
267

16 (1) June 2025: 267-276
DOI: 10.46793/BiolNyss.16.1.23A

Formulation and 
characterization of nanoparticles 
loaded with curcumin and 
amantadine as a promising 
neuroprotective agent

Original Article

Aksa Alex
Department of Pharmaceutics, Faculty of Pharmacy, 
Karpagam Academy of Higher Education, Coim-
batore, Tamilnadu, India

Apsara Unni
Research Scholar, Department of Pharmaceutical 
Chemistry, JSS College of Pharmacy, Ooty, Tamil-
nadu, India

Gayathri Kumararaja
Department of Pharmaceutics, Faculty of Pharmacy, 
Karpagam Academy of Higher Education, Coim-
batore, Tamilnadu, India
gayubpharm@gmail.com (corresponding author)

Received: January 30, 2025
Revised: April 25, 2025
Accepted: April 28, 2025

Abstract: 
Parkinson's Disease (PD) is regarded as the second most common 
neurodegenerative disease and is characterized by observable motor 
dysfunction and loss of dopaminergic neurons. To date, there is no cure for 
PD, nor the treatment that stops its progression. Nanotechnology is very 
useful for controlling drug release, thus improving drug pharmacokinetic 
and pharmacodynamic properties. In this study, we fabricated curcumin- 
and amantadine-loaded nanoparticles using bovine serum albumin (BSA) 
as a nanocarrier using the desolvation method. Encapsulating curcumin 
and amantadine were beneficial in improving its aqueous solubility and 
bioavailability. The prepared nanoparticles had the particle size and zeta 
potential of 257 nm and -29 mV, respectively. The in vitro neuroprotective 
effect was determined using SHSY5Y cell lines through the MTT assay, 
which showed strong neuroprotective activity.
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Apstrakt: 
Formulisanje i karakterizacija nanočestica koje sadrže kurkumin i 
amantadin kao obećavajućeg neuroprotektivnog agensa
Parkinsonova bolest (PB) se smatra drugom najčešćom neurodegerativnom 
bolešću i karakteriše se izraženim motornim disfunkcijama i gubitkom 
dopaminergičkih neurona. Do danas ne postoji lek za PB, niti terapija 
koja može zaustaviti njeno napredovanje. Nanotehnologija se pokazala 
kao veoma korisna u kontroli oslobađanja lekova, čime se poboljšavaju 
farmakokinetička i farmakodinamička svojstva lekovitih supstanci. U 
ovoj studiji, metodom desolvatacije formirali smo nanočestice napunjene 
kurkuminom i amantadinom, koristeći albumin goveđeg seruma (BSA) 
kao nosač. Inkapsulacija kurkumina i amantadina doprinela je poboljšanju 
njihove rastvorljivosti u vodi i bioraspoloživost. Pripremljene nanočestice 
su imale veličinu čestica od 257 nm i zeta potencijal od -29 mV. In vitro 
neuroprotektivno dejstvo ispitano je na ćelijskim linijama SHSY5Y 
korišćenjem MTT testa, koji je pokazao izraženu neuroprotektivnu aktivnost. 

Ključne reči: 
albumin goveđeg seruma, kurkumin, amantadin, desolvatacija, 
neuroprotektivna aktivnost

Introduction

Parkinson’s disease (PD) is a severe and debilitating 
neurodegenerative disorder that predominantly 
affects neurons in the brain. It is characterized by 
the progressive loss of dopaminergic neurons in the 
substantia nigra pars compacta (SNpc), leading to 
a deficiency of dopamine. Motor symptoms include 
bradykinesia, resting tremors, postural instability, 
and muscular rigidity. In addition to motor 

impairments, non-motor symptoms such as dementia, 
autonomic dysfunction, sleep disturbances, sensory 
abnormalities, depression, and anxiety are also 
frequently observed in patients (Poewe et al., 2017).

