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Since its introduction nearly four decades ago,
levodopa (L-dopa) continues to be the most
efficacious agent in ameliorating many of the motor
symptoms of Parkinson’s disease (PD). This dopamine
precursor improves quality of life, reduces disability
and prolongs independent living and life expectancy. 

A good response to L-dopa is often used to help
make the diagnosis of clinical PD and is used as a
benchmark against which other newer anti-
parkinsonian agents are evaluated. The initial stable
response to infrequent oral dosing with L-dopa is
gradually replaced by shorter responses known as
‘wearing-off phenomenon’, necessitating more
frequent dosing as well as the addition of agents
that slow down the catabolism of the active
derivative dopamine, such as inhibitors of catechol-
O-methyl transferase and monoamine oxidase.
Eventually, the shortened and unstable motor
response becomes unpredictable with no apparent
relation to the timing of L-dopa intake. This is
known as the ‘on-off’ phenomenon. 

The clinical syndrome is complicated further with
the emergence of involuntary movements that are
often choreiform, but sometimes dystonic in
nature. The significance of these motor response
complications lies in the fact that they affect the
majority of patients with PD treated chronically
with L-dopa, represent a major source of disability
in many patients rivalling that caused by the
underlying disease itself, and are the commonest
reason for surgical intervention in PD. 

C a u s e s  f o r  t h e  U n s t a b l e  Mo t o r
R e s p o n s e  t o  L - d o p a

Both peripheral pharmacokinetic factors and central
pharmacodynamic changes contribute to the
unstable response to L-dopa. The short plasma half-
life of L-dopa of around 90 minutes is a clear
limitation, necessitating frequent dosing in
advanced cases in order to maintain therapeutic
blood and brain levels. Absorption of L-dopa takes
place primarily in the duodenum and is influenced
by erratic gastric emptying and food boluses.

Competition with dietary large neutral amino acids
for entry across the blood-brain barrier can interfere
with the access of L-dopa to its site of action. 

While these peripheral pharmacokinetic factors are
no different in the early versus the advanced disease,
they assume clinical relevance only in advanced
patients because of the fundamental central changes
that occur in the brain in late stages of the disease.
The fluctuating plasma L-dopa levels go unnoticed in
early disease because of the wide therapeutic window
for this drug between its therapeutic anti-
parkinsonian effect and the ‘toxic’ dyskinesias. 

As the disease progresses, the therapeutic window
narrows significantly, allowing the fluctuations to
become clinically apparent. When circulating 
L-dopa levels fall below a certain threshold,
parkinsonian symptoms re-emerge, but when the
drug levels exceed the upper limit of the therapeutic
window, dyskinesias dominate. 

Only during the brief periods when the drug levels
are within the narrow therapeutic window are
patients mobile with no dyskinesias. Besides the
narrowing of the therapeutic window, the dose
response curve for the motor effects of L-dopa
within the therapeutic dose range changes from a
relatively linear curve with a small slope in early
disease to an S-shaped curve encompassing a virtually
vertical slope. Small oscillations in plasma L-dopa
levels are translated to marked changes in the clinical
response, sending the patient to abrupt and
unpredictable shifts between bradykinetic ‘off’ states
and dyskinetic ‘on’ states.

One of the central prerequisites for the unstable
motor response to L-dopa is severe nigrostriatal
denervation in advanced disease. Clinical experience
has shown that L-dopa given to non-parkinsonian
patients produces no dyskinesias in the absence 
of nigral neuronal degeneration. 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP)-lesion-
ed monkeys with upwards of 95% loss of dopamine
neurons develop dyskinesias within days of starting
L-dopa therapy, whereas partially lesioned animals
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are much more resistant to the development of L-
dopa-induced dyskinesias. 

With advancing PD, as the number of dopamine-
producing nigral neurons decrease from about 50%
at the onset of symptoms down to about 20% or
less, striatal dopaminoceptive medium spiny
neurons become increasingly exposed to the
fluctuations in plasma and brain levels of L-dopa
and, hence, dopamine. The presence of a normal
complement of nigral dopaminergic neurons in
non-parkinsonian individuals shields the striatum
from oscillating L-dopa levels. 

