
Parkinson’s disease (PD) is a degenerative 
disorder of the central nervous system and 
is the second most common neurological 
disorder after Alzheimer’s disease, with 
an estimated 10 million people being 
affected.1 The disease is characterised by an 
asymmetric onset of bradykinesia, resting 
tremor, rigidity and postural instability. 
Symptoms of this motor‐degenerative 
disease stem from the death of dopamine‐
generating cells in the substantia nigra. 
The most common treatment for PD 
is with levodopa (LD), which can help 
to alleviate the symptoms of the disease 
by converting to dopamine in the brain. 
Levodopa improves disability and capacity 
to perform important activities of daily 
living. Approximately 85% of patients have 
some degree of benefit with this therapy.

ISSUES WITH LEVODOPA TREATMENT

LD is not without its issues, however, 
as chronic administration leads to a 
pharmacological problem – levodopa induced 
dyskinesia (LID). It is widely accepted that 
LID is due, at least in part, to the short half‐
life of LD. Dyskinesia most commonly occurs 
at the time of peak LD plasma concentrations 

during intermittent or pulsatile LD 
stimulation – peak‐dose dyskinesia.2

Reviews of observational studies and 
clinical trials agree that, on average, LID 
affects 40% of PD patients after five years 
of treatment, and 90% of patients by 9–15 
years of treatment.3 LID has been associated 
with exhaustion, fatigue and weight loss 
due to the excessive involuntary movement 
in patients, and it is said to limit the 
PD patient’s social life, causing feelings of 
isolation, frustration and depression.4

A study on the direct healthcare costs 
and predictors of treatment costs associated 
with LID in the US found that the presence 
of LID resulted in an increase in total 
treatment costs of 29% and in PD‐related 
treatment costs of 78% when compared with 
costs incurred among those patients without 

LID.5 Other factors influencing 
treatment costs were the use of 
other PD medications and the 
presence of select comorbidities 
(psychiatric, cardiovascular, 
chronic renal disease, injury and 
fracture). To mitigate LID, a 
continuous and non‐fluctuating 
provision of LD to the brain is 
therefore essential.

Current oral formulations of 
LD in the market fail to address 
the issue of fluctuating LD 
levels, whereby most patients 
are known to take up to five 
tablets a day,6 resulting in a 
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rapid sinusoidal rise and decline of LD – 
the cause of LID. To provide a continuous 
delivery of LD, other pharmacological 
strategies, including intestinal infusion, 
administered through an external device, 
have since been explored.7 Intestinal 
infusion of LD, although effective, has been 
associated with procedural‐ and device‐
related technical problems in 20% to 70% 
of patients.8 As oral tablets remain the 
simplest and most convenient form of drug 
administration, designing oral formulations 
that can provide a continuous delivery of 
LD to the brain is therefore the most feasible 
approach to mitigate LID in PD patients.

The innovation of an economical, 
convenient oral formulation that does not 
disrupt or alter the daily lives of PD patients, 
while mitigating LID, would therefore 
provide huge benefits to these patients, 
whether from a cost or quality‐of‐life 
perspective. Along these lines, LiberaTx’s 
technology aims to reduce the requirements 
and cost of current treatment.

THE TECHNOLOGY

In view of the current clinical problems, the 
LiberaTx team sought to design a floatable, 
extended‐releasing formulation that permits 
the sustained release of polypharmacy 
(i.e. multiple drugs) to mitigate LID. 
This strategy exploits the stomach as a drug 
reservoir for the slow release of levodopa 
into the upper intestinal tract, where 
levodopa is mainly absorbed by the body.

This strategy prolongs the gastric 
retention time of the drugs, and allows 
for the drugs to be slowly absorbed in 
the upper gastrointestinal tract (Figure 1). 
Such a strategy is therefore similar to 
the levodopa intestinal infusion device 
but miniaturised into the form of an oral 
capsule. This avoids the technical problems 
and undesirable issues of the external 
infusion device, while avoiding the LID that 
comes with commercial oral PD tablets. 
Based on this, LiberaTx has patented a 
floatable microencapsulation technology 
that allows for the controlled, sustained 
release of multiple drugs (polypharmacy) 
from microcapsules, while avoiding drug‐
drug interactions.9,10

A preliminary pharmacokinetics study 
of LiberaTx’s patented extended‐release 

polypharmacy oral PD formulations 
to deliver LD in mice has shown highly 
promising results. If successful, this platform 
formulation, besides its intended use for PD, 
can also be exploited for sustained release of 
polypharmacy in the management of other 
chronic diseases where patients face a high 
pill burden.

