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ABSTRACT

Objective: The article is included formulation studies and in vitro evaluation of orally dispersible
Rasagiline mesylate (RM) orodispersible films (ODFs) for non-oral treatment of Parkinson's
Disease. RM undergoes extensive hepatic biotransformation and is a highly selective and
irreversible MAO-B inhibitor. It is metabolized in the liver and has an oral bioavailability of
approximately 36% and a half-life of 3 hours. These properties suggest that RM may be an excellent
candidate for buccal drug delivery.

Material and Method: ODFs of RM were prepared using PEO by the solvent casting method. While
evaluating these formulations, parameters such as appearance, weight homogeneity, thickness,
surface pH, drug content, swelling ratio, tensile strength, mucoadhesion, in vitro drug release
studies and also stability were considered.

Result and Discussion: Obtained results show that ODFs are an effective and viable approach for
RM delivery and may be a new alternative to existing oral delivery systems for Parkinson's
treatment.
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Amag: Bumakale, Parkinson Hastaliginin oral olmayan tedavisi i¢in Rasagilin mesilat (RM) agizda
dagilan filmlerin (ODF'ler) formiilasyon ¢alismalarini ve in Vitro degerlendirmesini icermektedir.
RM, ozellikle yogun hepatik biyotransformasyona ugrayan geri dondiiriilemez ve yiiksek secicilige
sahip bir MAO-B inhibitoriidiir. Karacigerde metabolize edilir ve oral biyoyararlanimi yaklasik
%36 ve yarianma omrii 3 saattir. Bu ozellikler, RM'nin bukkal ila¢ dagitimi icin miikemmel bir
aday olabilecegini gostermektedir.

Gereg¢ ve Yontem: RM'nin ODF'leri, solvent dokiim yontemiyle PEO kullanilarak hazirland:. Bu
formiilasyonlar degerlendirilirken gériiniis, agirlik homojenligi, kalinlik, yiizey pH ’s1, ilag i¢erigi,
sisme orami, gerilme mukavemeti, mukoadezyon, in vitro ila¢ salim ¢alismalar: ve stabilite gibi
parametreler goz oniinde bulundurulmustur.

Sonug ve Tartisma: Elde edilen sonuglar, ODF'lerin RM uygulamas: i¢in etkili ve uygulanabilir
bir yaklasum oldugunu ve Parkinson tedavisi icin mevcut oral dagizim sistemlerine yeni bir alternatif
olabilecegini gostermektedir.

Anahtar Kelimeler: Agizda dagilan film, bukkal uygulama, polietilen oksit, rasaJilin mesilat

INTRODUCTION

Parkinson Disease (PD) is a chronic and progressive disease, so the symptoms become worse in
the course of time. It’s characterized by motor symptoms associated with movement like tremors,
stiffness, or rigidity of the muscles. In addition to motor symptoms, non-motor symptoms like sleep
problems, depression, anxiety, constipation, and fatigue related to PD can occur in patients [1].

The efficacy of levodopa, which has long been accepted as the 'gold standard' and administered
orally for the control of motor symptoms in patients with PD, appears to decrease as the duration of
treatment increases. Since the effects of orally used drugs start late, OFF periods are seen in the early
morning hours in Parkinson's patients. It has been reported that the OFF period complicates the morning
routines of the patients and significantly affects their quality of life. Dysfunctions in the gastrointestinal
track occur at all levels of PD and this causes motor fluctuations in the advanced levels of PD, which
makes the management of the disease difficult. Transmucosal routes such as intranasal, buccal,
sublingual and rectal are used as an alternative to the oral route due to their advantages such as being
non-invasive, possibility of self-administration, rapid drug absorption, high bioavailability and
successful systemic delivery of the active substance to the circulation. Among the transmucosal routes,
buccal administration, excellent accessibility, non-invasiveness of administration of the dosage form,
rapid blood supply and permeable mucosa make it a highly attractive route for drug delivery for systemic
action [2].

Rasagiline mesylate (RM) is an irreversible MAO-B inhibitor. RM is a freely soluble active
substance with a biological half-life of 3 hours and a dose of 0.5-2 mg per day. RM is an irreversible
MAO-B inhibitor [3]. RM’s absolute bioavailability is 36% due to the metabolism by N-dealkylation
and hydroxylation in liver. Because it is an effective active substance with low oral bioavailability, RM
is a very suitable candidate for transmucosal administration [4].

