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LEVODOPA PREPARATIONS

Although standard oral preparations of levodopa
(L-DOPA) give satisfactory symptomatic relief for
most patients with Parkinson’s disease (PD), some
experience disabling motor fluctuations that are
amenable to changes in their medication regimen. Pa-
tients who have developed “wearing-off” from each
dose of immediate-release L-DOPA can achieve more
“on time” and less precipitous “off states” from ther-
apies lengthening the actions of L-DOPA. Several
pharmacologic strategies have been devised to extend
the benefits from each dose of L-DOPA (1). Among
these are sustained-release L-DOPA preparations
(2,3), enteral infusions of an L-DOPA suspension
(4,5,6), monoamine oxidase type B (MAOB) inhibi-
tion, and the recently developed inhibitors of cate-
chol-O-methyltransferase (COMT) (7). These strate-
gies have been especially useful for managing
problems that often develop after long-term L-DOPA
therapy. Some patients experience undesirable peak-
effect responses such as dyskinesias or painful dys-
tonic spasms (8,9,10). To control these problems,
pharmacologic methods lessening the abruptness of
tise and fall in striatal dopaminergic stimulation can
be beneficial.

In addition to strategies mentioned above, sus-
tained duration of action can help to lessen nocturnal
wearing-off of medication, which would otherwise
Precipitate awakenings in some patients. Controlled-
telease formulations of medications for PD may have
other important applications as well. There has been
experimental evidence that pulsatile dopaminergic

agonism at striatal receptors results in different ef-
fects in the rat than would be produced by more con-
tinuous stimulation (11). These findings may have
implications for the long-term therapy of PD with
L-DOPA. If intermittent dosing with dopaminergic
drugs were to be a factor promoting the development
of motor fluctuations and dyskinesias, regimens pro-
ducing more constant drug effects might yield better
long-term clinical results. Extrapolation of this ani-
mal research to PD management has generated con-
siderable controversy (12). Speculations regarding
the value of constant dopaminergic stimulation are
unproven, as demonstrated by a recently completed
clinical trial with sustained-release L-DOPA (13).
However, if constant dopaminergic stimulation is
shown to be better for long-term symptomatic control
of parkinsonism, medications capable of sustained
dopaminergic stimulation will be needed to replace
currently available formulations of L-DOPA. Two new
dopaminergic agonists with long half-lives, cabergo-
line (14) and pramipexole (15). each could serve in
this role, as might the use of the COMT inhibitor tol-
capone with L-DOPA (10).

Extension of Levodopa Effect

There has been extensive research into ways that
the pharmacokinetic and pharmacodynamic profile
of L-DOPA can be tailored to improve results in con-
trolling motor fluctuations (2,17). The development
of improved formulations of this drug and other prod-
ucts for improving consistency of effect has faced
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several challenges. The ideal dose range (“therapeutic
window”) of an antiparkinsonian medication can be-
come very narrow for some patients. To achieve opti-
mal effects from L-DOPA or other antiparkinsonian
drugs, dosing may need to be highly individualized.
For example, optimal daily intake of dopaminergic
ergots can vary over a tenfold range, primarily be-
cause of the effects of first-pass hepatic metabolism
(18). The route of drug delivery via the gastrointesti-
nal tract is intrinsically problematic for achieving
consistency. Water-soluble drugs like L-DOPA are not
absorbed in the stomach, so their uptake can be de-
layed while digestion of meals is ongoing. As an L-
aromatic neutral amino acid, L-DOPA leaves the gut
by an active transport process that competes with di-
etary amino acids. Drugs absorbed through the gas-
trointestinal tract face renal clearance of hepatic me-
tabolism, and their distribution throughout the body
limits the fraction of an ingested dose that actually
reaches the brain. In the case of L-DOPA, 2% or less
of an ingested dose enters the brain. These factors can
have a major impact on how useful and reliable an-
tiparkinsonian medications can be.