PD is the second most prevalent neurodegenerative 
disorder after Alzheimer’s disease (AD), affecting 
approximately 35 to 100 individuals per 100,000 
people globally (Simon et al., 2020). The worldwide 
prevalence of PD is estimated at 7 to 10 million 
individuals, with an average incidence of around 
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41 per 100,000 people. Notably, in populations 
aged 80 years and older, the prevalence increases 
significantly to 1,900 per 100,000 (Parkinson’s 
News Today, 2021). Projections suggest that this 
number will rise to approximately 12.9 million by 
2040 (Dorsey et al., 2018).

PD is a progressive and neurodegenerative disease 
first systematically described by James Parkinson, 
who referred to it as „shaking palsy” in his early 
observations (Parkinson, 2002). While Parkinson’s 
terminology laid the groundwork, subsequent 
research has focused on understanding the clinical 
manifestations and slowing disease progression.

Since the degeneration of dopaminergic neurons 
cannot currently be halted or reversed, existing 
treatments for PD primarily aim to alleviate both 
motor and non-motor symptoms. A major limitation 
of current pharmacological therapies is their restricted 
ability to cross the blood-brain barrier (BBB), which 
limits central nervous system localization and often 
necessitates low-dose administrations (Tonda et al., 
2018). Many treatments also suffer from issues such 
as low stability, potential toxicity of degradation 
by-products, high production costs, and limited 
neuroprotective efficacy—highlighting the need for 
further research.

Consequently, there is a pressing need for the 
development of novel drug delivery systems that 
can prolong and regulate drug release. Emerging 
trends in nanotechnology have demonstrated that 
nanoparticles (NPs) can enhance drug delivery 
by improving cellular uptake, reducing issues of 
low bioavailability, minimizing pharmacokinetic 
side effects, reducing the dosing frequency, and 
increasing drug concentration in targeted brain 
regions (Alonso et al., 2012; Yadav et al., 2025). 
Among these, controlled drug release systems 
are particularly promising due to their simplicity, 
reproducibility, and effectiveness. Nanotechnology-
assisted delivery can significantly enhance both the 
pharmacokinetic and pharmacodynamic profiles of 
therapeutic agents.

Curcumin, a well-known polyphenolic compound 
with broad pharmacological activity (Gayathri et al., 
2023), exhibits notable neuroprotective effects (Tsai 
et al., 2011; Nair et al., 2014). Its mechanisms of 
neuroprotection may include inhibition of reactive 
oxygen species (ROS) production due to its potent 
antioxidant and anti-inflammatory properties. 
Curcumin also affects glial cell function, α-synuclein 
aggregation, neuronal apoptosis, and ferroptosis. 
However, clinical application is limited by its poor 
oral bioavailability and low solubility (Young et al., 
2014). These challenges may be mitigated through 
nano-based drug delivery systems (Takahashi et 
al., 2009; Cheng et al., 2013; Mourtas et al., 2014). 

Studies in Drosophila models of PD have shown that 
nanocurcumin significantly reduces PD symptoms, 
and it demonstrates higher bioavailability and 
neuroprotective activity in murine brains compared 
to conventional curcumin (Nazari et al., 2014).

Amantadine originally approved as an antiviral 
agent for influenza A (Staničová et al., 2001), has 
demonstrated antiviral activity against SARS-
CoV-2 (Rascol et al., 2021) and anti-parkinsonian 
properties (Maksymiuk et al., 2021; Espay et al., 
2024). It has also shown antiproliferative effects in 
various melanoma cell lines.

This study aims to develop and evaluate nano-
particles co-loaded with curcumin and amantadine 
for their neuroprotective potential in Parkinson’s 
disease. The combination of curcumin and amanta-
dine within a nanoparticle formulation may produce 
increased therapeutic effects, enhancing their indi-
vidual benefits while reducing side effects. Improv-
ing BBB penetration and bioavailability through na-
nocarrier systems can help achieve sustained drug 
release, prolonged therapeutic action, and reduced 
dosing frequency.

