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Parkinson’s disease is a neurodegenerative disease caused by low dopamine levels in the brain. This study aims to
obtain the optimum condition for M. pruriens extract nanoencapsulation in nano starch (NS-MPn) and
nanostarch-maltodextrin (NS-MD-MPn), nanocapsules characteristics, and their potential as anti-Parkinsonian
drug. The nanoencapsulation process was carried out by ultrasonic method. FTIR, SEM, and TEM carried out
the characterization of NS-MPn and NS-MD-MPn nanocapsules. Encapsulation efficiency was evaluated by UV-

Vis spectroscopy. SEM and TEM characterization NS-MPn and NS-MD-MPn nanocapsules have non-spherical
surface morphology, spherical in shape 234.98 and 90.85 nm, respectively. NS-MPn have 21.35% encapsula-
tion efficiency, meanwhile, NS-MD-MPn has 30.02%.

1. Introduction

Parkinson’s disease is one of the progressive neurodegenerative
diseases. This disease can occur due to the damage of dopaminergic
nerve cells in the brain. Damage to dopaminergic nerve cells can lead to
a decrease in dopamine production, which disrupts the coordination
system, such as movement [1]. The reduction of dopamine occurs in the
substantia nigra compacta (SNc) of the brain [2]. About 10 million
people are estimated to have suffered from Parkinson’s disease. Par-
kinson’s disease is mainly sustained by patients over the age of 60 years
[3,4].

There are several approaches commonly used for the management of
Parkinson’s disease, such as therapy using dopamine precursors (levo-
dopa), dopamine agonists, MAO-B inhibitors (monoamine oxidase-B),
COMT inhibitors (catechol-O-methyltransferase), amantadine, and
adenosine A2a antagonists [5]. Furthermore, there are several instru-
mental treatment options for Parkinson’s disease such as Deep Brain
Stimulation (DBS), thalamotomy, pallidotomy, lesion surgery, and
neural grafting or tissue transplant. These six instrumental options aim
to manage the motor symptoms of Parkinson’s disease and enhance the
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quality of life for patients [6]. However, the six instrumental treatment
options for Parkinson’s disease, while effective in managing symptoms,
are invasive and can lead to side effects such as dyskinesia, depression,
cognitive changes, and speech problems [7-9]. Currently, treating Par-
kinson’s disease using levodopa has become the most effective treatment
and lower side effect compared to other therapies [10].

Mucuna pruriens (L.) DC. contains important phytochemical com-
pounds such as alkaloids, tannins, proteins, xylitol, ascorbic acid, and
levodopa. Therefore, M. pruriens has extensive pharmacological poten-
tial such as it can be an anti-venom, anti-microbial, anti-diabetic, anti-
oxidant, and neuroprotective agent for Parkinson’s disease [11-13].
However, some limitations of herbal medicine such as M. pruriens
extract include low solubility in water, low bioavailability, and poor
stability [2].

Nanomedicine represents an innovative field that combines two
vastly different disciplines: nanotechnology and medicine. Nanotech-
nology involes the manipulation of matter on a nanometer scale (1-100
nm), while medicine deals with the treatment, diagnosis, and prevention
of diseases [14]. More than 250 health-focused nanotechnology prod-
ucts are available in the market, and there are currently over 1500
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nanomedicine research projects ongoing worldwide. It is estimated that
in 2020, the global market of nanomedicine was valued at $141.34
billion in 2020 and is projected to reach $258.11 billion bu 2025 [15].
Nanoparticles can be engineered to target specific cells or tissues and it
can improve the solubility and stability of drugs, which can increase the
effectiveness of drugs, reducing side effects and enhance its bioavaibility
[16]. However, there are several disadvantages of nanomedicine,
including the potential toxicity of some nanoparticles that could harm to
patients, challenges in nanomedicine regulations, and the high costs of
development and production [14,17].

The nanotechnology approach through the biodegradable matrices-
based nanoencapsulation process can overcome these limitations. The
nanoencapsulation formulation of this herbal medicinal compound is
considered to have several advantages, such as having a larger contact
surface area, a more targeted drug delivery system, more regulated
release of drugs, and having high bioavailability and stability to increase
the therapeutic effect [18,19]. Nanostarch has been widely used for the
nanoencapsulation of several active compounds such as curcumin
[20-23], piperine [24], catechin [25-27], epicatechin, epigallocatechin,
epigalocatechin-3-galate, proanthocyanidine [27], and resveratol [28].