A simple, economical, scalable and 
versatile encapsulation process was devised 
for the production of these multidrug‐
loaded, sustained‐release gastric floating 
microcapsules.11,12 Microcapsules co‐loaded 
with LD, carbidopa (CD) and entacapone 
(ENT) were fabricated through a scalable 
emulsion technique. In order to attain 
prolonged gastric residence time, these 
capsules were designed to be hollow – 
i.e. of lower density – to attain better 
floating capabilities.

To achieve different drug release kinetics, 
several formulations were fabricated. 
For comparison purposes, an equal amount 
of PD drugs was encapsulated in these 
samples at a ratio of 4:1:8 (LD:CD:ENT), 
so as to replicate an equal drug ratio as 
commercially available PD tablets – 
i.e. Stalevo‐100 (Novartis, Basel, Switzerland).

Figure 1: Graphic showing the floating microcapsule 
technology, drug localisation and release.

“A preliminary pharmacokinetics study of LiberaTx’s 
patented extended-releasing polypharmacy oral 
PD formulations to deliver levodopa in mice has 

shown highly promising results.”
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Figure 3: (A) Cross-sectional SEM images of different formulations of casein microcapsules (C-MC) loaded with LD, CD and 
ENT in SGF at different time points (B) Raman mapping of a C-MC showing the localisation of LD, CD and ENT in different 
compartments within the particle; (C) in vitro release profiles of LD, CD and ENT from optimised formulation in SGF and SIF 
(simulated gastric/intestinal fluids).

Figure 2: (A) Cross-sectional SEM images of different formulations of spray-coated microcapsules (SC-MC) loaded with LD, CD 
and ENT in SGF at different time points; (B) Raman mapping of a SC-MC showing the localisation of LD, CD and ENT in different 
compartments within the particle; (C) in vitro release profiles of LD, CD and ENT from optimised formulation in SGF and SIF 
(simulated gastric/intestinal fluids).
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Figures 2(A) and 3(A) show the cross-
sectional scanning electron microscopy 
(SEM) images of the formulations (from top 
to bottom) with increasing drug release time 
(left to right). Figures 2(B) and 3(B) show 
the localisation of the drugs in different 
compartments of the particle. To test the 
hypothesis that this advanced polypharmacy 
drug delivery system can achieve sustained 
and controlled release of three PD drugs, 
as opposed to commercially available 
tablets, the release profiles of the drugs 
were investigated.

As shown in Figures 2(C) and 3(C), a 
sustained release of LD, CD and ENT was 
obtained from LiberaTx’s formulations. 
Pharmacokinetics studies of these 
formulations in mice showed promising 
results when compared with commercial 
formulations (i.e. Stalevo). LiberaTx’s 
extended‐release polypharmacy formulations 
(SC‐MC and C‐MC) have a superior 
absorption profile of LD compared with the 
control at the same drug dosages. Similarly, 
LiberaTx’s formulation showed better 
bioavailability of LD, and a raised and stable 
dopamine level in the brain (Figure 4).

The floating microcapsules, as a 
platform technology, also aim to improve 
patient medication compliance by providing 
sustained release of polypharmacy for 
the management of chronic diseases. In a 
research paper by HealthPrize Technologies 
and consulting company Capgemini, 
medication noncompliance was described 
as “one of the most serious problems 
in healthcare”, affecting all parties 
and causing more than just financial 
drawbacks.13 According to a recent report, 
medication non-adherence is costing the 
global pharmaceutical industry in excess of 
US$1 trillion (£720 billion) annually.14 
This platform technology is expected to 
address this colossal issue by reducing 
the pill burden and improving patient 
medication compliance.

CURRENT MEDICATIONS 
AND THEIR LIMITATIONS

Currently there are several commercially 
available tablets for PD on the market – 
including Stalevo, Sinemet (Merck Sharp 
& Dohm, Kenilworth, US), Rytary 
(Impax Pharmaceuticals, Hayward, US) 
and Madopar‐HBS (Roche, Basel, 
Switzerland). LD is the main active 
ingredient in all these formulations. 
However, administering LD alone results in 
poor bioavailability.

