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The Place of the Dopaminergic Agonists 
in the Treatment of Parkinson's Disease: 

the View from the Trenches 
David B. King 

ABSTRACT: The use of the dopamine receptor agonists in Parkinson's disease has a compelling logic. These agents 
are supposed to act independently of the dying cells of the substantia nigra directly on the cells of the striatum. Early 
clinical trials in advanced disease were only mildly impressive. Later they were found to be beneficial in early disease 
but their effectiveness waned. Their ultimate failure may reflect the fact that the majority of current agents do not stimu
late D1 and D2 receptors in a physiologic ratio. The drugs may act presynaptically and with the eventual loss of the 
anatomic relationships between nigra and striatum the drugs fail. There is, however, a rationale to their current use. 
When used along with L-Dopa in early disease the development of late-stage fluctuations are reduced with the same 
anti-parkinsonian benefits. Merging this concept with the demonstrated effect of selegiline in slowing the course of the 
disease, the current practice of triple therapy with selegiline, L-Dopa and a dopamine receptor agonist emerges. 

RESUME: Place des agonistes dopaminergiques dans le traitement de la maladie de Parkinson: vue des 
tranchees. L'utilisation des agonistes dopaminergiques dans la maladie de Parkinson est d'une logique irresistible. Ces 
agents sont supposes agir independamment des cellules en voie de disparition de la substance noire, directement sue 
les cellules du striatum. Les premiers essais cliniques chez des patients en phase avancee de la maladie etaient peu 
impressionnants. Ces agents ont ensuite ete reconnus efficaces au debut de la maladie, mais on observait un declin du 
benefice avec le temps. Leur echec peut refleter le fait que la majorite des agents actuels ne stimule pas les recepteurs 
Dl et D2 selon une proportion physiologique. Ces agents peuvent agir au niveau presynaptique et, avec la perte 
eventuelle des relations anatomiques entre la substance noire et le striatum, l'effet est perdu. II existe cependant une 
justification a leur utilisation actuelle. Quand ils sont utilises avec la 1-dopa au debut de la maladie, I'apparition de 
fluctuations en phase tardive est reduite tout en conservant les memes benefices anti-parkinsoniens. En joignant ce 
concept a l'effet prouve de la selegiline de ralentir la progression de la maladie, la pratique actuelle d'une triple 
therapie au moyen de la selegiline, la 1-dopa et un agoniste dopaminergique voit le jour. 
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The Neurologists' Sabre 

The practicing neurologist may be likened to the Light 
Brigade at Balaclava, battered front and sides by the cannons of 
science and statistics. While academic armies clash amid the 
merciless barrage of advanced chemistry, he must wield his 
pharmacologic sabre to simpler trumpets. He must hold the thin 
line between theory and practice, between fact and speculation. 

This paper will briefly review the current status of dopamine 
receptor agonists in the treatment of Parkinson's disease and 
argue, that despite current research efforts to find the ultimate 
agonist, the Holy Grail of parkinsonism, that they will always be 
little more than stop gap treatment with short term advantages. 

The Rise and Fall of the Dopaminergic Agonists 

In Parkinson's disease, agents acting directly on the post
synaptic dopamine receptor, bypassing the dying cells of the sub

stantia nigra, independent of the metabolic processes necessary to 
transform L-Dopa to dopamine, promised much. In the event, 
they lacked the efficacy of L-Dopa. They had minimal benefits in 
advanced disease and lost their effectiveness in early disease. 

Dopamine analogues were first introduced in late Parkinson's 
disease when L-Dopa was already failing. They performed poorly, 
though some 50% of patients experienced a modicum of benefit. 
As doses rose so did side-effects. The fluctuating parkinsonian was 
transformed into a mobile dement with postural hypotension and 
hallucinations, he lacked the vocabulary to explain. This was not a 
propitious beginning. Lieberman, et al.,1 in an early study added 
bromocriptine, a dopamine receptor agonist, to a carbidopa-lev-
odopa regime. Out of fourteen patients four showed no benefit and 
nine improved only one point on the Hoehn and Yahr disability 
scale. The same author2 reviewed seven studies comprising 367 
patients. These studies examined the addition of high-dose 
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bromocriptine to a stable levodopa regime in advanced fluctuating 
parkinsonism. Though they demonstrated an improvement in 58% 
of the patients, 31 % experienced side effects. Rinne3 documented 
bromocriptine's side effects in a five year study. About 13% of his 
patients experienced nausea and vomiting. Eleven per cent com
plained of chest pain and shortness of breath while 7% became 
confused and hallucinated. Postural hypotension complicated the 
course of an additional 1 %. 