Recently, nanostarch has attracted a lot of researcher’s attentions in
various fields, especially in the pharmaceutical field. Nanostarch shows
good physical and chemical properties such as having a high surface
area, aspect ratio, and crystallinity; non-toxic and has good rheological
properties, biodegradability, and water absorption ability to increase
the effectiveness of the use of herbal medicines [29-34].

In this study, M. pruriens extract was encapsulated in nanostarch and
nano starch-maltodextrin through an ultrasonic method. Nanostarch-
Mucuna pruriens nanocapsule (NS-MPn) nanocapsules and nanostarch-
maltodextrin-Mucuna pruriens nanocapsule (NS-MD-MPn) were charac-
terized by FTIR, SEM, and TEM. A UV-Vis spectrometer determined the
encapsulation efficiency. The potential anti-Parkinson’s activity of
nanocapsules was evaluated through catalepsy tests horizontal bar
model.

2. Methods
2.1. M. pruriens extraction

M. pruriens seeds were obtained from Bantul, Yogyakarta and washed
with water. The seeds were sun-dried for three days. Dried M. pruriens
seeds were crushed and powdered. Extraction of M. pruriens seeds was
carried out by the maceration method described by Sardjono et al. [35]
with slight modifications. Briefly, 12 kg of M. pruriens seed powder was
macerated in 12.5 L of ethanol: water (1: 1) for three days with daily
solvent changes in 3 x 24 h. M. pruriens extract filtrate was obtained by
filtration through Whatman filter paper 1. The filtrate was evaporated
by a rotary evaporator. During the extract concentration process in ro-
tary evaporator, the flask containing the extract was immersed in a
water bath at 50 °C for approximately 90 minutes for single evaporation
cycle. Each evaporation cycle used approximately 500 mL of filtrate. The
concentrated extract was dried by freeze-drying method for 24h. The
freezing temperature was set to —20 °C and freeze-drying pressure was
set to be below 8 bar to maintain the appropriate vacuum conditions.
The dry M. pruriens extracts were stored at 4 °C for further use.

2.2. Determination of levodopa content in M. pruriens extract

The levodopa content in M. pruriens extract was analysed by Hitachi
D7000 High-Performance Liquid Chromatography (HPLC) with UV de-
tector and C-18 column 250 x 4.6 mm. The mobile phase consisted of
water, methanol, and phosphoric acid (97 ml: 20 ml: 1 ml) with pH of
5-7, and the flow rate was 1 mL/min. The detection was carried out
under UV detector at 280 nm. 12.5 mg of levodopa standard was dis-
solved in a 25 mL mobile phase to obtain a 500-ppm primary standard
solution. Series of traditional solutions prepared in 25, 50, 75, 100, 125
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and 150 ppm concentrations. 12.5 mg of M. pruriens extract was dis-
solved in 25 mL of mobile phase to obtain a 500 ppm M. pruriens extract
solution. The determination of levodopa content in M. pruriens extract
was calculated through the calibration curve equation of the standard
levodopa solution.

2.3. Nanostarch synthesis

Nanostarch was synthesized from soluble starch (Merk) by the acid
hydrolysis method described by Kim et al. [36] with slight modification.
Briefly, 30 g of starch was dispersed in 200 mL of 3.5 M sulfuric acid.
Hydrolysis was carried out at 40 °C for 10 hours. The nanostarch sus-
pension was obtained by centrifugation at 1663xg in 25 °C for 40 mi-
nutes. The nanostarch rest was neutralized by 1 M NaOH. The break was
redispersed in 300 mL of distilled water and centrifuged at 1663 xg in
25 °C for 40 minutes. The nanostarch suspension was oven-dried at
40 °C for 5-7 h.

2.4. M. pruriens nanoencapsulation in nanostarch

Nanoencapsulation of M. pruriens extract in nanostarch was carried
out by the ultrasonic method described by Monterroza and Gutierrez
[37] with slight modification. The M. pruriens extract solution (water,n
g/100 mL) was added to nanostarch dispersion (water, n g/100) in 1g:
1g: 2g: 1g, 3g: 1g, 1g: 2g, and 1g: 3g (NS:MP) ratios. The mixture was
sonicated (Ultrasonic Cell Disruption, UCD-250, probe temperature
24 °C, power rate 62%, pulse on 1 s, pulse off 1 s) for 1 h to produce
NS-MPn nanocapsules. The NS-MPn suspension was obtained by
centrifugation for 30 minutes at 1663xg in 25 °C and oven-dried 40 °C
for 5-7 h. The NS-MPn nanocapsules were stored at 4 °C for further use.