Additionally, individuals who have developed severe
subacute Parkinsonism, as a result of accidental
exposure to the dopaminergic neurotoxin MPTP,
have massive nigrostriatal degeneration and manifest
L-dopa-induced motor response fluctuations and
dyskinesias within months of starting therapy.
Patients with PD due to mutations in the parkin
gene and severe neuronal loss also develop
dyskinesias early on. 

Finally, several prospective, double-blind, controlled
studies have compared the time to onset of motor
response complications in untreated patients
randomised to initiate therapy with either standard oral
L-dopa or relatively longer-acting dopamine agonists.
While dopamine agonist therapy per se is associated
with less dyskinesias, those who start with a dopamine
agonist first and then switch to L-dopa develop
fluctuations at about the same time as those who start
L-dopa from the outset. The latter finding suggests that
the duration of disease, and by implication the degree
of neuronal loss, is an important element in the genesis
of motor complications.

Experimental observations suggest that the second
prerequisite for the development of motor
fluctuations in PD is long-term intermittent L-dopa
administration. In monkeys rendered parkinsonian
by MPTP, repeated dosing with oral L-dopa
produces dyskinetic movements, while treatment
with a long-acting dopamine agonist is associated
with considerably less or no dyskinesias. 

While such an observation may be attributed simply
to the lesser tendency of dopamine agonists than L-
dopa to induce dyskinesias, studies comparing the
same dopaminomimetic agent given in different
treatment schedules have yielded similar results.
Parkinsonian monkeys develop involuntary
movements if apomorphine is injected daily, but not
if the same drug is delivered at the same dose level
through an implant releasing apomorphine
continuously. Similarly, 6-hydroxydopamine-
lesioned rats injected twice daily with L-dopa rotate

much more that those in which L-dopa is infused
continuously through a pump. Over time, such
intermittently treated mice develop the clinical
equivalent of ‘wearing-off’ phenomenon with
reduced duration of motor effects of L-dopa, a
phenomenon that is dependent on the severity of
dopamine neurons loss.

P a t h oph y s i o l o g i c a l  C h a n g e s  w i t h
A d v a n c i n g  PD  a n d  I n t e rm i t t e n t  
L - d o p a  T h e r a p y

Support for the notion that continuous dopaminergic
stimulation is superior to intermittent therapy stems
from the fact that, under normal conditions, dopamine
neurons in the substantia nigra pars compacta fire
tonically at a steady slow rate of about four hertz,
regardless of whether the animal is at rest or moving. 

Striatal dopamine concentrations are stable as well.
With the anticipation of reward or novel stimuli,
dopamine neurons can fire in bursts, but the
efficient re-uptake by dopamine transporters allows
the maintenance of intrasynaptic dopamine
concentrations to be fairly steady. In early PD,
when half the dopaminergic neurons are still intact,
dopamine can be synthesised and stored in slowly
turning over vesicles, only to be released tonically,
thus shielding the post-synaptic dopamine receptors
from oscillations in circulating L-dopa levels. 

With advancing disease, as more and more neurons
disappear and the capacity to store dopamine and
release it tonically is diminished, standard
intermittent oral therapy with anti-parkinsonian
agents with a relatively short half-life, such as L-
dopa, result in oscillations in striatal intrasynaptic
dopamine levels that mirror the oscillations in
plasma. A neurotransmitter system that is designed
to function normally tonically is replaced with an
artificially pulsatile system. This non-physiologic
situation is believed to underlie the altered
pharmacodynamics of the L-dopa response. 

Biochemical and molecular aberrations have been
documented in experimental models as a result of
intermittent stimulation of the nigrostriatal
dopaminergic system. 

