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Transdermal Treatment Options for

Neurological Disorders
Impact on the Elderly

Lorenzo Priano, Maria Rosa Gasco? and Alessandro Maurol?

1 Department of Neurology and Neurorehabilitation, IRCCS Istituto Auxologico Italiano,
Piancavallo, Italy

2 Nanovector srl, Turin, Italy

3 Department of Neurosciences, University of Turin, Turin, Italy

Abstract As people grow old, their need for medications increases dramatically because
of the higher incidence of chronic pain, diabetes mellitus, cardiovascular and
neurological diseases in the elderly population. Furthermore, the elderly require
special consideration with respect to drug delivery, drug interactions and adher-
ence. In particular, patients with chronic neurological diseases often require
multiple administration of drugs during the day to maintain constant plasma
medication levels, which in turn increases the likelihood of poor adherence.
Consequently, several attempts have been made to develop pharmacological
preparations that can achieve a constant rate of drug delivery.

For example, transdermal lisuride and apomorphine have been shown to
reduce motor fluctuations and duration of ‘off” periods in advanced Parkinson’s
disease, while rotigotine allows significant down-titration of levodopa without
severe adverse effects. Thus, parkinsonian patients with long-term levodopa
syndrome or motor disorders during sleep could benefit from use of transdermal
lisuride and apomorphine. Moreover, transdermal dopaminergic drugs, particular-
ly rotigotine, seem the ideal treatment for patients experiencing restless legs
syndrome or periodic limb movement disorder during sleep, disorders that are
quite common in elderly people or in association with neurodegenerative diseases.

Unlike dopaminergic drugs, transdermal treatments for the management of
cognitive and behavioural dysfunction in patients with Parkinson’s disease and
Alzheimer’s disease have inconsistent effects and no clearly established role.
Nevertheless, because of their favourable pharmacological profile and bioavai-
lability, the cholinesterase inhibitors tacrine and rivastigmine are expected to
show at least the same benefits as oral formulations of these drugs, but with fewer
severe adverse effects.

Transdermal delivery systems play an important role in the management of
neuropathic pain. The transdermal lidocaine (lignocaine) patch is recommended
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as first-line therapy for the treatment of postherpetic neuralgia. Furthermore, in
patients with severe persistent pain, transdermal delivery systems using the
opioids fentanyl and buprenorphine are able to achieve satisfactory analgesia with
good tolerability, comparable to the benefits seen with oral formulations.
Transdermal administration is the ideal therapeutic approach for chronic
neurological disorders in elderly people because it provides sustained therapeutic
plasma levels of drugs, is simple to use, and may reduce systemic adverse effects.
Several transdermal delivery systems are currently under investigation for the
treatment of Parkinson’s disease, Alzheimer’s disease and neuropathic pain.
Although most transdermal delivery systems treatments cannot be considered as
first-line therapy at present, some of them provide clear advantages compared
with other routes of administration and may become the preferred treatment in
selected patients. In general, however, most transdermal treatments still require
long-term evaluation in large patient groups in order to optimise dosages and

evaluate the actual incidence of local and systemic adverse effects.

Transdermal drug delivery systems (TDS) have
several advantages over parental and oral routes of
administration, and it is the elderly who can derive
the greatest benefits.[' This is particularly true when
a chronic neurological disorder is present, because
motor or cognitive deficits may overlap with the
impairments in daily living activities typical of ad-
vanced age. In this context, TDS may circumvent
the patient’s unwillingness or incapability to swal-
low oral preparations and remove the discomfort
associated with multiple intramuscular injections or
intravenous infusions. Transdermal administration
of drugs also prevents problems associated with
hepatic first-pass metabolism, poor absorption from
the gastrointestinal tract and variable bioavailabili-
ty. Constant plasma concentrations may be achieved
as a result of rate-controlled delivery of particular
preparations, even when the drug has a short elimi-
nation half-life. As a consequence, frequency of
administration may be significantly reduced, poten-
tially improving adherence in elderly people. The
site of drug delivery can also be regularly changed,
thereby reducing the risk of local adverse events.

This review examines the efficacy and tolerabili-
ty of transdermal drug administrations currently

© 2006 Adis Data Information BV. All rights reserved.

under investigation for neurological diseases, with a
particular focus on Parkinson’s disease (PD) and
restless legs syndrome (table 1), Alzheimer’s disease
(AD) [table II] and neuropathic pain (table III).

Current available databases (MEDLINE from the
US National Library of Medicine, IngentaConnect)
were used for the literature search, with the main
key words being: neurological diseases, movement
diseases, Parkinson’s disease, Alzheimer disease,
dementia, restless legs syndrome, periodic limb
movements, pain, transdermal, dermal, patch and
elderly.

1. Motor Fluctuations in
Parkinson’s Disease

1.1 Motor Fluctuations and Continuous
Dopaminergic Stimulation

The management of motor fluctuations in ad-
vanced PD still represents a major problem.[434
When the disease is recognised and dopaminergic
therapy initiated, patients usually show sustained
improvement after administration of medication
without any deterioration in motor function.[*647]

Drugs Aging 2006; 23 (5)
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Table I. Transdermal delivery systems using dopaminergic drugs for the management of Parkinson’s disease (PD), restless legs syndrome (RLS) and periodic limb movement
disorder (PLMD) during sleep

Drug

Use

Absorption

Dosing regimen and
approximate release rate

Notes

Main adverse effects

References

Bromocriptine

Lisuride

Apomorphine

Rotigotine

Preclinical studies in
animals

Add-on therapy in PD
(pilot study)

Severe RLS (controlled
pilot study)