Materials and Methods
Amantadine and curcumin were purchased from 
Yarrow Chem Products (Mumbai), bovine serum 
albumine (BSA) from Sigma, and ethanol and 
glutaraldehyde from Nice Chemicals Pvt Ltd 
(Kochi).
Preparation of albumin nanoparticles
Desolvation involves the addition of organic 
solvents to an aqueous solution of albumin, followed 
by chemical cross-linking with glutaraldehyde. The 
required amount of lyophilized BSA powder was 
dissolved in distilled water to make a BSA solution. 
The drug was dissolved in either ethanol or acetone 
separately. The pH was adjusted to between 7 and 8. 
A magnetic stirrer at 500 rpm was used for stirring 
until turbidity was observed by adding ethanol at a 
1 mL/min rate. Glutaraldehyde was then added for 
cross-linking the BSA nanoparticles. Specifically, 
0.1 mL of 4% glutaraldehyde solution was added, 
and the mixture was stirred for 2 hours. The stirring 
process was continued for 24 h, followed by five 
cycles of differential centrifugation (3000 rpm 
for 30 minutes), refining of the suspension, and 
resuspension of the pellet in a final volume of 10 
mL distilled water. Finally, the nanoparticles were 
lyophilized and stored at 4 °C (Kim et al., 2010). 
A total of eight formulations (F1–F8) were prepared 
with varying concentrations of carrier and drug ratio.
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Characterization
Drug-excipient compatibility studies (FTIR)
Compatibility between the drug and excipients 
used in the preparation of nanoparticles was 
confirmed by infrared spectroscopy. The nature of 
the interactions was identified. The samples were 
scanned using a Fourier Transform Infrared (FT-IR) 
spectrophotometer in the range of 4000 to 400 cm⁻¹. 
IR spectra of all individual drugs and synthesized 
nanoparticles were recorded. Furthermore, changes 
in appearance and peak positions were studied in the 
spectra to determine the possibility of chemical and 
physical interactions.
Particle shape and surface morphology
A scanning electron microscope (SEM; Zeiss EVO40) 
was used to examine the shape and morphology of 
the prepared nanoparticles. Samples were spread 
onto a slide using double-sided sticky tape, and the 
gold coating was done using a vacuum evaporator 
in an argon atmosphere assisted by gold flakes. 
Samples were scanned at various magnifications, 
and photomicrographs were captured.
Particle size and zeta potential 
A concentrated solution of 1 mL albumin 
nanoparticles was diluted with 10 mL of water. 
The samples were analyzed using dynamic light 
scattering (DLS) with a Malvern Zetasizer. The 
polydispersity index (PDI) and average particle 
size were determined. Zeta potential was measured 
to assess formulation stability. The surface charge 
potential of the samples was analyzed in the 
Zetasizer chamber, and peaks were recorded to 
obtain zeta potential values. When interpreting the 
data, a monodisperse character is considered more 
desirable than a polydisperse one.
Drug entrapment efficiency 
10 mL of the nanoparticle solution (equivalent to 10 
mg of the drug) was transferred into a centrifuge tube. 
The mixture was centrifuged using a refrigerated 
centrifuge (Remi Motors, C-24 Plus) at 1000 rpm for 
15 minutes at 25 °C. The supernatant was collected, 
and drug content was quantified using a calibration 
curve established by UV-visible spectrophotometry. 
Entrapment efficiency was calculated using the 
formula:

Encapsulation efficiency (%EE)=[(Total drug 
added–Free drug in supernatant)/Total drug 

added]×100
In vitro drug release study 
The drug's release behavior from albumin 
nanoparticles was evaluated using the dialysis 

