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Chitosan nanoparticles (CNP) is a potent delivery vector for hydrophilic
pharmaceuticals as it is biodegradable and biocompatible. In this study, it was
synthesized by a non-toxic and simple ionic gelation method that successfully
produced cationic, monodispersed spherical particles with an average size of
60.5 £ 2.1 nm and a polydispersity index (PDI) of 0.19 + 0.02. The carrier was
dual encapsulated with antioxidants to diversify CNP ability as it is normally being
used for single encapsulation. Hydrophobic thymoquinone (TQ) and hydrophilic
L-ascorbic acid (LAA) were incorporated into the carrier to evaluate their
combination effects in scavenging free radicals when delivered using a
nanoparticle (NP) system. However, the encapsulation of hydrophobic TQ was
marred by the hydrophilicity of chitosan (CS). Thus, palmitic acid was conjugated
on the CS through hydrophobic modification, which produced palmitoyl-chitosan
nanoparticles (PCNP). The amphiphilic PCNP encapsulated with TQ and LAA
showed increased size, 247.7 £ 24.0 nm and PDI, 0.35 = 0.04. It also had a
positive zeta potential of 19.60 £ 1.27 mV, which would make good interactions
with negatively charged cell membranes during antioxidants delivery. The
encapsulation efficiencies (EE) of TQ and LAA increased to 64.9 + 5.3% and
90.0 + 0.0%, respectively. The antioxidants followed zero order release kinetics
with a controlled release manner for about 48 h. Interaction effect between TQ
and LAA loaded in the NP system was determined by classical isobologram (Cl)
values derived from diphenyl picrylhydrazyl (DPPH) assay. Combined TQ and
LAA had ClI values of less than one with lower value in the PCNP system than
CNP. This indicates that the interaction between those antioxidants showed
higher synergistic effects in PCNP, which enhanced DPPH radical scavenging
activities. Additionally, reactive oxygen species (ROS) assay was experimented
on human normal lung fibroblast cell line, MRC-5 as lungs is one of the organs
with high accumulation of free radicals. About 48 h post treatment, the dual
loaded TQ and LAA in PCNP showed the lowest ROS level in comparison to
single loaded antioxidant and bare antioxidant delivery. The H202 radical



scavenging was influenced by both controlled release property of the PCNP
system and synergy between TQ and LAA. In short, the dual loaded TQ and LAA
in the hydrophobically modified PCNP had successfully depicted the capability
to hold more than one compound at a time in a single CS based nanocarrier.
With this advancement, more highly efficacious compounds of different polarities
with poor systemic uptake could be encapsulated together in NP systems to
increase their pharmaceutical efficiency.
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Nanopartikel kitosan (CNP) ialah vektor yang berpotensi untuk penghantaran
farmaseutikal hidrofilik kerana ia boleh terbiodegradasi dan biokompatibel.
Dalam kajian ini, ia telah disintesis dengan kaedah pengegelan ionik yang tidak
toksik dan ringkas yang berjaya menghasilkan zarah sfera bersifat kationik,
monodispersi dengan saiz purata 60.5 + 2.1 nm dan indeks polidispersiti (PDI)
0.19 = 0.02. Pembawa itu didwikapsul dengan antioksidan untuk
mempelbagaikan keupayaan CNP kerana ia biasanya digunakan untuk
pengkapsulan tunggal. Hidrofobik timokuinon (TQ) dan hidrofilik L-asid askorbik
(LAA) telah dimasukkan ke dalam pembawa untuk menilai kesan gabungan
mereka dalam sistem nanozarah (NP). Walau bagaimanapun, keberkesanan
enkapsulasi hidrofobik TQ berkurang disebabkan oleh kitosan (CS) yang bersifat
hidrofilik. Oleh itu, asid palmitik telah dikonjugasi pada CS melalui
pengubahsuaian hidrofobik, yang menghasilkan nanopartikel palmitoil-kitosan
(PCNP). PCNP amfifilik yang dikapsulkan dengan TQ dan LAA menunjukkan
peningkatan saiz, 247.7 + 24.0 nm dan PDI, 0.35 £ 0.04. la juga mempunyai
potensi zeta positif sebanyak 19.60 £ 1.27 mV, yang akan membuat interaksi
yang baik dengan membran sel bercas negatif semasa penghantaran kargo.
Kecekapan enkapsulasi (EE) TQ dan LAA masing-masing meningkat kepada
64.9 £ 5.3% dan 90.0 £ 0.0%. Pelepasan antioksidan tersebut mengikuti kinetik
pelepasan sifar dengan cara pelepasan terkawal selama kira-kira 48 jam. Kesan
interaksi antara TQ dan LAA yang dimuatkan dalam sistem NP ditentukan oleh
nilai classical isobologram (Cl) yang diperoleh daripada ujian diphenyl
picrylhydrazyl (DPPH). Gabungan TQ dan LAA mempunyai nilai Cl kurang
daripada satu dengan nilai yang lebih rendah dalam sistem PCNP daripada
CNP. Ini menunjukkan bahawa interaksi antara antioksidan tersebut
menunjukkan kesan sinergistik yang lebih tinggi dalam PCNP, yang
meningkatkan aktiviti penghapusan radikal DPPH. Di samping itu, ujian spesies
oksigen reaktif (ROS) telah dieksperimenkan pada sel fibroblas paru-paru
manusia, MRC-5 kerana paru-paru adalah salah satu organ yang mempunyai