To increase bioavailability, some 
formulations include other drugs, such as 
CD and/or ENT. For example, Sinemet (a 
two‐drug formulation) is a combination 
of CD and LD, and Stalevo (a three‐drug 
formulation) contains LD, CD and ENT. 
CD is an inhibitor of aromatic amino 
acid decarboxylation. ENT, a catechol‐O‐

methyltransferase (COMT) inhibitor, is 
a nitro‐catechol‐structured compound. 
These drugs work synergistically to 
increase bioavailability of LD in the 
brain for conversion to dopamine. 
Table 1 summarises these marketed 
tablets and the issues associated with 
them. While there have been a number of 
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Figure 4: (A) Plasma concentrations of LD and (B) brain dopamine concentrations 
from control (i.e. commercial formulation) and LiberaTx’s two patented formulations 
(SC-MC and C-MC).

“LiberaTx’s extended-release polypharmacy formulations 
have a superior absorption profile of LD compared 

with the control at the same drug dosages. Similarly, 
LiberaTx’s formulation showed better bioavailability of 

LD,and a raised and stable dopamine level in the brain.”
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extended-release formulations for LD/CD 
combinations, there have not been any such 
products for the LD/CD/ENT combination, 
until LiberaTx’s formulation.

A secondary clinical problem that 
presents in PD patients is medication non‐
compliance. Adherence to medication is critical 
for the management of chronic conditions. In 
fact, for neurologically incapacitated patients 
(i.e. stroke, Alzheimer’s disease, PD, mental 
disorders, etc.), poor adherence to prescribed 
drugs remains the key reason for sub‐optimal 

clinical outcomes. Medication non‐adherence 
is observed among 50% of patients with 
chronic illnesses, and the common reasons 
are forgetfulness and complex medication 
regimens,15 and is one of the most common 
causes of therapeutic failure, costing 
$290 billion per year in the US alone.16 
Extended‐releasing polypharmacy oral 
formulations therefore address the issue of 
medication non‐compliance by lowering the 
pill burden, while enhancing recovery or 
managing chronic diseases.

ABOUT THE COMPANY

LiberaTx is a spin-out company forged 
from the material sciences research 
expertise of Dr Joachim Loo at Nanyang 
Technological University (Singapore) and 
Dr Sashi Kesavapany, who has pharma 
experience in neurodegeneration. LiberaTx 
seeks to address the unmet medical need of 
enhancing oral bioavailability of medications 
for various diseases. Using its proprietary 
technology, LiberaTx reformulates existing 
marketed pharmaceuticals to improve 
treatment outcomes, while reducing the pill 
burden on patients. In addition, LiberaTx 
is working with partners to formulate novel 
biopharmaceuticals and nutraceuticals to 
promote general health and well-being. The 
first therapeutic assets are being positioned 
for alleviating LID in Parkinson’s disease.
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Marketed Technology Issues with Marketed Tablets

Sinemet (Merck Sharp 
& Dohme) and 
Stalevo (Novartis)

•  Lack the capabilities of providing controlled and sustained 
release of multiple drugs.

• Do not possess prolonged gastric retention time.

•  Although controlled release versions of these are available, 
their pharmacokinetics are still less than desirable.

•  Require multiple dosing daily, thus reduce patient 
compliance and cause LID.

Madopar‐HBS (Roche) •  A levodopa and benserazide releasing floating system, 
which is used in PD. The controlled release is based on 
the dissipation of hydrated boundary layers upon the 
dissolution of gelatin capsules.

•  A single‐unit floating system, which is unreliable in 
prolonging the gastric retention time owing to its 
“all‐or‐nothing” emptying process.

•  Results in high variability in bioavailability and local 
irritation due to a large amount of drug delivered at a 
particular site of GI tract.

•  Although Madopar‐HBS showed improvement over 
standard Madopar, the bioavailability is reduced as 
compared with standard Madopar (60–70%), due to 
incomplete absorption.

Table 1: Issues with current marketed tablets for Parkinson’s disease.

“Medication non-adherence 
is observed among 50% of 

patients with chronic illnesses, 
and the common reasons are 

forgetfulness and complex 
medication regimens, and is 

one of the most common 
causes of therapeutic failure, 
costing $290 billion per year 

in the US alone.”
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