2.5. M. pruriens nanoencapsulation in nanostarch-maltodextrin

Nanoencapsulation of M. pruriens extract in nano starch-
maltodextrin was carried out by the ultrasonic method described by
Monterroza and Gutierrez [37] with slight modification. The M. pruriens
extract solution (water, n g/100 mL) was added to nano
starch-maltodextrin dispersion (water, n g/100 mL) in 1g: 1g. 2g: 1g,
3g:1g, 1g: 2g, and 1g: 3g (NS-MD:MP) ratios. The mixture was sonicated
(Ultrasonic Cell Disruption, UCD-250, probe temperature 24 °C, power
rate 62%, pulse on 1 s, pulse off 1 s) for 1 hour to produce NS-MD-MPn
nanocapsules. The NS-MD-MPn suspension was obtained by centrifu-
gation for 30 minutes at 1663 xg in 25 °C and oven-dried at 40 °C for 5-7
h. The NS-MD-MPn nanocapsules were stored at 4 °C for further use.

2.6. Characterization

Characterization was carried out by several instruments such as
Fourier Transform Infra-Red (FTIR Shimadzu 8400), Scanning Electron
Microscope (SEM Jeol JSM-IT3300) and Transmission Electron Micro-
scope (TEM HT7700). FTIR analysis was conducted at Universitas Pen-
didikan Indonesia to determine the functional groups in M. pruriens
extract, starch, nanostarch, NS-MPn nanocapsule, and NS-MD-MPn
nanocapsule. SEM analysis was carried out at Lembaga Ilmu Pengeta-
huan, Indonesia, to determine the surface morphology of nanostarch,
NS-MPn nanocapsules, and NS-MD-MPn nanocapsules. TEM analysis
was conducted at Institut Teknologi Bandung to determine the shape
and size of nanostarch, NS-MPn nanocapsules, and NS-MD-MPn
nanocapsules.

For the FTIR analysis, the sample preparation is conducted using KBr
pellet method, where the nanocapsules were mixed with KBr powder
and pressed into a pellet for measurement by FTIR spectrometer. On the
other hand, for TEM analysis, the sample is prepared by dispersing the
nanocapsules in ethanol solvent. The dispersed sample is then applied to
a TEM grid for the visualization and examination of the structure and
morphology.
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2.7. Encapsulation efficiency evaluation

Encapsulation efficiency was determined by UV-Vis spectrometry.
The evaluation was conducted by establishing a calibration curve for the
M. pruriens extract with a series of concentrations at 0 ppm, 5 ppm, 10
ppm, 15 ppm, and 20 ppm, measured at a wavelength of 280 nm. The
absorption of the nanocapsules was measured at 280 nm, and the con-
centration of the active compound was determined using the calibration
curve. The encapsulation efficiency was determined by subtracting the
concentration of the total extract (Co) from the concentration of the
unencapsulated extract (Ct) and dividing by the attention of the total
quote (Co) as shown in the following (Eq. (1)).

Co — Ct
0

Encapsulation efficiency(%) = x100 % (@D)]

2.8. Evaluation of nanocapsules Anti-Parkinson activity

The anti-Parkinson’s activity of NS-MPn and NS-MD-MPn nano-
capsules was evaluated by catalepsy test using male Swiss webster mice,
aged 2 months, with weights ranging from 20 to 30 g as described by
Melo-Thomas and Thomas [38]. The mice were kept under standard
conditions for 2 weeks and were provided with CP 511 feed and water.
Briefly, mice were divided into four groups: standard control Pulvis
Gummi Arabicum 1% (PGA), negative control (haloperidol 5 mg/kg),
positive control (haloperidol 5 mg/kg + levodopa 10 mg/kg), and
experimental control (haloperidol 5 mg/kg + M. pruriens extract 200
mg/kg or nanocapsules 5 mg/kg — 25 mg/kg. Each group consisted of 3
animals to ensure statistically significant results and reliable conclu-
sions. 5 mg/kg of haloperidol dose has been found to effectively induce
catalepsy in mice [39].