bag method. A predetermined volume of aqueous 
nanoparticle suspension was sealed in a dialysis bag 
and immersed in phosphate-buffered saline (PBS, 
pH 7.4) at 37 °C with stirring at 100 rpm. Samples 
were withdrawn from the release medium at specific 
intervals and replaced with fresh PBS. Samples were 
centrifuged, and the drug content in the supernatant 
was determined using HPLC or fluorescence/UV-
visible spectrophotometry. A graph of cumulative 
drug release versus time was plotted.
Release kinetics study 
In hydrophilic matrices, polymers swell and erode 
simultaneously, contributing to drug release. The 
resulting release profile often reflects zero-order 
kinetics. This study prepared a nanoformulation 
loaded with curcumin and amantadine for sustained 
release. The drug release data were fitted to various 
kinetic models: Zero-order (cumulative % drug 
released vs. time), First-order (log % drug remaining 
vs. time), Higuchi's model (cumulative % drug 
released vs. square root of time), and Korsmeyer–
Peppas model (log % drug released vs. log time). 
The physicochemical properties, effectiveness, and 
quality of the nanoparticles were assessed using 
these models.
In vitro neuroprotective effect determination by 
MTT assay 
SH-SY5Y (neuroblastoma) cell line was procured 
from the National Centre for Cell Sciences (NCCS), 
Pune, India, and maintained in Dulbecco’s Modified 
Eagle’s Medium (DMEM; Sigma Aldrich, USA). 
Cells were cultured in 25 cm² tissue culture flasks 
with DMEM supplemented with 10% fetal bovine 
serum (FBS), L-glutamine, sodium bicarbonate 
(Merck, Germany), and antibiotics: penicillin (100 
U/mL), streptomycin (100 µg/mL), and amphotericin 
B (2.5 µg/mL). Cultures were maintained at 37 °C 
in a humidified 5% CO₂ incubator (NBS Eppendorf, 
Germany). Cell viability was assessed by inverted 
phase-contrast microscopy and further confirmed 
via MTT assay.
Cytotoxicity evaluation
Once cells reached sufficient growth, rotenone (10 
µM) was added to induce cytotoxicity and incubated 
for 1 hour. After incubation, the medium was 
removed, and freshly prepared compounds were 
added in concentrations of 25, 12.5, 6.25, 3.1, and 1.5 
µg/mL. Each concentration was added in triplicate 
to the respective wells. Control and rotenone-only 
wells were maintained for comparison.
Microscopic observation
After 24 hours of treatment, plates were observed 
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under an inverted phase contrast microscope 
(Olympus CKX41 with Optika Pro5 CCD camera). 
Morphological changes such as cell rounding, 
shrinkage, granulation, and vacuolization were 
noted as indicators of cytotoxicity.
MTT assay
Fifteen mg of MTT (Sigma, M-5655) was 
reconstituted in 3 mL PBS and sterilized by filtration. 
After 24 hours of incubation, 30 µL of MTT solution 
was added to each well and incubated for 4 hours 
at 37 °C in a humidified 5% CO₂ incubator. After 
incubation, the supernatant was removed, and 100 
µL of DMSO (Sigma Aldrich, USA) was added to 
dissolve the formazan crystals. Absorbance was 
read using a microplate reader at 540 nm (Talarico 
et al., 2004).

The percentage of growth inhibition was 
calculated using the formula:

% of viability = (Mean OD Samples x 100)/
Mean OD of control group

Results and discussion
Particle size, PDI, and zeta potential 
The particle size and PDI of the nanoparticles 
were measured using the DLS technique and a 
computerized zetasizer. A Zetasizer cell was loaded 
with nanoformulation, and the measurements were 
taken. Values of all particle sizes in the different 
formulations (Tab. 1) were at the nanometer scale. 
Particle size, zeta potential, and PDI for formulation 
F7 (Fig. 1a, Fig. 1b) were 257.8 nm, -29 mV, and 
0.05, respectively. The size of the nanoparticles 
was 255.5 nm to facilitate uptake into the cell and 
delivery to the appropriate site. Another important 
characteristic parameter of nanoparticles is PDI. For 
example, a PDI below 0.05 shows that the population 
is very monodisperse, and a PDI of greater than 0.7 
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Fig. 1. Particle size distribution graph and zeta 
potential distribution graph of F7 formulation

Table 1. Particle size, zeta potential and PDI values 
of optimized nanoformulation

Formulation 
code

Particle 
size (nm)

Zeta 
Potential 

(mv)
PDI

F1 1349 -12.6 0.13
F2 857.5 -21.4 0.71
F3 906.4 -17.7 0.62
F4 589.1 -11.5 0.91
F5 496.8 -21.6 0.47
F6 272.4 -28.4 0.32
F7 255.5 -29.1 0.05
F8 257.8 -21.4 0.52

means the size distribution is wide. The result of this 
experiment also indicated a PDI of 0.05, signifying 
no significant variation in particle sizes, along with a 
zeta potential of -29 mV that is adequate electrostatic 
repulsion, stabilizing the suspension and preventing 
agglomeration of the particles.