Orally dispersible films (ODFs) are drug delivery systems intended to disperse rapidly after
administration into the oral cavity. ODFs which are commonly prepared with hydrophilic polymers are
dosage forms by means of suitable size, thickness, and easy application which provide easy patient
compliance. Solvent casting method is one of the methods frequently used in the production of ODFs.
In this method, after the film-forming agents are dissolved in designated solvent, the solution is poured
onto a flat surface and dried [5]. When placed on the tongue, formulations immediately moisten with
saliva and then rapid disintegration and/or dissolution occurs and the release the active pharmaceutical
substance happened [6]. They are preferred over solid dosage forms in terms of flexibility, application
without water needed and improved patient comfort. They also provide more accurate drug dosing and
longer residence time in buccal mucosa as compared to semi-solid dosage forms [2].

The present research represents the preformulation studies, formulation development and in vitro
evaluation of mucoadhesive ODFs of RM.
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MATERIAL AND METHOD
Materials

RM was gifted from Ali Raif Pharmaceutical Industry, Turkey, polyethylene oxide (PEO)
purchased by Sigma-Aldrich, USA, glycerol (GLY) (98%) was purchased by Merck, Germany. Mouse
embryonic fibroblast cells (NIH/3T3) and cell lines purchased from ATCC, USA were employed.
Dulbecco's modified Eagle medium (DMEM) with L-Glutamine, sterile phosphate-buffered saline
(PBS), fetal bovine serum (FBS) and trypsin-EDTA was obtained from Biowest, France. Trypan Blue
solution was purchased from Biological Industries (Israel). ThinCert cell culture insert, and other cell
culture plastics were supplied from Greiner Bio-One, Germany. 4-[3-(4-iodophenyl)-2-(4-nitro-phenyl)-
2H-5-tetrazolio]-1,3-benzene sulfonate (WST-1) cell proliferation reagent was obtained from Roche
Diagnostics, Germany. All chemicals were of analytical grade.

Preparation of Mucoadhesive ODFs

In our study, solvent casting method was preferred to prepare mucoadhesive ODFs. 1.56 mg RM
added into 35 ml distilled water (DS) per ODF (6 cm?). Different concentrations of PEO were slowly
added to these solutions and stirred using a magnetic stirrer for 24 h. Then glycerin (GLY) added and
then mixtures were ultrasonicated to acquire bubble-free gels and kept a side at least 6 hours. Then
solutions were poured on petri dishes and kept in controlled room temperature for 24 h. After drying,
ODFs were cut to 6 cm?(2x3 cm?).

Table 1. Composition of ODFs*.

F1 F2 F3 F4
PEO 054 064 074 08¢
GLY 0.025g 0.030 g 0.035g 0.040 g

*1.56 mg RM added into DW per ODF (6 cm?) for drug loaded ODFs.

Physical Properties

By examining the general appearances of the ODFs; It was checked whether they can be separated
from the petri dish and have sufficient homogeneity, flexibility, softness, and stickiness.

Weight Uniformity and Thickness

The formulations were weighed separately on a precision balance (Sartorious Basic, Géttingen,
Deutschland). The average weights and standard deviations were calculated. A digital micrometer
(Mitutoyo, Japan) was used to measure the thickness of the ODFs. The average thickness and standard
deviations were calculated (n=6).

Drug Content and Content Uniformity

RM amount of ODF formulations was analyzed with a fully validated HPLC method according to
the ICH guidelines. Drug content and content uniformity studies are performed with Agilent series 1100-
1200 HPLC apparatus with an UV detector at 265 nm, using 5 um, 4.6 x 250 mm C18 column. A mixture
of ammonium acetate buffer/acetonitrile (60:40, v/v) was chosen as the mobile phase and flow rate was
determined as 1.0 ml/min at 25°C. Injection volume of 20 ul and run time of 10 min was optimized for
the final method [7].

The drug content and content uniformity tests were performed by dissolving an ODF in 40 ml of
simulated saliva fluid (SSF) and ethanol mixture (50:50) with stirring for 30 minutes (n=6).