Add-on therapy in PD
(pilot study)

Add-on therapy in PD
(pilot study)

PLMD in PD (pilot study)

Add-on therapy in early
and advanced PD
(multicentre controlled
studies)

Moderate and severe
RLS (multicentre
controlled study)

Passive, use of
penetration enhancers

Passive

lontophoresis and use
of percutaneous
absorption enhancers

Passive diffusion from
microemulsion

Passive diffusion from
microemulsion

Passive

2-5 ug/cm2/h

3mg per patch; 7 ug/h

15 mmol/L per patch;
98.3 £ 12.1 nmoL/cm2/h

40mg per patch; 88 pg/
cm2/h

40mg per patch

4.5-18mg per patch

4.5mg

Reduction in motor
fluctuations

Improvement according
to RLS severity scales
and actigraphy
assessments

Improvements in rigidity,
tremor and dyskinaesias
during or after current
application

Reduction in total
duration of ‘off’ periods

Reduction in periodic

limb movement index

and reduction in sleep
instability

Improvements in motor
scores and activities of
daily living scores on the
UPDRS; down-titration of
daily levodopa dose
allowed

Improvement according
to RLS severity scales

Transient skin irritation

Transient skin irritation

Tingling and itching,
slight erythema

Sleepiness, transient
nausea, transient skin
irritation

Transient skin irritation

Sleepiness, mild
nausea and vomiting,
dizziness, mild skin
irritation

Mild skin irritation

8-12

UPDRS = Unified Parkinson’s Disease Rating Scale.
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Table Il. Transdermal drug delivery systems for the management of cognitive and behavioural dysfunctions in Alzheimer’s disease (AD) and Parkinson’s disease (PD)

Drug Use Absorption Dosing regimen Notes Main adverse effects References
Physostigmine Probable AD (multicentre  Passive 30-60mg Not superior to placebo after Nausea, vomiting, 14,15
controlled studies) 24 weeks, probably because abdominal cramps,
of low dosages headache
Tacrine Pilot study in healthy Drug release with Total dose 64mg Constant and clinically Transient skin irritation, 16,17
adults iontophoresis from ion- significant plasma pinching
exchange fibre discs concentrations achieved
during iontophoresis
Rivastigmine Preclinical study in Passive 18-54mg Bioavailability 2040 times Skin irritation 18
animals greater than oral
administration
Patients with AD or mild No deterioration in fine 19
cognitive impairment motor skills
(pilot study)
Probable AD (phase I Efficacy in relation to 20,21
study) cognitive dysfunctions still
under evaluation
Nicotine AD with mild-to-moderate  Passive 14-21 mg/day No efficacy in relation to Nausea, dizziness, sleep 22
dementia (controlled memory deficit, verbal disturbance
study) fluency, attention or
psychomotor speed
AD with mild-to-moderate 5-10 mg/day Improvement in attentional 23
dementia (controlled performance; performances
study) on other tests measuring
motor and memory function
not improved
Nondemented aged 5-10 mg/day Inconsistent changes in 24
people at risk for relation to verbal learning,
dementia (pilot study) delayed recall and word
retrieval; findings
inconclusive
Nondemented PD 7-21 mg/day Contradictory results in Poorly tolerated because  25-28
patients relation to motor symptoms;  of nausea, vomiting,
no changes on cognitive dizziness, increased
tasks blood pressure, intestinal
cramps
17B-estradiol Postmenopausal woman  Passive 0.05-0.10 mg/day Improvements in attention Well tolerated 29,30
with AD (controlled and verbal memory;
studies) reduction of plasma
concentration of toxic B-
amyloid fragments (AB340)
Men with advanced AD No effect on aggressive Rebound in aggressive 31

(controlled study)

behaviour

behaviour after patch
removal

09¢

‘v 32 ouvtid
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However, after a variable period of time the duration
of effectiveness of a single dose of levodopa pro-
gressively decreases and it becomes necessary to
increase the number of administrations to maintain
the benefit. This condition characterises the ‘long-
term levodopa syndrome’, which may also include
choreiform involuntary movements that typically
appear at peaks of levodopa effectiveness.*3-3
Pharmacodynamic and pharmacokinetic factors
have been hypothesised to explain the genesis of
motor fluctuations in patients with PD taking
levodopa: impaired gastric emptying with delay in
levodopa reaching its absorptive site,’'3?! interfer-
ence of dietary proteins with levodopa absorp-
tion,3! inadequate dopamine storage following pro-
gressive death of dopaminergic neurons as part of
the neurodegenerative process, pulsatile dopamine
receptor stimulation associated with exogenous
levodopa administration,®*>! and upregulation of
nearby glutamate receptors and consequent overac-
tivity of striatal neurons driven by cortical gluta-
matergic firing.’®! In order to prevent the occurrence
of this pulsatile stimulation, several strategies have
been proposed to provide a more continuous deliv-
ery of drug and constant levels of striatal dopamin-
ergic activation. These strategies include levodopa
administration on an empty stomach or at least sepa-
rated from dietary proteins; use of medications that
hasten gastric emptying such as cisapride and
domperidone;P” administration of controlled-re-
lease levodopa preparations or drugs inhibiting
levodopa metabolism, such as monoamine oxidase
inhibitors and catechol-O-methyl-transferase inhibi-
tors;1333% and use of constant intravenous infusion
or duodenal delivery of levodopa after placement of
a percutaneous endoscopic gastrostomy tube.[%!
Nevertheless, while these therapeutic approaches
can reduce ‘wearing-off’ phenomena in some pa-
tients, further studies are needed to demonstrate
their effectiveness in providing constant receptor
stimulation and preventing motor fluctuations. Of

© 2006 Adis Data Information BV. All rights reserved.

the dopamine receptor agonists, apomorphine and
lisuride have proved to be useful when administered
by subcutaneous continuous infusion.[®!-621 Howev-
er, even though some patients can tolerate this treat-
ment for years, difficulties relating to needle man-
agement and local or systemic adverse effects such
as nausea, orthostatic hypotension and skin reac-
tions!®1-921 may limit the widespread use of this tech-
nique, especially in the elderly.

