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A levodopa with l-leucine inhalation powder for use in Parkinson’s disease  
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Summary 

Parkinson’s disease is a progressive neurodegenerative disorder characterised by degeneration of the 
dopaminergic neurons in the substantia nigra, causing a lack of dopamine in the striatum. This lack of dopamine 
causes disruption of motor circuits in the brain resulting in motor function impairments like tremor, rigidity and 
bradykinesia. Adequate treatment of Parkinson’s patients in off periods with orally administered levodopa is thus 
hindered by a poor bioavailability and a slow onset of effect. Consequently there is a need for a fast and reliable 
alternative as for instance via pulmonary administration of the drug. We studied the dispersion performance and 
retention behaviour of various levodopa dry powder formulations in a recently developed high dose inhaler 
(Cyclops). The in vitro deposition of the most suitable levodopa dry powder formulation was measured at different 
pressure drops across the inhaler as well as for different dose levels. The objective was to produce a levodopa 
inhalation powder by means of very simple techniques such as micronisation, either as pure active substance or 
with the least possible amount of a safe excipient. Levodopa co-micronised with only 2% l-leucine and dispersed 
with the Cyclops high dose dry powder inhaler appears to be a promising candidate for the treatment of 
Parkinson’s disease patients in an off period. The combination of this particular formulation and inhaler meets the 
basic in vitro requirements regarding emission rate, dispersion efficiency and consistency of delivered dose for 
satisfactory drug delivery to the peripheral airways. 

Introduction 

Parkinson’s disease is a progressive neurodegenerative disorder characterised by degeneration of the 
dopaminergic neurons in the substantia nigra causing a lack of dopamine in the striatum. This lack of dopamine 
causes disruption of motor circuits in the brain resulting in motor function impairments like tremor, rigidity and 
bradykinesia. At first, symptoms are mild, but these symptoms will progress over time. Motor fluctuation means 
fluctuation between off times (decreased mobility) and on times, when symptoms are controlled (often with 
hyperkinesia). It is estimated that about 40 percent of patients with Parkinson’s disease will experience motor 
fluctuations within 4-6 years after onset of Parkinson’s disease 

[1]
, which negatively impact quality of life despite 

optimized oral therapy. Treatment with dopaminergic drugs (especially levodopa) will improve motor function but 
after some years many patients develop motor fluctuations. Off times are not limited to decreased mobility, 
patients are also suffering from sensory symptoms (motor restlessness, pain etc), autonomic symptoms (urinary 
incontinence) and psychiatric disorders (psychosis, anxiety, depressions). For patients with advanced Parkinson’s 
disease, being in an off period can occupy up to one-third or more on a typical waking day 

[2]
. Due to variability in 

levodopa absorption following oral administration of levodopa, return of the motor function may be delayed 
[3]

. 
Adequate treatment of Parkinson’s patients in off periods with orally administered levodopa is thus hindered by a 
poor bioavailability and a slow onset of effect. Consequently there is a need for a fast and reliable alternative as 
for instance via pulmonary administration of the drug.  

We previously studied the inspiratory capacities of Parkinson’s patients during off periods 
[4]

. The inhalation 
parameters obtained in this study were used as a starting point for the development of a levodopa inhalation 
powder. We studied the dispersion performance and retention behaviour of various levodopa dry powder 
formulations in a recently developed high dose inhaler (Cyclops) 

[5]
. The in vitro deposition of the most suitable 

levodopa dry powder formulation was measured at different pressure drops across the Cyclops as well as for 
different levodopa doses. The objective was to produce a levodopa inhalation powder by means of very simple 
techniques such as micronization and spray drying, either as pure active substance or with the least possible 
amount of a safe excipient. 

Material and methods 

 

Starting materials and inhaler  

Levodopa, Ph Eur quality, was purchased from Duchefa Farma (Haarlem, The Netherlands). Levodopa >98% and 
l-leucine were supplied by Sigma-Aldrich (Zwijndrecht, The Netherlands). The Cyclops inhaler used in this study 
was a machined prototype and has been described in detail before 

[5]
. The Cyclops is a high resistance device 

(0.060 kPa
0.5

.min.LN
-1

). Flow rates corresponding with pressure drops of 2, 3, 4 and 6 kPa are 24, 29, 34 and 44 
LN/min respectively. 