The catalepsy test was carried out through the horizontal bar test
method [38,40]. The catalepsy test was carried out by administering
samples dissolved in 1% PGA solution orally and haloperidol 5 mg/kg
dissolved in 1% lactic acid through the intraperitoneal (I.P) route. The
intensity of catalepsy time was measured by observing how long the
mice lasted with both forelegs holding a 0.5 cm diameter bar without
moving. Catalepsy was observed 30 minutes after the administration of
haloperidol 5 mg/kg. Haloperidol was administered 30 minutes after
oral administration of 1% PGA, NS-MPn and NS-MD-MPn nanocapsules
at 5, 10, 15, 20, and 25 mg/kg doses, M. pruriens extract at 200 mg/kg
dose, or L-DOPA at 10 mg/kg dose. The volume of drug administration
given was adjusted according to the body weight of each mouse.

3. Result and discussion
3.1. FTIR spectra of M. pruriens extract

The functional groups present in the active compounds within
M. pruriens seed extract were identified through FTIR spectroscopy. The
FTIR spectrum shown in Fig. 1 reveals characteristic absorbances for
vibrational stretching of O-H hydroxyl bonds at 3745.88 cm™!, C-H at
2933.83 cm ™!, C-O at 2372.52 em™, C=C at 2033.04 cm™?, C=0 at
1874.87 cm ™!, and C-N at 1610.61 cm ™', Additionally, Fig. 1 also shows
absorbances for the vibrational bending of O-H bonds at 1406.15 cm™?,
C-Hat929.72 cm !, C-O at 1062.81 cm !, G-N at 1116.82 cm ™!, and C-
Cat 812.06 cm ™.

The same absorption patterns can also be found in the FTIR spectra of
levodopa. This indicates that M. pruriens seed extract contains levodopa
compounds. In addition to levodopa, based on the FTIR spectrum
generated, M. pruriens seed extract shows indications of containing other
secondary metabolite compounds such as alkaloids, fatty acids, amino
acids, flavonoids, and phenols [41-46].
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Fig. 1. FTIR spectra of M. pruriens extract, revealing the identification of
various functional groups within the active compounds. The spectrum dem-
onstrates characteristic absorbances, including vibrational stretching of O-H
hydroxyl bonds at 3745.88 em™ !, C-H at 2933.83 cm ™}, C-O at 2372.52 cm ™},
C=C at 2033.04 cm ™!, C=0 at 1874.87 cm ', and C-N at 1610.61 cm . The
absorption pattern also signifies the vibrational bending of O-H bonds at
1406.15 cm™!, C-H at 929.72 cm™}, C-O at 1062.81 cm™!, C-N at 1116.82
em ™!, and C-C at 812.06 cm ™. These findings suggest the presence of levodopa
and other secondary metabolites such as alkaloids, fatty acids, amino acids,
flavonoids, and phenols within the M. pruriens seed extract.

3.2. HPLC analysis of M. pruriens extract

Levodopa content in M. pruriens extract was determined by HPLC
analysis. Fig. 2 shows the peak of levodopa standard chromatogram at
the retention time of 1.71 minutes and chromatogram of M. pruriens
extract at the retention time of 1.5; 1.59; 1.71; 2.88; 3.35; 4.17; and 4.84
minutes. Chromatogram at 1.71 minutes of retention time was used to
determine the levodopa content in M. pruriens extract. Based on HPLC
analysis, in 500 ppm, M. pruriens removed contained 27% levodopa.

3.3. Synthesis and characterization of nanostarch

The starch hydrolysis mechanism starts from the reaction of an acid
proton with oxygen that binds two glucose units, followed by the
cleavage of the C-O bond and the formation of a cyclic carbocation. 200
mL of water was added to stop the hydrolysis reaction, where sugar
molecules would be formed, followed by the release of protons [47].
Hence, starch molecules would degrade to form smaller poly-
saccharides, producing nanostarch.

FTIR spectroscopy was conducted to see the effect of starch hydro-
lysis in the nanostarch synthesis process. The FTIR spectra in Fig. 3 show
the typical absorption peaks for O-H, C-H, C-C, and C-O-C vibrations.
According to M. Ahmad et al. [48], this spectra pattern represents the
glucose units of amylose and amylopectin. In addition, it was also
observed that the intensity of the absorption peak for C-O-C vibration in
nanostarch decreased compared to soluble starch. This is caused by the
reduction of glycosidic bonds in the glucose units of nanostarch due to
hydrolysis [49]. The similarity of the two spectra shown indicates no
change in the chemical structure of the glucose units of nanostarch.

