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 Naruthai Hongsa : DESIGN AND SYNTHESIS OF MODIFIED CHITOSAN/COLLAGEN 

COATED-GOLD NANOPARTICLES AS A CARRIER FOR ANTICANCER AND 
ANTIINFLAMMATORY AGENTS. Advisor: Prof. NONGNUJ MUANGSIN, Ph.D. Co-
advisor: Kanokwan Sansanaphongpricha, Ph.D. 

  
The proposes of this research are to improve the delivery efficiency of AuNPs. 

One of the problems with drug loading and drug degradation, the drug was loaded onto 
the surface of the gold particles, adheres to the outer of the surface, which was easy to 
decompose in the body. In this work, we have developed the coated AuNPs by modified 
chitosan (Bi-QCS), which the Biotin-Quat188-AuNPs@collagen (Bi-QCS-AuNPS@collagen) 
was designed as follow: (i) collagen was used as a reducing agent and a stabilizing agent 
in the AuNPs@collagen, while (ii) modified chitosan (positive charge polymer) was coated 
on the outer layer, which modified chitosan (Bi-QCS) was consists of a positive charge 
(Quat188) and a targeting molecule (biotin) to increase cellular uptake and control drug 
release. After that, 5-Fluorouracil (5-FU) as an anticancer agent was loaded into BiQCS-
AuNPs@collagen. The Bi-QCS-AuNPs@collagen was characterized by many techniques. The 
particle size of AuNPs@collagen increased after coating with Bi-QCS from 30 nm to 50 nm, 
while the zeta potential change from a negative value (uncoated) to a positive value 
(coated with Bi-QCS). The coating of Bi-QCS on the surface of AuNPs@collagen can increase 
the loading efficiency was 87.46 %, while the AuNP@collagen shows a loading efficiency 
of only 64.67 %. In addition, Bi-QCS-AuNPs@collagen can control the drug release rate, 
which at pH 5.4 showed the drug release rate higher than pH 7.4 after 48 hours. The 
evaluation of the biological activity of Bi-QCS-AuNPs@collagen presented significantly 
higher anti-inflammatory activity and anticancer activity of 5-FU. 
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QCS     N-(3-chloro-2-hydroxypropyl)  

     trimethylammoniumchloride-chitosan 
 AuNPs@collagen  gold nanoparticles-collagen  
 Bi-QCS    Biotin- N-(3-chloro-2-hydroxypropyl)  
     trimethylammoniumchloride-chitosan 
  Bi-QCS-AuNPS@collagen Biotin- N-(3-chloro-2-hydroxypropyl)-  
     trimethylammoniumchloride-chitosan-gold  
     nanoparticle-collagen



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER I 
INTRODUCTION 

1.1 Research background 

 The drug delivery system (DDS) is the application of nanotechnology to improve 
the efficacy of drug carriers. This system used to enhance the treatment of patients 
such as cancer inhibition, anti-inflammatory, and reduce therapeutic side effects that 
arise from the use of high-dose drugs [1]. In recent years, nanoparticles have been 
developed for drug carriers because of the suitable properties such as able to control 
the release of the drug and can deliver target drug to specific surfaces of target cells 
[2]. 

Gold nanoparticles (AuNPs) are one of the most popular drug carriers for the 
drug delivery system. Due to the unique properties consist of low cytotoxicity, tunable 
size, biocompatibility [3]. Moreover, the highly tunable and multivalent surface 
structures of AuNPs affect a variety of functionalization. The ability to tailor the surface 
has made AuNPs effective in both active and passive targeting [4]. Nowadays, there 
have a variety of AuNPs synthesis methods, the most common method is a chemical 
method. Among the chemical synthesis category, two methods that the most widely 
known and used are the Turchevich-Frens and Brust-Schriffin methods [5, 6]. However, 
this technique has several disadvantages such as reproducibility, toxic chemical, and 
difficult steps. Due to these drawbacks, the green synthesis methods (biopolymer) are 
attractive because of the less toxicity, biocompatibility, controller of the drug release, 
and uncomplicated synthesis method. For example, used bacteria, fungi, plant extracts 
proteins and amino acids in collaboration with outside energy sources such as 
ultrasound, light, and microwave to synthesis AuNPs [7, 8]. Even though the green 
methods produce less toxic nanoparticles, there still needs more optimization of drug 
loading efficiency on  AuNPs surface and the stability [9]. In the same way, improving 
the surface of gold nanoparticles as the type of monolayer or multilayer has been 
applied to improve stability and efficiency of drug loading [10]. Currently, coating of 
nanoparticles by layer-by-layer (LBL) technology is an attractive topic with many 
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potential applications in drug delivery [11]. The layer-by-layer coating on the surface 
can improve the stability, the release rate of the drug and enhance the skin 
permeability of sodium hyaluronate chitosan [12]. The layer-by-layer coating of AuNPs 
also enabled imitanib (IM) loading, prepared using the poly-ethyleneimine (PEI) and 
poly-styrenesulfonate (PSS) polymers proved to successfully increase drug loading 
capacity on the surface of gold nanoparticles via electrostatic interactions [13]. 
Therefore, the role of the layer-by-layer coating is to control the release rates of the 
drug and to prevent degradation of the drug enhancing its stability which is a result of 
the electrostatic interactions [14, 15]. According to the Derjaguin-Landau-Verwey-
Overbeek (DLVO) theory, a colloidal solution requires repulsive forces such as 
electrostatic or steric stabilization to prevent aggregation from occurring [16]. 

 An option to stabilize nanoparticles would be a polymer or a protein that 
prevents nanoparticles from aggregation by adsorbing on their surface [17]. Moreover, 
protein coronas on the surface of the nanoparticles can provide different functional 
groups for surface conjugations of other molecules such as dyes, antibodies, or drugs 
[18]. At present, collagen is one of the most important and abundant structural 
proteins in the extracellular matrix which has been widely used in biomaterial 
applications and a versatile coating [19]. Because it combines all mandatory 
characteristics for biological applications namely, biocompatibility, accessibility, and 
safety [20]. Moreover, collagen also contains amino acids which have a reducing agent 
property for the synthesis of gold nanoparticles. Amino acids present a negative charge 
around the gold nanoparticle surface. These charges can prevent particle aggregation 
and also create electrostatic interactions with positively charged molecules (such as 
chitosan, cyclodextrin, gelatin, and cellulose) generating a polyelectrolyte complex. 

 Chitosan has been widely used as a particle-forming polymer and a surface 
coating. Several in vitro and in vivo studies have shown modifying the surface of those 
types of nanocarriers by coating them with chitosan. This technique can confirm many 
advantages consist of improve physicochemical stability, control drug release, promote 
tissue penetration, modulate cell interactions (cellular uptake and toxicity), and 
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enhance anti-inflammatory activity [21]. Stimuli response is an important property that 
affects the ability of systems to deliver drugs effectively. Drug release could be 
triggered by physical or chemical stimuli such as pH, ionic strength, temperature, 
magnetic, and biological molecules. The chitosan exhibits a pH-sensitive behavior due 
to the large quantities of amino groups on its chains [22], which can undergo volume 
phase transitions from swollen to collapsed states depending on the pH of the 
solution. This advantage of chitosan is critical to control the release of the drug from 
the nanocarrier to the target area [23].  

