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Abstract

The neuroprotective potential of chitosan nanoparticles (CS NPs) were evaluated against hydrogen peroxide (H20-)
induced toxicity in SH-SYS5Y cells. The ionic gelation was used for synthesizing the CS NPs and characterized using
Dynamic light scattering, UV-Visible spectroscopy, X-ray diffraction, Scanning and high resolution electron
microscopy. The characterization results confirmed the generation of spherical-shaped particles with a size, zeta
potential, and polydispersity index of 116.9 nm, 17.4 mV and 0.260 respectively. The formation of CS NPs was further
confirmed by UV-Vis spectroscopy and XRD. The toxic effects of H.0: were mitigated by CS NPs through
improvement in cell viability and membrane integrity through MTT and LDH assays. Further, the CS NPs treatment
decreased ROS levels, indicating their ability to mitigate oxidative stress. These results support the possible use of

chitosan-based nanoparticles as a promising neurotherapeutic carrier.
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Introduction

Neurodegenerative  disorders such as Alzheimer's
disease, Parkinson's disease, and other age-related
neurological conditions are characterized by the gradual
loss of structural integrity and dysfunction of neurons'.
Oxidative stress (OS) is one of the major
pathophysiological features underlying these
neurological illnesses’.. OS arises due to the surplus
production of reactive oxygen species (ROS) and other
free radicals. The surplus-generated radical species
damages lipids, proteins, and nucleic acids, eventually
resulting in impaired mitochondrial function, apoptosis,
and death?. Particularly, the hydrogen peroxide (H20:) is
a reactive species known to cause OS and regarded as
harmful to the cells*. Several findings have reported that
H:0: causes disruption in neuronal activity>S. Therefore,
the strategies which aim at reducing OS have attained
considerable interest for the potential to delay
neurodegeneration.

In the recent decade, researchers have shown tremendous
interest in using natural polymers from marine sources
due to their abundance and varied biological activity’.
Chitosan (CS) is a bioactive molecule with multiple
biomedical applications such as antioxidant, anti-
diabetic, antimicrobial, anticancer, wound healing, etc®.
CS also offers beneficial properties like non-toxicity,
biodegradability, biocompatibility, and muco-adhesion’®.
CS is the second most prevalent natural biopolymer after
cellulose. It is a cationic linear heteropolysaccharide

made of N-acetyl-D-glucosamine and D-glucosamine
bonded with B (1-4) glycosidic linkage!®!!. Although CS
has excellent potential for diverse biomedical
applications, its use is limited due to low mechanical
strength, less heat stability, and sensitivity to pH.
However, the functional groups of CS can be altered to
enhance its functionality through graft modification and
crosslinking. The nanosized particles of CS can be easily
created by cross-linking with anionic compounds like
sodium tripolyphosphate (TPP), which increases its
stability'?. The chitosan nanoparticles (CS NPs) tend to
have enhanced porosity, high surface area, and improved
biological activity'?.

The CS NPs can be produced with various methods,
including  emulsion-based  solvent  evaporation,
emulsification, micro-emulsion, polyelectrolyte
complexation, solvent diffusion, and ionic gelation!*!>,
Despite the availability of several synthesis methods,
ionic gelation is widely used as it offers excellent
benefits, such as the use of non-hazardous solvents and
an easy, convenient, and controllable process. Studies of
Zhu et al.' reported the ability of chitosan oligomer to
attenuate  B-amyloid-mediated  neurotoxicity  and
inflammation in a dose-dependent manner. Manigandan
et al.'” reports revealed the ROS scavenging and
antioxidant activity of low molecular weight sulphonated
chitosan, by reducing lipid peroxidation, alleviating
oxidative stress, and reducing mitochondrial dysfunction.
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Further, the studies reported by Ahlawat et al.'® have
revealed the potent neuroprotective ability of the bare CS
NPs against rotenone-induced neurotoxicity in SH-SYSY
cells. However, studies on the neuroprotective effects of
bare CS NPs against H.O: toxicity in SH-SYS5Y cells are
very sparse. Therefore, our study focuses on
synthesizing and characterizing CS NPs and investigating
their neuroprotective potential against H20:-induced
toxicity in SH-SYSY cells.

Materials and methods

Chemicals

CS (low molecular weight) and sodium tripolyphosphate
(TPP) were obtained from Sigma Aldrich, USA.
Dulbecco’s modified Eagle’s medium (DMEM), F12
medium, Fetal bovine serum (FBS), Antibiotic-
antimycotic solution, Dichloro difluorescein diacetate
(DCFDA), 3(4, 5-Dimethylthiazol-2)-2, 5-Diphenyl
tetrazolium bromide (MTT), were procured from Hi-
media, Mumbai. All other general chemicals were
purchased from Sisco Research Laboratories (SRL),
Mumbai.