SEM and TEM microscopy was used to observe the surface
morphology, shape, and size of the nanostarch. The SEM image in
Fig. 4A shows the synthesized nanostarch has a non-spherical
morphology, and the TEM image in Fig. 4B shows the synthesized
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Fig. 2. HPLC chromatogram of levodopa and M. pruriens extract, The chromatogram displays the peak of levodopa at the retention time of 1.71 minutes, along with
the chromatogram of M. pruriens extract indicating peaks at various retention times: 1.5, 1.59, 1.71, 2.88, 3.35, 4.17, and 4.84 minutes. The chromatogram at 1.71
minutes retention time was utilized to assess the levodopa content within the M. pruriens extract. The HPLC analysis revealed that the M. pruriens extract contained

approximately 27% levodopa.
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Fig. 3. FTIR spectra of starch and nanostarch, The spectra demonstrate char-
acteristic absorption peaks for O-H, C-H, C-C, and C-O-C vibrations. These ab-
sorption patterns correspond to the glucose units of amylose and amylopectin.
A noticeable decrease in the intensity of the absorption peak for C-O-C vibration
in nanostarch compared to starch is observed, attributed to the reduction of
glycosidic bonds in the glucose units of nanostarch. The similarity between the
two spectra suggests no significant change in the chemical structure of the
glucose units of nanostarch.

A

nanostarch is spherical with an average size of 226.5 nm.
3.4. Nanoencapsulation of M. pruriens extract

Nanostarch-based nanoencapsulation of M. pruriens extract includes
nanoencapsulation by nanostarch and nano starch-maltodextrin. The
addition of maltodextrin was conducted to see the effect of adding
maltodextrin as a co-matrix to nanocapsules product. The maltodextrin
used was 0.1 g. The nanoencapsulation process was carried out by
mixing M. pruriens extract solution with nanostarch and nano starch-
maltodextrin, respectively, in demineralized water and sonicated for 1
hour. During the ultrasonication process, acoustic cavitation occurs,
causing the degradation of nanostarch and nano starch-maltodextrin
polymers to produce smaller particles [50-53].

Optimization of the M. pruriens extract nanoencapsulation process
was carried out by varying the composition of the extract, nanostarch,
and nanostars-maltodextrin used. This optimization process aims to
determine the optimal design to obtain more nanocapsules products.
The results of nanoencapsulation optimization in Table 1 show that
using more nanostarch and nano starch-maltodextrin can produce more
nanocapsules. The composition of nanostarch and nanostars-
maltodextrin: M. pruriens extract (3:1) yielded the most nanocapsules,
65.4% and 69.1%, respectively. Thus, it can be concluded that by
increasing the amount of nanostarch/nanostarch-maltodextrin the
weight amount of nanocapsules increases as well.

Fig. 4. SEM (A) and TEM (B) images of nanostarch, Depicting the surface morphology, shape, and size characteristics. The SEM image (A) illustrates that the
nanostarch possesses a non-spherical morphology, while the TEM image (B) reveals that the synthesized nanostarch exhibits a spherical shape with an average size

measuring 226.5 nm.
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Table 1
Nanoencapsulation optimization.
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Table 2
FTIR analysis of nanostarch, NS-MPn, and NS-MD-MPn nanocapsules.

Matrices: M. pruriens NS-MPn nanocapsules NS-MD-MPn nanocapsules Vibration Wavelength (cm™1)
Weight (g) Yield (%) Weight (g) Yield (%) Nanostarch NS-MPn NS-MD-MPn
1:1 0.08 39.8 0.13 43.6 O-H stretch 3406,40 3387,11 3394,83
2:1 0.17 55.7 0.24 59.9 C-H stretch 2928,04 2929,97 2926,11
31 0.26 65.4 0.35 69.1 C-C bend 1645,33 1645,33-1600 1643,31-1600
1: 2 0.11 35.4 0.16 40.05 C=0 stretch N/A 1645,33 1643,31
1:3 0.13 31.7 0.20 40.32 C=C aromatic stretch N/A 1600-1500 1600-1500
C-H stretch 1456,30 1454,38 1456,30
O-H stretch 1369,50 1421,58 1419,66
3.5. Characterization of NS-MPn and NS-MD-MPn nanocapsules C-O-C stretch 1016,52 1014,59 1020,38

Characterization of NS-MPn and NS-MD-MPn nanocapsules by FTIR
spectroscopy was conducted to determine the interaction between the
phytochemical of M. pruriens extract with nanostarch and nanostars-
maltodextrin. The FTIR spectra in Fig. 5 show the formation of new
absorptions of aromatic C=0 and C=C vibrations at wave numbers
1645.33 cm ! and 1643.31 cm ™! in the FTIR spectrum of nanocapsules.