The first demonstrations of an antiparkinsonian ef-
fect with L-DOPA used the intravenous route of ad-
ministration (19). Subsequent studies have used L-
DOPA infusions to demonstrate that some types of
motor fluctuation can be lessened by maintaining a
constant L-DOPA plasma concentration (10,20,21).
Although promising as a research tool, intravenous L-
DOPA administration is impractical for several rea-
sons, among them the large volume of solution which
would need to be infused because of the low aqueous
solubility of L-DOPA. Because it can be prepared in
more concentrated form, L-DOPA methylester in so-
lution has been proposed for long-term intravenous
use (22,23). The L-DOPA methylester, which is read-
ily hydrolized to release L-DOPA, can “smooth out”
motor fluctuations during constant infusion (24).
Similar investigations have been conducted with jeju-
nal infusion of L-DOPA ethyl ester (25). Preparations
of carbidopa/L-DOPA in suspension form have al-
lowed some patients to drink optimized doses of this
medication to achieve effects not possible with mar-
keted pill forms.

Some patients have achieved more constant plasma
L-DOPA concentrations with enteric infusions of car-
bidopa/L-DOPA suspension. Since slowed or erratic
gastric emptying of medication may be a contributing
account for some fluctuations in antiparkinsonian
control, direct infusion of L-DOPA has been tried in
which the suspension is delivered directly to the duo-
denal surface by a continuous-flow pump. This ap-

proach has given significant benefit for apparent .
DOPA-nonresponders and for patients unable to jp,.
prove further by adjustment of oral L-DOPA inta,
(6,26). Enteral infusion requires surgical insertion of
a feeding tube and requires that the patient carry o
portable pump and L-DOPA suspension. The percuty.
neous insertion of the feeding tube can be performeq
without abdominal surgery, and ambulatory patiengs
can make use of this system for years. Enteral infy.
sion permits small adjustments to be made in rate of
L-DOPA infusion, and bolusing of extra doses with
more rapid response than achieved by ingesting pil]
forms of this medication. It also permits infusion of
L-DOPA throughout the night, if needed.

Other strategies for improving delivery of L-DOPA
have been devised using various transient derivatives
of L-DOPA. These derivatives prevent metabolism
before or during absorption process to improve bio-
availability (27,28). Chelating L-DOPA to certain di-
valent metals has been another means for enhancing
L-DOPA transport into the brain (29). In animal stud-
ies, Cu** or Zn™ chelated to L-DOPA increased its
transport into the brain by 100% to 150% (30).

Controlled Drug Release of Levodopa

An impressive array of drug delivery systems has
been developed by the pharmaceutical industry to
achieve controlled release of medications (31). For
PD therapeutics, there are only a few examples of
drugs formulated as other than immediate-release
tablets or capsules. Amantadine HCI is available in a
liquid form that allows titration of intake of multiple
daily dosing. Until recently, the anticholinergic tri-
hexyphenidyl has been available in North America in
the form of a sustained-release tablet. Two sustained-
release preparations of L-DOPA have been marketed
for several years. Sinemet CR, a product in which car-
bidopa/L-DOPA is dispersed within a polymer matrix,
was developed from a group of five sustained-release
prototypes (3). Madopar HBS retards the release of
L-DOPA and benserazide by transformation of ifs
gelatin capsule into a mucous body which floats in
the stomach and permits slow diffusion outward of
the two drugs (32). The less abrupt rise and fall of
plasma L-DOPA concentration with these sustained-
release preparations may improve the consistency and
lessen wearing-off medication responses. 3

Recently, a new L-DOPA formulation combining
two drug-release systems has undergone clinical de-
velopment (32). The Geomatrix concept involve_S a
sandwich of two or more drug retention materials
(34). The thickness, surface area, and diffusion char-
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acteristics of the matrices determine release of L-
DOPA and benserazide. In the product tested, the dis-
charge of drug from the immediate-release and sus-
tained-release components of the Geomatrix tablet
were activated simultaneously. The result is a phar-
macokinetic profile of L-DOPA representing the max-
imal capabilities of the gastrointestinal tract to deliver
the drug in a constant manner to the bloodstream. The
dopaminergic agonist bromocriptine has been pre-
pared as a sustained-release form (Parlodel SRO).
This formulation was successful in achieving a longer
duration of action than the immediate-release prod-
uct, and the more gradual release of the dopaminergic
compound may also help in the development of toler-
ance (35).

