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SUMMARY: Since the introduction of levodopa therapy, there have been major advances in the understanding and treatment of 
Parkinson's disease. However, the problems and limitations associated with this form of treatment are now becoming increasingly ap
parent. This article reviews some of the current knowledge concerning the etiology and pathophysiology of Parkinson's disease and discus
ses some-practical approaches to drug therapy. 

RESUME: Depuis I'introduction de la therapie utilsant le levodopa, il y a eut des changements majeurs sur la comprehension et le 
traitement de la maladie de Parkinson. Cependant les problemes et les limitations relatifs a cette facon de traitement sont devenus de plus en 
plus apparents. Cet article demontre quelques faits concernant l'etiologie et pathophysiologic de la maladie de Parkinson et presente une 
vue partielle de la therapie pharmacologique. Can. J. Neurol. Sci. 1983; 10:11-15 

The explosive development in the treatment of 
Parkinson's disease which took place fifteen years ago, has 
been followed by an increasing awareness of the limitations 
of levodopa therapy, and frustration generated by the un
resolved dilemmas posed by late adverse reactions and 
declining efficacy. These therapeutic problems have 
provided a continuing stimulus for further efforts to 
elucidate the aetiology, pathophysiology, and phar
macology of Parkinson's disease. Advances in these areas 
have been modest, but there has been progress in the 
development of innovative approaches to pharmacotherapy 
and some promising new antiparkinson compounds have 
been produced. 

ETIOLOGY 
While the etiology of Parkinson's disease remains un

known, there has been a sustained effort to find evidence 
that might contribute to the quest. Three hypotheses have 
been pursued: genetic, the possibility of infective or 
immunological damage, and toxic pathological processes 
caused by free radicals. 

1. Genetic Factors: 
Occasional patients with Parkinson's disease have a clear 

history of dominant autosomal inheritance in the family. 
This is more frequently encountered where there is a young 
age of onset (Barbeau and Pourcher, 1982). Roy et al 
(1982) have proposed that there are two groups of patients 
with genetically determined Parkinson's disease: (1) those 
with predominant tremor and a dominant pattern of in
heritance, in whom there is an abnormally high prevelance 
of blood relatives with essential tremor and (2) those with 
predominant akinesia and rigidity, in whom there is an 
autosomal recessive form of inheritance. 

Ward et al (1983) have employed the technique of twin 
analysis to evaluate genetic contributions to Parkinson's 
disease, and their conclusions are rather different. Sixty 
seven patients and their twins were examined by the 
authors, and a remarkably low concordance rate was 

found. There were 48 monozygotic twins and 20 dizygotic 
twins (one patient was a quadruplet with both a 
monozygotic and dizygotic twin). In only two pairs was 
typical Parkinson's disease found in both twins. Ward et al 
concluded that genetic factors were unlikely to play an im
portant role in the origin of Parkinson's disease in the ma
jority of patients. They also inferred that since twins 
generally grow up in the same environment, risk factors 
should be sought after adolescence. Early and mid adult life 
seems to be the relevant period for seeking causal agents, 
because striatal dopamine falls slowly with age, and the tis
sue concentration appears to decline by some 80% before 
symptoms appear (Riederer and Wuketich, 1976). 

More studies are required to resolve the controversy over 
whether genetic factors are important in the etiology of the 
majority of cases of Parkinson's disease. The present con
flicting reports should provoke further observations to con
firm or refute the genetic hypothesis, which remains only 
one of several possibilities at present. 

2. Infective and immunological theories: 
It is known that infective disease of the nervous system, 

in particular viral encephalopathy, can produce the clinical 
features of the parkinsonian syndrome. With this 
background, it is appropriate to consider the possibility of 
an infective or allergic etiology for idiopathic parkinsonism. 
The search for evidence has been conducted in several 
directions. Attempts have been made to find morphological 
clues of inflammatory or spongiform changes in the brain, 
to grow viruses from tissue or body fluids, and to detect 
changes in antibody titres or abnormal patterns of im
munoglobulins. In addition, portions of brain from patients 
have been injected into the brains of primates to detect un
conventional (slow) viruses. The common denominator of 
all these studies has been the failure to detect any statistical
ly significant, reproducible positive results (Duvoisin, 1981). 
The findings leave open the possibility that Parkinson's dis
ease may be caused by a hitherto unobserved type of infec
tive particle, or that multiple episodes of individually trival 
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infections, influenza for example, might result in cum-
mulative damage to the brain without leaving any trace of 
the infective process. 