Methods

Preparation of CS NPs

The ionic gelation process was utilized for the CS NPs
preparation following our earlier protocol with slight
change!®. The acetic acid (1%) was used to dissolve CS
(1 mg/mL) under constant stirring (600 RPM) for 12 h.
Then 2 mL of TPP (0.5 mg/mL) dissolved in deionized
water was added dropwise into the CS solution (5 mL)
under the stirrer. Then the suspension was centrifuged
(16000 RPM, 45 min) to obtain CS NPs in the pellet,
which was washed with deionized water, lyophilized and
stored at 4 °C.

Characterization of CS NPs

Dynamic light scattering (DLS)

The particle size (PS), polydispersity index (PDI) and
zeta potential (ZP) of CS NPs were analyzed using DLS
technique (Malvern zetasizer, USA).

UV- Visible (UV-Vis) spectroscopy

The UV—vis spectrum of CS NPs were obtained in the
range of 200-800 nm using a multimode reader (Synergy
LX, Agilent Technologies).

X-ray diffraction (XRD)

A powder X-ray diffractometer (X-pert PRO,
PANalytical) was used to detect the physical nature of
these NPs at a scanning range of 10-80°.

Scanning electron microscopy

The surface morphological features, like shape, size, and
smoothness, were observed using the SEM (Apreo 2,
Thermo Scientific).

High-resolution transmission electron microscopy
(HR-TEM)

The HR-TEM images were attained using the TecnaiG2
20 instrument to further validate the shape and size of the
CS NPs.

In Vitro Studies

Cell viability (MTT) assay

MTT assay was accomplished following the protocol of
Mossman®’. SH-SYSY cells (1x10* cells/well) were
seeded in a 96-well plate (24 h) ina DMEM and F12 (1:1
ratio), supplemented with 10% FBS, and 1% antimycotic
and antibiotic solution. Followed by pre-treatment with
varying concentrations of CS NPs 1 h before the
exposure of 135 uM H:O- and further incubated (24 h).
Then, the addition of MTT (5 mg/mL) in the dark (37°C,
4 h). Subsequently, the addition of DMSO (100 puL) and
measuring the absorbance at 570 nm using multimode
reader (Synergy LX, Agilent Technologies).

Lactate Dehydrogenase (LDH) Release Assay

The LDH assay kit (DIATEK diagnostics) was used for
evaluating the LDH release following the manufacturer’s
protocol. The LDH amount released in the culture
medium was used for monitoring the cell injury. In a 96-
well plate, 1x10° cells/well were plated (24 h) and then
treated with 135 pM H202 (24 h, 37°C) with or without
pretreatment of CS NPs 1 h prior. Then, the culture
medium (10 pL) was mixed with catalyst solution (100
pL, 30min, 37°C) and the absorbance was measured at
340 nm.

Estimation of reactive oxygen species (ROS)

The dichlorofluorescein diacetate (DCFDA) dye method
was used for estimating ROS production via the
Periyakaruppan et al.?! protocol. A black bottom plate
was used for growing the cells (5x10* cells/well) for 24
h, followed by pretreatment with CS NPs 1 h prior to 135
UM H:0: exposure followed by incubating with DCFDA
(100 uM) for 30 min after a mild PBS wash. The
multimode reader equipped with a green fluorescent filter
(Synergy LX, Agilent Technologies) was used for
detecting the fluorescence intensity (excitation:488 nm
and emission:525 nm).

Statistical Analysis

The statistical analysis was accomplished using
GraphPad Prism and the data represented as mean + SE.
One-way analysis of variance (ANOVA) followed by
Tukey’s test were carried out to compute statistically
significant probability values (p < 0.05).

Results and discussion

DLS

The particle size (PS), polydispersity index (PDI), and
zeta potential (ZP) of the nanoparticles are commonly
determined by the DLS technique'®. The PS and PDI of
CS NPs synthesized through ionic gelation were found to
be 116.9 nm and 0.260, as shown in Fig. 1. The PS is
crucial in cellular uptake, drug release, permeation,
endocytosis across brain capillary endothelial cells, and
biodistribution. Particularly, the NPs with < 200 nm are
considered the optimum size for brain targeting??. While
the PDI values greater than 0.7 generally indicate a broad
size distribution, whereas values < 0.2 indicate
monodisperse particles, indicating the homogeneity of
colloidal dispersions?>. The PDI value of CS NPs
obtained in our study conforms well within the accepted
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range, suggesting a homogeneous size distribution. The
ZP of CS NPs is depicted in Fig.1B, which is +17.4 mV,
indicative of moderate stability, signifying greater
electrostatic repulsion between particles, which helps
prevent their aggregation. The physicochemical
characteristics like size, surface charge, stability, and
homogeneity are essential for  biodistribution,
localization, cellular uptake, and retention of NPs, which
are prerequisites for their therapeutic applications®.
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Fig. 1. (A) Particle size distribution and (B) zeta potential of CS NPs.

UV-Vis spectroscopy

The optical properties of CS NPs were analyzed by UV-Visible spectroscopy. As shown in Fig.2A, CS NPs showed the
absorbance peak at 264 nm, that can be attributed to their pi-pi transition. Similar UV-Vis spectroscopic results were
also obtained by the studies of Thamilarasan et al.>>.