INFUSION OF LISURIDE

The development of dopaminergic compounds has
permitted assessment of alternative routes for deliv-
ery of antiparkinsonian medications. One example is
lisuride, a dopamine receptor 2 (D,)-like receptor ag-
onist developed as an adjunct to L-DOPA (36). Al-
though currently marketed as an oral tablet, lisuride is
water soluble and has undergone testing using the
subcutaneous route for continuous infusion (37). The
most extensive experience with lisuride infusions has
been reported by Vaamonde et al. (38). In their study
of 70 patients, half were followed for more than a
year (and seven of them for more than 2 years). The
infusion rate of lisuride (slightly more than 100
mg/hour) greatly lessened “off time” and permitted
reduction in daily L-DOPA dose (Table 75-1). Al-
though this strategy can give improved control of mo-
tor fluctuations in advanced PD, often, lisuride is not
well tolerated, and the demands of using a subcuta-
neous pump system are sometimes impractical. Pa-
tients needed to discontinue use of subcutaneous
lisuride infusion for a variety of reasons, including

psychiatric side effects (hallucinations of a mostly vi-
sual nature, and psychosis), nausea, vomiting, and
skin nodules at the site of injection (39). Further tri-
als of lisuride infusion have ceased because the spon-
sor (Schering AG, Berlin, Germany) has discontinued
production of lisuride for parenteral injection. How-
ever, therapeutic principles learned from the use of
lisuride infusion are applicable to apomorphine, as
described below.

INFUSION OF APOMORPHINE

Apomorphine, first administered as an antiparkin-
sonian drug more than 40 years ago, has received in-
creasing attention in recent years. This drug is one of
the most effective ways to reverse the parkinsonian
state and has shown the ability to counteract an “off
state” occurring even during a constant infusion of
L-DOPA (20). Apomorphine is most widely used via
subcutaneous injection for immediate rescue of pa-
tients from a “frozen” state. To establish the optimal
dose, patients usually start with injections of 1.5 to 3
mg subcutaneously administered during predictable
off periods. This dose can be built up to 5 mg or more
per dose. The duration of effect can be up to 3 hours.
When used in this manner three to four times per day,
apomorphine can control wearing-off responses and
other types of motor fluctuation. For simplicity in
achieving its immediate effects, patients can adminis-
ter apomorphine by means of a recently developed
storage-injection device capable of delivering pre-
cisely measured doses.

Apomorphine is not effective as an oral medication
because of oxidation in the acid environment of the
stomach and extensive first-pass hepatic metabolism.
It may be possible to shield the oxidation of the par-
ent compound in the gastrointestinal tract if the drug
is conjugated to acetyl, propionyl, or benzoyl groups
by ester bonds at the catechol hydroxyl sites. Apo-

TABLE 75-1. Continuous infusion of lisuride allowed reduction of levodopa by approximately 30%
but was discontinued in a high proportion of patients because of the occurrence of side effects?

Before infusion

After 5 weeks

After 20 months After 27 months

No. of patients 36
L-DOPA (mg/day) 1,088.7
No. of daily doses 6.2
Lisuride (ug/h)

Off, h/day 7.3
KCH score “on” 19.1
KCH score “off” 61.1

36 27 7
729.6 784.7 401.0
4.5 4.6 4.0
113.3 109.9 100.8
0.9 1.5 2.0
16.6 16.4 27.4
30.7 34.6 45.5