3. Toxic Processes: Free Radicals: 
Exposure to certain toxic agents, such as manganese, can 

produce clinical features resembling Parkinson's disease, 
and the specific neurotoxin, 6-hydroxydopamine, is 
employed to prepare an animal model of striatal dopamine 
deficiency. It is therefore reasonable to examine the pos
sibility that a toxic process might contribute to the etiology 
of Parkinson's disease. Examination of the brain and body 
fluids of parkinsonians has failed to reveal abnormal con
centrations of any putative toxin. However, an intriguing 
proposal has been made that toxic damage to the 
nigrostriatal pathway occurs as the result of "autotoxicity", 
deterioration in the capacity to trap and destroy the highly 
reactive free radicals that are normally formed by oxidative 
metabolic processes. Manganese and 6-hydroxydopamine 
may elicit neuronal damage by interfering with the removal 
of free radicals (Heikkila and Cohen 1972; Donaldson et al 
1982). A number of threads of evidence can be woven 
together in support of this hypothesis. (1) Catecholamine 
metabolism, in dopaminergic neurons, provides a par
ticularly rich supply of free radicals such as superoxide. (2) 
It has been reported that certain enzymes which destroy 
free radicals, such as peroxidase, are normally present in 
unusually high concentrations in dopaminergic neurons; 
these enzymes are depleted in the dopaminergic areas of the 
brain in patients with Parkinson's disease (Ambani et al, 
1975). (3) Epidemiological reports have established an in
verse relation between the habit of smoking cigarettes and 
the prevelance of Parkinson's disease (Baumann et al, 
1980). One possible explanation for this finding is the 
speculation that smoking results in a slight but sustained 
elevation of reducing agents, such as carbon monoxide, in 
the tissues, and this in turn provides some protection from 
oxidative cell damage. 

While there is no firm evidence either for or against the 
speculation of nigrostriatal vulnerability to free radicals, this 
hypothesis has the attraction of therapeutic implications. 
Free radical trapping agents, such as vitamin E, could be 
given to patients with early disease to determine whether 
such treatment might modify the progress of their deficits. 
Since some of the free radical trapping agents are devoid of 
adverse effects, it might also be possible to study the in
cidence of Parkinson's disease developing prospectively, in 
a large group of elderly normal subjects who receive either 
vitamin E or placebo for a protracted period of time. 

Before leaving the topic of toxic agents as possible 
etiological factors, it is appropriate to mention two curious 
cases of Parkinsonism precipitated suddenly and irrever
sibly following the administration of "home made" 
meperidine. Both patients were seen by the author; one sub
sequently committed suicide and was found to have 
histological changes in the substantia nigra similar to 
Parkinson's disease (Davis et al 1979). Since meperidine 
itself has not been reported to induce Parkinson's disease, it 
is possible that a contaminant may have been responsible. 

PATHOPHYSIOLOGY 
The quest to understand the role of the basal ganglia and 

how their function is disturbed in Parkinson's disease is one 
of the Gordian knots of motor physiology. Attempts to for
mulate a single coherent hypothesis to explain the 
physiological basis of tremor, rigidity and bradykinesia 
have been universally unsuccessful. This is not surprising 
when so little can be said about how the basal ganglia con
tribute to what is generally acknowledged to be their major 
function, the control of movement. Recent studies have led 
to proposals that the basal ganglia are responsible for plan
ning the integrated patterns of neuronal activity required for 
the execution of movements (Marsden, 1982). While such a 
concept, if correct, would explain bradykinesia in patients 
with lesions of the basal ganglia, the relationship of tremor 
and rigidity to motor planning is less direct. There has been 
considerable interest in the finding of enhanced long latency 
(M2) reflexes in the limbs of patients with rigidity (Tatton 
and Lee, 1975), but while some workers have suggested that 
this reflex traverses cerebral pathways (Tatton et al, 1978), 
others have claimed that these reflexes are generated in the 
spinal cord (Tracey et al, 1980), and yet others have even 
proposed that the long latency responses derive from vibra
tion produced in the periphery (Hagbarth et al, 1981). Most 
physiologists agree that parkinsonian tremor results from 
oscillations, in the basal ganglia, of neuronal activity that is 
accessible to modification by peripheral input; but there are 
even controversies here, on such simple questions as 
whether perturbation of the limb can reset the tremor cycle 
(Teravainen et al 1979, Lee and Stein 1981). 