1.2 Continuous Dopaminergic Stimulation
with Transdermal Dopamine
Agonist Preparations

Currently, there is increasing interest in the po-
tential role of TDS in the treatment of PD, as this
route of administration can be considered the ideal
means to achieve prolonged plasma levels of drugs
and continuous dopaminergic stimulation with little
discomfort for patients.!® Several TDS have been
used to deliver a variety of medications, including
sex hormones and analgesics,/®#%! with resultant
achievement of steady-state dose-linear plasma
levels of the delivered drugs. Unfortunately,
levodopa is not a good candidate for transdermal
administration because of its poor solubility and
stability. However, several transdermal preparations
with dopamine agonists have been studied, although
only a few of these still seem promising for clinical
use (see section 1.2.2). Administration of most of
the latter agents is based on passive diffusion of a
soluble drug through the skin and capillaries, al-
though in some cases drug passage across the skin is
enhanced by the application of a small electric cur-
rent (transdermal iontophoretic transport). Other
promising preparations use specific microemulsions
that permit a significant increase in transdermal
diffusion of the agent included (see section 1.2.2).

1.2.1 Insufficiently Effective Transdermal Systems

The first attempts to develop TDS with dopamine
agonists date back to the mid-1980s, when nax-
agolide [(+)-4-propyl-9-hydroxynaphthoxazine

Drugs Aging 2006; 23 (5)
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(PHNO)], a potent dopamine D2 receptor agonist,
was proposed for transdermal administration be-
cause of its solubility in lipid and aqueous medi-
um.[® A few years later, the antiparkinsonian effi-
cacy of naxagolide in 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP)-treated squirrel
monkeys®”l and in parkinsonian patients was report-
ed.1%591 Plagma concentrations of naxagolide were
shown to begin to rise 4—6 hours after patch applica-
tion and reach a steady state by 24 hours. This
pharmacokinetic profile was attributed to the lag
time needed for skin permeation and the reservoir
action of subcutaneous tissues. Despite these pre-
liminary results, sufficient evidence for the efficacy
of this preparation as monotherapy was not obtained
to justify further clinical studies.

More recently, transdermal administration of the
D2 receptor agonist nonergot piperazine derivate
piribedil in a marmoset MPTP model of PD resulted
in reversal of motor deficits without significant ad-
verse effects.””! Unfortunately, in a double-blind,
placebo-controlled study of 27 patients with idio-
pathic PD, TDS with piribedil did not prove effica-
cious with respect to either the main endpoint (Uni-
fied Parkinson’s Disease Rating Scale [UPDRS]
motor score) or the secondary endpoints (rigidity,
bradykinesia, postural and resting tremor scores),
probably because of the low plasma concentrations
achieved (<10 ng/mL)."! Technical problems relat-
ed to the largeness of the patch required to deliver
adequate dosages of the drug stopped further devel-
opments of this TDS.

1.2.2 Promising New Transdermal Systems

At present, transdermal administration of four
dopamine agonists has been evaluated with results
from preliminary in vivo studies that warrant further
efforts to confirm their effectiveness. Three of these,
apomorphine, bromocriptine and lisuride, are well
known dopamine agonists generally administered in
past years via other routes, whereas rotigotine, intro-

© 2006 Adis Data Information BV. All rights reserved.

duced in clinical trials only recently, has undergone
wider testing as a TDS treatment for PD.

Apomorphine (6a-B-aporphine-10,11-diol) is a
well-known potent agonist at D1 and D2 receptors
and a very useful adjunctive medication in parkin-
sonian patients with refractory motor fluctua-
tions.[’2731 However, despite its favourable pharma-
cological characteristics, clinical use of apomor-
phine in the treatment of PD has been somewhat
limited by its pharmacokinetic profile, i.e. short
half-life of approximately 30 minutes, rapid clear-
ance from plasma, absence of storage or retention in
brain regions, poor bioavailability (5%) and high
first-pass metabolism after oral administration.’*!
To overcome these limitations, subcutaneous, sub-
lingual, rectal and intranasal routes of administra-
tion were studied,!”>78! but none of these demon-
strated the capability for prolonged dopaminergic
stimulation. Only subcutaneous administration of
apomorphine by means of a microinfusor can pro-
duce constant therapeutic plasma levels of the
drug .80 However, this treatment may become im-
practical for chronic use in most patients because of
development of local subcutaneous nodules or sys-
temic adverse effects (e.g. hypotension, nausea,
sleepiness and hallucinatory phenomena), especially
in the elderly.3!