Repeated administration of short-acting
dopaminomimetics in rodent and non-human
primate models of PD associated with dyskinesias
result in altered expression of various peptide
transmitters and signalling molecules, including
enkephalin, dynorphin, neurotensin, Fos and JunB
proteins, ERK1/DARP32 and D1 signalling
molecules. Some of these changes have also been
detected in post-mortem brain tissue of PD patients,
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including substantially elevated preproenkephalin in
patients who had L-dopa-induced dyskineisas
compared to patients treated with L-dopa but did
not manifest dyskinesias or to normal control
individuals. In MPTP monkeys treated with a D2
dopamine agonist, neither the enkephalin changes
nor dyskinesias seen with intermittent therapy occur
if the drug is given continuously. 

Dopamine receptor-mediated mechanisms modulate
the sensitivity of ionotropic glutamatergic receptors
of the N-methyl-D-aspartate (NMDA) and alpha-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid (AMPA) types on striatal medium spiny
neurons. With dopaminergic denervation, and to a
greater extent with intermittent dopaminergic
therapy, the sensitivity of these glutamate receptors is
increased. Changes in the phosphorylation state of
certain sub-units of these glutamate receptors
enhance cortical excitatory input to these spiny
efferent neurons, thus altering striatal output in ways
that compromise motor function. These transmitter
modifications reflect increases in the firing rates and
other burst parameters of medium spiny neurons that
appear to underlie changes in motor behaviour.

Ad v a n t a g e s  o f  C o n t i n u o u s
Dop am i n e r g i c  S t imu l a t i o n

The merits of continuous dopaminergic
stimulation have been amply demonstrated 
in stabilising the motor fluctuation in patients 
with advanced PD. This has been shown both 
with L-dopa and dopamine agonists. L-dopa
infused continuously intravenously or intra-
duodenally markedly reduces oscillations in plasma
drug levels and ‘wearing-off’ fluctuations and
dyskinesias. Dopamine agonists have similar
properties when delivered continuously, such as
lisuride and apomorphine infused subcutaneously,
or rotigotine transdermally.

While the question whether continuous anti-
parkinsonian therapy postpones or minimises future
genesis of fluctuations and dyskinesias has been
convincingly demonstrated in primate and rodent
models as described above, proving the same notion
in the clinical setting has been more challenging. In

a prospective study, L-dopa-treated Parkinson
patients experiencing severe ‘off’ times and
dyskinesias were randomised to either continue
receiving intermittent oral L-dopa or to switch to a
continuous subcutaneous infusion of lisuride. As
expected, the lisuride infusion group showed
marked improvement in ‘off’ times and dyskinesias
compared with the oral L-opa group. After a period
of four years, ‘off’ time had improved by around
71% in the infusion group and worsened by 21% in
the oral L-dopa group. Dyskinesias were reduced by
49% in patients infused with lisuride, but increased
by 59% in patients given oral L-dopa. These
encouraging observations support the notion that
long-term continuous dopaminergic stimulation
minimises motor response complications.

The plasticity of the basal ganglia circuitry 
that underlie the central pharmacodynamic changes
associated with long-term intermittent dopaminergic
stimulation also appears to be reversible, at least to
some extent. Motor fluctuations of the unpredictable
“on-off” type, which tend to be quite resistant
initially even to continuous dopaminomimetic
therapy, are eventually ameliorated with persistent

drug delivery such as with intravenous infusion of L-
dopa. Abruptly switching back to intermittent
therapy does not revert the patients to their baseline
severity of motor fluctuations. Rather, a relatively
smooth motor response is enjoyed for at least several
more days until the beneficial effect of continuous
therapy eventually dissipates. The latter observation
suggests that continuous therapy had produced
plastic changes in the basal ganglia, which lasted 
well beyond the removal of the physiologic
stimulation and re-introduction of intermittent
therapy. The advantages of continuous dopa-
minergic therapy in PD can be gained in both early
and advanced disease where fluctuations can be
ameliorated both by stabilising circulating drug levels
and by normalising some of the central
pharmacodynamic alterations attending chronic,
non-physiologic, intermittent stimulation. ■

A version of this article containing full references can be
found in the Reference Section on the website supporting
this briefing (www.touchneurology.com).