pengumpulan radikal bebas yang tinggi. Kira-kira 48 jam selepas rawatan, TQ
dan LAA yang telah didwikapsulkan dalam PCNP menunjukkan tahap ROS yang
paling rendah berbanding dengan penghantaran antioksidan yang dikapsulkan
secara tunggal dan antioksidan tanpa pengkapsulan. Penghapusan radikal H202
dipengaruhi oleh pelepasan terkawal sistem PCNP dan sinergi antara TQ dan
LAA. Ringkasnya, TQ dan LAA yang didwikapsulkan dalam PCNP yang diubah
suai secara hidrofobik telah berjaya menggambarkan keupayaan untuk
memegang lebih daripada satu sebatian pada satu masa dalam satu pembawa
nano berasaskan CS. Dengan kemajuan ini, lebih banyak lagi sebatian yang
sangat mujarab yang terdiri daripada kekutuban berbeza tetapi mempunyai
penyerapan sistemik yang lemah boleh dikapsulkan bersama dalam sistem NP
untuk meningkatkan kecekapan farmaseutikal mereka.
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CHAPTER1

INTRODUCTION

1.1 Research background and outline

Multicompound supplementation involves intake of more than one compound to
supplement certain vitamins and minerals that are not gained through diets,
emending nutritional deficiencies (Colombo et al., 2020; Gheorghiade & Nodari,
2013). It could be the consumption of vitamin C with zinc, vitamin D with calcium
and vitamin A with omega 3. A study revelead that consumption of phytonutrients
in the right combination as supplements were proven to strengthen the immune
system, indirectly acts as an altenative to COVID-19 prevention (Mrityunjaya et
al., 2020). In addition, before the release of vaccines, COVID-19 was managed
by the usage of multivitamins, minerals and probiotics as adjuvant therapy along
with antiviral medicines (Islam et al., 2021). Moreover, combination of multi
micronutrients (especially vitamin C, D and zinc) assisted in enhancing the
immune function and reducing infection risk (Gombart et al., 2020). Nonetheless,
it surely requires discipline to stick to the routine and it is more challenging to
travel with a list of supplements to be brought. Taking that as a problem to be
solved; in this study, chitosan nanoparticles was synthesized to contain two
antioxidants of different polarities, hydrophobic thymoquinone and hydrophilic L-
ascorbic acid; to determine its combinational effect along with efficiency in
scavenging free radicals. Up to now, there are very few studies related to
antioxidants combination, especially in a single carrier.

Hydrophobic thymoquinone (TQ), an active ingredient in Nigella sativa or known
as black seed, has excellent antioxidant, anticancer and anti-inflammatory
properties (El-far et al., 2018). Studies reported its potent antioxidative function
in attenuating neurotoxic effect and oxidative stress in the nervous system, as
an impact of exposure to arsenic (Kassab & El-Hennamy, 2017). Hydrophilic L-
ascorbic acid (LAA) on the other hand is a powerful antioxidant that can assist
in reducing cell damage by scavenging free radicals due to the presence of
enediol moiety (Salki¢ & Selimovi¢, 2015; Tian et al., 2009). With no reported
antagonistic effects, TQ and LAA are suitable to be used together. Additionally,
the utilization of TQ and LAA had attenuated bisphenol-A, BPA (a polycarbonate
plastic that is used to make most bottles) - induced hepatorenal toxicity and
oxidative stress in adult male albino rats as a result of synergistic effects of TQ
and LAA (Alla & Alla, 2017). However, their effectiveness as an agent in
nanoparticles (NP) system has not been unfolded since most of the reported NP
were used to encapsulate a single drug. Therefore, this study utilized NP as
carriers to hold two antioxidants of opposite polarities, hydrophobic TQ and
hydrophilic LAA, which could show better therapeutic performance than single
application.