Swelling Ratio Determination

The RM-loaded ODFs were weighed (W1) and adhered to pre-weighed coverslips. The prepared
coverslips were then thrown into 20 ml of SSF at 37°C. At certain times the coverslips were removed,
and excess of solvent was soaked by a filter paper then weighed (W2). Until a constant weight was
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obtained, the increase in the weight of the ODFs was evaluated (n=6) by using the following equation
( Equation 1) [8].

Swelling ratio %= (W2-W1)/W1*100 Equation 1

In Vitro Disintegration

ODFs were placed in a 20 ml SSF beaker at 37°C to determine the in vitro degradation time (n=6)
and their disintegration time was evaluated only visually (n=6) [9].

Surface pH

Formulations were allowed to swell for 10 minutes in the beaker containing 5 ml distilled water.
The probe of the pH meter was brought into contact with the ODF surface and allowed to equilibrate for
1 minute to determine the pH [10].

Determination of Tensile Strength

The study was performed at least six times with a profile analyzer (TA-TX Plus, Stable Micro
System, UK) using a 500 g load cell according to the parameters given in Rengber vd. 2019. The
following Equation 2 was used to calculate the results:

Tensile strength (N.mm™) = Force at break / Area of the sample (mm?) Equation 2

Evaluation of the Mucoadhesive Properties

Mucoadhesion properties were determined at least six times with texture profile analyzer at 37°C
according to the parameters given in Karavana vd., 2018 and Tomar vd., 2012. Maximum separation
force and mucoadhesion values were obtained from the force-distance plot.

In Vitro Dissolution Study

In vitro dissolution studies of ODFs were carried out with 35 ml of SSF at 37+0.5°C using USP
type Il. Medium was stirred at 100 rpm and samples were taken at 1-minute intervals by adding the same
amount of fresh medium as the sample taken to keep the dissolved medium constant (n=6) [11].

Cell Culture and In Vitro Cytotoxicity Assay

WST-1proliferation assay evaluated the cytotoxicity potential of the formulations against HEK -
293T and NIH-3T3 [12]. WST-1 reagent reduces to the water-soluble formazan dye by the end of the
cellular mechanism in live cells. Therefore, the intensity of the color developed in the experimental
environment is proportional to the number of living cells. HEK-293T and NIH-3T3 cells were cultured
at 37°C in a humidified atmosphere of 5% CO> and 95% air in DMEM containing 2 mM glutamine and
10% FBS [12,13].

Cells were suspended in fresh medium for cytotoxicity experiments and seeded at the bottom of
12-well ThinCert™ plates at a density of 5x105 cells. Plates were placed in a CO2 incubator and
incubated for 18 hours. Before the study, the medium was replaced with 1 ml of fresh medium, and
ThinCert™ inserts (pore size: 0.4 pm) were placed in each well.

ODF formulations were added to inserts followed by sterilization with UV light for 8 hours, with
an extra 0.5 ml of DMEM. Cells were treated with formulations for 12, 24, 48 and 72 hours. Finally, the
inserts were removed, and the medium was replaced with WST-1:medium (1:10) and incubated for an
additional 4 hours. The absorbance value of the wells was measured at 450 nm using the CLARIOstar
Plus Microplate Reader (BMG LabTech, Germany). Results were represented as the % percentage of
formazan absorbance (Mean + Standard Deviation, Mean + SD). Statistical analysis of the results was
calculated by one-way variance analysis using the GraphPad Prism 5.0 software. The significance level
was accepted as p < 0.05.
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Stability Studies

The ODFs were wrapped in aluminum foil, packed in glass container, and kept in stability
chambers, at 25+0.5°C and 60+5% relative humidity and 40+0.5°C and 75+5% relative humidity for 3
months respectively. After 1, 2 and 3 months, ODFs were tested for changes in appearance, drug content,
pH and disintegration time.

RESULT AND DISCUSSION

RM is one of the most prescribed drugs as monotherapy or in addition to levodopa in people who
suffer from PD. This study includes successfully preparing and characterising RM loaded ODFs
prepared by solvent casting. The developed ODFs were evaluated for various physicochemical
properties such as weight uniformity, thickness, drug content and content uniformity, surface pH, tensile
strength, swelling ratio, disintegration time, mucoadhesive properties, in vitro drug release, in vitro
cytotoxicity assay and also stability study.