Although the particle size of 257.8 nm may seem 
relatively large, it falls within the optimal range 
(100–300 nm) for effective brain-targeted delivery. 
Such sizes are known to cross the blood-brain 
barrier via transcytosis mechanisms. Additionally, 
the narrow PDI (0.05) and stable zeta potential (–29 
mV) indicate a uniform and stable formulation. 
Larger nanoparticles in this range can also offer 
advantages such as higher drug-loading capacity 
and sustained release, which are beneficial for 
neuroprotective applications.
Entrapment efficiency 
The entrapment efficiency of the formulation is 
based on the properties of the polymer, drug, and 
desolvating agent. The prepared nanoparticles were 
investigated using a refrigerated centrifuge method 
to determine this parameter. The nanoparticles 
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were centrifuged at 3000 rpm for 30 minutes. 
The supernatant, containing the un-entrapped 
drug, was collected and quantified using a UV 
spectrophotometer at a wavelength of 425 nm 
(Fig. 2). The entrapment efficiency across all 
batches varied between 45.61% and 72.92%, with 
formulation F7 showing the highest efficiency. The 
high entrapment efficiency of 72.92% indicates 
significant drug loading, suggesting that this 
formulation has excellent potential for achieving 
a good therapeutic payload. High concentrations 
of polymer and ethanol enhanced the entrapment 
efficiency, as the drug is lipophilic. The increased 
lipid content improved the solubilization of the 
lipophilic drug, creating additional space within the 
matrix for drug entrapment.
In vitro release study
The in vitro drug release profile of the formulations is 

shown graphically. The drug release profiles indicate 
different release rates over a period of 8 hours. In 
the formulations, F1 to F5 showed relatively higher 
cumulative drug release percentages, and around 
40–45% were released at the end of the study. 
Formulations F6, F7, and F8 show slow release, 
but F7 showed a prolonged drug release profile, 
with the lowest cumulative drug release among all 
the formulations. The formulation composition of 
F7 would be responsible for the sustained release 
behavior due to its possible enhancement of drug 
encapsulation and minimization of rapid diffusion 
(Fig. 3). Such characteristics are advantageous 
for controlled drug delivery systems in ensuring 
prolonged therapeutic effects and reducing the 
number of administrations. This highlights 
the significant role of formulation variables in 
adjusting the release kinetics to meet the therapeutic 
requirements.

Release kinetics study 
The drug release is in zero-
order kinetics since the R² of 
0.917 shows that it is constant 
with time and does not depend 
on the drug concentration 
within the nanoparticles; this 
behavior displays the system's 
controlled-release properties, 
such that it offers predictable, 
consistent drug release and, 
hence, sustainable therapeutic 
levels for an extensive period.

This suggests that the 
mechanism is diffusion-
controlled and further 
indicates that the diffusion 
in the nanoparticle matrix 
controls the release rate of 
the drug rather than any 
other controlling mechanism. 
The R² value of 0.9245 for 
the Higuchi model further 
confirms this since the drug 
release varies as a square root 
function of time.