In order to exploit the favourable pharmacologi-
cal characteristics of apomorphine and overcome
the pharmacokinetic limitations of the drug, two
different approaches have been proposed for trans-
dermal delivery. The first approach attempted to
exploit the potential of transdermal iontophoresis to
deliver apomorphine continuously into systemic cir-
culation at a well controlled rate (current-dependent
delivery system).!®2%% Studies evaluating this ap-
proach demonstrated that delivery of apomorphine
by the transdermal route was feasible and that the
rate of delivery could be controlled by modulating
current density. However, the plasma concentrations
achieved were at the lower limit of the therapeutic

Drugs Aging 2006; 23 (5)
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range (<10 ng/mL).B8%84 Recently, iontophoresis
was applied after skin pretreatment for 1 hour with
an aqueous mixture of three surfactants (acting as a
percutaneous absorption enhancer) to overcome the
limitations of iontophoretic delivery."®! Pretreatment
of the skin with this absorption enhancer, compared
with iontophoresis alone, resulted in a 2-fold in-
crease in iontophoretic transport of apomorphine in
vitro, an approximate 10% increase in bioavailabili-
ty and a near 2-fold increase in the percentage of
responder patients. Moreover, the concentration-
time profiles of apomorphine after transdermal
iontophoretic administration with pretreatment with
percutaneous absorption enhancer were similar to
those obtained with constant intravenous infusions.
However, pretreatment was associated with larger
interindividual variations in apomorphine profiles,
which suggests that this approach is not yet optimal
and needs further improvement. Nevertheless, no
clinically relevant systemic adverse effects were
described and only brief sensations such as tingling
and itching without pain during application of the
current and a transient slight erythema were report-
ed.!

The second approach to transdermal delivery of
apomorphine consisted of the development of a nov-
el pharmaceutical preparation of apomorphine dis-
solved in a thickened microemulsion.®! In this
preparation,
microemulsion as an ion pair complex with octa-
noate in order to increase its lipophilicity and dimin-
ish its dissociation from the microemulsion. The

apomorphine was present in the

drug was completely dissolved in the microemul-
sion and relatively high concentrations could be
obtained as a result of the supersolvent properties of
microemulsions. The dispersed phase, also acting as
a reservoir, made it possible to maintain an almost
constant concentration of apomorphine in the con-
tinuous phase and pseudo-zero-order kinetics could
thus be achieved in vitro.3%! The formation of an ion
pair is presumably the main reason for the facilitated

© 2006 Adis Data Information BV. All rights reserved.

transport of apomorphine through the skin in this
preparation. In a group of 21 patients affected by PD
and motor fluctuations, this preparation provided
therapeutic apomorphine plasma levels (>15 ng/
mL) for 12 hours, corresponding to the period of
time the patch was maintained on the skin.[®! The
total duration of ‘off’ periods decreased by about
50% compared with levodopa treatment alone and
by about 30% compared with levodopa plus oral
dopamine agonist therapy. Systemic adverse effects
(sleepiness, nausea, mild orthostatic hypotension)
and local transient mild erythema occurred in about
10% and 70% of patients, respectively, but the over-
all tolerability was good and only one patient needed
to discontinue treatment because of severe nausea
not controlled by domperidone.!®! These preliminary
results seem encouraging and suggest that this prep-
aration could be a useful treatment for PD patients,
particularly for those experiencing uncontrolled
‘wearing-off” and prolonged ‘off” phenomena. Use
of a patch on the skin that can be easily applied by
patients or relatives together with a long duration of
clinical efficacy might be particularly advantageous
for elderly subjects, especially during the night, and
would also be associated with little discomfort while
reducing the number of oral levodopa administra-
tions required. Conversely, because about 1 hour is
required for this preparation to achieve therapeutic
plasma concentrations of apomorphine, it would not
appear to be the ‘ideal’ preparation for rapid relief of
the ‘off’ condition: in this case, apomorphine ad-
ministered by the subcutaneous route, which pro-
vides the most rapid absorption, still remains the
best choice. However, because local adverse effects
are likely to be a major problem arising with chronic
treatment, this preparation requires further investi-
gation in a larger group of patients and greater
optimisation of apomorphine dosages and applica-
tion areas.

Bromocriptine, a semi-synthetic ergot alkaloid
with a preferential effect on the D2 receptor subtype,

Drugs Aging 2006; 23 (5)
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has been widely used in previous years for the
treatment of PD in oral formulations. However, sim-
ilarly to apomorphine, the pharmacokinetics of
bromocriptine administered via the oral route are not
favourable because of the drug’s low bioavailability
as a result of the hepatic first-pass effect.[® Alterna-
tive delivery routes such as intramuscular’®”! or vagi-
nal application!® have been reported but also shown
to be expensive or not practical for chronic use. A
transdermal formulation of bromocriptine using a
polycationic polymer and penetration enhancers has
been tested in rabbit skin, showing that sufficient
penetration of the drug could be achieved.””) Howev-
er, it should be noted that rabbit tissue is more
permeable than human skin, and further studies are
expected to verify if this formulation will work in
the same way with human skin.

Recently, a pilot study of a novel formulation of
another potent D7 receptor agonist, lisuride, demon-
strated adequate drug release in mice and encourag-
ing results as add-on therapy in eight patients with
advanced PD.P! The additional lisuride patch appli-
cation was reported to significantly improve motor
function according to a patient’s self-rating scale,
with mild adverse effects in half of the patients
resulting in transient skin irritations.!

Rotigotine, a novel lipid-soluble, non-ergot D3/
D2/D1 receptor agonist, has undergone more testing
than any other dopamine agonist as a transdermal
preparation for PD treatment. Rotigotine has been
shown to be effective in preclinical studies with
animal models of PD8% and, formulated as a skin
patch, has also been shown to be a promising treat-
ment in recent clinical studies.®'? In these studies,
administration of rotigotine led to significant im-
provement in motor symptoms both in advanced and
early stages of PD, although the optimal dose has yet
to be determined because of use of two different
TDS (the more recent system increased drug deliv-
ery 3-fold compared with the earlier patch of the
same size) and different study designs and durations

© 2006 Adis Data Information BV. All rights reserved.