KCH, Kings College Hospital reading score.
From ref. 49, with permission.
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morphine can also be taken up by other parenteral long-lasting basis. For example, Hughes et al. (44)
routes, including intranasal (40) and sublingual (41) ported on subcutaneous apomorphine administrat;e-
on

absorption, and via rectal suppository (42). Recently, for up to 5 years in PD patients with severe mogg - e
there have been studies in which apomorphine was fluctuations. The researchers observed a marked rer k“
administered from a transdermal patch system em- duction of “off time” without the occurrence of tole; ?0
ploying an electric current to drive the drug through ~ ance Of decline in benefit over time. The limits té :
the skin (43). Over the period of 1 hour, this ionto- continuous infusion of apomorphine included ip. .sf
phoretic technique could deliver enough apomor- creasingly severe “on-state” dyskinesias and the de. @
phine to achieve a plasma drug concentration in the velopment of postural instability. Some tolerance tq < : b
usual therapeutic range. the effects of apomorphine develop within hours after it
Like lisuride, apomorphine has had extensive test-  the start of continuous administration of apomor- 3
ing as a therapy by the route of continuous subcuta- phine, as shown by decreased response to bolus test e
neous infusion. Figure 75-1 shows the daily response doses as compared with responses before the infusion )
pattern of a patient receiving apomorphine by contin- (45). Comparisons of clinical outcomes from contin- il
|

uous subcutaneous  infusion. In this example, the —uous infusions of lisuride and of apomorphine have
treatment resulted in an «“on state” for most of the day, shown that the latter drug is better tolerated and more
although it did not abolish all fluctuations. A trend to  efficacious (46,47).
worsening as the day progressed and a predictable
«“off state’ postprandially were not corrected by the
continuous apomorphine infusion. These results, typ-
ical of the experience with apomorphine infusions Future therapeutics for PD have the opportunity
and other attempts to enhance constancy of drug ef-  t0 draw from a variety of technological advances in
fect in managing PD, emphasize that factors other  delivery systems 0 improve upon the manner in
than improvement of pharmacokinetics may be nec-  which drugs will work. For example, near-constant
essary for better therapies in the future. Continuous ~ plasma concentrations and enhanced duration of ac-
apomorphine infusion can be limited by the develop-  tion of certain antiparkinsonian drugs can be
ment of skin nodules or local inflammatory reactions achieved through the transdermal route. A variety of
at the injection sites (although this problem can be transdermal drug delivery systems have been devel-
lessened by use of an apomorphine concentration of oped (48). This option is not possible for L-DOPA
not more than 5 mg/mL). because of the quantity of drug which would have
Some studies of apomorphine infusion have indi- to be transferred for achieving useful clinical ef-
cated that some patients can improve greatly on 2 fects. The concept of transdermal delivery of a

TRANSDERMAL PREPARATIONS
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FIG. 75-1. Apomorphine continuous infusion (6.6 mg/h): average time spent “on;” measured (1aily for
21 consecutive days. It is observed that daytime worsening and postprandial “off state ocey
notwithstanding a continuous daytime infusion.
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dopaminergic compound was first explored with
(+)4-propyl—9—hydroxynaphthoxazine (PHNO; also
Known as MK-458 or naxagolide). PHNO is the most

otent D2 dopaminergic compound known and is
readily absorbed through the skin. Although adminis-
tration of PHNO in an oral sustained-release form
showed potent antiparkinsonian effectiveness (49),
this drug was discontinued from further development
pefore the transdermal delivery route could be tested
in human subjects.

Transdermal administration is currently under in-
vestigation with another dopaminergic compound,
N-0923 (Discovery Therapeutics, Richmond, VA).
N-0923 is an aminotetralin with selective Dy
dopaminergic agonism has recently been shown to
achieve therapeutic doses after application of a skin
patch formulation. Initial clinical trials with this
compound by the intravenous route demonstrated it
could lessen parkinsonian features. Based on this
experience, transdermal patches were developed,
each containing 10, 20, or 30 mg of N-0923 and re-
leasing it over 30 hours. Tests in nine patients re-
vealed 19% to 53% improvements in scores on a
modified Columbia University Parkinsonism Rating
scale (50,51). The maximal effect began at 5 hours
and lasted up to 24 hours. A second study of three
transdermal doses of N-0923 tested tolerability and
effectiveness over 3 weeks. An interim analysis of
results in this placebo-controlled, double-blind
study in 25 patients showed that N-0923 could fully
replace prior dopaminergic agonist therapy with
pergolide or bromocriptine, and permitted reduction
of L-DOPA dose by 20% to 30% without decline in
control of parkinsonism. Motor fluctuations were
lessened, dose titration of N-0923 was not neces-
sary, and adverse effects were minimal. Further de-
velopment of this compound for transdermal admin-
istration is planned.