 In order to increase the drug's ability to act, the nanocarrier must control the 
release of the drug at the target cells and the surface of the nanocarrier can be 
decorated with specific target molecules (e.g., biotin, folate, or cRGD tripeptide) to 
increase specificity with the target cells. Among all targeting molecules, biotin plays an 
important role related to the expression of biotin receptors on the surface of tumoral 
cells especially, cervical, ovarian, and lung cancer cells. Biotin is into the cancer cells 
through receptor-mediated endocytosis mechanisms. Several researchers have shown 
that the biotin-conjugated polymeric carriers can stimulate a higher uptake of their 
corresponding cargoes by the tumor cells [24]. Such improvements can enhance the 
efficacy of drugs and reducing the side effects to other cells [25]. 

 5-Fluorouracil (5-FU) has been used for the treatment of various cancers such 
as colorectal, lung, gastrointestinal, and skin cancer. It is a pyrimidine-analog 
antineoplastic antimetabolite that interferes in DNA synthesis by blocking deoxyuridylic 
acid conversion into thymidylic acid through thymidylate synthase [ 2 6 ] . Similarly to 
other drugs used for chemotherapy, it also affects the growth of normal cells and often 
causes side effects. Therefore, a ligand targeting carrier is necessary for 5-FU delivery 
to reduce off-targeting adverse reactions [27 , 28] . Therefore, a ligand targeting carrier 
is necessary for 5-FU delivery to reduce off-targeting adverse reactions. 
1.2 Scope of Research.  

    In this study, we reported herein polyelectrolyte coated AuNPs (Bi-QCS-
AuNPS@collagen) with greater 5-FU loading compared to those traditional gold 
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nanoparticles. The Bi-QCS-AuNPS@collagen was designed as follow: (i) collagen,  
a negative charge polymer, was used as a reducing agent and a stabilizing agent in the 
AuNPs@collagen, while (ii) modified chitosan, a positive charge polymer, was coated in 
the outer layer, containing (iii) biotin, a targeting molecule to increase cellular uptake 
and control drug release. Bi-QCS-AuNPS@collagen and 5-FU-loaded Bi-QCS-
AuNPS@collagen were characterized and evaluated for their safety profile, anti-
inflammation, cancer suppression in vitro as shown in Fig 1. The layer-by-layer coating 
of the nanoparticles was designed to enhance 5-FU loading due to strong electrostatic 
interaction and H-bonding. It is also highlighting that Bi-QCS-AuNPS@collagen is a pH 
sensitive nanoparticle, which can prevent premature release in a normal physiological 
pH but rapidly release the drug in an acidic condition in tumor microenvironment. 
Therefore, Bi-QCS-AuNPS@collagen may have a potential for further studies in vivo and 
in a clinical setting.   

 

Figure 1 Scope of this research 

1.3 Research objectives 

 The purposes of this research are to develop the coated AuNPs by modified 
chitosan(Bi-QCS), which the Biotin-Quat188-AuNPs@collagen (Bi-QCS-AuNPS@collagen) 
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was designed as follow: (i) collagen was used as a reducing agent and a stabilizing 
agent in the AuNPs@collagen, while (ii) modified chitosan (positive charge polymer) 
was coated on the outer layer, which modified chitosan (Bi-QCS) was consists of  
a positive charge (Quat188) and a targeting molecule (biotin) to increase cellular uptake 
and control drug release. After that, 5-Fluorouracil (5-FU) as an anticancer agent was 
loaded into BiQCS-AuNPs@collagen for testing anti-inflammatory activity by nitric oxide 
assay and anti-cancer activity by MTT assay. The objectives of this research were 
described as follow; 
 1. To improve the delivery efficiency of AuNPs  
 2. To improve the surface of gold nanoparticles to be more effective for drug 
loading 
 3. To design the surface of gold particles to prevent drug degradation and 
control of drug release in conditions where target cells grow 
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CHAPTER II 
LITERATURE REVIEW 

2.1 Drug delivery system 

 Currently the procedure for treating patients with health problems, there have 
many different types of treatment. The primary treatment method is medication to 
treat symptoms that occur, but the drug treatment is low efficacy and has side effects 
in some patients. Because the drugs have reacted with normal cells, cannot specific 
to target cells, and drugs have been destroyed before reach the target cells, which 
resulted in a decrease in the effectiveness of treatment. For this reason, it has led to 
a study of the delivery of drugs into target cells using the application of 
nanotechnology. 

 Drug delivery system (DDS) is the application of nanotechnology to improve 
drug efficacy. DDS is a process of preparing formula or device that enables the 
introduction of a therapeutic substance in the body, improves efficacy and safety by 
controlling the rate, time, and place of drug release in the body. This system used to 
enhance the treatment of patients such as anti-cancer, anti-inflammatory, and reduce 
therapeutic side effects that arise from the use of high-dose drugs [1]. In recent years, 
nanoparticles have been developed for drug carriers because of the suitable properties 
such as able to control the release of the drug and can deliver the drug to specific 
surfaces of target cells [2]. The criteria for selecting the nanoparticle are based on the 
physical and chemical features of drugs. Afterward, nanotechnology has developed 
drug carriers that combined with bioactive natural compounds to enhance bioactivities 
for treating cancer and many other diseases. 

 DDS created many types of nanocarriers depend on the composition of the 
materials. The nanocarriers were divided into organic, inorganic, and composite 
materials as show in Fig 2 [29]. 
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Figure 2 Nanoparticle drug delivery systems with relation to other [30] 

2.2 Nanocarriers 

 The success of free transport greatly depends on the design of the drug carrier. 
Given their small nano-size (at least in one dimension), nanoparticles (NPs) make ideal 
drug carriers because they can diffuse across a variety of barriers, such as capillary 
walls or membrane pores, between cells forming protective layers or directly into 
diseased tissue that leading to local drug accumulation [31]. Drug carrier divides into 
many types as shown in Fig 3. 

 2.2.1 Lipids 

 Liposomes, which consist of a lipid bilayer surface enclosing an aqueous core, 
were the first drug carriers used for targeted drug delivery [32]. Due to their structure 
of hydrophilic heads stabilized by surfactants and multiple hydrophobic tails, they are 
able to encapsulate both hydrophilic and hydrophobic drugs [33]. 

 The liposomes have many properties such as small nano-size, easy surface 
manipulation, biocompatibility, biodegradability, and their multi-route options for 
injection that make them attractive carriers. Thus, they have been approved for 
multiple clinical trials. Apart from their advantages, they have the major limitation of 
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drug carriers consist of premature and uncontrolled drug release due to their leaky 
structure [34]. 

2.2.2 Polymers 

 Polymer drug carriers have been used in the form of nanoparticles, micelles, 
dendrimers, hydrogels, and natural polymers such as PLGA (poly-D, L-lactide co-
glycolide) and PLA (polylactide). Nano-size micelles are usually spherical in shape and 
either be solid or hollow for loading the drug. On the other hand, dendrimers are 
macromolecules that branch out into tree-like forms from a central core. The usage 
of dendrimers is of interest since they are monodisperse, highly symmetric, water-
soluble, and able to encapsulate hydrophobic nano drugs [35, 36]. The loading drugs 
onto these carriers occurred covalent attachment adsorption to the surface or 
entrapment in the polymer matrix [37]. In addition, they have characteristics such as 
biocompatibility, biodegradability, and water solubility that make polymers were one 
of the most popular drug carriers [36]. However, some issues that remain to be 
addressed were the heterogeneity of manufactured polymer nanoparticles and the 
possible cytotoxic effects resulting from non-targeted cellular uptake [38].  