(from 3 weeks up to 27 weeks).[>!9 Rotigotine at
dosages of 13.5-36 mg/day was associated with
statistically significant improvements in motor
scores and activities of daily living scores on the
UPDRS, and a dosage of 18 mg/day was reported to
be well tolerated by about 80% of patients.[>!!]
Application site reactions, occurring in about half of
patients, and systemic adverse effects (primarily
nausea, vomiting and somnolence), occurring in
about one-fifth of patients, were generally mild,
suggesting that doses higher than those used in these
studies could be given.['%!!l Transdermal delivery of
rotigotine was shown to provide constant blood
levels of drug over 24 hours and this sustained
dopaminergic stimulation allowed down-titration of
the daily levodopa dose by >50%, with maintenance
of efficacy on motor symptoms even in subjects
with advanced PD. An overall beneficial effect of
this transdermal dopamine agonist on drug-induced
dyskinesias

when given in conjunction with

levodopa was also described.-1?!

These encouraging preliminary pharmacokinetic,
pharmacodynamic and efficacy data for dopamine
agonists administered via the transdermal route
mandate continued exploration of this therapeutic
modality, particularly in the elderly, given the rela-
tively simple administration, lack of invasiveness,
long duration of clinical benefits and good tolerabil-
ity associated with this approach. At present, these
preparations have been used as adjuvant therapy in
advanced PD, but future studies will define whether
continuous dopaminergic stimulation from the start
of antiparkinsonian therapy is efficacious and pre-
vents motor fluctuations typical of intermittent ther-
apy. Because orthostatic hypotension, which is not
uncommon in the elderly, hallucinations and persis-
tent local erythema could prove limitations to use of
this type of therapy in the elderly, prudent selection
of patients will be required. However, it must be
emphasised that a further advantage of transdermal

Drugs Aging 2006; 23 (5)
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therapy consists of the relatively rapid reversibility
of adverse effects by patch removal.

2. Restless Legs Syndrome and Periodic
Limb Movement Disorder During Sleep

Restless legs syndrome is a frequent cause of
insomnia in the elderly because its incidence in-
creases sharply with age and it may be associated
with several diseases common in the elderly, such as
neuropathies, iron deficiency, renal failure and
neurodegenerative diseases. Typically, patients re-
port a history of inability to keep their legs still when
trying to fall asleep because of continuous dysaes-
thesias, coupled with an urge to get out of bed and
walk around in an attempt to obtain transient relief.
This syndrome is frequently associated with period-
ic jerks involving the lower limbs during sleep docu-
mented by polysomnography. The consequences of
this condition include difficulties in sleep onset and
maintenance, sleep disruption, low sleep efficiency
and daytime excessive somnolence.

Oral dopamine agonists are the therapy of choice
for restless legs syndrome and in most patients they
are very efficacious at lower dosages than those
used in PD.P! Nevertheless, some patients with
dysaesthesias or periodic limb movements persist-
ing through the night may require excessively high
dosages or may experience only short-lasting bene-
fit from oral treatment.®'] Moreover, many patients
may experience symptoms not only at bedtime but
also during the day or according to variable circadi-
an patterns.! In these cases, transdermal prepara-
tions of dopamine agonists are expected to be the
best choice.

In a recent double-blind, placebo-controlled,
I-week pilot study, the novel nonergot D> receptor
agonist rotigotine, formulated as a skin patch, was
shown to be efficacious in patients with moderate-
to-severe idiopathic restless legs syndrome when
administered at a dosage of 4.5 mg/day.!'3 The skin
tolerability of the patches and systemic adverse ef-
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fects for rotigotine and placebo were similar. Simi-
larly, in a controlled pilot study, symptoms of severe
restless legs syndrome were clearly improved by
lisuride 3mg patch, without clinically relevant ad-
verse effects.! Moreover, sleep analysis in 12 PD
patients during night-time transdermal apomorphine
treatment revealed a 15% reduction in the periodic
limb movement index together with a significant
reduction in sleep instability.”? Future trials will
verify the efficacy of these TDS in the treatment of
periodic limb movement disorder during sleep and,
as with PD, further efforts will be directed at evalu-
ating the optimal dosages and possible adverse ef-
fects associated with prolonged treatment.

3. Cognitive Dysfunctions in
Neurodegenerative Diseases

3.1 Behavioural Problems and Cognitive
Dysfunctions in Dementia

Behavioural and cognitive problems in
neurodegenerative disease, primarily AD, are diffi-
cult to control and are recognised as leading causes
for institutionalisation. However, cognitive deficits
resulting from progression of degenerative process-
es, together with advanced age, make repeated ad-
ministration of doses of drug often impracticable.
Currently available therapies for AD are limited to
cholinergic drugs according to the hypothesis that
cognitive impairment in AD results from the death
or deficit of cholinergic neurons in the basal fore-

brain.

3.1.1 Anticholinesterase Drugs

Studies conducted in the 1980s3-°°1 made up the
initial phase of clinical trials that evaluated anticho-
linesterase drugs. These studies were designed to
test the efficacy and safety of physostigmine by oral
and intravenous administration, but the short half-
life of about 30 minutes and rapid hepatic clearance
of the drug proved to be serious disadvantages.’!
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Unfortunately, more recent trials!!47-%91 using con-
trolled-release formulations of physostigmine had
serious methodological problems that did not permit
the correct identification of responders.!'¥ In order
to overcome these limitations, a physostigmine
transdermal therapeutic system was developed and
tested in a large study that included patients with
probable AD and mild-to-moderate cognitive im-
pairments.'>! In contrast to expectations, the effica-
cy of physostigmine was not superior to placebo in
this study, but, as noted by the investigators, the
doses delivered (up to 60mg) were probably too low
to evaluate efficacy. Physostigmine plasma concen-
trations showed a high degree of interindividual
variability without linear correlation with dosages
and appeared to be insufficient to compensate for
cholinergic deficiencies in brain areas. The very low
occurrence of adverse effects was also consistent
with this interpretation.['>! Clearly, modification of
this patch system is mandatory in order to achieve
higher physostigmine plasma concentrations and al-
low evaluation of the clinical efficacy of this ap-
proach during long-term therapy.