One of the central prerequisites for the unstable motor

response to L-dopa is severe nigrostriatal denervation 

in advanced disease.
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Duodopa contains 1 ml contains 20 mg levodopa and 5 mg carbidopa monohydrate.100 ml contain 2000 mg levodopa and 500 mg carbidopa monohydrate. Pharmaceutical form: intestinal gel. Therapeutic indications:Treatment of advanced
levodopa-responsive Parkinson’s disease with severe motor fluctuations and hyper-/dyskinesia when available combinations of Parkinson medicinal products have not given satisfactory results. Posology and method of administration: for long-
term administration, the gel should be administered with a portable pump directly into the duodenum or upper jejunum by a permanent tube via percutaneous endoscopic gastrostomy with an outer transabdominal tube and an inner intestinal
tube. Alternatively, a radiological gastrojejunostomy may be considered if percutaneous endoscopic gastrostomy is not suitable for any reason. Establishment of the transabdominal port and dose adjustments should be carried out in association
with a neurological clinic.A temporary nasoduodenal tube is recommended to find out if the patient responds favourably to this method of treatment and to adjust the dose before treatment with a permanent tube is started. The dose should be
adjusted to an optimal clinical response for the individual patient, which means maximizing the functional ON-time during the day by minimizing the number of OFF episodes and the time OFF (bradykinesia) and minimizing ON-time with disabling
dyskinesia. Duodopa should be given initially as monotherapy. If required other medicinal products for Parkinson’s disease can be taken concurrently. Treatment with Duodopa using a permanent tube can be discontinued at any time by with
drawing the tube and letting the wound heal. Treatment should then continue with oral medicinal products including levodopa/carbidopa. Dosage: the total dose/day of Duodopa is composed of three individually adjusted doses: the morning
bolus dose, the continuous maintenance dose and extra bolus doses. Morning dose: The morning bolus dose is administered by the pump to rapidly achieve the therapeutic dose level (within 10-30 minutes). The dose should be based on the patient’s
previous morning intake of levodopa + the volume to fill the tubing. The total morning dose is usually 5-10 ml, corresponding to 100-200 mg levodopa. The total morning dose should not exceed 15 ml (300 mg levodopa). Continuous maintenance
dose: The maintenance dose is adjustable in steps of 2 mg/hour (0.1 ml/hour). The dose should be calculated according to the patient’s previous daily intake of levodopa. When supplementary medicines are discontinued the Trademark dose should
be adjusted. The continuous maintenance dose is adjusted individually. It should be kept within a range of 1-10 ml/hour (20-200 mg levodopa/hour) and is usually 2-6 ml/hour (40-120 mg levodopa/hour). In exceptional cases a higher dose may
be needed. Extra bolus doses: To be given as required if the patient becomes hypokinetic during the day. The extra dose should be adjusted individually, normally 0.5-2.0 ml. In rare cases a higher dose may be needed. If the need for extra bolus
doses exceeds 5 per day the maintenance dose should be increased. After the initial dose setting, fine adjustments of the morning bolus dose, the maintenance dose and extra bolus doses should be carried out over a few weeks. If medically justified
Duodopa may be administered during the night. Monitoring of treatment: A sudden deterioration in treatment response with recurring motor fluctuations should lead to the suspicion that the distal part of the tube has become displaced from
the duodenum into the stomach. The location of the tube should be determined by X-ray and the end of the tube repositioned to the duodenum under radiological control. Contraindications: hypersensitivity to levodopa, carbidopa or any of the
excipients;narrow-angle glaucoma; severe liver and renal insufficiency; severe heart failure; severe cardiac arrhythmia; acute stroke; non-selective MAO inhibitors and selective MAO type A inhibitors must not be given concomitantly, and should
be withdrawn at least two weeks before initiation of Duodopa.; conditions in which adrenergics are contraindicated. Special warnings and precautions for use: Duodopa is not recommended for the treatment of drug-induced extrapyramidal