2.2.3 Carbons 

 Carbon-based particles are usually in the form of carbon nanotubes (CNTs) just 
0.3 nm thick, benzene ring shape, which distinctly different from the carbon forms of 
graphite and diamonds. Moreover, the structure belongs to the family of fullerenes. 
Due to their ultrahigh surface area relative to the volume, biomolecules can be 
attached to the CNT walls and tips and can also be loaded inside CNTs. Despite these 
advantages, their major limitation is their possible cytotoxicity due to the metal 
catalyst and amorphous carbon contaminants which are often present and difficult to 
remove [39]. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 9 

2.2.4 Metals 

 The metal was used to nanoparticles include nano-shells (metallic covered 
silica particles), gold nano-cages (hollow, porous metallic particles), and gold 
nanoparticles. They are attractive carriers because of their very small (<50 nm), stable 
shapes, electrically charged, high surface reactivity, and biocompatibility. These NPs 
are often used for imaging or hypothermia-based therapies in which the particles 
absorb light and emit heat to destroy tumor cells. Magnetic nanoparticles (MNPs) are 
also useful metal-based NPs because they can be employed to enhance contrast 
agents in magnetic resonance imaging (MRI), or they can function as drug carriers that 
can be directed towards tumors via a locally applied magnetic field [36]. Often, 
magnetic iron oxide particles (Fe3O4 or Fe2O3), with a synthetic or a natural polymer 
surface coating to help avoid particle agglomeration, are used in this application. As 
with the other drug carriers, metal-based NPs can also be modified to targeting ligands 
of drugs, which can be released from the drug carriers by local changes in the 
physiological conditions (e.g. temperature and/or pH) near/at the target site [40].  

2.2.5 Ceramics 

 Ceramic NPs, often in the form of mesoporous silica NPs, are novel nanocarriers 
that are porous and less than 50 nm in mean diameter. They are desirable for 
transporting drugs which are susceptible to changes in pH since they are unaffected 
by this condition. Furthermore, they have an increased surface area for incorporating 
drugs, with their multitude of pores, and simultaneously their surfaces can be modified 
to include connective ligands. However, they showed side effects on normal cells and 
not biodegradable [41]. 

2.2.6 Viruses 

 Viruses have also been proposed as potential drug carrier candidates due to 
the innate attraction of certain viruses to specific overexpressed receptors on tumor 
cells. Through genetic alteration, infection is not only avoided but viruses can also be 
designed to target tumor cells. For example, hepatitis B core particles have been 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/gene-mutation
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demonstrated as potential delivery agents to liver cells. However, a major limitation 
of using viruses as drug carriers was their potential for developing severe complications 
[42]. 
 

 

Figure 3 Type of Nanocarrier [43] 

2.3 Gold nanoparticles (AuNPs) 

 Gold nanoparticles provide an outstanding material for study due to they are 
one of the most stable, non-toxic, easy to synthesize nanoparticles and exhibit various 
fascinating properties like the assembly of various types and quantum size effect. The 
optical behavior of gold nanoparticles is dependent on their surface plasmon 
resonance (SPR), located in a wide region ranging from visible to the infrared region of 
the spectrum, which is determined by the collective oscillation of conducting 
electrons. The range of the spectrum depends on various features of gold 
nanoparticles, including size and shape [44]. Methods have been developed to 
synthesize these materials reproducibly, which can further be modified using countless 
chemical functional groups as shown in Fig 4. Many new sensitive and specific assays 
are based on gold nanoconjugates. Moreover, the shape of particles can affect cell 
permeability where gold nanoparticles can tunable size and spherical shape. 
Additionally, previously reported presents elliptical or tubular particles to take longer 
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to endocytose than spheres. Gold nanoparticles have emerged as an excellent 
candidate for the application in the delivery of various molecules to the target site, 
these molecules range from small drug molecules to large biomolecules like DNA, 
RNA, and proteins. Some drugs molecules do not require modification of a monolayer 
of gold nanoparticles for their delivery and can be directly conjugated with gold 
nanoparticles through physical absorption and ionic or covalent bonding [45]. Thus, 
gold nanoparticles are an interesting drug carrier due to their properties. 

 

Figure 4 Spherical to Nanostar morphology of AuNPs, Functionalization by Antibody, 
Carbohydrate, DNA/RNA, peptide, loading with drugs, and used for probing Image 
[46]. 

2.4 Synthesis of AuNPs 

 For the synthesis of AuNPs, there are two basic strategies that are used consist 
of “Top-Down” and “Bottom-Up” approaches. The top-down approach involves the 
synthesis of AuNPs starting from bulk material and cracking it into nanoparticles using 
different methods. In contrast, the bottom-up approach synthesized nanoparticles 
starting from the atomic level. Fig 5 shows the basic steps that are involved in the top-
down and bottom-up approaches. In the first stage the gold precursor, which is usually 
an aqueous gold salt solution, is reduced to gold nanoparticles using a specific reducing 
agent like citrate. In the second stage the stabilization of gold nanoparticles is done 
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by a specific capping agent. The capping agents hinder the agglomeration of metallic 
nanoparticles as shown in Fig 5. 

 Synthesis methods  involve the top-down approach include laser ablation, ion 
sputtering, ultraviolet–visible (UV), infrared (IR), and aerosol technology, whereas the 
reduction of Au3+ to Au0 is the bottom-up approach [47]. 

 

 

Figure 5 Top-down and bottom-up approaches for the synthesis of NPs [47]. 

2.4.1 Chemical Synthesis 

2.4.1.1 Turkevich Method 

 One of the most common techniques was used to synthesis of spherical AuNPs. 
AuNPs were prepared using this method which has the size in the range of  
1–2 nm. The basic principle of this technique involves the reduction of gold ions (Au3+) 
to produce gold atoms (Au0) by using some reducing agents like amino acids, ascorbic 
acid, UV light, or citrate as shown in Fig 6A. Stabilization of AuNPs is carried out by 
using different capping or stabilizing agents [48]. Turkevich method is a fairly 
uncomplicated and reproducible procedure for the formulation of spherical particles 
with a size range of 10–30 nm. However, the size of particles increases above 30 nm, 
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they become less spherical in shape with broader size distribution. Moreover, this 
reaction produces a low yield and the use of only water as a solvent [49]. 

2.4.1.2 The Brust Method 

 This method was first reported in 1994 and involves a two-phase reaction to 
synthesize AuNPs with a size range of 1.5–5.2 nm by using organic solvents. The 
method encompasses the use of a phase transfer such as tetraoctylammonium 
bromide to carry out transferring of gold salt to organic solvent from its aqueous 
solution (e.g. toluene). Then, the gold was reduced by using a reducing agent such as 
sodium borohydride along with an alkanethiol. The alkanethiol carries out the 
stabilization of AuNPs as shown in Fig 6B. As a result of this reaction, the color changes 
from orange to brown [50]. The Brust method is an easy strategy for the formulation 
of thermal and air-stable AuNPs that having controlled size and less dispersity. One 
possible limitation of the Brust method is the synthesis of AuNPs which are less 
dispersed and used organic solvents immiscible with water. 

 

 

Figure 6 (A) Turkevich method for the synthesis of AuNPs. (B) Series of steps involved 
in the Burst method for the synthesis of AuNPs [47]. 
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2.4.2 Biological Synthesis 

 Recently, efforts have been made for the biological synthesis of AuNPs, which 
is a clean, dependable, and bio-friendly, alternative to harsh chemicals used in 
chemical synthesis reactions. The biological resources were used in the synthesis of 
nanoparticles range from simple bacterial cells to complex eukaryotes. Interestingly, 
the capability of organisms for the synthesis of metal nanoparticles has given rise to a 
new thrilling approach toward the development of these biological nano-factories. A 
plethora of organisms have been reported to carry out the successful synthesis of 
AuNPs, ranging from bacteria to plants, algae, and fungi. 

