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ABSTRACT: We have evaluated 5 DA agonists-bromocriptine, lergotrile, lisuride, pergolide, and mesulergine in
studies encompassing 278 patients with advanced PD. In most of our patients the DA agonist was added to levodopa.
Most of our patients were no longer satisfactorily responding to levodopa. Previous attempts at managing these
patients by changing the dose of levodopa (increasing or decreasing it), the treatment schedule, or the ratio of
levodopa to carbidopa or by temporarily discontinuing levodopa [drug holiday] were unsuccessful. The majority of
our patients had diurnal fluctuations in performance, either *‘wearing off™’ or *‘on-off”’ phenomena. The addition of a
DA agonist resulted in a decrease in parkinsonian disability in most patients and a decrease in the severity of the
diurnal fluctuations in performance. Improvement in many patients was maintained for at least 2 years. Adverse
effects included mental changes, dyskinesias, orthostatic hypotension, and nausea. All of the adverse effects were
reversible when the agonist was decreased or discontinued. As a group the agonists behaved similarly but individual
patients often responded better to one agonist than another. The main role of agonists is in combination with levodopa
in the treatment of patients with early PD who have not yet developed dyskinesias or diurnal fluctuations in
performance.

RESUME: Les agonistes des récepteurs D-1 et D-2 dans la maladie de Parkinson. Nous avons évalué 5 agonistes
dopaminergiques—labromocriptine, le lergotrile, le lisuride, le pergolide et la mésulergine par des études comprenant
278 patients souffrant d'une maladie de Parkinson avancée. Chez la plupart de nos patients, I’agoniste dopaminergique
était ajouté a la 1évodopa. La plupart de nos patients ne répondaient plus de fagon satisfaisante a la 1évodopa. Toutes
les tentatives antérieures de controler la symptomatologie de ces patients en changeant la dose de lévodopa
(augmentation ou diminution), I’horaire de la prise du médicament, la proportion de 1évodopa par rapport a la
carbidopa ou en retirant temporairement la lévodopa [drug holiday] se sont soldées par un échec. La majorité de nos
patients avaient des fluctuations dans la performance, du type ‘‘wearing off”” ou épuisement ou du type ‘‘on-off>’.
L’addition d’un agoniste dopaminergique a diminué I'invalidité due a la maladie de Parkinson chez la plupart des
patients et a diminué la sévérité des fluctuations diurnes dans la performance. L’amélioration chez plusieurs patients
s’est maintenue pendant au moins 2 ans. Parmi les effets secondaires, on note les modifications de 1’état mental, les
dyskinésies, I’hypotension orthostatique et les nausées. Tous les effets secondaires étaient réversibles lorsque la
posologie de I’agoniste était diminuée ou qu’il était cessé. L’effet de tous les agonistes était semblable, mais certains
patients répondaient mieux & un agoniste qu’a un autre. Le role principal des agonistes est dans la thérapie combinée
avec lalévodopa chez les patients qui sont au début de leur maladie de Parkinson et qui n’ont pas encore développé de
dyskinésies ou de fluctuations diurnes dans la performance. Can. J. Neurol. Sci. 1987; 14:466-473

The efficacy of levodopa in Parkinson’s disease (PD) decreases
after several years.' This decreased efficacy has been related
both to disease progression and to the effects of levodopa itself.
The core disorder in PD is a degeneration of the pigmented
neurons in the substantia nigra compacta [SN.] and the locus
ceruleus. Paralleling the degeneration in the SN is a loss of

with long-term levodopa therapy is the development of diurnal
fluctuations in performance, ‘‘wearing-off’’ and ‘‘on-off”’
phenomena.5’ One hypothesis attributes the fluctuations to
inadequate delivery of DA to the postsynaptic striatal receptors.
Consequently, several approaches have been taken to augment
the delivery of levodopa to the striatum.®® These approaches

dopamine (DA) and DA synthesizing enzymes in the SN, and
the striatum.? Also the sensitivity of the postsynaptic DA recep-
tors may increase.’ Initially, levodopa may compensate for the
striatal DA deficiency by increasing the activity of the remain-
ing SN, neurons*® and may promote the formation of dopa-
mine in striatal intraneurons. Eventually, however, these
compensatory mechanisms fail. Another problem associated

include increasing the dose of levodopa, increasing the fre-
quency oflevodopaadministration, giving parenteral levodopa, '
usingacontrolled release levodopa/carbidopa preparation, chang-
ing the levodopa/carbidopa ratio, using a different dopa decar-
boxylase inhibitor or dietary modification'' to eliminate those
amino acids that interfere with levodopa absorption.'*'* Another
hypothesis attributes the decreased response to levodopa and
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the diurnal fluctuations to chronic levodopa administration. '3