The PEO was used as film formers and GLY as a plasticizer for ODFs formulations. PEO
provided the formulations with optimum physicochemical properties such as high mucoadhesiveness
and easy applicability. GLY was added to ODF formulations to increase flexibility and reduce
brittleness. For formulation development studies, ODFs without active substance were prepared with
different ratios of PEO and GLY. F1 and F2 coded ODFs were separated easily from petri dishes and
are homogeneous, flexible, smooth, soft, and adhesive. Studies on the F3 and F4 formulations were not
continued because the viscosities of their solutions were too high, and air bubbles could not be removed
despite many attempts.

Weight Uniformity and Thickness

Weight uniformity and thickness are parameters that must be considered to ensure precision and
homogeneity of the dose administered to patients using ODF. The results of these studies were given in
Table 2. The thickness of all formulations was found to be in the range of 0.37 mm to 0.67 mm, meaning
that a thin ODF can be prepared that can be beneficial as it causes minimal discomfort to patients. The
thickness of all formulations was found to be in the range of 0.37 mm to 0.67 mm, meaning that a thin
ODT can be prepared that can be beneficial as it causes minimal discomfort to patients.

The weight of ODFs were found in the range of 0.031+ 0.001 to 0.039 + 0.009 g. The formulation
F1 showed minimum weight due to ratio of polymer. The polymer ratio and the presence of RM in the
ODFs slightly changed the weight. But the standard deviation values detected in all samples were very
low, indicating that the weights of the prepared formulations were uniform. The homogeneity of ODFs
is a key parameter to ensure predictable drug release from formulations with uniform distribution of
drug [14]. The thickness was determined using a digital micrometer and according to the determined
thickness results, as the polymeric amount increased; It was observed that the thickness of the ODFs
increased. The thickness of all formulations was found to be in the range of 0.37 mm to 0.67 mm,
meaning that a thin ODF can be prepared that can be beneficial as it causes minimal discomfort to
patients.

Table 2. Physicochemical properties of ODFs.

Code Thickness (mm) Weight (g) Swelling Ratio Disintegration Surface pH
time (sec)

F1 0.037+0.01 0.031+0.001 37.7+0.04 29.91+0.52 6.8840.02

F2 0.067+0.01 0.037+0.004 41.2+0.04 64.73+0.52 7.12+0.05

F1E 0.055+ 0.02 0.033+0.004 29.9+ 0.06 12.39+0.64 7.33+£0.20

F2E 0.050+0.01 0.039+0.009 35.5+£0.05 20.69+0.64 7.45+0.07
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Swelling Ratio Determination

The hydration of ODFs depends on the type and physicochemical nature of the polymers. Swelling,
which begins with contact with water, allows the structure of bioadhesive polymers that are initially
stretched, twisted, or entangled to relax, resulting in rapid dissolution of polymer chains and the
formation of a macromolecular structure that increases the porosity of the ODF and initiates drug release.
However, increased swelling of ODFs can cause discomfort for patients [15-17]. The swelling behaviour
of formulations shows their bioadhesive property and drug release of the formulation was determined at
various time intervals. ODF formulations were found to exhibit good swelling behavior. It was observed
that the formulation F2 showed the highest swelling index due to greater swelling of PEOQ. It indicates
that when ODFs placed in an aqueous medium, liquid penetrates into ODFs and a gel is formed. Swelling
increases as the time proceeds because the polymer gradually absorbs water due to hydrophilicity of
polymer [18].

In Vitro Disintegration

In vitro disintegration time was measured and was approximately 12.39+0.64 to 64.73+0.52 min,
respectively. Results of in vitro disintegration time of ODFs were shown in Table 2. It was observed
that the increase in polymer concentration and viscosity increased the disintegration and dissolution
time, and this was found to be consistent with the literature. In addition, in vitro disintegration time
increased with a higher amount of PEO in all formulations.

Surface pH

If the pH difference between the applied dosage form and the buccal mucosa is not large, the
possibility of causing any problems in the application area is reduced. The pH of the ODFs was
examined for any sensitization or allergic reaction with buccal use. As the surface pH for all
formulations is close to the buccal pH, it is considered that it will not cause irritation to the mucosa.
Surface pH of all formulations was seen to be compatible with salivary pH. For this reason, it was
determined that the formulations did not have a risk of irritation on the oral mucosa. The pH values of
ODFs were found to be almost neutral (pH 6.88-7.45) and near to the buccal pH which was 6.8.