 Molecules synthesized by living organisms to speed up their biological 
processes of the body are known as biomolecules such as amino acids, nucleic acids, 
carbohydrates, and lipids. Previous studies have reported the synthesis of gold 
nanoparticles using chitosan which does not only act as a reducing agent but also as 
a stabilizing agent during the synthesis reaction. Apart from that, starch was another 
polysaccharide used for the synthesis of AuNPs. In an alkaline environment, starch 
could be degraded into short chains consist of carboxyl groups and the –OH group of 
carboxylic acid which could reduce Au3+ ions to gold nanoparticles. The biological 
method could decrease the toxicity of the chemicals used for the synthesis AuNPs 
[51]. 

2.4.2.1 Protein 

 Amino acid is a subunit of protein that can be used to carry out the synthesis 
reaction of AuNPs. The previous studies reported the preparation and characterization 
of coated GNPs using amino acid as a reduction agent and also as  
a surface modifier. The tyrosine amino acid was successfully synthesis the gold 
nanoparticles [52]. It had been verified that tyrosine plays a basic role in the reduction 
of Au3+ to Au0. The biocompatibility assessment of AuNPs both in vitro and in vivo had 
recently reported that amino acid-AuNPs were friendly to the natural system and as 
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 Ramezani et al. investigated the adsorption of amino acids on AuNPs via 
molecular dynamics simulations and offered the following observations [53]: the amino 
acids containing hydroxyl groups in their side chains (tyrosine, threonine, and serine) 
were adsorbed on the surface through Au–OH interactions. Alanine, valine, isoleucine, 
and leucine, having linear side chains, were adsorbed on the AuNPs surface by their 
methyl groups. Glycine was adsorbed through its carboxyl group. Histidine, arginine, 
asparagine, glutamine, and lysine that adsorb on the AuNPs surface were enabled by 
the amino groups in their side chains. The interaction of AuNPs with the negatively 
charged amino acids (such as aspartic acid and glutamine) occurred through the side-
chain carboxyl groups. The aromatic ring of phenylalanine participated in the 
adsorption on the AuNPs surface. Cystine, cysteine, and methionine were adsorbed on 
the AuNPs through their sulfur atoms. Proline interacted through its amine (Au–N) and 

carboxylic groups (Au–O and Au∙∙∙H–O) [54]. This result offered significant 
opportunities for developing nanoparticle-based therapeutics against diseases related 
to protein aggregation. Synthesis of AuNPs using protein-based material was a facile 
and uncomplicated process. Various attributes of AuNPs such as shape and size can 
be regulated by controlling the reaction parameters. Additionally, the reaction process 
is fast and economical. 
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Figure 7 Amino acid as a reducing agent for synthesis gold Nanoparticles [55] 

2.5 Functionalization of AuNPs 

 AuNPs can be functionalized in a number of ways which generate the 
possibilities for a variety of approaches for their use in designing drug delivery systems 
(DDS) as shown in Fig 8. When non-covalent interactions are used for the loading of 
drugs on nanoparticles, no specific bond cleavage is required to carry out the efficient 
drug release and only alterations in native physical forces are needed. Similarly, AuNPs 
can be covalently bonded to the drug through cleavable bonds forming a prodrug that 
can be delivered to the cell liberating the drug from AuNPs using either external or 
internal stimuli. However, the modification of the monolayer of AuNPs is very 
important for the extracellular or intracellular discharge mechanisms. 
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Figure 8 The surface of the gold nanoparticle can be developed to several functions 
[56]. 

2.6 The Layer-by-Layer coating on the surface particles (LBL coating)  

 Polyelectrolytes (PEs) were polymers of repeating units that contain an 
ionizable group.  These charged polymers could be used to coat surfaces particles in 
a number of ways including covalent attachment, hydrogen bonding, and electrostatic 
interactions between layers [57]. 

 Nowadays, coating of nanoparticles by layer-by-layer (LBL) technology is an 
attractive topic with many potential applications in drug delivery [11]. The hyaluronate 
chitosan multilayered coated liposomes could improve the stability, control the 
release rate of the drug, and enhance skin permeability of quercetin [12]. The layer-
by-layer coating of AuNPs also enabled imitanib (IM) loading, prepared using the poly-
ethyleneimine (PEI) and poly-styrenesulfonate (PSS) polymers proved to successfully 
increase drug loading capacity on the surface of gold nanoparticles via electrostatic 
interactions [13]. 

  Layer-by-Layer coatings with polyelectrolyte have distinct advantages over 
other surface modification methods, specifically the ease of assembly on a wide range 
of substrates. The deposition of PEs onto NP surfaces simply relies on electrostatic 
interactions that govern the layer-by-layer attachment process of positive charge and 
negative charge of the molecule as shown in Fig 9 [57].  
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The coating methods have to be optimized, especially when depositing PEs onto NPs, 
as the colloidal stability of the system can be easily affected. According to the 
Derjaguin-Landau-Verwey-Overbeek (DLVO) theory, a colloidal solution requires 
repulsive forces such as electrostatic repulsion or steric stabilization to prevent 
aggregation [58]. The colloidal stability in  PE-coated NPs is extremely important for 
biomedical applications because the aggregation can alter their in vitro behavior such 
as NP uptake and cytotoxicity [59]. Therefore, the role of the layer-by-layer coating is 
to control the release rates of the drug, prevent degradation of the drug, and 
enhancing its stability which is a result of the electrostatic interactions [14, 15]. 

 

Figure 9 Method for self-assembly of polyelectrolyte-coated gold nanoparticles 
using the LbL method [60]. 

2.7 pH-Mediated Drug Release 

 One of the most appropriate conditions for the drug release at the site of the 
target over the surrounding tissues is pH. The acidic surrounding with the pH ranges 
from 5.7–7.8 is present in human cancer cells or inside the cell organelles including 
endosomes and vesicles. These specific pH conditions lead to the cleavage of acid 
sensitive bonds and charge switching due to protonation and morphological alterations 
of carriers. For example, the acidic conditions (pH 5.0) in lysosomes or endosomes or 
both can cause the cleavage of the hydrazone bond which is an acid-sensitive bond. 
This property of hydrazone bond has widely been used in the preparation of pH-
responsive supramolecular fabrications for intracellular drug release as shown in Fig 
10. 
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 Chen et al.  prepared dual-stimuli- responsive microcapsules with drug loading 
and controlled release behaviors [ 87] .  In their study, pH- sensitive polymer particles 
( pNIPAM particles)  were synthesized and loaded with Nile Red ( NR)  and oil- soluble 
fluorescent green ( OG) .  At low pH conditions, the electrostatic repulsion of the 
positively charged polymer chains in the microcapsule shell caused the microcapsule 
shell to swell and release the OG, but the NR remained encapsulated inside the 
microcapsules. Therefore, the pH stimulus only triggered the release of OG molecules 
but had no influence on the NR molecules inside the particles. When the 
microcapsules were exposed to increasing temperatures, the NR molecules inside the 
particles were released because the microcapsules collapsed, but the OG molecules 
were unaffected [61]. 