In summary, the physiology of the basal ganglia, and its 
disturbance in Parkinson's disease, remains one of the most 
difficult areas in which to make firm progress. 

PHARMACOLOGY 
Pharmacology has been a more fertile field for advances 

in elucidating the biology of Parkinson's disease. Since 
the discovery of dopamine as a neurotransmitter in the stria
tum and substantia nigra, these regions have proved to be a 
veritable cornucopia for the demonstration of other active 
agents, such as GABA, glycine, acetylcholine, substance P, 
somatostatin, and cholecystokinin. The regional profiles of 
concentrations of these various substances, their synthetic 
enzymes, their metabolites, and their receptors are currently 
undergoing characterization in healthy brains and in 
Parkinson's disease (Javoy-Agid et al, 1983). Some ex
tremely interesting points are beginning to appear, such as 
depletion of choline acetyltransferase in the cerebral cortex. 
This enzyme is concerned with the synthesis of 
acetylcholine, and the decrease correlates with the extent of 
dementia in parkinsonian patients (Agid et al, 1983), an 
observation in accord with the findings in Alzheimer's dis
ease. 

It is also becoming recognized that the various active 
humoral agents in the basal ganglia probably have very dif
ferent ways of communicating information between 
neurons; some conventional neurotransmitters seem to be 
released for fast, transient and highly localized effects at 
synapses, while other substances, often termed neuro
modulators, have slower actions over more diffuse areas. 
Furthermore, it seems that in many cases one neuron 
contains more than one active agent, such as dopamine and 
cholecystokinin (Hokfelt et al, 1980), and that a 
monoamine and a peptide may even coexist in the same in-
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tracellular vesicle (Pelletier et al, 1981). In this context, it is 
of interest that while cholecystokinin is localized in several 
regions of the human brain, this peptide is selectively 
depleted in the substantia nigra in Parkinson's disease 
(Studler et al, 1982). 

These complexities at the presynaptic level are being 
matched by the characterization of multiple categories of 
receptor for dopamine. At least two subtypes of dopamine 
receptor (Dl and D2) have been proposed (Kebabian and 
Calne, 1979) and there may be more (Seeman, 1980). The 
most important receptor for eliciting the therapeutic 
response in Parkinson's disease seems to be the D2 recep
tor. There is evidence for an antagonistic interaction 
between D1 and D2 receptors in the striatum (Stoof and 
Kebabian, 1981), and indirect observations suggest that 
both receptor types may be located on the same striatal 
neuron (Stoof and Kebabian, 1982). 

These new concepts may have an impact on therapy. If 
more selective agonists and antagonists can be developed 
for the various physiological active substances that are ab
normal in Parkinson's disease, and particularly if agents can 
be found that are specific stimulants or blockers for the sub
types of dopamine receptor, it may be possible to improve 
the therapeutic index of treatment by tailoring drug com
binations for particular needs. A start in this direction has 
already been achieved with the ergot derived dopamine 
agonists, which induce less dyskinesia than Ievodopa. By 
developing agents with more prolonged kinetic profiles, it 
may prove possible to prevent or ameliorate fluctuations in 
response (wearing off reactions) more effectively than has 
hitherto been possible. 

A final interesting point which has arisen from these 
pharmacological advances is the recognition that since 
some active agents are released diffusely, rather than re
quiring precise neuron to neuron contact, function can be 
restored in animal models of Parkinson's disease by 
transplanting neurons into the brain and allowing them to 
survive in the immunologically privileged situation afforded 
by the blood-brain barrier (Perlow et al, 1979). Experiments 
in animals have shown repeatedly that these goals are at
tainable, and recently there has been a preliminary report of 
a human study in which cells from the adrenal medulla were 
transplanted into the brain of a single patient with severe 
Parkinson's disease (Kolata 1982). These cells, which are 
capable of producing catecholamines, including dopamine, 
were obtained from the patient's own adrenal. The patient 
survived the procedure but so far no change in his 
neurological status has been observed. With due attention 
to the ethical sensitivities, this type of operation is likely to 
be repeated until we have a more definite impression of its 
potential. 