REFERENCES

1. LeWitt PA. Treatment strategies for extension of lev-
odopa effect. [Review; 112 refs.]. Neurol Clin 1992;
10(2):511-526.

2. Cedarbaum JM. Clinical pharmacokinetics of anti-
parkinsonian drugs [Review; 246 refs.]. Clin Pharma-
cokinet 1987;13(3):141-178.

3. LeWitt PA, Nelson MV, Berchou RC, et al. Controlled-
release carbidopa/levodopa (Sinemet 50/200 CR4):
clinical and pharmacokinetic studies. Neurology
1989;39[Suppl 2]:45-53 [see discussion on page 59].

4. Bianchine JR, Calimlin LR, Dujovne C, Lasagna L.
Metabolism and absorption of L-3,4-dihydroxypheny-
lalanine in patients with Parkinson’s disease. 4nn N ¥
Acad Sci 1971;179:126-140.

5. Kurlan R, Nutt JG, Woodward WR, et al. Duodenal and

10.

11.

12.

13.

14.

16.

17.

19.

20.

21.

22,

553

gastric delivery of levodopa in parkinsonism. Neurology
1988;23:589-595.

. Sage J1, Trooskin S, Sonsalla PK, Heikkila R, Duvoisin

RC. Long-term duodenal infusion of levodopa for mo-
tor fluctuations in parkinsonism. Ann Neurol 1988;24:
87-89.

. Kurth MC, Adler CH, Hilaire MS, et al. Tolcapone im-

proves motor function and reduces levodopa require-
ment in patients with Parkinson’s disease experiencing
motor fluctuations: a multicenter, double-blind, ran-
domized, placebo-controlled trial—Tolcapone Fluctua-
tor Study Group 1. Neurology 1997;48:81-87.

. Luquin MR, Scipioni O, Vaamonde J, Gershanik O,

Obeso JA. Levodopa-induced dyskinesias in Parkin-
son’s disease: clinical and pharmacological classifica-
tion. Mov Disord 1992;7:117-124.

. Marconi R, Lefebvre-Caparros D, Bonnet AM, Vidail-

het M, Dubois B, Agid Y. Levodopa-induced dyskine-
sias in Parkinson’s disease: phenomenology and patho-
physiology. Mov Disord 1994;9:2-12.

Nutt JG. Levodopa-induced dyskinesia: review, obser-
vations, and speculations. Neurology 1990;40:340-345.
Juncos JL, Engber TM, Raisman R, et al. Continuous
and intermittent levodopa differentially affect basal
ganglia function. Ann Neurol 1989;25(5):473-478.
Cedarbaum JM, Gandy SE, McDowell FH. “Early” ini-
tiation of levodopa treatment does not promote the de-
velopment of motor response fluctuations, dyskinesias,
or dementia in Parkinson’s disease. Neurology 1991;41:
622-629.

Block G, Liss C, Irr J, et al. Comparison of immediate-
release and controlled release carbidopa/levodopa in
Parkinson’s disease. Eur Neurol 1997;37:23-27.

Lera G, Vaamonde J, Rodriguez M, Obeso JA. Caber-
goline in Parkinson’s disease: long-term follow-up.
Neurology 1993;43:2587-2590.

. Mierau J, Schingnitz G. Biochemical and pharmacolog-

ical studies on pramipexole, a potent and selective
dopamine D2 receptor agonist. Eur J Pharmacol 1992,
215(2-3):161-170.

Roberts JW, Cora-Locatelli G, Bravi D, Amantea MA,
Mouradian MM, Chase TN. Catechol-O-methyltrans-
ferase inhibitor tolcapone prolongs levodopa carbidopa
action in parkinsonian patients. Neurology 1993;43:
2685-2688.