 In addition, a study had also reported the AuNPs modified with methyl 
thioglycolate (MTG) and thiolated methoxy polyethylene glycol (HS-mPEG) with  
a molar ratio of 1:1. When doxorubicin (DOX) was conjugated with MTG through  
a hydrazine bond, DOX-AuNPs conjugates showed higher pH-sensitive drug release at 
pH 5.3 compared to pH 7 (normal pH). 

 

Figure 10 pH/redox potential dual-response-mediated drug release for tumor 
treatment [62]. 
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2.8. Receptor-mediated endocytosis 

 Nanoparticles (NPs) are exogenous synthetic structures with nanoscale 
dimensions, which have raised enormous interest toward biological applications. Owing 
to their different size molecules, a way of the cellular uptake of NPs is necessarily 
different. For example, most of the molecules are unable to be internalized in cells 
by themselves (vide supra), NPs are incorporated into the cell via different endocytosis 
pathways. Additionally, the efficient uptake of engineered NPs have been proposed to 
improve the cellular permeability [63]. 

 In the endocytosis process, the particles are first attached to the cell 
membrane through specific or nonspecific interactions. Then, are wrapped by the cell 
membrane to form membrane-bounded vesicles. The particles can enter cells by 
several different endocytic pathways such as phagocytosis, clathrin-mediated 
endocytosis, caveolae-mediated endocytosis, macropinocytosis, clathrin- and 
caveolin-independent endocytosis [64].  

 Phagocytosis is conducted primarily by specialized cells, including 
macrophages, monocytes, and neutrophils, which can clear out large particles 
in the blood such as pathogens and debris of dead cells. In contrast,  
pinocytosis can operate in all mammalian cells. Clathrin-mediated, caveolin-mediated, 
macropinocytosis, clathrin- and caveolin-independent endocytosis are four major 
processes of pinocytosis involving different types of receptor–ligand interactions, which 
are mainly dependent on particle size and surface chemistry as shown in Fig 11. 
Afterward, the particles can be transported to different cellular organelles such as 
cytoplasm, mitochondria, golgi complex, and even the nucleus [65]. Decuzzi and Ferrari 
proposed a similar theoretical approach that the contribution of nonspecific 
interactions (such as van der Waals and electrostatic forces) is as important as the 
specific receptor-ligand interaction [66].  
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Figure 11 Schematic representation of the endocytic pathways used by cells to 
internalize molecules. Reproduced with permission from [63]. 

 Receptor-mediated tumor targeting has received considerable attention in the 
field of anticancer therapeutics due to their specific action. Targeting the receptors, 
overexpressed in cancers, has opened new opportunities for intracellular targeting of 
drugs and delivery systems that are conjugated with targeting moieties, that is the 
ligands. This receptor-mediated targeting of anticancer drugs, especially using nano-
sized carrier systems, protected them from the degrading body environment and 
improves their pharmacokinetic properties by extending their circulation time within 
the body as shown in Fig 12. Moreover, it also helps to overcome the systemic toxicity 
and adverse effects that arise due to the nonselective nature of most of the current 
anticancer therapeutic agents [67]. Additionally, the particle’s surface charge can also 
affect cellular uptake, with positively charged particles being more readily 
endocytosed. Since conflicting characteristics are desirable in the different stages of 
targeting, it is suggested that ideal drug carriers should be able to dynamically alter 
their size, shape, or surface properties in vivo. Summarizes the influence of these 
characteristics, and the remainder of this section reviewed some of the current nano 
drug carrier designs [68]. 
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Figure 12 The cellular uptake of particles is dominated by the natural size rules and 
gatekeepers within a mammalian cell [69]. 
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CHAPTER III 
EXPERIMENT 

3.1 Analytical Instrument 

3.1.1 Transmission electron microscopy (TEM) 

 TEM was used to analyze the size and shape of the sample. The sample 
solution for analysis with TEM was prepared by dropping the dilute samples onto 
copper grids followed by dried in desiccators overnight. The micrographs were 
obtained on a transmission electron microscopy (HT-1400) operated at 80 kV. 

3.1.2 Ultraviolet–visible spectroscopy (UV-vis) 

 The absorption of sample was analyzed by UV-vis spectrophotometer (Agilent 
8453). The UV-vis spectra were recorded from 200 to 800 nm.  

3.1.3 Fourier transformed infrared spectroscopy (FTIR) 

 The sample were analyzed by Nicolet iS50 FT-IR (US) in the region from 4000 
cm-1 to 500 cm-1 in transmittance mode. The solid sample were prepared by pressing 
sample with potassium bromide (KBr) before analyzed with FTIR. 

3.1.4 Inductively coupled plasma atomic emission spectroscopy (ICP-AES) 

 The concentration of Au was determined by Inductively coupled plasma 
atomic emission spectroscopy (ICP-AES) analysis. The samples were digested in aqua 
regia, HCl: Nitric acid (3:1), and diluted in milli-Q water.   

3.1.5 Zetasizer 

 The particle size of the sample was measured using a dynamic light scattering 
(DLS) method with a particle size analyzer at 25 °C. Moreover, the surface charge of 
prepared sample was measured with a zeta potential value by electrophoretic light 
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scattering using a zetasizer. The samples for analysis with DLS and zetasizer were 
prepared by diluted with DI water (1:10 (v/v)). 

3.1.6 Proton nuclear magnetic resonance (1H NMR) 

 1H NMR Spectra were at 500 MHz recorded on JEOL NMR spectrometer.  
1H NMR chemical shifts in chemical shifts in parts per million (ppm) were referenced 
relative to tetramethylsilane (TMS). The 1H NMR data were processed with the 
MestRenova software.  

3.2 Materials                                                                                                                                                                                                                                                                                                                                                   

 Chitosan (average Mw of 500 kDa, degree of deacetylation = 85%)  
was provided by Seafresh Chitosan Lab (Thailand). Type I collagen (average Mw  
of ~900 kDa) was purchased from Chemipan Corporation (Thailand).  
Chloroauric acid (HAuCl4), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide dye (MTT), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC), Griess 
reagent, N-hydroxylsuccinimide (NHS) were obtained from Sigma-Aldrich (USA). Biotin,  
5-Fluorouracil (5-FU) and N-(3-chloro-2-hydroxypropyl) trimethylammonium chloride 
(Quat188) were acquired from Tokyo Chemical Industry (Japan). Cellulose dialysis 
tubing (Membrane Filtration Products, USA), with a molecular weight cutoff of 12–14 
kDa, was used to purify all modified chitosan samples. Milli-Q water was used for all 
experiments. All organic solvents (analytical grade) for reactions were purchased from 
Sigma-Aldrich (USA) and Merck (Germany). 

3.3 Method  

 In this research, the methods are divided into four parts as shown in Fig 13. The 
first one is the study of the design and synthesis of derivatives used as a coating for 
the surface of AuNPs@collagen. The second part is the study of the synthesized gold 
nanoparticles using collagen as a reducing agent. The third part is the study of the 
coating on the surface of AuNPs@collagen using modified chitosan. The final part is 
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the study of the fabrication of 5-Fluorouracil drug loaded Bi-QCS-AuNPs@collagen and 
evaluation of its biological activity. 