The Korsmeyer–Peppas 
model with an R² of 0.9735 
shows a non-Fickian or anom-
alous release mechanism, 
meaning that drug release 
that is subjected to diffusion 
within the polymeric matrix, 
along with the relaxation of 
polymer chains, will depict 
such a mechanism (Tab. 2, Fig. 3. In vitro drug release graph of F1 to F8 nanoformulation

Fig. 2. Entrapment efficiency graph of nanoformulations
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Table 2. Release kinetics of F7 Formulation

Fig. 4). Thus, it exemplifies an interplay between 
diffusion-driven and matrix relaxation-controlled 
processes, thereby offering more complex, reliable 
drug delivery systems targeted for sustained thera-
peutic outcomes.
In vitro neuroprotective effect determination by 
MTT assay
The neuroprotective potential of the sample 
combination (curcumin+amantadine) was assayed by 
carrying out the MTT assay with the neurotoxic agent 
rotenone. Rotenone was selected as the neurotoxic 
agent in this study due to its well-established ability 
to mimic Parkinson’s disease by inducing oxidative 
stress and dopaminergic neuron damage through 
mitochondrial complex I inhibition in in vitro and in 

vivo models. Hence, it is an appropriate choice for 
modeling PD-related neurotoxicity. 

Cells without treatment were kept aside to control. 
OD values for the diverse concentrations of samples 
within 1.5 to 25 µg/mL are obtained, and respective 
percentages of cell viability are calculated. The 
control group had the highest average OD value, 
0.8725, which means 100% cell survival. However, 
rotenone-treated cells displayed a drastic reduction 
in viability, and the average OD value was 0.4179, 
which translated to 47.90%. This confirms the potent 
neurotoxic effect of rotenone.

The curcumin+amantadine formulation increased 
the cell viability in a concentration-dependent 
manner. The sample with the lowest concentration 
of 1.5 µg/mL had an average OD of 0.4703 and a 

Model name Zero order 
kinetics 

First order 
kinetics Higuchi model Korsmeyer peppas 

model
R2 value 0.917 0.8512 0.9245 0.9735

Fig. 4. Release kinetics of F7 Formulation (a - zero order kinetics; b - first order kinetics; c - Higuchi plot; 
d - Korsmeyer Peppas plot)
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cell viability of 53.90%. A slight recovery from 
rotenone-induced cytotoxicity was noted. With the 
increase to 3.1 µg/mL, the average OD became 
0.5484, and cell viability reached 62.85%, meaning 
that the protective effect is moderate.

The average OD at 6.25 µg/mL increased further 
to 0.6011, corresponding to 68.90% cell viability. 
This trend continued well up to 12.5 µg/mL, where 
at that concentration, the average OD reached 
0.6591, with the equivalence of 75.54% viability. 
The maximal protective effect was obtained with 
an average OD of 0.7301 and 83.68% cell viability, 
with the highest concentration tested being at 25 µg/
mL (Tab. 3).

(OD), percentage viability, standard deviations 
(Stdev), and standard error (SE). The statistics that 
accompanied the experiment verified the results 
and validated the effectiveness of the sample with 
various concentrations.

The control received no treatment, and cell 
viability remained 100% at all the time points, with 
an average OD of 0.8725, showing no variability 
(Stdev=0, SE=0). Results will form the comparison 
control. The results from cytotoxicity for the 
samples that were treated with rotenone showed a 
very high statistical significance for the remaining 
average percentage of cell viability at about 47.91% 
as opposed to the control average. This would mean 

Table 3. OD Values of curcumin+amantadine nanoparticles

Sample 
concentration(µg/mL) OD value I OD value II OD value III Average OD Percentage 

viability
Control 0.8748 0.8817 0.8609 0.8725 100
Rotenone 0.4208 0.4131 0.4198 0.4179 47.9
Sample code: 
Curcumin + 
Amantadine
1.5 0.4643 0.4729 0.4737 0.4703 53.9
3.1 0.5514 0.5413 0.5525 0.5484 62.85
6.25 0.5956 0.6068 0.601 0.6011 68.9
12.5 0.656 0.6639 0.6574 0.6591 75.54
25 0.7324 0.7229 0.7351 0.7301 83.68