XRD

As shown in Fig. 2B, the XRD pattern of the CS NPs reveals no sharp intensity peaks indicating its amorphous nature.
The obtained results align with the investigations of Qi et al.?® and Shirkhani et al.?”.
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Fig. 2. (A) UV-Visible spectra, and (B) XRD pattern of CS NPs.

SEM and HR-TEM

The surface morphological features and size of the synthesized CS NPs were analyzed using SEM and HRTEM (Fig. 3).
SEM images revealed that the CS NPs exhibited relatively smooth and spherical morphology. Further, the HRTEM
analysis confirmed the nanoscale size of the synthesized CS NPs with well-defined spherical morphology. Moreover,

the particles within 200 nm are suitable for neuroprotective applications with enhanced permeability, retention, and
ability to cross the BBB?.
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Fig. 3. (A) SEM, and (B) HR-TEM images of CS NPs.

MTT Assay

The cytocompatibility and neuroprotective potential of the CS NPs was evaluated by MTT assay. Initially, different
doses of CS NPs were treated with SH-SYSY cells to determine the non-toxic concentration. As apparent in Fig. 4, CS
NPs up to 30 pg/mL showed relatively less cytotoxicity, maintaining over 80% viability. Thus, the non-toxic
concentrations (7.5, 15 and 30 pg/mL) were selected to determine their neuroprotective potential upon H20-induced
toxicity in SH-SYS5Y cells. The ICsy value for H2O: toxicity in SH-SY5Y cells was found to be 135 uM as per the
previously published studies?®. Therefore 135 uM was used to induce the neurotoxicity in all the further experiments.
Subsequently, the pretreatment with non-toxic doses of CS NPs upon H:0O: toxicity showed prominent neuroprotective
effect at 15 and 30 pg/mL. The phase-contrast microscopic images further supported the MTT findings. As depicted in
Fig. 5, the control group shows a dense, healthy network of cells. Contrastingly, 135 puM H:O: treated cells show a
substantial decrease in cell density and disrupted morphology, indicating cytotoxicity. However, the cells pretreated
with 15 and 30 pg/mL CS NPs upon H-O: induction displayed improved cell morphology and density, suggesting that
the CS NPs confer dose-dependent neuroprotection. The observed protective effect may be attributed to chitosan’s
antioxidant, anti-inflammatory, and membrane-stabilizing properties*’. Similar to our results, Chen et al.?! reported the
neuroprotective activity of CS NPs against BV-2 cells induced with hydrogen peroxide (H:0:) toxicity.
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Fig. 4. (A) Effect of CS NPs on SH-SYSY cell viability, and (B) Neuroprotective activity of CS NPs on H:O:
induced toxicity in SH-SYSY cells. The data is expressed as mean = SE (n = 3) and analyzed by one-way ANOVA
followed by Tukey’s test. *p < 0.05 indicates a significant difference compared to control and #p < 0.05 indicates

a significant difference compared to the H:O: treated group.
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Fig. 5. Phase contrast microscopic images depicting the morphological changes in SH-SYSY cells
(Magnification:20X).

LDH release assay

The LDH assay was implemented to validate the neuroprotective ability of CS NPs on 135 pM H:O: induced toxicity.
LDH, a cytosolic enzyme, leaks into the extracellular space when the membrane integrity is compromised during stress
conditions®?. As shown in Fig. 6A, SH-SYSY cells upon treatment with H20. notably elevating the LDH levels
compared to the control. However, the LDH levels were markedly lowered with the pretreatment of CS NPs. Similarly,
Cho et al.*® showed a considerable reduction in LDH leakage upon CS NPs treatment in PC12 cells induced with
acrolein toxicity.

Estimation of intracellular ROS generation

The effect of CS NPs upon intracellular ROS was evaluated to further validate its protective ability against H2O:
induced oxidative damage. Fig. 6B represents the increased ROS generation upon treatment with H-O- over the control
cells. Whereas, the pretreatment with CS NPs considerably reduced the ROS generation in a dose-dependent pattern
indicating the CS NPs ability to scavenge ROS, which results in mitigation of OS.
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Fig. 6. Effect of CS NPs on A) LDH leakage and (B) ROS generation in H:0: induced toxicity in SH-SYSY cells.

The data is expressed as mean = SE (n = 3) and analyzed by one-way ANOVA followed by Tukey’s test. *p < 0.05

indicates a significant difference compared to control and #p < 0.05 indicates a significant difference compared to
the H:O: treated group.

Conclusion NPs considerably lowered these effects and displayed

Our study highlights the neuroprotective potential of CS
NPs against the SH-SY5Y cells induced with H.O-
toxicity. Upon H:0: exposure, these cells exhibited
decreased viability, increased LDH leakage, and
increased ROS levels. However, pretreatment with CS

improved cell viability, reduced LDH leakage and ROS
levels, confirming the mitigation of the H.O.-induced
toxicity. Hence, we can conclude that chitosan-based
nanoparticles have the potential to reduce OS associated
neuronal disorders.
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