Consequently there have been several approaches centering on
decreasing or temporarily discontinuing levodopa.'® Thus far
the benefits of all of these methods of augmenting the delivery
or decreasing the dose of levodopa have been limited.

To date, the best results in patients with a decreasing response
to levodopa have been achieved with DA agonists, drugs that
bypass the degenerating SN, neurons and directly stimulate
the postsynaptic DA receptors. Evenbetter results are achieved
when the DA agonists are used early, before the fluctuations
develop.'” Because individual DA receptors may be concerned
with specific therapeutic actions or adverse effects (in contrast
to the less specific action of levodopa) different DA agonists
could be directed toward specific D, or D, DA receptors. Addi-
tionally some of the DA agonists have a longer duration of
action than levodopa, and this itself may result in a smoother
response.

The D, DA receptor was initially identified as a DA sensitive
adenylate cyclase that was located in the superior cervical
ganglion, the retina, and the striatum. Stimulation of the D, DA
receptor results in an increased formation of cyclic adenosine
monophosphate {AMP].'® There is good agreement between
the antipsychotic activity of the phenothiazines and their activ-
ity as D; DA receptor blockers. This correlation does not
extend to the butyrophenones or sulpiride, which are potent
antipsychotic agents but weak D DA blockers. At the D; DA
site DA is a full agonist, apomorphine is a partial agonist [effective
mainly at denervated receptors] and bromocriptine is an
antagonist. In the striatum D; DA receptors are localized to
membranes of intrastriatal gamma amino butyric acid [GABA]
neurons.

Stimulation of the D, DA receptors does not result inincreased
cyclic AMP.'" D, DA receptors are located in the striatum and
in the pituitary. Initially the striatal D, DA receptors were
thought to be localized to axons of a descending cortico-striatal
tract.”® Recent work suggests that these receptors may be on
intrastriatal GABA neurons.?! All of the major neuroleptic
antipsychotic drugs, including the phenothiazines, butyro-
phenones, and sulpiride, are potent blockers of the D> DA
receptors. In addition, DA, apomorphine, and the DA agonists
are full agonists at the D, DA receptor.

The D3 DA or the presynaptic ‘‘autoreceptors’ have a high
affinity for DA but a low affinity for neuroleptics. In contrast to
its action at the D, DA site, bromocriptine is a weak D3 DA
receptor agonist.?%-?

Several alterations in DA receptor populations have been
observed in postmortem brains obtained from parkinsonian
patients.?*?* Tissue from levodopa untreated parkinsonian
patients show a 50% to 100% increase in the number of D, DA
receptors. Tissue from levodopa treated parkinsonian patients
show that the number of D, DA receptors is either normal or
low. The increase in the number of D, DA receptorsin untreated
patients may reflect denervation supersensitivity or ‘‘up
regulation’’ of the receptors. When brain DA levels are brought
closer to normal by treatment then ‘‘down regulation” may
occur. If the number of receptors is decreased as a conse-
quence of the disease rather than as a consequence of levodopa
treatment then the patients may not respond at all to treatment
with levodopa or DA agonists. Such unresponsive patients
suffer from a more complex problem than just a striatal DA
deficiency.
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In these studies it was also demonstrated that although there
are changes in the number of the D, DA receptors, the binding
affinities of these receptors do not change. In addition the D,
DA receptors are unchanged or increased slightly by levodopa
treatment. The D; DA receptors are decreased by 30% to 50%.
There are inherent limitations in understanding the mechanism
of action of levodopa and the DA agonists from these studies.
Further understanding of the action of levodopa and the DA
agonists has come from studies using animal models of
parkinsonism.