These two absorption peaks indicated the presence of phytochemi-
cals of M. pruriens extract, such as levodopa in NS-MPn and NS-MD-MPn
nanocapsules. In addition, a shift in the O-H vibration was observed
from the initial wave number of 3406.40 cm ! in nanostarch to 3387.11
em™! for NS-MPn nanocapsules and 3394.83 ¢cm™! for NS-MD-MPn
nanocapsules (Table 2). These absorption shifts are expected due to
hydrogen interactions from phytochemicals of M. pruriens extract, such
as levodopa with nanostarch and nanostars-maltodextrin (Fig. 6).

In addition, SEM and TEM analyses were conducted to observe the
surface morphology, particle shape, and size of the NS-MPn and NS-MD-
MPn nanocapsules. SEM images of NS-MPn and NS-MD-MPn nano-
capsules in Fig. 7A and B show that nanocapsules have non-spherical
surface morphology. The SEM images also showed that the nano-
capsules have smooth surfaces. This smoothness can be indicative of a
well-distributed coating of the M. pruriens extract within the nanostarch
matrices, contributing to a more uniform and controlled release of the
encapsulated material [54,55].

Meanwhile, TEM images of NS-MPn and NS-MD-MPn nanocapsules
in Fig. 8 illustrate the M. pruriens extract’s phytochemicals loading in
nanocapsules as proposed by Refs. [56,57]. In addition, Fig. 8 shows
both NS-MPn and NS-MD-MPn nanocapsules are spherical, regular, and
monodispersed particles with average sizes of 234.9 nm and 90.9 nm,
respectively. This suggests that the nanocapsules maintain a consistent
and well-defined spherical structure, reinforcing the notion of

—— NS-MD-MPn
—— NS-MPn
—— Nanostarch

T (%)

- C-H Bend
Stretch O-H Bend

Stretch

4 Stretch

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
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Fig. 5. FTIR spectra of nanostarch, NS-MPn, and NS-MD-MPn nanocapsules,
Revealing the emergence of new absorptions of aromatic C=0 and C=C vi-
brations at wave numbers 1645.33 cm ™! and 1643.31 cm ™, respectively, in the
FTIR spectrum of the nanocapsules. These two absorption peaks are indicative
of the presence of phytochemicals from M. pruriens extract, including levodopa,
within the NS-MPn and NS-MD-MPn nanocapsules.

N/A: not available

uniformity in their shape and internal composition. This could poten-
tially lead to uniform behavior of the nanocapsules, such as in their drug
release profiles [58].

3.6. Encapsulation efficiency evaluation

Evaluation of the M. pruriens extract’s encapsulation efficiency in
nanostarch and nanostars-maltodextrin aimed to determine how much
phytochemicals were encapsulated in the matrices. Evaluation of
encapsulation efficiency was carried out by UV-Vis spectroscopy. The
results of the encapsulation efficiency evaluation in Fig. 9 show that the
phytochemicals encapsulated in nanostarch were 21.35% and in
nanostars-maltodextrin was 30.02%. These results indicate that adding
maltodextrin as a co-matrix can increase the amount of phytochemicals
encapsulated in nanocapsules. This is because adding the co-matrix
gives the extract phytochemicals more options to interact with the
matrices.

3.7. Catalepsy test evaluation

The catalepsy test evaluation result in Table 3 shows that mice
induced by haloperidol 5 mg/kg could not move or fix their position on
the bar for 352.57 seconds compared to normal mice (0.55 seconds).
This indicates that the mice experienced catalepsy, causing them to be
unable to move or fix their position on the bar. The administration of
haloperidol causes can cause dopaminergic D2 receptors in the nigros-
triatal part of the mice to be blocked so that the mice experience cata-
lepsy symptoms such as muscle stiffness. Hence, the mice could not
move or fix their position on the bar [59,60].