 
Figure 13 Experiment procedures are divided into four parts 

Part I: Study of the design and synthesis of derivatives used as a coating for the 
surface of AuNPs@collagen 

3.3.1 Modification of chitosan  

 Chitosan was modified to provide two structure features: (I) the positive charge 
from -N+(CH3)3 of the quaternized chitosan (QCS) increase the electrostatic interaction 
with cell membrane, and (II) targeting molecule; biotin to specifically target receptor 
on the surface cancer cells, which is overexpression cancer cell as shown in Fig 14. 
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Figure 14 Schematic representation of the synthesis of Quat188-Chitosan (QCS) and 
Biotin-Quat188-Chitosan (Bi-QCS) 

3.3.1.1 Synthesis of Quat188-chitosan (QCS) 

Chitosan powder (1 g) was dissolved with 1 % (v/v) acetic acid solution (100 
mL) at room temperature for overnight until completely dissolved. Then, the pH of 
the solution was adjusted to pH 9 using 15 % (w/v) aqueous sodium hydroxide. After 
that, 10 mL of 65 % (w/w) aqueous solution of N-(3-chloro-2-hydroxypropyl)-
trimethylammonium chloride (Quat-188) were added to the reaction flask resulting in 
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the pH drop. The pH of the solution was then adjusted again to pH 8 using 15 % (w/v) 
sodium hydroxide. The solution was heat at 60 °C with a rigorous stirring for 6 h. Next, 
the mixture was precipitated in ethanol followed by dialysis against distilled water. 
Finally, the dialyzed solution was dried in the oven at 60 °C for 24 hour [70]. 

3.3.1.2 Synthesis of Biotin-Quat188-Chitosan (Bi-QCS) 

 Biotin (0.1 g, 0.41 mmol) was dissolved with dimethyl sulfoxide anhydrous 
(DMSO). Then, the solution was activated with EDC (0.25 g, 1.30 mmol) and NHS (0.15 
g, 1.30 mmol) and stirred for 1 h at room temperature. After that, the activated biotin 
solution was added dropwise to 100 mL of 1 % (w/v) QCS in 1% (v/v) acetic acid 
solution and reacted for 24 h at room temperature. The mixture was precipitated in 
acetone followed by dialysis against deionized water for further 3 days to remove 
unreacted biotin. Next, the dialyzed solution was dried in the oven at 60 °C. After 
drying, biotinylated Quat188-chitosan (Bi-QCS) was obtained. The synthetic pathway 
and molecular structure of Bi-QCS are shown in Fig 14. 

3.3.2 Calculation of degree of quaternization (%DQ) and biotin content 

 3.3.2.1 The degree of quaternization (%DQ) of Bi-QCS 

 Degree of quaternization (%DQ) of QCS was evaluated by 1H NMR using Eq. (1) 
as previously reported [70].  

%𝐷𝑄 =  [
𝐼(𝐶𝐻3)3

𝐼(𝐻3−𝐻6)
×

5

9
] × 100%                     (1) 

 Where I(CH3)3 is the integral of the trimethyl amino group’s protons of QCS (3.31 
ppm), and I(H3-H6) is the integral of the H3-H6 protons of chitosan. 

3.3.2.2 Determination of biotin content on the surface 

 Biotin content on the surface of Biotin-Quat188-chitosan (Bi-QCS) was 
determined by a biotin assay kit based on the company’s protocol (Pierce 
Biotechnology, USA). The procedure was briefly described as follows: a total of 10 µL 
of each standard and/or sample was added to each well, and 90 µL of fluorescent 
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avidin with HABA (DyLight Reporter) that was added to the solution containing the 
biotinylated sample. The samples were incubated for 5 min. All samples were 
measured the fluorescence at excitation/emission 494/520 nm using a fluorescent 
microplate reader (Molecular Devices SpectraMax M2, USA). The amount of biotin in 
the sample is compared with the fluorescence to a biocytin standard curve [71]. 

Part II: Study of the synthesized gold nanoparticles using collagen as a reducing 
agent 

3.3.3 Preparation of AuNPs@collagen  

 In this work, we studied the effect of various final concentrations of collagen 
(0.1, 0.5, 1 and 2.5 % (w/v) to synthesis AuNPs. Before the experiment, the stock 
solution for synthesis of AuNPs@collgen was prepared by 3mM of HAuCl4, 10 % (w/v) 
of collagen, Bi-QCS in 1% acetic acid, and 5% sodium hydroxide (NaOH) in milli-Q water.  

 The Collagen functionalized AuNPs were synthesized by the reduction of 
chloroauric acid (HAuCl4) as shown in Fig 15. Collagen was used as a reducing and 
stabilizing agent. In a typical reaction procedure, 50 µl of 10 % (w/v) collagen were 
mixed with 15 µl of 5 % (w/v) NaOH solution at 80°C for 20 min. Then, the pH of the 
mixed solution was adjusted to 9 with 5 % (w/v) NaOH. Next, 60 µl of 3 mM HAuCl4 
was added into the mixture. The solution was reconstituted to a final volume of 1 mL 
with milli-Q water. The reaction mixture was continuously stirred at 80 °C for 40 min. 
The color was changed from yellow to ruby red, which confirmed the formation of 
AuNPs@collagen. After that, the AuNPs@collagen were purified by centrifugation at 
13,000 rpm for 10 min. The supernatant was discarded and the pallet was resuspended 
in water (1 ml). In this work, the concentration of collagen (0.1, 0.5, 1 and 2.5 % (w/v)) 
was varied to study the effect of collagen to control the morphology and particles size 
of AuNPs.  
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Figure 15 Preparation of AuNPs using collagen as a reducing agent 

Part III: Study of the coating on the surface of AuNPs@collagen using modified 
chitosan 

3.3.4 Fabrication of Bi-QCS-AuNPs@collagen 

 In this part, the optimum AuNPs@collagen to Bi-QCS ratio was evaluated.  
The coating of AuNPs@collagen with Bi-QCS: first, the AuNPS@collagen solution was 
adjusted the volume to 1 ml. Then, the Bi-QCS solution was added dropwise to the 
AuNPS@collagen solution to coat on the surface of AuNPS@collagen, while 
magnetically stirred at room temperature for 30 min. After that, the Bi-QCS-
AuNPs@collagen were purified by centrifugation. The solution was stored at 4° C before 
loading of 5-fluorouracil (5-FU). The AuNPS@collagen were mixed with Bi-QCS at the 
different conditions to obtain Bi-QCS-AuNPs@collagen as shown in Table 1. 

Table 1 Compositions of Bi-QCS-AuNPs@collagen formulations 

Formulations 
AuNPs@collagen 

(nM) 
Bi-QCS 
(% w/v) 

AuNPs@collagen/Bi-QCS  
ratio (% v/v) 

T1 6.88 0.20 1:16 

T2 6.88 0.30 1:16 

T3 6.88 0.40 1:12 

T4 6.88 0.50 1:8 

T5 6.88 0.75 1:4 
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3.3.5 Characterization of AuNPs@collagen and Bi-QCS-AuNPs@collagen 

 The characterization of AuNPs@collagen and Bi-QCS-AuNPs@collagen was 
analyzed by HT-7800 transmission electron microscope (TEM), Agilent 8453 UV-vis 
spectrophotometer (UV-vis), Nicolet iS50 fourier transformed infrared spectroscopy 
(FTIR), Dynamic light scattering (DLS) method and zetasizer nano series. The 
concentration of Au was determined by Inductively coupled plasma atomic emission 
spectroscopy (ICP-AES) analysis. 