The existence of two types of striatal DA receptors with
opposite effects oncyclic AMPraises the question as to whether
stimulation of the D; DA or the D, DA receptor or both is
responsible for antiparkinsonian activity. Thus while recent
studies indicate a 92 kilodalton (KDA) peptide may represent
the binding site subunit of both receptors, biochemical, physio-
logical and behavioral studies with newly developed selective
D, and D, DA agonists and antagonists indicate that there is a
complex interaction between both receptors,’>23:2627.28 For
example the selective D; DA agonist, SKF 38393 enhances
cyclic AMP formation in striatal slices while the selective D,
DA agonist, LY 141865 inhibits the SKF 38393 increased cyclic
AMP formation. Neither the D| DA agonist, SKF 38393 nor the
D, DA agonist LY 141865 restores locomotor activity in reser-
pinized mice, but the combined administration of these two
drugs does. Further, the selective D, DA agonist LY 141865
prevents the catalepsy that is induced by the selective D; DA
antagonist SCH 23390 while the selective Dy DA agonist blocks
the stereotyped behavior that is induced by D, DA agonists.
Based on studies with these selective DA agonists and antago-
nists in animals and the available clinical data, it is not yet
possible to conclude whether stimulation of D, DA, D, DA, or
both receptors is the most effective. Thus, dopamine (formed
from levodopa) and pergolide stimulate both the D, and D, DA
receptors, while bromocriptine, lergotrile, lisuride, or mesulergine
stimulate only the D, DA receptors, None of the available DA
agonists, when used alone, is as effective aslevodopa. However,
several studies indicate that the DA agonists, when given in
combination with levodopa, are more effective than levodopa
alone.” The increased efficacy of dopamine agonists, when
used in combination with levodopa, might be a result of activa-
tion of both the D, and the D, DA receptors.

Recently, a mechanism was proposed which could explain
the increased efficacy of one DA agonist, bromocriptine in
combination with levodopa.®® In animal studies, activity of
bromocriptine is enhanced by the presence of DA within the
nigrostriatal synapses. If DA is not present (e.g. in animals
treated with reserpine or a-methyl p-tyrosine) bromocriptine
will not produce those behaviors associated with stimulation of
the postsynaptic DA receptors. In vitro studies with striatal DA
receptors reveal differences in the way the agonists interact
with the DA receptor. Dopamine and some DA agonists induce
a conformational change at the receptor which leads to the
conversion of the receptor from a low to a high affinity state,
resulting in the formation of a ternary complex between agonist,
a receptor binding protein and a coupling nucleotide.
Bromocriptine does not differentiate between the low and the
high affinity states of the DA receptor and is unable to form the
ternary complex which mediates DA agonist activity. It is
postulated that only in the presence of DA can the ternary
complex be formed and that later bromocriptine replaces DA
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in the ternary complex to form a more durable complex. The
formation of this more durable complex might explain the
enhanced activity of bromocriptine in the presence of levodopa.
There is some experimental evidence to support this hypothesis.
For example, in primate models of parkinsonism, low doses of
bromocriptine have no effect on tremor, but in combination
with levodopa, bromocriptine relieves tremor longer than
levodopa alone. These studies support the idea that the combi-
nation of low doses of bromocriptine with levodopa is valuable
in PD and they are in agreement with results from a recent
double-blind study.?

Recent approaches in developing DA agonists are based on
the findings that some agonists, called partial agonists, selec-
tively stimulate presynaptic and supersensitive postsynaptic,
but not normosensitive postsynaptic, DA receptors.?* Since the
denervation of the nigrostriatal DA neurons in PD results in the
development of supersensitive postsynaptic DA receptors, it
has been assumed that partial DA agonists such as ciladopa,
terguride, BHT 920 and EMD 23448 may be effective anti-
Parkinson drugs. It has also been assumed that because partial
DA agonists do not stimulate normosensitive postsynaptic DA
receptors they will produce fewer side effects. Preclinical and
clinical studies with partial DA agonists suggest that these
compounds do have anti-parkinsonian activity with fewer side
effects such as dyskinesias. To explain the mechanisms under-
lying the selectivity of these partial DA agonists in stimulating
the supersensitive postsynaptic DA receptors, it has been sug-
gested that the supersensitive postsynaptic DA receptors may
be coupled differently to the agonists than the normosensitive
DA receptors.