Nanoparticles (NP) are rapidly emerging to improvise the limitations of
conventional delivery. They possess many advantages for drug delivery
applications such as large surface areas for more efficient and specific delivery
with high potential of having a controlled release system (Garg et al., 2019). By
using NP, the encapsulated drugs can be retained longer for more effective
reaction and one can suffice less dosage of drug(s), therefore, fewer side effects.
NP is a type of carrier that is generally made up of a polymer and a crosslinker.
In this study, ionic gelation, which involves crosslinking reactions of oppositely
charged cationic chitosan polymer and polyanionic sodium tripolyphosphate
crosslinker was implemented to synthesize chitosan nanoparticles, CNP
(Mitchell et al., 2020; Mohammed et al., 2017).

Chitosan (CS) has been remarked as an auspicious natural polymer to make NP
for the delivery of compounds, drugs and genes (Belgamwar et al., 2017; Cao et
al., 2019). It originates from the deacetylation of chitin, presents in the
exoskeleton of crustaceans like crabs and prawns (Delmar & Bianco-Peled,
2016). Additionally, its biodegradable and biocompatible properties eliminate the
potential of CNP to get accumulated once consumed (Pang et al., 2017).
Moreover, the positively charged CNP supported with mucoadhesive properties
facilitated the delivery of therapeutics by promoting penetration across tight
junctions of the epithelium (Mohammed et al., 2017). The cationic features of
CNP enhanced its interaction with the negatively charged mucous membrane
(Boegh & Nielsen, 2015; Shafabakhsh et al., 2020). Furthermore, with high
content of amine moieties, CS is found to be highly modifiable. Modification
purposes vary from studies. In this study hydrophobic modification was
conducted to improve encapsulation of hydrophobic compound, TQ since CS is
originally hydrophilic. The process was conducted by conjugating hydrophobic
palmitic acid into CS, prior to the encapsulation step. By having specific
hydrophobic sites on CS, the hydrophobic TQ can be held better for more
efficient encapsulation and release. Hydrophilic encapsulation on the other hand
was easy as the CS itself is hydrophilic.

This study discusses CNP system for co-delivery of hydrophobic TQ and
hydrophilic LAA. The combination of different polarities of antioxidants in a single
nanocarrier is expected to increase the encapsulation efficiency (as it is proven
to show synergistic effects that provided stability (Espafiol et al., 2016;
Naderinezhad et al.,, 2017)), provide controlled release kinetic and efficient
radical scavenging activities. With good interactions between these antioxidants
as well as the right polymer for the carrier, promising results are close to reality.
Positive reciprocities are observed throughout, especially from the diphenyl
picrylhydrazine (DPPH) and reactive oxygen species (ROS) in vitro antioxidant
studies. The concentrations of TQ and LAA (in the dual loaded PCNP-TQ-LAA
system) needed to reduce half of the free radicals’ volume, ECso is predicted to
lessen compared when delivered individually (in single loaded PCNP system,
PCNP-TQ and PCNP-LAA) as a result of synergistic effects.