PHARMACOTHERAPY 
Increasing experience with Ievodopa has led to more 

widespread recognition of the late management problems, 
notably severe dyskinesia, fluctuations in response, psy
chiatric symptoms and declining efficacy. Although not 
proven, there is a high level of suspicion that some of these 
difficulties might be related to a high cummulative intake of 
Ievodopa, so most neurologists tend to use lower doses than 

previously, and often start Ievodopa therapy later in the 
course of the disease, (Fahn and Calne, 1978). 

Levodopa is now almost always employed with a decar
boxylase inhibitor (carbidopa or benserazide). The optimal 
dose of decarboxylase inhibitor is 100-200 mg daily, so 
when patients are starting treatment, or being maintained 
on a low dose of Ievodopa in the region of 400-500 mg dai
ly, it is best to prescribe the Ievodopa :decarboxylase in
hibitor ratio of 4:1. If they need doses in the region of 1000 
mg Ievodopa daily, it is more appropriate to use the 10:1 
preparation. It is often helpful to mix tablets between these 
ranges, for example alternating between Sinemet 100/25 
and 100/10, so that the intake of decarboxylase inhibitor is 
in the desirable area of 100-200 mg daily, whatever the level 
of Ievodopa dosage. 

Since dopaminergic ergot derivatives induce less 
dyskinesia than Ievodopa, and generally have a more 
prolonged action, they have been tried as initial therapy. 
However, they are not usually capable, by themselves, of 
achieving a sufficient level of efficacy, so Ievodopa has to be 
added (Stern et al, 1979). 

A logical approach to the problem would be starting 
patients on a combination of low doses of Ievodopa together 
with low doses of a dopaminomimetic ergot preparation, 
instead of either drug alone. It will be of interest to see if the 
late problems of Ievodopa therapy can be reduced in this 
way. 

Another strategy for dealing with late management dif
ficulties is temporary withdrawal or substantial reduction of 
Ievodopa therapy - the "drug holiday". The indications for 
this procedure, the dose schedule, and the results reported 
vary widely. While it is entirely rational and safe to stop 
Ievodopa in patients who are clearly toxic from the drug 
(with profound dyskinesia or psychosis), the procedure 
should be carried out in hospital where close monitoring will 
permit the Ievodopa to be restarted rapidly when the 
patient's neurological status is appropriate. 

It has been suggested that after prolonged treatment with 
Ievodopa the dopamine receptors develop a fluctuating or 
sustained reduction of sensitivity which can be helped by 
temporary withdrawal of therapy. This is the theoretical 
basis for a "drug holiday". However, in patients with a 
declining or fluctuating response to Ievodopa, the risks of 
stopping treatment are substantial. There are several anec
dotal reports of death from aspiration consequent upon im
paired swallowing in this situation. 

Because of persisting doubt over the rationale for the 
procedure and, more importantly, the catastrophic compli
cations that can occur, there is no general agreement that 
drug holidays still have a role in management, unless 
patients are suffering from acute Ievodopa toxicity. In these 
circumstances cessation of therapy is standard practice in 
most fields of neurology, so the term "drug holiday" is 
perhaps misleading. 

CONCLUSIONS 
Since the discovery that Parkinson's disease is a 

"dopamine depletion syndrome" there have been continuing 
efforts to understand more about the normal functions of 
the basal ganglia, the cause and nature of their pathological 
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derangements, and the various ways in which phar
macotherapy might be improved. Progress has been made 
in some areas, but much work remains to be done. 
Parkinson's disease continues to be a major challenge for 
the neuroscientist and the neurologist. In this review two 
practical management suggestions are put forward. First, it 
is argued that relatively low doses of levodopa (Sinemet 
or Prolopa) be combined with similarly low doses of a 
dopaminergic ergot (bromocriptine) in the early treatment 
of Parkinson's disease, in an effort to minimize the 
deleterious consequences of a high cumulative dose of 
levodopa. Second, the dangers of a "drug holiday" are 
stressed, with a proposal that temporary withdrawal of 
levodopa be confined to patients who are frankly toxic, with 
psychosis or severe dyskinesia. 
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