When bromocriptine is used in early disease as the first and 
exclusive treatment its benefits are seen to wane with time. At a 
dose of 40 mg/day there was a 28% improvement in functioning 
which fell off to 12% by the fifth year of treatment.3 

The logic of their use rather than the results saved the ago
nists from oblivion. New strategies and new agents hinted at a 
more propitious future. Perhaps we have now found their proper 
niche, though not the proper drug. 

The reasons for dopaminergic failure are far from clear. It 
may be that the two types of dopamine receptors, D-l and D-2, 
are stimulated in an inappropriate ratio. L-Dopa stimulates D2 
twenty times more potently than Dl. Bromocriptine stimulates 
only D2 and is a partial antagonist at Dl.4 Pergolide stimulates 
both, but Dl only slightly.5 Apomorphine's spectrum more 
closely approximates that of dopamine. PHNO has no effect on 
D1 receptors. Lisuride has potent action at D2 and some action 
at Dl (Table l).6The search continues for the ideal dopamine 
analogue. 

Regardless of the ratio of Dl to D2 stimulation it is likely 
that topographical relationships are vital; in the end we will be 
slaves to anatomy. Studies by Korf et al.7 and Weterink8 in the 
mid- to late-seventies demonstrated that lesions placed in the 
nigrostriatal pathway resulted in a dramatic increase of DOPAC 
and HVA, suggesting a degree of lateral inhibition among nigral 
cells. As one might image that there is a high degree of redundancy 
in this neuronal system. It may then suffer considerable neuronal 
fallout before its anatomical and functional integrity is lost. 

A variety of papers have demonstrated a topographical pro
jection of nigra to striatum and striatum to nigra.912 One pre
sumes that these projected homunculi have some importance in 
the functioning of the striatonigral system. 

One can not escape the possibility that the analogues work 
by blocking the D2 receptors presynaptically in a dose-depen
dent fashion. The neuron, not sensing the amount of dopamine 
released, produces more dopamine with some amelioration of 
the syndrome. In time the loss of cells within the substantia 
nigra reaches critical proportions and no amount of stimulation 
of the few ill cells that remain is sufficient to cause them to per
form their function. The patient declines into end-stage immo
bility. 

Table 1: Relative Actions of Dopamine and the Dopamine Agonists 
on Dl and D2 Receptors 

Dl D2 

Dopamine ++ ++++ 
Bromocriptine - +++ 
Pergolide + +++ 
Apomorphine ++ +++ 
PHNO +++ 
Lisuride + ++++ 

The value of all the research into dopamine analogues is criti
cally dependent on whether they work pre- or postsynaptically, 
and on whether they work independently of the loss of anatomic 
integrity. 

The Rationale for the Dopamine Receptor Agonists 

Despite misgivings about the long term effectiveness of the 
analogues, there are three pieces of evidence that justify their 
current use. 

In a very recent paper Rinne13 studied 95 patients with idio
pathic Parkinson's disease. He divided them into three groups 
based on treatment. Group 1 was managed with L-Dopa, selegi
line and the dopamine analogue, lisuride; group 2 with L-Dopa 
and lisuride and group 3 with L-Dopa alone. He followed them 
for three years and demonstrated that all showed an initial func
tional improvement of around 60%. As time passed, medication 
effectiveness was lost so that by three years the average 
improvement in all three groups had dropped to about 40%. The 
interesting point was that the dopamine analogue and selegiline 
reduced the amount of L-Dopa for the same amount of improve
ment. Perhaps in consequence the percentage of patients who 
showed fluctuations of performance and dyskinesias was signifi
cantly less in groups 1 and 2. At the end of three years, 42% of 
group 3 showed wearing-off compared to 7% of groups 1 and 2. 
The effect of dyskinesias was even more impressive. Sixty-two 
per cent of group 1 showed dyskinesias compared to 7% in 
group 2 and 4% in group 1. 

L-Dopa and its analogues may work better tonically than 
phasically. It may be that the late evils of L-Dopa, fluctuating 
performance and dyskinesias, result from phasic rather than 
continuous dosing. It is well documented that motor response 
fluctuations can be reduced or eliminated by maintaining stable 
plasma levodopa concentrations through continuous intravenous 
infusions.14 In early disease the fluctuations may still exist, but 
are less apparent, as the off periods are less severe. The long 
half-life of drugs like pergolide (12 hours) and bromocriptine (3 
hours) make them attractive in this context. Current strategies 
with the use of long-acting L-Dopa preparations are based on 
this assumption. The normal physiologic function of the stria
tum is dependent on a tonic input from the substantia nigra, 
superimposed on which there is phasic activity in response to 
motor demands. It would seem rational to administer our phar
macology in the same manner as the basal ganglia function 
(Table 2). 