Mice given levodopa 10 mg/kg experienced catalepsy for 33.1 sec-
onds. This shows that administration of levodopa can reduce catalepsy
symptoms significantly (P < 0.05). Mice that were given M. pruriens
extract 200 mg/kg experienced catalepsy for 269.58 seconds. In addi-
tion, administration of NS-MPn and NS-MD-MPn nanocapsules at 5 mg/
kg to 25 mg/kg doses can also reduce catalepsy symptoms in mice, and
their activity was more significant than the administration of M. pruriens
extract itself at 200 mg/kg dose. Thus, this shows that the administra-
tion of M. pruriens removes, NS-MPn, and NS-MD-MPn nanocapsules can
significantly reduce catalepsy symptoms compared to negative controls
(P < 0.05).

The ability of NS-MPn and NS-MD-MPn nanocapsules to reduce
catalepsy symptoms was influenced by the dose given to mice, as shown
in Fig. 10. The catalepsy-reducing activity conducted by nanocapsules
tended to increase in larger quantities. In addition, NS-MD-MPn nano-
capsules showed better catalepsy-reducing activity than NS-MPn nano-
capsules. This is presumably due to the higher encapsulation efficiency
of NS-MD-MPn nanocapsules so that more levodopa can be released. In
addition, the smaller size compared to NS-MPn nanocapsules allows NS-
MD-MPn nanocapsules to interact more effectively.
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Fig. 6. Possible levodopa interaction in NS-MPn and NS-MD-MPn nanocapsules, Demonstrating the hydrogen interaction between phytochemicals such as levodopa
in M. pruriens extract based on shifted O-H vibration from the initial wave number of 3406.40 cm™! in nanostarch to 3387.11 cm ! for NS-MPn nanocapsules and
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MD-MPn.

4. Prospects

The prospects for the nanostars-based nanoencapsulation of Mucuna
pruriens extract as an anti-Parkinsonian drug are exciting and hold po-
tential for addressing several challenges associated with conventional

treatments for Parkinson’s disease. Here are some considerations for the
future development and evaluation of this approach.

4.1. Improved therapeutic efficacy

Continued research and optimization of nano starch-based nano-

encapsulation may improve therapeutic efficacy compared to traditional
formulations. Fine-tuning the formulation can enhance active com-
pounds’ stability, bioavailability, and controlled release.

(=)}

B
Fig. 7. SEM images of NS-MPn (A) and NS-MD-MPn (B), Revealing the non-spherical surface morphology of the nanocapsules observed in both NS-MPn and NS-

4.2. Targeted drug delivery

Advances in nanotechnology may allow for more precise targeting of
affected areas in the brain associated with Parkinson’s disease. Tailoring

nanocarriers for specific cellular or tissue targets can enhance the de-
livery of therapeutic agents.
4.3. Combination therapies

The versatility of nanocarriers enables the possibility of combining
Mucuna pruriens extract with other therapeutic agents or complemen-

tary treatments. This approach may provide a synergistic effect and
address different aspects of Parkinson’s disease pathology.

4.4. Personalized medicine

With further understanding of individual variations in response to
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Shell -

M. pruriens’s
phytochemicals

Fig. 8. TEM images of loaded NS-MPn (A) and NS-MD-MPn (B) nanocapsules,
Indicating the loading of M. pruriens extract’s phytochemicals within the
nanocapsules. Both NS-MPn and NS-MD-MPn nanocapsules demonstrate a
spherical shape, with average sizes measured at 234.9 nm and 90.9 nm,
respectively.

30.02 %
30
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] 21.35 %
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Encapsulation Efficiency (%)
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NS-MD-MPn

Nanocapsules

Fig. 9. Encapsulation efficiency of nanocapsules, illustrating that the phyto-
chemicals encapsulated in nanostarch was 21.35%, while in nanostarch-
maltodextrin, it was 30.02%. These results suggest that the addition of malto-
dextrin as a co-matrix can enhance the amount of phytochemicals encapsulated
in the nanocapsules, likely due to the increased interaction between the ex-
tract’s phytochemicals and the matrices.

Table 3

Catalepsy test evaluation.
Mice Treatment Catalepsy time (s)
Normal group PGA1 % 0.55 + 0.32
Positive control levodopa 10 mg/kg 33.1 £9.99

Negative control
Experiment control

353.57 + 68.56
269.58 + 20.04
220.91 +£16.13
220.83 + 27.44

Haloperidol 5 mg/kg

M. pruriens extract 200 mg/kg
NS-MPn 5 mg/kg
NS-MD-MPn 5 mg/kg

NS-MPn 10 mg/kg 205.86 + 9.66
NS-MD-MPn 10 mg/kg 173.48 + 30.98
NS-MPn 15 mg/kg 188.49 £ 7.94

133.47 +15.39
164.55 + 21.83
142.65 +17.12
146.36 + 2.91
117.43 £ 5.36

NS-MD-MPn 15 mg/kg
NS-MPn 20 mg/kg
NS-MD-MPn 20 mg/kg
NS-MPn 25 mg/kg
NS-MD-MPn 25 mg/kg

treatment, personalized formulations can be developed to meet the
specific needs of patients. This could involve adjusting the composition
and dosage of the nanoencapsulated formulation based on patient
characteristics.