Drug Content and Content Uniformity

Content uniformity is an essential pharmaceutical quality control criteria evaluated to control drug
homogeneity in pharmaceutical products. The data displayed in Table 3 signifies higher drug content
>98% in ODFs. Consistent values between ODF formulations show that the change in polymer ratio
does not affect the RM content and homogeneous formulations can be prepared. The results showed
acceptable drug content changes, so the ODFs have uniform drug distribution.

Table 3. Drug content of RM loaded ODFs.

Code Drug content %
F1E 98.68+2.25
F2E 99.87+3.52

Determination of Tensile Strength

The mechanical strength of ODF formulations is a very important factor not only in production or
formulation development stages, but also in terms of ease of use by the patient. Different factors affect
the mechanical properties of formulations, such as the type and amount of film-forming agent, plasticizer
type and amount, type and amount of residual solvents, weight and thickness of ODF, manufacturing
process, storage conditions, and type and amount of active substance. The results of the tensile strength
test are shown in Table 4. The mechanical characteristics of polymers are affected by the preparation
process of the formulation, and the temperature and humidity of the environment, so it is difficult to
compare the values in one study with other studies. No specific values are also determined for tensile
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strength for mucoadhesive buccal ODF. The results obtained in this study for ODFs with different PEO

ratios were in accordance with the results of other published studies [17].

Table 4. Tensile strength of ODFs.

Formulation Code Tensile strength (N/mm?)
F1 0.1£0.05
F2 0.1£0.05
F1E 0.04+0.03
F2E 0.09+0.03

Evaluation of the Mucoadhesive Properties

The mucoadhesive property of ODFs is an important parameter in prolonging the residence time
in the buccal region and preventing the removal of the formulation by mucosal secretion. Therefore, it
is beneficial to use mucoadhesive formulations to strengthen the interaction between ODFs and mucosa
in the development process [19]. The data in Table 5 demonstrates that ODFs possessed adequate
mucoadhesive force (>152 mN). Indeed, the high mucoadhesive strength of ODFs favours their long
residence time in the buccal mucosa. Studies with a neutral polymer, PEO, show that polymer
concentration affects mucoadhesion. This is thought to be due to the viscosity of the polymer solution.

Table 5. Mucoadhesive properties of ODFs.

Formulation Code Mucoadhesion Force (mN) Work of Adhesion (mN.mm)
F1 152.37£2.03 52.54+1.03
F2 272.60+2.80 11.58£1.17
F1E 236.86+1.08 81.67+£1.07
F2E 302.63+1.02 126.09+2.04

In Vitro Dissolution Study

Invitro drug release studies are important to learn about the release of active substances from ODF
and subsequent passage through the buccal mucosa. The correlation between in vitro release data and in
vivo absorption has also been demonstrated by different studies [14]. In addition, it is known that drug
delivery from a formulation is primarily determined by the properties of drugs and polymers. The release
of the drug from the ODF depends on the drug/polymer properties, the solubility of the drug, the
diffusion of the drug from the ODF, the swelling properties of the polymer matrix and the disintegration
time [17]. Although the solubility of RM is not expected to have a negative effect on dissolution and
absorption based on the information obtained as a result of the literature searches, a dissolution study
was performed at pH 6.8 (physiological pH of the oral cavity). The swelling and dissolution
characteristics of some natural polymers are affected by salivary fluid's ion concentration, osmolality,
surface tension, viscosity, etc. [18,19]. These features were not taken into account in this study. In vitro
release of RM from ODFs are shown in Figure 1 and Figure 2. A rapid drug release was seen in both
formulations, although there were differences between the two formulations. For F1 formulation, more
than 50% of RM was released in the first 2 min and more than 100% in the first 4 min. The release was
fast from F1 because of the polymer ratio. For F2 formulation, more than 50% of RM was released in
the first 4 min and more than 100% in the first 8 min.

Cell Culture and In Vitro Cytotoxicity Assay

Cytotoxicity experiments are a significant step in the pharmaceutical development process. For
this purpose, empty and RM-loaded ODF formulations were tested on two healthy well-defined cell
lines: human kidney embryonic epithelial cell line (HEK-293T) and mouse embryonic fibroblast cell
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line (NIH-3T3). These cell lines are commonly used for preliminary cytotoxic test novel formulations
[20].
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Figure 1. In vitro drug release from F1E.
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Figure 2. In vitro drug release from F2E.