No one has convincingly shown that Parkinson's disease 
advances more rapidly when Sinemet is used. The late L-Dopa 
syndrome, the nightmare of the practicing neurologist, may 
reflect the pulsatile use of the agent as much as its use at all. It 
may also simply represent the best symptomatic agent that we 
have, L-Dopa, acting on a dwindling neuronal population. 

The recent demonstration15 that the anti-oxidant, selegiline, 
slows the progress of the disease, tends to confirm the free radi
cal theory of substantia nigra destruction, though other explana
tions for the results of this study are clearly possible. In the hid
den recesses of the substantia nigra silent assassins strike and the 
pigmented cells die at their hands. Is L-Dopa their accomplice? 

The free radical theory of substantia nigra destruction favors 
the use of dopamine receptor agonists. Their metabolism does 
not result in the production of hydrogen peroxide or other prod
ucts capable of generating free radicals. 
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Future Campaigns 

The future holds development of further members of the 
dopamine receptor agonist family. The search is on for the agent 
offering dynamic stimulation of dopamine receptors in their 
most favorable ratios. 

Some, such as PHNO, offer the possibility of novel delivery 
systems, such as transdermally. This will allow more continuous 
stimulation of the striatum. Others may be implanted in striatum 
and pallidum with synthetic perforated implants. The ultimate 
aim is to bathe the striatum continuously in dopaminergics that 
act in an appropriate ratio D2:D1. The problem, as already indi
cated, may be more complex with the requirement for anatomic 
integrity. Perhaps the elusive ratio may yet be found which will 
stimulate anatomically discreet areas of the basal ganglia, D2 
receptors in the striatum, the input to the basal ganglia and Dl 
receptors of pallidum and substantia nigra pars reticulata, the 
output of the system. This dual and anatomically distinct separa
tion of Dl and D2 receptors may be the key which opens the 
parkinsonian mystery. 

Recent work has examined a variety of dopaminergic ana
logues acting with varying degrees of potency on Dl or D2 
receptors (Table 3). All of these are short term studies save 
Cedarbaum's which showed that tolerance developed to the 
effects of PHNO16. This strengthens the argument that given the 
passage of time all these agents may be expected to fail as the 
disease advances and the nigra dies. 

The Neurologists' Order of Battle 

What then is the clinician to do when faced with the tremu
lous and bradykinetic patient sitting on the other side of his 
desk? No one disagrees that a decision to treat should be based 
on the patient's loss of function rather than cosmetics. All treat
ment should be reserved until needed and when needed tailored 

Table 2: 
Receptor 

Approximate Half-Lives of L-Dopa and Other Dopamine 
Agonists 

Agent 

L-Dopa 
Bromocriptine 
Pergolide 
Lisuride 

Table 3: Recent Papers 
Dopamine Agonists. 

Agonist 

PHNO 
PHNO 
+3PPP 

Receptor 

D2 
D2 
D2 

SKF-38393 Dl 
PHNO D2 
CV 205-502 D1+D2 
CY 208-243 Dl 
CQP 201-403 D1+D2 

Dealing wil 

Model 

Human 
Animal 
Animal 
Animal 
Human 
Human 
Human 
Human 

Half-life 

1.5 hours 
3 hours 
12 hours 
1.5 hours 

h the Effectiveness of New 

Result 

tolerance 
effective 
effective 
ineffective 
effective 
effective 
effective 
effective 

Reference 

16 
17 
17 
17 
18 
19 
20 
21 

to the patient. The watch maker may need earlier treatment than 
the woodsman. 

We have come full-circle. Dopamine analogs were to suc
ceed when L-Dopa failed. They now frequently commence the 
action with L-Dopa added in close support. What has emerged 
for the clinician is the concept of the triple therapy for 
Parkinson's disease: L-Dopa, an analogue and selegiline. 

CONCLUSION 

The solution to the parkinsonian problem remains elusive 
despite rapid strides since the introduction of L-Dopa. We need 
the cause. However, we can still practice secure in the knowl
edge that we have made a meaningful contribution to the lives 
of our patients who suffer this disabling disease. 
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