LeWitt PA. The pharmacology of levodopa in treatment
of Parkinson’s disease: an update. In: Calne DB, ed.
Drugs for the treatment of Parkinson’s disease. Berlin:
Springer-Verlag, 1989:325-384.

. LeWitt PA, Calne DB. Experiences with dopamine ago-

nists in Parkinson’s disease and related disorders. In:
Calne DB, Horowski R, McDonald RJ, Wuttke W, eds.
Lisuride and other dopamine agonists. New York: Raven,
1983:473-480.

Birkmayer W, Hornykiewicz O. Der L-3,4-Dioxyphe-
nylalanin (=DOPA)-Effekt bei der Parkinson-Akinesie.
Wien Klin Wochenschr 1961;73:785-786.

Hardie RJ, Lees AJ, Stern GM. On-off fluctuations in
Parkinson’s disease: a clinical and neuropharmacologi-
cal study. Brain 1984;107:487-506.

Marion MH, Stocchi F, Quinn NP, Jenner P, Marsden
CD. Repeated levodopa infusions in fluctuating Parkin-
son’s disease: clinical and pharmacokinetic data. Clin
Neuropharmacol 1986;9:165-181.

Cooper DR, Marrel C, Testa B, et al. L-Dopa methyl es-



554

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

ter: a candidate for chronic systemic delivery of L-Dopa
in Parkinson’s disease. Clin Neuropharmacol 1984;7:
89-98.

Cooper DR, Marrel C, van de Waterbeemd H, Testa B,
Jenner P, Marsden CD. L-dopa esters as potential pro-
drugs: behavioural activity in experimental models of
Parkinson’s disease. J Pharm Pharmacol 1987;39(8):
627-635.

Juncos JL, Mouradian MM, Fabbrini G, Serrati C,
Chase TN. Levodopa methyl esther treatment of Parkin-
son’s disease. Neurology 1987;37:1242-1245.

Ruggieri S, Stocchi F, Carta A, Catarci M, Agnoli A.
Jejunal delivery of levodopa methyl esther. Lancet
1989;2:45-46.

Kurlan R, Nutt JG, Woodward WR, et al. Duodenal and
gastric delivery of levodopa in parkinsonism. 4nn Neu-
rol 1988;23:589-595.

Bodor N, Sloan KB, Higuchi T, Sasahara K. Improved
delivery through biological membranes, IV: prodrugs of
L-dopa. J Med Chem 1977;20:1435-1445.
Garzon-Aburbeh A, Poupaert JH, Claesen M, Dumont
P. A lymphotropic prodrug of L-dopa: synthesis, phar-
macological properties, and pharmacokinetic behavior
of 1,3-dihexadecanoyl-2-[(S)-2-amino-3-(3,4-dihydro-
xyphenyl)prop anoyl] propane-1,2,3-triol. J Med Chem
1986;29(5):687-691.

Diamond BI, Rajan KS, Mainer S, Borison RL. Copper
facilitation of L-dopa transport into brain. Neurology
1982;32:A67.

Rajan KS, Manian AA, Davis JM, Dekirmenjian H.
Metal kelates of L-DOPA for improved replenishment of
dopaminergic pools. Brain Res 1976;107:317-331.
Chien YW. Novel drug delivery systems. New York:
Marcel Dekker, 1992. Swarbrick J, ed. Drugs and the
pharmaceutical sciences, vol 50.

Erni W, Held K. The hydrodinamically balanced sys-
tem: a novel principle of controlled drug release. Eur
Neurol 1987;27[Suppl 1]:21-27.

Ghika J, Gachoud JP, Gasser U, The L-dopa Dual-re-
lease Study Group. Clinical efficacy and tolerability of
a new levodopa/benserazide dual-release formulation in
parkinsonian patients. Clin Neuropharmacol 1997;20:
130-139.