Levodopa and the mixtures of levodopa with l-leucine were micronised using a 50 AS jet mill (Alpine Hosokawa, 
Germany). Levodopa was spray dried with a Mini Spray Dryer B-290 (BUCHI labortechnik AG, Flawil, 
Switzerland).  
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Methods 

Laser diffraction analysis (LDA) was performed with a Sympatec HELOS BF Laser diffractometer (Sympatec 
GmbH, Clausthal-Zellerfeld, Germany). Cascade impaction analysis was performed using the Next Generation 
Impactor (NGI: Copley Scientific, United Kingdom). Samples from cascade impaction analysis and uniformity of 
delivered dose testing were dissolved in water and analysed spectrophotometrically at a wavelength of 280 nm 
(Unicam UV 500, ThermoSpectronic, United Kingdom). Time sliced measurements were performed in order to 
follow the aerosol emission rate from the inhaler on the basis of the optical concentration in the laser beam. Sliced 
measurements of 0.1 s were performed to a total time of 5 seconds. 

For the development of a suitable levodopa formulation, we studied the dispersion and retention of various 
levodopa dry powder formulations in the Cyclops. The in vitro deposition of the most suitable levodopa dry 
powder formulation was measured with LDA at different pressure drops across the inhaler as well as for different 
dose levels. For the screening of the suitability of these powders we used fast laser diffraction technique to 
compare the PSD in the aerosol with the PSD of the primary particles. This method enables us to assess the 
dispersion efficiency of the inhaler-formulation combination. Inhaler retentions were measured gravimetrically in 
this phase of development.  

The most promising candidate formulation from the LDA screening was characterised in vitro over a wide range of 
pressure drops, 2, 3, 4 and 6 kPa. Three different doses representative of those to be expected in practice, 20, 30 
and 40 mg were tested. Determination of the consistency of delivered dose was performed using the method 
described in the European Pharmacopoeia, 8th edition. 

Results 

Pure micronised and pure spray dried levodopa 

The volume median particle diameter (X50) for the primary particles of the pure micronised levodopa is 1.46 µm. 
The volume median particle diameters for pure micronised levodopa dispersed from the Cyclops are 2.9 µm for 
the 20 mg dose, 3.8 µm for the 30 mg dose and 4.1 µm for the 40 mg dose, which is quite large compared to the 
values of the primary particles. Since the inhaler retention is substantial too for this formulation, > 70% for the 20 
mg dose, 50% for the 30 mg dose and 45% for the 40 mg dose, pure micronised levodopa is not suitable for use 
as inhalation powder in the Cyclops. Poor dispersion of spray-dried levodopa after exposure to ambient humidity 
was seen by exploratory inhaler dispersion measurements. It was therefore decided to continue with micronised 
material only. 

Laser diffraction analysis: levodopa co-micronised with l-leucine 

Levodopa co-micronised with l-leucine shows that addition of only 1% l-leucine to levodopa causes a substantial 
increase in FPF < 5 µm as percent of the metered dose (corrected for inhaler retention). The FPF < 5 µm 
increased from 20-30% for pure levodopa to 60-70% for levodopa + 1% l-leucine (Fig. 1A). Levodopa with 2% l-
leucine and 5% l-leucine showed similar improvement of the FPF. The increase in FPF is reflected by a lower X50 
-value compared to pure levodopa for the mixtures with 1, 2 and 5% l-leucine (Fig. 1B). The inhaler retention was, 
on average for all formulations with l-leucine, approximately 20% of the metered dose.  

 

 

Figure 1: Effect of mass % l-leucine in levodopa/l-leucine formulations on FPF of the metered dose (A), X50-value 
of the aerosol from the Cyclops (B) and inhaler retention (C) at 4 kPa. Mean and min-max values shown. 