Case Studies in Chemical and Environmental Engineering 9 (2024) 100562
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Fig. 10. Catalepsy-reducing activity of NS-MPn and NS-MD-MPn nanocapsules,
Demonstrating the influence of dosage on the ability of the nanocapsules to
reduce catalepsy symptoms in mice. The graph illustrates that the catalepsy-
reducing activity generally increased with larger quantities administered.
Notably, NS-MD-MPn nanocapsules exhibited more effective catalepsy reduc-
tion compared to NS-MPn nanocapsules, likely due to their higher encapsula-
tion efficiency, leading to increased levodopa release. Moreover, the smaller
size of NS-MD-MPn nanocapsules potentially allows for more effective
interactions.

4.5. Long-term stability and safety

Future research should focus on ensuring the long-term stability and
safety of nano starch-based nano encapsulation. Addressing potential
biocompatibility, immunogenicity, and adverse effects concerns is
crucial for developing a clinically viable treatment.

4.6. Smart drug delivery systems

Integrating intelligent drug delivery systems with responsive nano-
carriers may enable real-time adjustments based on the patient’s con-
dition. These systems could adapt the release rate of therapeutic agents
according to the progression of Parkinson’s disease or individual
responses.

4.7. Biomarker integration

Incorporating biomarkers into the evaluation process can provide
valuable insights into the effectiveness of the treatment. Monitoring
changes in relevant biomarkers may help assess disease progression and
the impact of the nanoencapsulated formulation.

4.8. Regulatory approval and commercialization

Collaborative efforts between researchers, pharmaceutical com-
panies, and regulatory agencies are essential for navigating the regula-
tory pathway. Addressing regulatory requirements early in the
development process can expedite the approval and commercialization
of the Nano encapsulated formulation.

4.9. Patient adherence and convenience
Consideration should be given to the ease of administration and
patient adherence. Developing formulations that require less frequent

dosing or have user-friendly administration methods can contribute to
better patient compliance.

4.10. Global accessibility

Efforts should be made to ensure the developed Nano encapsulated
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formulation is accessible globally, considering economic factors and
healthcare infrastructure in different regions.

Continuous interdisciplinary collaboration, advancements in nano-
technology, and a comprehensive understanding of Parkinson’s disease
pathology will be crucial for the successful development and imple-
mentation of nano starch-based nanoencapsulation of Mucuna pruriens
extract as an anti-Parkinsonian drug in the future.

5. Conclusion

Based on the research that has been done, the following conclusions
are obtained: (1) The optimum conditions for the nanoencapsulation
process of M. pruriens extract using both nanostarch and nanostars-
maltodextrin matrices were obtained by ultrasonication method for 1
h and in matrices: M. Pruriens extract (3: 1) ratio, (2) NS-MPn and NS-
MD-MPn nanocapsules have non-spherical surface morphology, spher-
ical in shape, and have sizes of 234.98 nm and 90.85 nm respectively.
The FTIR spectra showed new absorption peaks for C=C aromatic and
C=O0 carbonyl vibrations indicating the M. pruriens phytochemicals’
interaction with the matrices. NS-MPn nanocapsules have 21.35%
encapsulation efficiency, NS-MD-MPn nanocapsules have 30.02%
encapsulation efficiency, and (3) NS-MPn and NS-MD-MPn nano-
capsules can significantly reduce catalepsy symptoms. The catalepsy-
reducing activity the nanocapsules showed was more significant than
the M. pruriens extract.

The results indicate that our optimized formulation exhibits
enhanced efficacy in terms of improved bioavailability, thus presenting
a more targeted and efficient therapeutic option. These findings un-
derscore the potential of our method as a superior alternative in Par-
kinson’s disease treatment, highlighting its role in revolutionizing the
landscape of Parkinson’s disease treatment. Further exploration and
clinical validation of this approach are warranted to fully realize its
impact on Parkinson’s disease management.
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