Conte U, Maggi L, Colombo P, La Manna A. Multi-lay-
ered hydrophilic matrices as constant release devices
(Geomatrix System). J Controlled Rel 1993;26:39-47.
Jansen ENH, Staal-Schreinemachers A, Vandersande JJ,
Haas JA, Lakke JPWF. Parlodel SRO in Parkinson’s dis-
ease: a double-blind randomized comparison of Par-
lodel standard and Parlodel SRO. Eur Neurol 1992;32:
318-320.

LeWitt PA. Clinical and pharmacological aspects of the
anti-parkinsonian ergolene lisuride. In: Fahn S, Mars-
den CD, Jenner P, Teychenne P, eds. Recent develop-

SECTION 1V: THERAPY: MEDICAL TREATMENTS

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

5L

ments in Parkinson’s disease. New York: Raven, 1986,
347-354. ¥
Lakke JPWE, Delhaas EM, Rutgers AWF, eds. Subcyty
neous lisuride infusion. Carnforth: Parthenon, 1992 g
Vaamonde J, Luquin MR, Obeso JA. SUbCUtanéous
lisuride infusion in Parkinson’s disease: responge
chronic administration in 34 patients. Brain 1991:114.
601-617. ;
Critchley PH, Grandas Perez F, Quinn NP, Parkes Jp
Marsden CD. Continuous subcutaneous lisuride infu:
sions in Parkinson’s disease. J Neural Trangm, Suppl
1988;27:55-60.

Kapoor R, Turjanski N, Frankel J, et al. Intranaga} apo-
morphine: a new treatment in Parkinson’s disease [Let.
ter]. J Neurol Neurosurg Psychiatry 1990;53(1 1):1015.
Durif F, Deffond D, Tournilhac M. Efficacy of subly,
gual apomorphine in Parkinson’s disease. J Neurol Ng,,.
rosurg Psychiatry 1990;53:1105.

van Laar T, Jansen ENH, Essink AWG, Rutten Wj
Neef C. Rectal apomorphine: a new treatment modalit};
in Parkinson’s disease. J Neurol Neurosurg Psychiatry
1992;55:737-738.

van Laar T, van der Greest R, Bodde HE, Danhof M,
Roos RAC. Transdermal iontophoretic delivery of apo-
morphine in patients with Parkinson’sdisease. Mov Djs.
ord 1996;11[Suppl 1]:196-197.

Hughes AJ, Bishop S, Kleedorfer B, et al. Subcutaneoug
apomorphine in Parkinson’s disease: response to chronic
administration for up to five years. Mov Disord 1993:8:
165-170.

Gancher ST, Woodward WR, Nutt JG. Apomorphine
tolerance in Parkinson’s disease: lack of a dose effect.
Clin Neuropharmacol 1996;19:59-64.

Stibe C, Lees A, Stern G. Subcutaneous infusion of apo-
morphine and lisuride in the treatment of parkinsonian
on-off fluctuations. Lancet 1987;1:871.

Stocchi F, Bramante L, Monge A, et al. Apomorphine
and lisuride infusion: a comparative chronic study. Adv
Neurol 1993,60:653-655.

Handgraft J, Guy RH, eds. Transdermal drug delivery:
developmental issues and research initiatives. New
York: Marcel Dekker, 1989.

Koller WC, Block GA, Ahlskog JE, et al. Effect of MK-
458 (HPMC) in Parkinson’s disease previously un-
treated with dopaminergic drugs: a double-blind,
placebo-controlled multicenter study. Clin Neurophar-
macol 1991;14(4):322-329.

Calabrese VP, Sica DA, Barrett RJ, Martin PL. N-0923
TDS: a novel transdermal D, dopamine agonist. Mov
Disord 1996;11[Suppl]:202.

Calabrese VP, Vaughan J, Lucas J, Quan Hong A, Bar-
rett R, Martin P. N-0923: a transdermal amino tetralin
D2 dopamine agonist in the treatment of Parkinson’s
disease. Neurology 1997;48:A270.

The
dev
tral:
(PC
all )

Not
the
the
tior
thai
the)
boc
the
cor
can
tim
oth
eas
The
ear
onl
mno
fec
cor
ma
loo
the
sor
the
thi:
car
ne¢
atp
fur
pe1