reactions. Duodopa therapy should be administered with caution to patients with severe cardiovascular or pulmonary disease, bronchial asthma, renal, hepatic or endocrine disease, or history of peptic ulcer disease or of convulsions. In patients
with a history of myocardial infarction who have residual atrial nodal or ventricular arrhythmias, cardiac function should be monitored with particular care during the period of initial dosage adjustments. All patients treated with Duodopa should
be monitored carefully for the development of mental changes, depression with suicidal tendencies, and other serious mental changes. Patients with past or current psychosis should be treated with caution. Concomitant administration of antipsychotics
with dopamine receptor blocking properties, particularly D2 receptor antagonists should be carried out with caution, and the patient carefully observed for loss of antiparkinsonian effect or worsening of parkinsonian symptoms. Patients with chronic
wide-angle glaucoma may be treated with Duodopa with caution, provided the intra-ocular pressure is well controlled and the patient is monitored carefully for changes in intra-ocular pressure. Duodopa may induce orthostatic hypotension.
Therefore Duodopa should be given cautiously to patients who are taking other medicinal products which may cause orthostatic hypotension. Levodopa has been associated with somnolence and episodes of sudden sleep onset in patients with
Parkinson’s disease and caution should therefore be exercised when driving and operating machines. A symptom complex resembling Neuroleptic Malignant Syndrome (NMS), including muscular rigidity, increased body temperature, mental changes
(e.g. agitation, confusion, coma) and increased serum creatine phosphokinase, has been reported when anti-Parkinsonian medicinal products were withdrawn abruptly. Rhabdomyolysis secondary to Neuroleptic Malignant Syndrome or severe
dyskinesias have been observed rarely in patients with Parkinson’s disease. Therefore, patients should be carefully observed when the dose of levodopa/carbidopa combinations are abruptly reduced or discontinued, especially if the patient is
receiving anti-psychotics. Neither NMS nor rhabdomyolysis has been reported in association with Duodopa. If general anaesthesia is required, treatment with Duodopa may be continued for as long as the patient is permitted to take fluids and
medicinal products by mouth. If therapy has to be stopped temporarily, Duodopa at the same dose as before may be restarted as soon as oral intake of fluid is allowed. The dose of Duodopa may need to be adjusted downwards in order to avoid
levodopa induced dyskinesias.Periodic evaluation of hepatic, haematopoietic, cardiovascular and renal function is recommended during extended therapy with Duodopa. Previous surgery in the upper part of the abdomen may lead to difficulty in
performing gastrostomy or jejunostomy. Reduced ability to handle the system (pump, tube connections) can lead to complications. In such patients a caregiver (e.g. nurse, assistant nurse, or close relative) should assist the patient. A sudden or
gradual worsening of bradykinesia may indicatean an obstruction in the device for whatever reason and needs to be explored. Interaction with other medicinal products and other forms of interaction: no interaction studies have been
performed with Duodopa.The following interactions are known from the generic combination of levodopa/ carbidopa. Caution is needed in concomitant administration of Duodopa with the following medicinal products: antihypertensives, antidepressants,
anticholinergics, COMT ihibitors, some antipsychotics and benzodiazepines. Duodopa can be taken concomitantly with the recommended dose of an MAO inhibitor, which is selective for MAO type B (for instance selegiline-HC1). Concomitant use
of selegiline and levodopa-carbidopa has been associated with serious orthostatic hypotension. Amantadine has a synergic effect with levodopa and may increase levodopa related adverse events. An adjustment of the dose of Duodopa may be
needed. Sympathicomimetics may increase cardiovascular adverse events related to levodopa. Levodopa forms a chelate with iron in the gastrointestinal tract leading to reduced absorption of levodopa. As levodopa is competitive with certain
amino acids, the absorption of levodopa can be disturbed in patients who are on a protein rich diet. The effect of administration of antacids and Duodopa on the bioavailability of levodopa has not been studied. Pregnancy: there are no adequate
