 subgroups of PD 
patients exhibiting either an increased or decreased number of 
D2 receptor binding sites. He was able to correlate the occur
rence of fluctuations in performance, dyskinesias and psy
chotic episodes with an increase in the number of striatal D2 
receptor binding sites in both parkinsonian patients and con
trols after treatment with neuroleptics. In addition, he indi
cated that a decreased number of D2 receptor sites was related 
to loss of response to L-Dopa therapy, dementia and increased 
disability.33 

These findings indicate that in parkinsonian patients, L-Dopa 
therapy can possibly result in 3 distinct outcomes. First L-Dopa 
induces a sustained normalization of D2 receptors and PD signs 
which explains why some patients are well controlled with 
L-Dopa therapy. Second, L-Dopa does not modify or increase 
even further the D2 receptor supersensitivity with resulting 
abnormal motor control and psychosis. Third, L-Dopa down-
regulates, below normal levels, the D2 receptor and a loss of 
therapeutic efficacy is observed. It must be emphasized that 
these hypotheses have to be conclusively proven. At this point 
in time, there is not enough receptor binding data in untreated 
and long-term L-Dopa treated patients to confirm the existence 
of several subgroups of PD patients with altered D2 receptor 
status. Similarly, more data on the effects of long-term treat
ment with DA agonists on DA receptor status is required to 
clearly define the mechanism of action of the various DA agonists. 

Several studies combining L-Dopa/DDI with specific D2 
agonist, e.g. bromocriptine, have shown better control of dyski
nesia and fluctuations in performance.34'35 This suggests that, 
possibly, early use of a specific D2 agonist, through its direct 

action at the postsynaptic level should prevent the develop
ment or normalize the postsynaptic receptor supersensitivity 
and possibly also reduce the increased presynaptic activity. 
The observed complications in treatment might reflect an imbal
ance in activity of the receptor subtypes: optimal expression of 
the D1 receptor and submaximal expression of the D2 receptor. 
Therapy with a direct acting D2 agonist should optimize the 
response of the D2 receptor and prevent abnormal motor control. 

These findings suggest that in the early decompensation phase, 
addition of a specific D2 receptor agonist when coupled with 
endogenous presynaptic overactivity, should control the expres
sion of the parkinsonian symptoms. This is exemplified by the 
fact that early treatment with bromocriptine alone is quite 
effective in controlling the symptoms of PD.36 However, its 
efficacy can diminish later in the course of the disease, possibly 
when the endogenous DA levels are too low to activate suffi
ciently the Dl receptor site. With progression of the disease 
and the further degeneration of nigrostriatal dopaminergic 
neurons, the addition of L-Dopa or a direct acting DI receptor 
agonist would be necessary to ensure maximal activation of the 
DA receptors and to control the symptoms of PD. 

Pathophysiology of Parkinson's Disease 
Another factor that must be considered in the choice of a 

therapeutic agent in PD is the pattern of neurological degenera
tion occurring in the brain. Post-mortem analysis reveals that in 
idiopathic parkinsonism, DA cell loss is more important in the 
putamen than in the caudate.31 Similarly, both the number of 
D2 receptor sites and DA metabolism are more increased in the 
putamen than in the caudate. This suggests an adaptation mecha
nism appropriate for the degree of neuronal loss. 

The presynaptic overactivity is the first mechanism initiated 
to compensate for DA cell loss throughout the nigrostriatal 
tract. Receptor supersensitivity is activated only when the 
disease has progressed sufficiently and increased DA metabo
lism cannot fully compensate for DA cell loss. 

The time difference for the initiation of these mechanisms 
indicates, as previously postulated, in earlier stage of disease, a 
selective D2 agonist would be highly effective in complement
ing presynaptic overactivity. Only later in the course of the 
disease, addition of a selective Dl agonist or L-Dopa/DDI 
could allow maximal binding at the D2 site by inducing a confor
mation change of the receptor to a high affinity state. 

The fact that the putamen is affected earlier in the course of 
the disease and more severely than the caudate is important. 
This structure receives afferents from the premotor cortex area 
and projects efferents back to the motor cortex via the globus 
pallidus. Any degeneration in the putamen will be reflected by 
alterations in extrapyramidal motor activities. On the other 
hand, the caudate nucleus receives inputs from the frontal 
cortex, and this is associated with psychological and motiva
tional behavioral changes which alter the psychological status 
of parkinsonian patients as observed usually later in the course 
of the disease. 

Development of DA agonists binding specifically to recep
tors in selective areas of the brain, e.g. the putamen, could 
allow control of motor symptoms without inducing psychotic 
side effects. 

With progression of the disease, multineuronal degeneration 
occurs. Cell losses have been reported in the locus coeruleus 
where the noradrenergic cell bodies are located.37 Similar degen-
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eration is demonstrated in the raphe nuclei at the origin of the 
serotonergic system.38 However, involvement of neurotrans
mitters associated with these structures is minimal compared to 
dopaminergic degeneration. Nevertheless, dopaminergic ago
nists with additional serotonergic and noradrenergic activity 
might be positive additions to the therapeutic armamentarium. 
Recent data have also suggested that glutamate and opiate 
fibers located in the cortex could interact with efferent DA 
neurons. However, more work is required to clarify the physio
logical importance of these interactions with dopaminergic cells 
on the various neuronal tracts. 

SUMMARY 

D2 receptors, located pre- and postsynaptically, are involved 
in controlling the activity of dopaminergic neurons. This regula
tion occurs both presynaptically and postsynaptically to acti
vate other neurons. Dl receptors, located postsynaptically, 
have not yet an identified functional role, but it has been hypoth
esized that their mediation is necessary to allow complete 
expression of the D2 receptor. 

The available data suggest that in the early decompensated 
phase of PD, a selective D2 agonist should be a useful agent to 
control the symptoms and signs of the disease. With progres
sion of the disease, or when the patient is not well controlled, 
combination of a specific D2 agonist with either L-Dopa/DDI or 
a specific Dl agonist should give optimal symptomatic control. 

When receptor related side effects occur, modifications to 
the therapeutic regimen such as a decrease in the amount of 
L-Dopa/DDI and/or an increase in the dose of D2 agonist should 
be effective. Alternatively, a drug acting specifically on 
autoreceptors might also be useful to regulate presynaptic activity. 
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