These results indicate that curcumin and 
amantadine formulations indeed possess a good 
neuroprotective potential as they rescue rotenone-
induced cytotoxicity in a concentration-dependent 
manner. The progressive increase in percentage 
viability as concentration increases implies that 
the formulation could perhaps neutralize oxidative 
stress and neuronal damages, probably due to 
the synergism of curcumin through antioxidant 
properties and amantadine's neuroprotective 
mechanisms. The potential of this combination of 
therapies can be a bright prospect as a therapeutic 
measure for oxidative stress-related and neuronal 
damage-related neurodegenerative conditions. The 
findings suggest significant neuroprotective effects 
of the drug from an increase in percentage viability 
and betterment of cell morphology.
Statistical analysis of in vitro neuroprotective effect 
using MTT assay
The neuroprotective activity of the 
curcumin+amantadine combination was investigated 
on the SH-SY5Y cell line. Data were obtained 
from the MTT assay, which used optical density 

that neurotoxicity would have a significantly high 
degree. The two variables, Stdev=0.97015 and 
SE=0.32338 illustrate the variation in the cytotoxic-
induced response (Tab. 4).

In this study, the curcumin+amantadine treatment 
demonstrated a concentration-dependent effect on 
cell viability improvement. On 1.5 µg/mL, the mean 
percentage viability was 53.91% (Stdev=1.00335, 
SE=0.33445), representing partial protection from 
rotenone-induced damage. Successively higher 
concentrations showed increasingly increased 
percent viability, such as up to 3.70% at 25 µg/
mL (Stdev=1.69913, SE=0.56638). This significant 
recovery reveals a synergistic action between 
curcumin and amantadine against neuronal damage.

The trend for cell viability at a higher 
concentration of curcumin+amantadine was 
statistically analyzed to determine the decreasing 
variability at intermediate concentrations: 6.25 µg/
mL, Stdev=0.86632, SE=0.28877; thus, there may 
be uniform protection at such doses. The highest 
dose, 25 µg/mL, yielded the highest variability at 
Stdev=1.69913, possibly because the high dose 
of the sample triggered an increase in metabolic 
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activity and/or variability in cellular response.
The bar graph represents the neuroprotective 

action (Fig. 5). Control and rotenone-treated samples 
are two extremes wherein the viability was highly 
different. The bars related to curcumin-amantadine-
treated samples represent a considerable positive 
trend in the recovery process, indicating that the 
increase is concentration-dependent. The error bars 
depict that at middle concentrations (6.25–12.5 µg/
mL), the values are more accurate.

Statistical analysis confirms that the 
neuroprotective effects of the combination of 
curcumin and amantadine are indeed dose-dependent. 
Percent viabilities are high regarding protection 
against cytotoxicity from rotenone at concentrations 
of 12.5–25 µg/mL; data approach near-control 
levels. The consistency and reproducibility of 
these data at key concentrations, evidenced by low 
standard errors, support the therapeutic potential for 
this combination (Fig. 6a-6f). These results support 
further exploration of curcumin and amantadine as 
a synergistic neuroprotective strategy in oxidative 
stress and neurodegeneration models.

Conclusion
In this study, we fabricated curcumin and amantadine 
nanoparticles using bovine serum albumin (BSA) 
as a nanocarrier using the desolvation method for 
antiparkinson activity. Eight nanoformulations were 
prepared by varying the concentration of ethanol, 
glutaraldehyde, and stirring time. The nanoparticles 
were acquired in the particle size of 255.5 nm, within 
the optimal range for cellular growth and targeted 
delivery. PDI was found to be 0.05, indicating a 
highly uniform size distribution, and a zeta potential 
of -29 mV is generally considerably stable, indicating 
a sufficient electrostatic repulsion between particles 
to prevent aggregation. Nanoparticles showed a 
sustained release profile, and both diffusion and 
relaxation-controlled processes influence the 
mechanism of drug release. The results of in vitro 
antiparkinson activity confirmed that the optimized 
nanoparticle has significant neuroprotective effects of 
the drug from an increase in percentage viability and 
betterment of cell morphology. Hence, a combination 
of curcumin and amantadine nanoparticles will be a 
better choice for neuroprotective effects.
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