Similarly to physostigmine, tacrine (1,2,3,4
tetrahydro-9-acridinamine), a reversible cholinester-
ase inhibitor used for AD treatment, has low
bioavailability because of the hepatic first-pass ef-
fect and a relatively short elimination half-life (2—4
hours).l"%! Moreover, tacrine has the potential for
dose-dependent hepatotoxicity and peripheral cho-
linergic adverse effects.'%! Interest in transdermal
delivery of tacrine for AD derives not only from the
possibility of reducing toxicity but also from the
hypothesis that constant levels of tacrine in the brain
may maximise its effects on memory enhance-
ment.!'® In a recent preclinical study,"'” control of
transdermal drug delivery was obtained using a nov-
el ion-exchange fibre and iontophoresis. The ion-
exchange fibres acted as a drug reservoir, control-
ling the release and iontophoretic transdermal deliv-
ery of the drug. Pharmacokinetic data from a pilot
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study involving ten healthy adults who were given
tacrine 64mg delivered from the ion-exchange fibre
for 3 hours by iontophoresis, and for 1 hour passive-
ly, were also encouraging.!'! Therapeutically rele-
vant plasma concentrations of tacrine were
achieved, the plasma profile reached a plateau after
the first 30 minutes of current delivery and inter-
subject variations were quite small. The flux re-
mained constant until the current was turned off.
Moreover, even during passive permeation, tacrine
plasma concentrations decreased slightly as a conse-
quence of formation of a reservoir of the drug in the
skin. Local irritation was present in all patients and
was reported to be directly related to the ion-
tophoretic current density.['”'1 On the basis of these
data, this system appears to be a promising novel
treatment for AD, although the optimal current den-
sity, possible effects of long treatment on liver func-
tion and clinical efficacy of this approach need to be
investigated.

Rivastigmine, another acetylcholinesterase in-
hibitor, also seems to hold promise for TDS use in
neurodegenerative disease. Dermal administration
of rivastigmine in animals was associated with a
markedly greater bioavailability than with the oral
route,!”® and clinical studies in patients are still
under way to verify a possible role in the manage-
ment of AD.1' In particular, a large multicentre,
controlled, phase III study evaluating the safety and
efficacy of the rivastigmine TDS in patients with
probable AD, started in 2003, has recently been
completed and data will soon be available.[?%-21]

3.1.2 Nicotine

Demonstration of deficient nicotinic-cholinergic
receptor binding in AD brain'%?! in the past decade
encouraged studies investigating the efficacy of the
alkaloid nicotine in the management of behavioural
problems in AD patients. Moreover, recent research
has indicated that nicotine can limit verbal outbursts
in Tourette syndrome!'%! and reduce the inattentive-
ness of attention-deficit hyperactivity disorder.l'%4]
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Short-term nicotine injections were found to im-
prove attentional performance in AD,!"%! but could
not be of practical use in the long-term treatment of
AD. However, transdermal nicotine patches offer a
way of delivering measured doses of nicotine in a
safe fashion and for a longer period of time.

Preliminary reports of use of transdermal nico-
tine patches for AD did not provide homogeneous
results. One study described three AD patients and
one patient with vascular dementia who became less
agitated during treatment with transdermal nicotine
7-14mg and experienced deterioration of their
clinical state when the patch was discontinued.['%!
However, use of complicated medical regimens, the
absence of standard assessment tools and the small
numbers of patients studied prevented the investiga-
tors from drawing conclusions. In another pilot
study,'%7 treatment with a nicotine patch for 8 days
in six patients with probable AD was reported to
improve learning but did not significantly affect
memory, behaviour and global cognition. Sustained
administration of nicotine appeared to be safe and
well tolerated, although a significant decrease in
sleep was reported. Similarly, a double-blind, place-
bo-controlled, crossover study?! focusing on short-
term memory in 18 AD patients with mild-to-mod-
erate dementia did not find any significant differ-
ence between placebo and treatment with a dermal
nicotine plaster at dosages of 14-21 mg/day for 4
weeks. A more recent double-blind, placebo-con-
trolled study!>¥ in eight AD patients with mild-to-
moderate dementia, consisting of two periods of
4-week transdermal nicotine up to 10 mg/day sepa-
rated by a 2-week washout period, reported a signifi-
cant improvement in attentional performance, but
did not show improved performance in other tests
measuring motor and memory functions. The dis-
crepancies among these reports may reflect the
small number of patients studied, which limits the
statistical power of these studies to detect more
subtle but clinically significant cognitive improve-
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ments. Higher doses of nicotine or combining nico-
tine with other therapies may provide greater effica-
cy. Interestingly, a potential therapeutic role for
nicotine treatment in nondemented aged patients at
risk of dementia has recently been suggested, al-
though further studies are needed to confirm these
data.®¥ In this study, significant changes in verbal
learning, object learning, delayed recall and word
retrieval were reported, particularly in patients at the
lower end of baseline test performance on the tasks
used.