The recent findings that a large receptor reserve exists at the
presynaptic DA receptors that control DA synthesis offers
another explanation for the activity of the partial DA agonists.*'
It is known that a large receptor reserve may produce an
increase in the maximal response for a partial agonist, while in
its absence, the response to the partial agonist is small. Thus,
partial DA agonists such as ciladopa, EMD 23448 or 3-PPP
exert different DA agonistic activity at receptor sites with
different receptor reserves. If supersensitive post-synaptic recep-
tors like presynaptic DA receptors have a large receptor reserve,
while normosensitive postsynaptic receptors do not, then the
selective stimulation of the presynaptic and supersensitive post-
synaptic receptors, could be due to the difference in their
receptor reserve population.

The effects of DA D, and D, agonists have also been studied
using [14¢] 2-deoxyglucose (2 DG) autoradiography in rats
with unilateral SN, lesions.>**** In these rats the administra-
tion of the selective D, DA agonist SKF 38393 results in contra-
lateral turning and increased 2 DG utilization in the ipsilateral
entopeduncular nucleus [the rodent homologue of the primate
medial pallidum] and in the SN pars reticulata [SNg]. In these
rats the administration of levodopa or of the selective D, ago-
nist LY 171555 also results in contralateral turning but with a
bilateral increase in 2 DG utilization in the entopeduncular
nuclei and a mild increase in 2 DG utilization in the contralat-
eral SNgi. These results suggest that the D; and D, agonists
may mediate rotation via anatomically distinct striatal efferent
pathways and that similar behavior [contralateral turning] may
be associated with different biochemical changes.>**
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Bromocriptine

Bromocriptine a D, DA agonist was the first DA agonist to be
successfully introduced into clinical practice.*® Our experience
with bromocriptine spans 12 years. Initially bromocriptine was
used in high doses [more than 30 mg/day] in patients with
advanced PD, dyskinesias and diurnal fluctuations in
performance.’” While these patients benefitted from the combi-
nation of high dose bromocriptine and levodopa, adverse effects
were frequent and limited treatment. In retrospect it is not clear
that this was the best way to use bromocriptine but, rather, as
recent studies have shown, bromocriptine should be intro-
duced early into the treatment of PD before patients develop
dyskinesias or diurnal fluctuations in performance.

In our first large study we administered bromocriptine to 66
patients with advanced PD and increasing disability despite
optimal levodopa treatment.® Patients were assessed using a
PD Disability Scale on which 0 represents no disability and
100% maximum disability.*® Patients were also staged using the
Hoehn and Yahr Scale. Diurnal fluctuations in performance
were evaluated by examining patients during both ‘‘on’’ and
“off’” periods and by asking patients to keep a daily log of the
number of hours they were “‘on’’. Significant improvement in
rigidity, tremor, bradykinesia, postural stability, and gait occurred
in 45 patients. The frequency of diurnal fluctuations in perfor-
mance decreased in 19 of 27 patients. The mean daily dose of
bromocriptine was 47 mg. This allowed the dose of levodopa to
be reduced by 10%. Bromocriptine was discontinued in 29 of
the 66 patients because of adverse effects, including mental
changes (14 patients) and increased dyskinesias (9 patients). All
of these adverse effects were reversible upon decreasing or
stopping bromocriptine.

In a follow-up study of 28 of these patients who were treated
with bromocriptine for at least two years (mean duration, 2.8
years; range, two to five years) bromocriptine at a mean dose of
56 mg resulted in improvement in 21 (75%) of the patients.*’
Sixteen of these patients maintained some of their original
improvement after 2 years. During the study, periodic readjust-
ments of the ratio of bromocriptine to levodopa were required.