1.2 Research problems and approaches

The conventional delivery of antioxidant is using oral tablet, which limits the
bioavailability and does not have controlled release property (Adepu &
Ramakrishna, 2021; Aung et al., 2022; MiloSevi¢ et al., 2011). Hence, NP are
regarded as potent vehicles for efficient therapeutics transports as they hold
beneficial properties such as higher bioavailability, longer cycle time and higher
cell and tissues uptake (Gupta et al., 2019; Quan et al., 2015). NP also have few
limitations that could be unlocked to enrich their functions. First, selection of a
suitable polymer to serve as user friendly-NP. In achieving this, a biodegradable
polymer should be used and it is mainly based on natural sources. CS which is
derived from crustacean shells, was selected in this study as it suits the purpose
best, without leaving significant toxic effects. Second, functions of each
nanocarrier can be diversified if it is able to contain more than one therapeutic
agent to provide a multicompound supplementation or multidrug therapy.
Therefore, dual antioxidants of different polarities, hydrophobic TQ and
hydrophilic LAA were encapsulated in CNP. TQ and LAA were chosen due to
the synergistic effects when delivered in combination to treat pentylenetetrazole
(PTZ)-induced generalized seizures (Ullah et al., 2014). Besides that, the
delivery of combined TQ and LAA had increased the naturally-produced
antioxidant, glutathione (GSH) and antioxidant enzyme, superoxide dismutase
(SOD) in the liver of BPA-induced rats, which experienced hepatorenal toxicity
and oxidative stress (Alla & Alla, 2017). Hence, antioxidative activities of
combined TQ and LAA were further experimented in this study with the
implementation of NP as the carrier to determine its effects in scavenging free
radicals. Third, low encapsulation efficiency of hydrophobic TQ may be caused
by poor solubility in the hydrophilic CS carrier. Thus, chemical modification was
performed through the conjugation of palmitic acid from palmitic acid N-
hydrosuccinimide (NHS) ester to the amine groups of CS, producing palmitoyl-
chitosan nanoparticles, PCNP. The modification was conducted to increase the
encapsulation efficiency of a poorly water-soluble compound, TQ by providing
hydrophobic sites for hydrophobic-hydrophobic interactions. This could
subsequently augment the therapeutic efficacies, synergistic effects and
sustained release properties. In the future, the PCNP can be used for numerous
combinations of hydrophobic and hydrophilic therapeutics needed in myriad
illnesses treatments. Fourth, lungs are one of the sites with high accumulation of
free radicals. If they are left untreated, it could lead to oxidative stress and
illnesses emergence. In countering this problem, adequate antioxidants TQ and
LAA can be supplied in a more effective form, which is the PCNP.

1.3 Research novelty

Incorporation of dual classes of antioxidant compounds, thymoquinone (TQ) and
L-ascorbic acid (LAA) into hydrophobically modified palmitoyl-chitosan
nanoparticles (PCNP) system to affect the synergistic effects. Combination of
compounds or drugs may lead to the formation of additive, antagonistic or
synergistic effects. However, the synergistic effect is the most wanted outcome
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as it implies that the total effect of the interacted compounds is greater than the
sum of the individual effects of each compound. Hence, the combination of TQ
and LAA is proven to show enhanced interaction, which could later result in a
more effective release and delivery for free radical scavenging. These
efficiencies could be further amplified using the high surface area and modified
PCNP.

1.4 Hypothesis of study

Incorporation of dual classes of antioxidant compounds; thymoquinone (TQ) and
L-ascorbic acid (LAA) into hydrophobically-modified palmitoyl-chitosan
nanoparticles (PCNP) system will increase the encapsulation efficiency, offer
controlled release properties, affect the synergistic effects and enhance free
radicals scavenging activities.

1.5 Research objectives

The aims for this research project:

1. To synthesize chitosan nanoparticles using ionic gelation method and to
chemically modify it with palmitic acid;

2. To characterize hydrophobically modified palmitoyl-chitosan nanoparticles
(PCNP) containing thymoquinone (TQ) and L-ascorbic acid (LAA);

3. To evaluate radical scavenging activities of thymoquinone and L-ascorbic
acid by the dual loaded PCNP.

1.6  Scope of study

The study covers the synthesis of chitosan nanoparticles, CNP carrier by ionic
gelation method using chitosan polymer and tripolyphosphate crosslinker. The
carrier was intended to be encapsulated with dual antioxidants, hydrophilic L-
ascorbic acid, LAA and hydrophobic thymoquinone, TQ. However, since one of
the compounds is hydrophobic, slight modification is needed to properly
accommodate it better. Thus, hydrophobic modification on the chitosan
backbone will be conducted using palmitic acid NHS ester to produce palmitoyl-
chitosan nanoparticles, PCNP. The proposed system is predicted to elevate the
encapsulation and release efficiencies of those antioxidants. Furthermore,
physicochemical characterizations on the dual loaded TQ and LAA in both
unmodified CNP and modified PCNP will be performed to compare their
differences and improvements. Lastly, the capability of the encapsulated NP in
scavenging free radicals available in the human lung fibroblast cell line, MRC-5
will be determined by two antioxidant assays; DPPH and ROS. All this
information would be essential to conclude the potentials possessed by the dual



loaded PCNP carrier in delivering and reducing the radicals through the
synergistic effects that may be produced as a result of combining TQ and LAA.
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