In the future development of nicotinic treatments,
animal models will become important for investigat-
ing the neurobiological basis of nicotine involve-
ment in cognitive functions. Local nicotine infusion
in rats showed that the hippocampus and amygdala
are important substrates for nicotine effects on
working memory function.!'%:191 Both /7 and 0432
nicotine receptors have been reported to be involved
in working memory, and nicotine interactions with
dopaminergic and glutamatergic systems may also
play a role.''” At the molecular level, nicotinic
receptor agonists have been shown to induce long-
term potentiation, as shown by strengthening of
synaptic connections associated with learning and
memory formation and enhanced neurotransmitter
release.l''"! The study of neural nicotinic mecha-
nisms related to cognitive functions may lead to the
development of more selective nicotinic analogues
for the treatment of behavioural and cognitive dys-
functions with fewer adverse effects.

3.1.3 Muscarinic Receptor Agonists

Similarly to nicotine agonists, muscarinic cholin-
ergic drugs, particularly muscarinic M| agonists, are
potentially useful for AD treatment and may reduce
the need for free choline in acetylcholine synthesis.
In AD, cholinergic neurons are believed to compen-
sate for a deficiency of choline required for acetyl-
choline synthesis by degrading membrane phospha-
tidylcholine.[''?l In a recent placebo-controlled
study"'3! that analysed brain proton magnetic
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resonance spectroscopy in patients with mild-to-
moderate AD receiving a 16-week treatment with
transdermal xanomeline, it was claimed that this
M /M4 receptor agonist improved both the cognitive
deficits and behavioural symptoms of AD. These
interesting preliminary data suggested a relationship
between levels of parietal lobe grey-matter cytosolic
choline, the precursor pool for acetylcholine synthe-
sis, and cognitive performances during treatment.
Further large-scale studies!''*! are under way to con-
firm the capacity of xanomeline to attenuate the
membrane degradation process and to define its
safety and efficacy profile in the treatment of AD.

3.1.4 Estrogens

Besides cholinergic drugs, evidence from
clinical, epidemiological and basic neuroscience re-
search suggests that estrogens should modify the
pathobiology of AD and improve some symptoms of
the disease. Some studies have suggested that hor-
mone replacement therapy (HRT) has cognition-
enhancing effects in women with AD.!5:1161 Eg-
tradiol has shown a variety of neurotrophic and
neuroprotective properties, increases the function of
several neurotransmitters, increases cerebral blood
flow, facilitates long-term potentiation in the hippo-
campus and has antioxidant activities.l''”l More-
over, cell-culture studies support the ability of es-
tradiol to favourably alter the processing of amy-
loid-precursor protein, the protein that plays the
main role in the pathobiology of AD.[''8] Unfortu-
nately, contradictory reports do not allow a definite
conclusion to be drawn as to whether or not HRT
could reduce the risk of development of dementia in
postmenopausal women, probably because of the
heterogeneity of therapeutic protocols and popula-
tions studied.!'' A placebo-controlled, double-
blind, pilot study® in postmenopausal women with
mild-to-moderate AD treated for 8 weeks with 17[3-
estradiol 0.05 mg/day, delivered via a skin patch,
provided clinical evidence of a specific improve-
ment in attention and verbal memory. Indeed, the
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latter improved rapidly after 1 week of treatment,
and the improvement was positively correlated with
plasma levels of estradiol. Moreover, the improve-
ments in attention and memory decreased as soon as
treatment was discontinued. The dosages used were
similar to those commonly employed to treat symp-
toms associated with menopause, but with the ad-
vantages of achieving steady-state plasma levels of
the drug similar to those found during the early to
mid-follicular phase of the menstrual cycle and low
risks of venous thrombosis and hypertension. Other
investigators have also reported similar beneficial
effects for estrogen on other selective cognitive do-
mains;['?%1211 conversely, however, some studies
were unable to demonstrate persistent effects of
estrogen on cognitive functions.!'?%!23 These incon-
sistencies may reflect the use of different cognitive
assessment tools, different potencies of estrogen
formulations or qualitatively different population
samples. Nevertheless, interest in HRT has been
reinforced by the demonstration that transdermal
17B-estradiol 0.10 mg/day administered for 8 weeks
to HRT-naive postmenopausal women with proba-
ble AD reduced the plasma concentration of toxic 3-
amyloid fragments (AB40) associated with AD pa-
thology.*%1 Although a clear correlation between
AP40 concentrations and cognitive status is lacking,
these data are particularly interesting because poten-
tially this treatment could slow disease progression
by reducing B-amyloid toxicity and delaying senile
plaque formation. In this context, where prolonged
treatment is needed, transdermal administration of
hormone appears the best option.

Large studies of the efficacy of estrogens via the
transdermal route in males with dementia are still
lacking. A single 8-week, randomised, controlled
study investigated the efficacy and tolerability of
transdermal estrogen patches as adjunctive treat-
ment for aggressive behaviour in 27 male patients
with advanced dementia.®!! Use of the patch was
well tolerated and produced a significant rise in

Drugs Aging 2006; 23 (5)



Transdermal Treatment Options for Neurological Disorders

369

serum estrogen but not a decrease in serum testoster-
one. Aggressive behaviour was not influenced by
estrogen treatment, but a rebound in aggressive be-
haviour after patch removal was described. This
finding is difficult to interpret, and larger studies are
therefore needed to verify any effect of transdermal
estrogen treatment in males with dementia.