Lergotrile

At the time we began studying bromocriptine, we also began
studying lergotrile, a semisynthetic ergot alkaloid and D, DA
agonist. In our first study with lergotrile, we treated 13 patients,
including two patients who had never been treated with
levodopa.*' Lergotrile in doses of up to 20 mg/day resulted in
improvement in five patients, including the two previously
untreated patients. As predicted by ouranimal studies, dyskine-
sias were minimal. In our large study, lergotrile was adminis-
tered to 53 patients with advanced PD who were experiencing
increasing disability despite optimal levodopa treatment.*? The
39 patients who were able to tolerate at least 20 mg/day of
lergotrile showed significant improvement in rigidity, tremor,
bradykinesia, postural stability, and gait. Dyskinesias did not
increase. Among these 39 patients there were 23 who had
diurnal fluctuations in performance. In 13 of these patients the
fluctuations decreased. The mean daily dose of lergotrile was
49 mg/day. The dose of levodopa was reduced by 10%. Lergotrile
was discontinued in 33 of the 53 patients because of adverse
effects, which included mental changes (12 patients),
hepatotoxicity (11 patients), and orthostatic hypotension (5
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patients). Although lergotrile had a definite antiparkinson effect,
the incidence of adverse effects, particularly hepatotoxicity,
resulted in the cessation of clinical studies with the drug.

Bromocriptine and lergotrile differed principally with regard
to adverse effects. Both drugs produced mental changes;
bromocriptine and levodopa increased dyskinesias, whereas
lergotrile and ievodopa did not; lergotrile but not bromocriptine
resulted in hepatotoxicity. Although the antiparkinsonian effects
of bromocriptine and lergotrile were comparable, differences in
individual patient response were apparent. Some patients
improved more with bromocriptine, whereas others improved
more with lergotrile.*?

Lisuride

We next evaluated lisuride, a semisynthetic ergot alkaloid
and D, DA agonist that is more potent on a milligram per
milligram basis than bromocriptine or lergotrile. Lisuride is
also a serotonin agonist. In our first study we replaced levodopa
with lisuride in 10 patients with PD whose response to levodopa
had decreased.* Five of these patients experienced improve-
ment on lisuride alone. Although this improvement lasted sev-
eral months eventually the patients needed a combination of
lisuride and levodopa. The meandose of lisuride was 3.6 mg/day
(range, 1.6 to 5.0 mg).

Eventually we treated 63 advanced PD patients with lisuride.*
This group included 40 patients with diurnal fluctuations in
performance. Lisuride, combined with levodopa, resulted in a
significant decrease in disability for the group as a whole. The
number of hours during which patients were “‘on’’ increased
significantly in the 40 patients with diurnal fluctuations. Adverse
effects necessitated the discontinuation of lisuride in 26 patients.
These adverse effects included an organic confusional syn-
drome (15 patients) and increased dyskinesias (5 patients). All
adverse effects disappeared within several days after decreas-
ing or stopping lisuride.

Lisuride was compared with bromocriptine in 25 patients
whose response to levodopa had decreased.*® Nineteen of these
patients had diurnal fluctuations. At the time bromocriptine
was added to levodopa, the mean age of the patients was 62.7
years and the mean disease duration was 8.9 years on
bromocriptine and levodopa. Disability in these patients decreased
by 34% during *‘on’’ periods and by 20% during ‘*off"’ periods.
The number of hours during which the patients were ‘‘on”
increased from 9.6 to 12.8 hours. All of these changes were
significant. Adverse effects necessitated the discontinuation of
bromocriptine in 11 patients. The mean dose of bromocriptine
was 55 mg (range, 20 to 100 mg). At the time lisuride was added
to levodopa, the patients were older (65.4 years), had had the
disease longer (11.4 years), and were more disabled. Nonetheless,
disability in these patients decreased by 33% during ‘‘on’’
periods and by 17% during *‘off™’ periods, and the number of
hours during which the patients were “‘on’’ increased from 3.9
to 8.9 hours. All of these changes were significant. The mean
dose of lisuride was 2.8 mg. Lisuride was discontinued in eight
patients because of adverse effects. Both bromocriptine and
lisuride are useful in managing patients with advanced disease
whose response to levodopa has diminished. Individual differ-
ences in responses were apparent between the two drugs, with
some patients responding better to one agent than the other.
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Pergolide