HEK-293T and NIH-3T3 cells were incubated with empty and RM-loaded ODFs for various
times (12, 24, 48 and 72 hours) in ThinCert™ plates. Then, the cytotoxic potential of formulations was
determined by WST-1 cell proliferation reagent (Figure 3, 4).

In Figure 3 the table shows the % cell viability rate of HEK-293T cell, and the graphs show the
control and ODF formulation-treated cell viability ratio. As a result of 12 hours of incubation with ODF
formulations in the HEK-293T cell line, cell viability in all groups was similar to control group cells
(p> 0.05). After 24 hours of incubation, the cell viability of the empty ODF-1 and -2 treated groups was
identical to the control. It was observed that ODF-1E and -2E formulations caused a slight decrease in
cell viability (92.30%=+1.35 and 94.08%=+3.11, respectively). As a result of the 48- and 72-hour
incubation carried out to determine the long-term effects of the formulations on the cells, it was
determined that the formulations except the empty ODF-1 group caused a decrease in HEK-293T cell
viability compared to the control (p< 0.05) (Figure 4). In addition, the results obtained at the end of the
72-hour incubation period showed that the viability of the cells incubated with the ODF-1 formulation
was significantly higher than the other tested formulation (p< 0.05). On the other hand, no cytotoxic
effect of the empty ODF-1 formulation was found neither towards HEK-293T cells nor towards NIH-
3T3 cells at any time tested (p > 0.05).

Figure 3 shows the cell viability rate of NIH-3T3 cells, and the graphs show the comparison of
cell viability between control and ODF formulation-treated cells. After 12- and 24-hour incubations,
cell viability was determined similar to control in all formulations tested. Controversially, it was
observed that all tested formulations caused a slight but significant decrease in NIH-3T3 cells. In
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contrast, all formulations tested were observed to cause a slight but significant reduction in NIH-3T3
cell viability after 48 and 72 hours of testing (p>0.05). Furthermore, results also showed that cell
viability was still almost 90% compared to control cells (Figure3).
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Figure 3. Evaluation of the cytotoxic potential of ODF formulations on HEK-293T cell.
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Figure 4. Evaluation of the cytotoxic potential of ODF formulations on NIH-3T3 cell.

Stability Studies

The product must maintain its optimum properties over time, thus ensuring the physical and
chemical stability of the formulation. These properties depend on the formulation structure, production
process and ambient conditions. Stability studies of ODFs were carried out as per ICH guidelines, and
the formulation was stable after 90 days at 25+0.5°C/ 60+5% relative humidity and 40+0.5°C/75+5%
relative humidity. According to the stability results, there was no meaningful change on followed
stability parameters of ODFs after 3 months.



18 Glinesetal. J. Fac. Pharm. Ankara, 47(1): 9-19, 2023

In the current study, we aimed to develop RM-loaded ODFs for PD. Development of the ODFs
of RM could be a preferable alternative to the conventional oral route improving the quality of life and
patient acceptability. ODF formulation of RM was prepared using PEO by solvent casting method using
GLY as a plasticizer. All the formulations were evaluated for various parameters such as appearance,
tensile strength, weight uniformity, thickness, surface pH, drug content swelling index, in vitro drug
release and stability. F1 and F2 were smooth and flexible with an opaque appearance. The weights and
thicknesses of the ODFs were found to be uniform. In addition, when homogeneity is evaluated in terms
of drug content, the low SD value shows that the prepared ODFs are homogeneous.

The pH values were found to be around 6.8 that comply with the range of buccal mucosa.
Formulations exhibited good swelling behavior and higher tensile strength due to their elastic behavior.
All the formulations were subjected to in vitro drug release study which were carried out using USP
apparatus I1. The above study concluded that possibilities of the making of mucoadhesive ODFs for RM
which will be more effective in a short time and having satisfactory properties which may provide
increased therapeutic efficacy and patient compliance. The findings obtained from the results of the
cytotoxicity experiment using two different healthy cell lines reveal that both F1 and F2 formulations
are suitable for non-toxic drug-carrier formulations. Moreover, our results strongly indicate that the
active ingredient RM prepared in F1 and F2 ODFs may be significantly masking the potential side
effects of RM on healthy tissue during treatment. After all, in the light of all data in this study, we think
that RM loaded ODFs can be considered as a potential and viable approach for successful treatment of
PD soon.
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