 The TEM (Hitachi HT-7800, Japan) was operated at 80 kV to analyze the 
morphology of the AuNPs@collagen and Bi-QCS-AuNPs@collagen. The samples were 
prepared by dropping 5ul of the dilute samples onto carbon-coated copper grids 
(Electron Microscope Science, USA). The samples were dried in desiccators for 
overnight. The absorption spectra of AuNPs@collagen and Bi-QCS-AuNPs@collagen was 
analyzed by UV-vis spectrophotometry (Agilent 8453). The FTIR spectra (Nicolet iS50) 
were operated in transmittance mode between 400 cm-1 and 4000 cm-1.   
The particle size of the AuNPs@collagen and Bi-QCS-AuNPs@collagen was measured 
using a dynamic light scattering (DLS) method with a particle size analyzer at 25 °C. 
Moreover, the surface charge of prepared AuNPs@collagen and Bi-QCS-
AuNPs@collagen was measured with a zeta potential value by electrophoretic light 
scattering using a zetasizer. The samples for analysis with DLS and zetasizer, were 
prepared by diluted with DI water (1:10 (v/v)). The concentration of Au was determined 
by Inductively coupled plasma atomic emission spectroscopy (ICP-AES, ICPE-9820 
Shimadzu, Japan) analysis. The samples were digested in aqua regia, HCl: Nitric acid 
(3:1), and diluted in milli-Q water.   

Part IV: Study of the fabrication of 5-Fluorouracil drug loaded Bi-QCS-
AuNPs@collagen and evaluation of its biological activity 

 3.3.6 Preparation and characterization of 5-FU loaded Bi-QCS-AuNPs@collagen 

 For prepare 5-FU loaded Bi-QCS-AuNPs@collagen, the Bi-QCS-AuNPs@collagen 
solution was dispersed in 500 µl of 20 mg/ml 5-FU solution. Then, the mixture was 
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incubated at room temperature for 3 h followed by centrifuged at 7,000 rpm for  
30 min. The presence of 5-FU loading was confirmed by UV-vis, FTIR and zeta potential 
analyses. The supernatant was analyzed by UV-visible absorption spectrum at 266 nm 
to determine the encapsulation efficiency of Bi-QCS-AuNPs@collagen.  
The encapsulation efficiency was calculated by the following equation: 

  Encapsulation efficiency (%) =  
Total 5−FU − Free 5−FU

Total 5−FU
× 100           (2) 

3.3.7 In vitro 5-FU release studies 

 The 5-FU release studies were carried out using the dialysis method. The 5-FU-
loaded Bi-QCS-AuNPs@collagen solution (2 mL, 2.5 mg of 5-FU) was introduced into a 
dialysis bag (MWCO 3.5 kDa, MFPI, USA). The bags were placed in 50 mL of phosphate 
buffer pH 5.5 and 7.4 in the tightly closed tubes. The tubes were placed in an incubator 
shaker operating at a speed of 150 rpm and a temperature of 37 °C. The aliquots were 
withdrawn from the media at different time intervals and replaced by the same 
volume of fresh medium. Then, the concentrations of 5-FU in the samples were 
analyzed by UV-vis spectrophotometer at 266 nm. The cumulative percent of 5-FU 
released was plotted as a function of time. 

3.4 Biological activities test 

3.4.1 Anti-inflammatory activity of Bi-QCS-AuNPs@collagen 

3.4.1.1 Cell culture  

 Murine macrophage cells line (RAW 264.7) was cultured in Dulbecco's Modified 
Eagle Medium (DMEM) (Gibco, USA) supplemented with 10 % (v/v) fetal bovine serum 
(FBS) (Gibco, USA), 1% (v/v) glutamax (Gibco, USA), 1 % (v/v) penicillin-steptomycin 
(Capricorn scientific , Germany), and incubated at 37°C in a humidified atmosphere 
containing 5% CO2. 
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3.4.1.2 Assessment of the nitric oxide (NO) inhibition effect using Raw 
264.7 cells 

 The inhibitory effect on NO production in RAW 264.7 cells was evaluated using 
a Singh method [72]. Briefly, 2×105 cells/well were seeded in 96-well plates.  After 24 
h, the medium was replaced with fresh medium containing 1 µg/ mL of 
lipopolysaccharides (LPS) (Sigma-Aldrich, USA). The samples at various concentrations 
were added into the cells, and incubated for 24 h. NO production was determined by 
measuring the accumulation of nitrite in the culture supernatant using the Griess 
reagent (Sigma-Aldrich, USA) with a microplate reader at the wavelength of 540 nm. 
The percentage of inhibition (%) was calculated by the Eq. (3) [73]: 

Inhibition (%) =  
𝐶 − 𝑇

𝐶
× 100                                                       (3) 

 Where C is absorbance of the control and T for the test samples. 

3.4.2 Anticancer activity of 5-FU loaded Bi-QCS-AuNPs  

 3.4.2.1 Cell culture 

 Lung cancer cells (A549) was cultured in RPMI-1640 medium (Gibco, USA) 
supplemented with 10 % (v/v) fetal bovine serum (FBS), 1 % (v/v) glutamax, and 1 % 
(v/v) penicillin-steptomycin. The cervical cancer (HeLa) and fibroblast (normal cell) 
were grown 95% relative humidity in DMEM supplemented with 10 % (v/v) fetal bovine 
serum (FBS), 1 % (v/v) glutamax, and 1 % (v/v) penicillin-steptomycin. The cultured 
cells were incubated in 5% CO2 at 37oC.  

3.4.2.2 Cytotoxicity study 

 In order to determine the cytotoxicity of free 5-FU and 5-Fu loaded Bi-QCS-
AuNPs@collagen, MTT assay was applied. The evaluation of cytotoxicity was based on 
the reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide dye 
(MTT) (EMD Millipore, USA) by viable cells to generate purple formazan products, which 
were measured spectrophotometrically at wavelength 570 nm. Fibroblast and cancer 

https://www.sciencedirect.com/topics/medicine-and-dentistry/mtt-assay
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/bromide
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cells were seeded into 96-well plates at 10,000 cells/well separately and incubated at 
37 °C. After 24 h, the cells were treated with various concentrations of compounds for 
48 h. Then, 100 µL of MTT solution (0.5 mg/mL) was added, and incubated for 3 h. 
Finally, the media were removed followed by solubilized the formazan crystals in 
100 µL of DMSO and analyzed by UV-Vis spectrophotometry at the wavelength of 
570 nm [74]. The cell viability for each compound was calculated  by the following 
equation [75]: The IC50 values, the concentration of an inhibitor that reduces the 
response by half, were determined. 

The cell viability (%) =  
𝐴

𝐵
 × 100                            (4) 

 Where A and B were the absorbances of the experimental and control cells, 
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3.5 Statistical analysis 

 All experiments were conducted in triplicate and the results are presented as 
mean ± standard. Depending on the number of the sample for comparison, the 
statistical significance was determined using two-tailed Student’s t test or one-way 
analysis of variance (ANOVA) with Tukey’s post-hoc test. The p-value of lower than 
0.05 were considered as significant difference. The graphs were plotted using the 
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CHAPTER IV 
RESULTS AND DISCUSSION 

 Gold nanoparticles (AuNPs) are one of the most popular drug carriers for the 
drug delivery system. Due to the unique properties consist of low cytotoxicity, tunable 
size, and biocompatibility [3]. Moreover, the highly tunable and multivalent surface 
structures of AuNPs affect a variety of functionalization. The ability to tailor the surface 
has made AuNPs effective in both active and passive targeting [4]. Nowadays, there 
have a variety of AuNPs synthesis methods, the most common method is a chemical 
method. Among the chemical synthesis category, the Turchevich-Frens and Brust-
Schriffin methods are the most widely known and use [5, 6]. However, this technique 
has several disadvantages such as reproducibility, toxic chemical, and difficult steps. 
Due to these drawbacks, the green synthesis methods (biopolymer) are attractive 
because of the less toxicity, biocompatibility, controller of the drug release, and 
uncomplicated synthesis method. 