We next evaluated pergolide, a semisynthetic ergot alkaloid
and D, and D, DA agonist.?**" Pergolide like lisuride, is more
potent on a milligram per milligram basis than bromocriptine or
lergotrile. Pergolide is longer acting than bromocriptine, lergotrile
or lisuride. In our first study, pergolide was evaluated in 13
patients with advanced disease and diurnal fluctations in per-
formance whose response to levodopa had decreased.*® Among
the nine patients who completed the trial, pergolide alone (two
patients) or combined with levodopa (seven patients) had a
marked antiparkinsonian effect. The mean daily dose of pergolide
was 2.4 mg (range, 2 to 5 mg.). Eventually we administered
pergolide to 56 patients with advanced disease who were no
longer satisfactorily responding to levodopa.® This group included
45 patients with diurnal fluctuations in performance. Pergolide,
combined with levodopa, resulted in a 44% decrease in disabil-
ity during “‘on’’ periods, a 15% decrease in disability during
“off”” periods, and a 148% increase in the number of hours
during which the patients were on (from 4.6 = 0.3 hoursto 11.4
+ 0.6 hours). All of these changes were significant. The mean
dose of pergolide was 2.5 mg, and the mean duration of the
study was 13 months. Maximum improvement occurred within
two months, and began to decline after six months. Adverse
effects necessitating the discontinuation of pergolide included
an organic confusional syndrome (6 patients), and dyskinesias
(4 patients). Nine patients discontinued pergolide because of a
lack of or a declining effect.

The long-term effects of pergolide combined with levodopa
were studied in 17 patients, including 15 patients with diurnal
fluctations in performance who had been receiving pergolide
for at least two years.’° The mean duration of the study was 27.8
months (range, 24 to 38 months). All 17 patients had initially
improved when pergolide was added to levodopa, but the improve-
ment decreased in time. Decreased receptor sensitization, **down
regulation’’, secondary to prolonged stimulation of the recep-
tors by a DA agonist may account, in part, for the decreased
efficacy in time of all of the agonists including levodopa.

We compared pergolide with bromocriptine in 25 levodopa-
treated patients in whom the response to levodopa had
decreased.’! All 25 patients had diurnal fluctuations in
performance. At the time bromocriptine was added tolevodopa,
the mean age of these patients was 61.8, the duration of the
disease was 9 years, and the duration of levodopa treatment
was 6.1 years. For the group as a whole, disability during **on™’
periods decreased by 36%, disability during “‘off”’ periods
decreased by 25%, and the number of hours during which the
patients were ‘‘on’’ increased by 62%. All of these changes
were significant. Bromocriptine had to be discontinued in 9
patients. The mean dose of bromocriptine was 50 mg (range, 10
to 100 mg.) and the mean duration of treatment was 23 months
(range, 2 to 65 months). At the time that pergolide was added to
levodopa, these patients were older (65.5 years), the duration
of disease was longer (12.7 years) and disability was greater.
For the group as a whole, disability during ‘‘on’’ periods decreased
by 40%, disability during ‘*off"’ periods decreased by 21%, and
the number of hours during which the patients were ‘‘on”
decreased by 24%. The mean dose of pergolide was 2.1 mg.
Pergolide was discontinued in 8 patients because of side effects.
In this retrospective study, pergolide was more useful than
bromocriptine because of its efficacy at a more advanced stage
of the disease. However in a prospective study comparing
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bromocriptine and pergolide no differences were found between
the two drugs.*

We compared lisuride with pergolide in 25 patients with
advanced disease whose response to levodopa had decreased.
This study included 16 patients with diurnal fluctuations in
performance.’”> When added to levodopa, both lisuride and
pergolide resulted in a significant decrease in disability during
both “‘on’” and *‘off”’ periods. The increase in the number of
hours during which the patients were “‘on’’ was greater in the
pergolide-treated patients.

Mesulergine

We also studied mesulergine, an alpha amino ergolene and D,
DA agonist, in 40 patients.>® In 20 patients with advanced
disease, a declining response to levodopa, dyskinesias and
diurnal fluctuations, mesulergine was added to a fixed dose of
levodopa. The maximum dose of mesulergine was 20 mg/day. A
double-blind randomization to active drug or placebo was per-
formed at the end of the study. Eleven of the 20 patients (55%)
benefitted from mesulergine with a decrease in their disability,
no increase in their dyskinesias, and a decrease in their diurnal
fluctuations. In another 20 patients, who had less advanced
disease, mesulergine was substituted for levodopa. The maxi-
mum dose of mesulergine was also 20 mg/day. In this group, no
double-blind randomization to active drug or placebo was per-
formed at the end of the study. Reduction in dose of levodopa
was the measure of efficacy. In this group of patients, the dose
of levodopa was reduced by 64%. Levodopa was completely
replaced by mesulergine in 5 patients. Dyskinesias and diurnal

fluctuations which were present in these patients on their entry
into the study, were reduced by the substitution of mesulergine
for levodopa.