3.2 Cognitive Dysfunctions in
Parkinson’s Disease

Studies assessing the efficacy of nicotine in PD
patients have produced contradictory results. The
rationale for using this drug derives from animal
studies that showed decreased dopaminergic cell
loss in the MPTP experimental model!'>*l and
slowed age-associated dopaminergic receptor
loss!!'?31 with administration of nicotine. The
dopaminergic nigrostriatal pathway is rich in nico-
tine receptors and in vitro studies have shown that
local application of nicotine at the nigrostriatal ter-
minals increases the exocytosis of dopamine.l!?6]
Moreover, cholinergic cell loss has been described
in the basal forebrain, parietal, frontal and temporal
cortices as well as in the hippocampus of patients
with PD,'?7) and it has been suggested that this
depletion could be associated with cognitive deficits
frequently observed in this disease.['?8] Three con-
trolled studies>2?"! have evaluated the effect of
transdermal nicotine on motor symptoms of PD, but
their results were not encouraging, as only a single
study reported an improvement.!>! The other studies
reported no effect or even a worsening of motor
symptoms.?%271 Because the positive study also re-
ported improved attention and processing speed in
PD, 23! further research has focused on the effects of
nicotine on cognition, using a more rigorous meth-
odological design and a larger number of cognitive
tests.”81 According to this study, transdermal nico-
tine treatment over 25 days, at doses up to 21 mg/
day, neither improved nor worsened cognitive func-
tioning in 22 nonsmoking PD patients. The treat-

© 2006 Adis Data Information BV. All rights reserved.

ment was also poorly tolerated because of acute
adverse effects such as dizziness, nausea and in-
creased blood pressure, with about 60% of patients
withdrawing from therapy. The poor tolerability and
lack of efficacy might have been related to a possi-
ble lack of specificity of nicotine in targeting critical
nicotinic receptors involved in the pathophysiology
of PD, suggesting the need for more selective nico-
tine agonists for PD treatment.

4. Neuropathic Pain and
Limb Dysaesthesias

Chronic pain syndromes and dysaesthesias
caused by peripheral neuropathies are a common
complaint in the elderly and may result in poor
quality of life and depression. In particular, pos-
therpetic neuralgia in aged people often presents as
continuous burning or intense paroxysmal pain last-
ing several months and may become severe and
disabling. Treatments such as tricyclic antidepres-
sants, antiepileptics and opioids are sometimes use-
ful for these conditions but not devoid of adverse
systemic effects, particularly in aged patients. Nau-
sea, constipation, urinary difficulties, sedation and
dizziness are frequent complaints in patients taking
these medications and may lead to drug withdrawal.
Conversely, use of topical analgesics or anaesthetics
may provide pain relief with minimal risk of system-
ic toxicity. Of these drugs, lidocaine (lignocaine) in
a 5% concentration patch has been shown to act as a
targeted peripheral analgesic and is specifically in-
dicated for the treatment of postherpetic neural-
gia.?? Lidocaine acts locally as a sodium channel
antagonist, reducing the frequency of spontaneous
ectopic nerve discharges generated as a conse-
quence of sensory nerve fibre damage.*¥ Lidocaine
patch 5% (700 mg/patch), at a dosage of up to three
patches applied for 12 hours/day for 1-28 days,
demonstrated efficacy in patients with moderate-to-
severe postherpetic neuralgia, significantly improv-
ing pain relief scores and items of the Neuropathic
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recommended only for refractory chronic neuro-
pathic pain for which primary and secondary options
have been exhausted.

In some patients, severe and persistent pain, in-
cluding cancer pain and neuropathic pain, may re-
quire continuous analgesia. In this case, sustained-
release formulations of opioids are the main thera-
peutic choice when pain is unresponsive to non-
opioid analgesics. Recently, transdermal therapeutic
systems including the opioids fentanyl®>#% and
buprenorphine*'#?! have became available and have
been shown to achieve satisfactory analgesia with
minimal requirement for rescue medication in al-
most half of patients. Tolerability was good and
adverse effects typical of opioids, such as nausea,
vomiting, constipation and dizziness, were reported
to be comparable with those reported with oral ad-
ministration. While transdermal fentanyl uses the
reservoir patch technology, transdermal bupre-
norphine is a matrix system in which the substance
is an integral part of the polymer structure of the
patch. The latter technology is preferable because
damage to the patch cannot interfere with the con-
trolled release of the drug and the possibility of
overdosing is prevented. Its long-lasting effects and
potential to reduce medication overload and discom-
fort associated with multiple injections or frequent
oral administration make transdermal opioid deliv-
ery an option for severe and intractable chronic pain,
thereby contributing to improved quality of life in
the elderly.

5. Conclusions

In recent years technologies for the development
of TDS have made great progress and more mole-
cules for therapeutic use can now be included in
media for transdermal absorption. In some cases,
clinical studies show that TDS provide a reliable,
constant delivery of drugs and persistent therapeutic
plasma levels with good overall tolerability. The
elderly are the group of patients that can benefit the
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most from this particular route of administration for
a number of reasons. First, several transdermal ther-
apeutic options treat diseases typical of old age or
which have an age-related incidence. Secondly,
transdermal delivery significantly improves pa-
tients’ adherence!"%3] as it reduces the discomfort
associated with multiple administration of drugs and
eliminates problems with swallowing oral prepara-
tions. Thirdly, sustained and constant therapeutic
plasma concentrations increase drug efficacy and
reduce the need for repeated doses. Finally, the risk
of systemic adverse effects can be significantly re-
duced. Most transdermal treatments, however, still
need to be evaluated in long-term studies of larger
groups of patients in order to optimise dosage and
administration regimens and to evaluate local and
systemic adverse effects associated with prolonged
therapy.
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