Laser diffraction analysis: effect of pressure drop 

Determination of the effect of the pressure drop on powder dispersion showed an increased FPF and a decrease 
of the X50 with increasing pressure drop (Figures 2A-B). This was expected, since the energy available for 
dispersion of the aerosol increases when the pressure drop increases.   
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Figure 2: Effect of pressure drop on A: FPF in the metered dose (A), X50-value of the aerosol from the Cyclops 
(B) and inhaler retention (C) for levodopa + 2% l-leucine powder formulations. Mean and min-max values shown. 

 

Cascade impaction analysis of the most promising levodopa formulation 

As levodopa co-micronised with 2% l-leucine showed the best performance during the LDA experiments, we 
performed further testing of this powder mixture with cascade impaction analysis. Cascade impaction analysis 
confirmed the positive results already obtained with LDA. The dispersion efficiency in the Cyclops appears to be 
good for our levodopa formulation at all pressure drops and for all dose weights and more or less independent of 
the pressure drop. This results in approximately the same median diameter (D50) and FPF < 5 micron as percent 
of the delivered dose for all experiments. Due to lower inhaler retention at a higher pressure drop (Fig 3C), the 
delivered dose (as percent of metered dose) increases from 2 to 6 kPa. This also results in an increase of FPF < 
5 micron as percent of metered dose. In the future, it may be possible to reduce inhaler retention by slight 
changes of the inhaler design. However, inhaler retention is consistent for each of the pressure drops and it is 
therefore considered acceptable. Figure 3D shows the retention in the inlet port to the impactor (IP retention). 
Since the losses in the inlet port are related to the velocity with which the aerosol is released from the inhaler’s 
mouthpiece, the IP retention could be indicative for the losses in the oropharynx. At 2, 3 and 4 kPa the IP 
retention is comparable and only approximately 12.5% of the metered dose.  

 

Figure 3: Effect of pressure drop on FPF< 5 µm (A), D50-value of the aerosol from the Cyclops (B), inhaler 
retention (C) and retention in the inlet port to the impactor (D) for 20, 30 and 40 mg in levodopa + 2% l-leucine 
powder formulations. Mean and min-max values shown. N = 2. 

 

Time sliced measurements  

For all doses at all pressure drops at least 80% of the dose is emitted from the Cyclops within the first 1 to 1.5 L of 
inhaled air. 

Consistency of delivered dose 

The mean delivered dose (4 kPa, 4 L) from a metered dose of 30 mg was 22.3 mg (74.2%), with a spread of 21.3 
mg to 22.8 mg. These results comply with requirements in the Pharmacopoeia (at least 9 out of 10 delivered 
doses should be between 75% and 125% of the average, whereas all should be between 65% and 135%).  
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Discussion and conclusion 

We developed a levodopa inhalation powder with a simple micronisation technique and with minimal use of 
excipients. We used laser diffraction technique for fast screening of the dispersion performance of candidate 
formulations. Cascade impaction analysis was used for more extensive characterisation of the most promising 
levodopa formulation (with 2% l-leucine). Levodopa co-micronised with only 2% l-leucine and dispersed with the 
Cyclops high dose dry powder inhaler appears to be a promising candidate for the treatment of Parkinson’s 
disease patients in an off period. The combination of this particular formulation and inhaler meets the basic in vitro 
requirements regarding emission rate, dispersion efficiency en consistency of delivered dose for satisfactory drug 
delivery to the peripheral airways. Although further optimisation of the performance of the inhaler-formulation 
combination tested may be possible, we decided to use this levodopa formulation for a future clinical trial. This 
trial will have to show whether or not our developed levodopa inhalation product is absorbed in the systemic 
circulation after inhalation and can thus possibly bring the desired therapeutic effect. If so, our levodopa 
formulation may be an attractive alternative to other developments because of its simple and low cost production 
process, a low health risk due to the restricted use of excipients, a low oropharyngeal deposition, the disposable 
nature of the inhaler, its ease of handling by the patient and its supposedly rapid onset of effect. 
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