Adverse reactions with mesulergine were minimal and were
similarto those associated with the other DA agonists. Although
mesulergine had significant antiparkinson activity, studies with
the drug have been discontinued because of the occurrence of
microscopic Leydig cell tumors in some rats after long-term
treatment (at least two years). The studies with mesulergine
were significant in demonstrating that a drug can have
antiparkinson activity yet induce few dyskinesias.

Our experience with the five DA agonists is summarized in
Tables 1 - 5. Pretreatment data for the patients studied are
presented in Table 1, and information regarding previous levodopa
therapy in these patients is shown in Table 2. Table 3 summa-
rizes the results. All five DA agonists studied produced signifi-
cant (P =< 0.01) improvement. The percentage of patients who
improved by at least one stage ranged from 39% to 80%. Table 4
presents the results of treatment with the DA agonists in patients
with diurnal fluctuations. The adverse effects that resulted in
the discontinuation of the DA agonist-therapy are summarized
in Table 5.

DISCUSSION

All of the DA agonists are useful in treating patients whose
response to levodopa has decreased or who are experiencing
diurnal fluctuations in performance. More than half of such
patients improved on DA agonists. In these patients, the dose

Table 1: Pretreatment Data for Parkinsonian Patients Participating in Clinical Trials of Dopamine Agonists

Dopamine Agonist

Bromocriptine'? Lergotrile!®’ Lisuride®® Pergolide? Mesulergine3’ Total
Number of Patients (N = 66) (N = 53) (N = 63) (N = 56) (N = 490) 278
Age (yr)
Mean 62 62 65 63 65 63.3
Range 45-80 45-85 47-82 35-84 50-77
Duration of Parkinson’s disease (yr)
Mean 10.0 9.9 11.3 12.8 10.8 (1.0
Range 2-48 2-48 3-27 1-31 2-3§
Number (%) of Patients with dementia 11 (17%) 8 (15%) 11 (17%) 7 (13%) 5 (12.5%) 42 (15%)
Number (%) of Patients 37 (56%) 23 (43%) 40 (63%) 45 (80%) 26 (65%) 171 (62%)
with diurnal oscillations
Table 2: Details of Previous Levodopa Treatment in Patients Participating in Clinical Trials of Dopamine Agonists
Dopamine Agonists
Bromocriptine Lergotrile Lisuride Pergolide Mesulergine Total
Number of Patients 66 53 63 56 40 278
Sinemet™ dose (mg of levodopa)
Mean 1,070 1,075 1,005 1,000 1,470 1,040
Range (150-2,000) (150-2,000) (300-2,400) (300-2,000) (900-2,000)
Duration of levodopa treatment (yrs)
Mean 5.6 6.3 8.2 8.9 12.6 8.0
Range 0-9) 0-9) (<1-14) (<1-13) (11-14)
Patients who improved by at least
one stage on levodopa 48 (73%) 39 (74%) 53 (84%) 49 (88%) 34 (85%) 223 (80%)
Patients who eventually deteriorated
by at least one stage on levodopa 44 (67%) 28 (53%) 30 (48%) 18 (32%) 15 (38%) 135 (49%)
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of levodopa may be reduced by as much as 25%. The therapeu-
tic response to these agonists usually peaks within six months
and then may decline. Approximately 25% of patients maintain
a good response for at least two years.

There are several reasons for the difference in efficacy of the
DA agonists in patients with advanced disease: (1) Diurnal
fluctuationsin performance complicate the evaluation of patients
with advanced disease. Unless patients are under 24-hour
observation, which is rarely possible, the assessment of effi-
cacy depends upon the evaluation of patients during “*on’’ and
““off”” periods and by the use of a daily log that is kept by the
patient. Unless the physicians and patients are experienced in
assessing parkinsonian signs and symptoms, assessments may

vary widely. (2) Psychological factors play a prominent role in
PD and affect disability scores and diurnal fluctuations. (3) The
ergot DA agonists are metabolized by the liver and there are
differencesin their absorption metabolismand clearance among
patients. (4) The effects of dopamine and the DA agonists may
be modulated by other neurotransmitters which may coexist in
the same neuron with DA.% (5) Some patients with advanced
disease may be unable to respond or respond only poorly to
treatment.