data from the use of levodopa/carbidopa in pregnant women. Data from animal studies have shown reproduction toxicity. The potential risk for humans is unknown. Duodopa should not be used during pregnancy unless the benefits for the mother
outweigh the possible risks to the foetus. Lactation: Levodopa is excreted in the breast milk. There is evidence that lactation is suppressed during treatment with levodopa. It is unknown whether carbidopa is excreted in human breast milk. Animal
studies have shown excretion of carbidopa in breast milk. The safety of levodopa and carbidopa in the infant is not known. Duodopa should not be used during breast-feeding. Effects on ability to drive and use machines: Levodopa and
carbidopa may cause dizziness and orthostatic hypotension. Therefore, caution should be exercised when driving or using machines. Patients being treated with Duodopa and presenting with somnolence and/or sudden sleep episodes must be
advised to refrain from driving or engaging in activities where impaired alertness may put them, or others, at risk of serious injury or death (e.g. operating machines) until such recurrent episodes and somnolence have resolved. Undesirable
effects: Undesirable effects that occur frequently with levodopa/carbidopa are those due to the central neuropharmacological activity of dopamine. These reactions can usually be diminished by levodopa dosage reduction. Laboratory values:
The following laboratory abnormalities have been reported with levodopa/carbidopa treatment and should, therefore, be acknowledged when treating patients with Duodopa: elevated urea nitrogen, alkaline phosphatases, S-AST, S-ALT, LDH,
bilirubin, blood sugar, creatinine, uric acid and positive Coomb’s test, and lowered values of haemoglobin and haematocrit. Leucocytes, bacteria and blood in the urine have been reported. Levodopa/carbidopa, and thus Duodopa, may cause a false
positive result when a dipstick is used to test for urinary ketone; this reaction is not altered by boiling the urine sample. The use of glucose oxidase methods may give false negative results for glucosuria. The device: Complications with the devices
are very common (>1/10), e.g. connector leakage, dislocation of the intestinal tube. Dislocation of the intestinal tube backwards into the stomach leads to reappearance of motor fluctuations (due to erratic gastric emptying of Trademark into the
small intestines). In general, relocation of the tube can be done using a guide-wire to steer the tube into the duodenum under fluoroscopy. Occlusion, kinks, or knots of the intestinal tube lead to high pressure signals from the pump. Occlusions
are usually remedied by flushing the tube with tap water; kinking, knotting, or a tube displacement may need readjustment of the tubing. Should complete failure of the intestinal tube or pump occur the patient must be treated with oral levodopa/
carbidopa until the problem is solved. The stoma usually heals without complications. However, abdominal pain, infection and leakage of gastric fluid may occur shortly after surgery; it is rarely a problem long-term. Reported complications include
wound infection (the most common complication) and peritonitis. Local infections around the stoma are treated conservatively with a disinfectant. Treatment with antibiotics is rarely needed. Overdose: Most prominent clinical symptoms of 
an overdose with levodopa/ carbidopa are dystonia and dyskinesia. Blepharospasm can be an early sign of overdose. The treatment of an acute overdose of Duodopa is in general the same as that of an acute overdose of levodopa: However,
pyridoxine has no effect on the reversal of the action of Trademark. Electrocardiographic monitoring should be used and the patient observed carefully for the development of cardiac arrhythmias; if necessary an appropriate antiarrhythmic therapy
should be given. The possibility that the patient took other medicinal products together with Duodopa should be taken into consideration. To date experiences with dialysis have not been reported, therefore its value in the treatment of overdose
is unknown. Shelf life: 15 weeks. Special precautions for storage: store in a refrigerator (2ºC – 8°C). Keep the cassette in the outer carton in order to protect from light. The marketing holder of this product is Solvay Pharmaceuticals, Germany.
For further information please consult: www.solvaypharmaceuticals.com
*Nyholm D et al. Duodonal levodopa infusion monotherapy vs oral polypharmacy in advanced Parkinson’s disease. Neurology. 2005(64):2;216-223.
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