End-stage disease in the levodopa-DA agonist era differs
from end-stage disease in the prelevodopa era. In the prelevodopa
eraend-stage PD was characterized by marked rigidity, tremor,
bradykinesia, and difficulty walking. The **end-stage’’ patients

Table 3: Response of Patients with Parkinson’s Disease to Dopamine Agonists

Dopamine Agonist

Bromocriptine Lergotrile Lisuride Pergolide Mesulergine Total
Number of Patients 66 53 63 56 40 278
Agonist dose (mg)
Mean 47 49 2.6 2.5 9.4
Range (25-100) (20-150) (0.2-5.0) (0.2-10.0) (15.0-20.0)
Duration of treatment (months)
Mean 7 6 5 13 10
Range (1-24) (1-9) (1-26) (1-34) (1-15)
Pretreatment NY U score 34427 33425 379 £ 1.8 38.1 £ 2.1 219 2.1
Posttreatment NYU score 259 2.0 27.3+24 25.1 = 1.7 21219 14.9 = 2.0’
% Change 24% 18% 34% 44% 2%
P <.01 P < .01 P < .01 P < .01 P < .01
Pretreatment stage® 3201 3.2+0.2 3.4 £ 0.1 3.4+0.1 34=x03
Posttreatment stage? 2.5x0.1 2.6 0.2 2.8+0.1 23+0.2 3.0+0.2
Number (%) of patients improved
by at least one stage 25 (39%) 21 (40%) 37 (59%) 41 (73%) 16 (40%)
IColumbia University Scale
2Hoehn and Yahr Scale (patients assessed during **on’’ periods)
Table 4: Effect of Dopamine Agonists on Diurnal Fluctuations in Performance
Dopamine Agonist
Bromocriptine Legotrile Lisuride Pergolide Mesulergine’ Total
Number of Patients 66 53 63 56 20 258
Number of hours ‘‘on”’
before treatment 6.4 +0.5 6.0 £ 0.6 4.0=0.3 38+403 8.8 1.3 54+04
Number of hours ‘‘on”’
after treatment 10.7 £ 0.8 9.8+ 0.8 8.6 0.4 10.4 = 0.5 128 £ 1.2 10.1 = 0.6
% Change in number of hours **on”’ 57% 2% 115% 175% 45% 46%
P < .05 P < .05 P< .01 P < .01 P< .05 P < .05
'Diurnal fluctuations assessed only in 20 patients
Table 5: Adverse Effects Necessitating Discontinuation of Dopamine-Agonist Therapy
Agonist Mental Changes  Dyskinesias Orthostasis Nausea Hepato-Toxicity Other
Bromocriptine (N = 66) 14 9 4 1 | 0
Lergotrile (N = 53) 12 1 8 0 11 2
Lisuride (N = 63) 15 5 1 1 0 4
Pergolide (N = 56) 6 4 | 2 2 3
Mesulergine (N = 40) 1 0 3 2 2 0
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treated with levodopa and DA agonists, however, are not rigid,
may not be bradykinetic, and may be able to walk but have
marked postural instability and fall easily. Some end-stage
patients have violent tremors that shake their beds. Most end-
stage patients are depressed, and many are demented. Many
patients have autonomic insufficiency with dysphagia, and, a
few have orhtostatic hypotension. The patients are cachectic
and may have recurrent bouts of aspiration pneumonia. The
administration of DA agonists, amantadine, anticholinergic agents
or tricyclic antidepressants may aggravate the mental changes.
In some patients, a low dose of a DA agonist may result in
improvement without aggravating the mental changes. These
patients seem to respond as though their remaining DA recep-
tors are exquisitely supersensitive.

While the treatment of advanced PD has been improved by
the introduction of the DA agonists it is now clear that the main
role of these drugs is in the early stage of PD before the patients
develop diurnal fluctuations or dyskinesias. Dopamine ago-
nists reduce the dose of levodopa that is needed for the
antiparkinson effect. The DA agonists may thus delay the com-
plications of high dose long-term levodopa treatment.
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