 Even though the green methods produce less toxic nanoparticles, there still 
needs more optimization of drug encapsulation efficiency on  AuNPs surface and the 
stability [ 9 ] . In the same way, the surface of gold nanoparticles as the type of 
monolayer or multilayer has been applied to improve stability and drug encapsulation 
efficiency [10]. We reported herein polyelectrolyte coated AuNPs (Bi-QCS-
AuNPS@collagen) with greater 5-FU loading compared to those traditional gold 
nanoparticles. The Bi-QCS-AuNPS@collagen was designed as follow: (i) collagen, a 
negative charge polymer, was used as a reducing agent and a stabilizing agent of the 
AuNPs, (ii) quaternized chitosan (QCS), a positive charge polymer, was coated in the 
outer layer of AuNP@collagen, (iii) biotin, a targeting molecule was conjugated with 
QCS to increase cellular uptake and control drug release of the particles. Bi-QCS-
AuNPS@collagen and 5-FU-loaded Bi-QCS-AuNPS@collagen were characterized and 
evaluated for their safety profile, anti-inflammation, cancer suppression in vitro. The 
layer-by-layer coating of the nanoparticles was designed to enhance 5-FU loading due 
to strong electrostatic interaction and H-bonding. It is also highlighting that  
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Bi-QCS-AuNPS@collagen is a pH-sensitive nanoparticle, which can prevent premature 
release in a normal physiological pH but rapidly release the drug in an acidic condition 
in endosome and tumor microenvironment. In this chapter, the result and discussion 
are presented. 

Part I: Study of the design and synthesis of derivatives used as a coating for the 
surface of AuNPs@collagen  

 Chitosan was modified to provide two structure feature: (I) the positive charge 
from -N+(CH3)3 of the quaternized chitosan increase the electrostatic interaction with 
cell membrane; QCS (II) targeting molecule, biotin to specifically target receptor on the 
surface cancer cells, which is overexpress on cancer cell; Bi-QCS, as shown in Fig 16. 

 

Figure 16 Molecular structure of modified chitosan (Bi-QCS) 

4.1 Synthesis and characterization of modified chitosan (Bi-QCS) 

4.1.1 FTIR 

 The synthesis of Bi-QCS was carried out by the quaternization using Q188 
reacted with both the primary amine and hydroxyl groups of chitosan. Afterwards, 
biotin was attached though coupling of the carboxylic groups to the available primary 
amine groups of QCS using an EDC and NHS reaction. Then, the Bi-QCS was analyzed 
by FTIR and 1H NMR to confirm the presence of biotin Quat188 on the chitosan. The 
FTIR spectrum of chitosan, QCS, and Bi-QCS are shown in Fig 17. The FTIR of chitosan 
showed a broad absorption at 3,434 cm-1, attributed to O-H and N-H stretching. The 
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absorptions at 1,653 cm-1 and 1,595 cm-1 are assigned to C=O stretching of amide I and 
N-H bonding of amide II, respectively. Moreover, the broad absorption at 1,020-1,160 
cm-1 region is related to the polysaccharide skeleton of  
C-O-C stretching and the vibration of C-O stretching. The spectrum of QCS presented 
a new peak at 1,468 cm-1, which is attributed to C-H asymmetric stretching of methyl 
groups. After the conjugation of biotin with QCS, the FTIR spectrum of biotin appeared 
at 1,685 cm-1 (the C=O stretching vibration of carboxyl group), while the peak at 1,641 
cm-1 assigned to the C=O bond stretching vibration of -CO-NH group. However, the 
C=O stretching vibration of the amide bond shifted from 1,641 to 1,538 cm-1 of the Bi-
QCS that confirmed the existence of chemical interactions between biotin and QCS. 
These results indicated that the biotin was successfully conjugate onto the QCS to 
obtain Bi-QCS. 
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Figure 17  FTIR spectra of (I) Chitosan (CS), (II) Quat188-Chitosan (QCS), (III) Biotin, and 
(VI) Biotin-Quat188-Chitosan (Bi-QCS) 

4.1.2 1H NMR 

 The 1H NMR of chitosan showed the signals of the H3-H6 protons of 
approximately 3.80-3.40 ppm (corresponding to the pyranose ring), the H2 proton of 
2.95 ppm (corresponding to the acetyl), and the proton of N-acetylglucosamine unit 
at 1.84 ppm. After quaternization, the 1H NMR spectrum of QCS appeared a new peak 
consist of at 3.08 ppm for the N,N,N-trimethyl amino group’s ((CH3)3N+; d), 3.31 ppm 
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for the methylene protons (CH2N+(CH3)3; c), 2.52 ppm for the methylene protons (CH2; 
a) and 4.46 ppm for methine protons (CHOH; b) [76]. The DQ of QCS was determined 
by 1H NMR spectroscopy with calculations according to Eq. (1), which was 
approximately 24.44%. The 1H NMR spectrum of Bi-QCS identified the new signals 
including methylene protons at 1.25-1.6 ppm (6H; e), 2.14 ppm (2H; f), methine protons 
at 4.19 ppm (1H; g), and 4.22 ppm (1H; h). Moreover, the characteristic signals of biotin 
were relatively weak because of its low content in the biotinylated polymer (as shown 
in Fig 18) [77]. The content of biotin of Bi-QCS is 482.63 ± 0.45 pmol/µl (11.81%) 
determined by the biotin assay kit.     
 

 

Figure 18 1H NMR spectra of (I) Chitosan (CS), (II) Quat188-Chitosan (QCS), and (III) 
Biotin-Quat188-Chitosan (Bi-QCS) 
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Part II: Study of the synthesized gold nanoparticles using collagen as a reducing 
agent 

4.2 Synthesis and characterization of AuNPs@collagen 

 The AuNPs@collagen (as illustrated in Fig 19) was synthesized by the reduction 
of HAuCl4 with type I collagen, which acts as a reducing and stabilizing agent. The 
generation mechanism of the negative charge AuNPs was proposed in which type I 
collagen has created reducing species under alkaline treatment (pH 8.5-9) to reduce 
Au3+ to Au0. NaOH acts as a catalyst in the reaction to deprotonate the carboxyl group 
and to protonate the amine groups of type I collagen, which generates higher reducing 
power to produce AuNPs. The formation of the AuNPs@collagen was confirmed by the 
change of the color of solution from yellow to ruby red. Moreover, the type I collagen 
concentrations affect the control of particle size distribution and morphology of the 
AuNPs@collagen. 

 
Figure 19 Preparation and proposed structure of AuNPs@collagen 

4.2.1 Effect of type I collagen concentration 

 The effect of collagen concentrations on the synthesis of AuNPs@collagen was 
studied in the various collagen concentrations (0.1, 0.5, 1, and 2.5 % (w/v)) resulting in 
the color changes of the solution from a yellow solution (AuCl-4) to red, ruby red, 
purple, and blue (Au0), respectively. This is attributed to the oscillation of free 
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electrons induced by an interacting electromagnetic field in AuNPs, which is known as 
the localized surface plasmon resonance (LSPR) [78]. The LSPR at 520 and 650 nm 
corresponded to smaller-sized and larger-sized AuNPs, respectively [79].  

 At concentrations of 0.1, 0.5, 1, and 2.5 % (w/v) of collagen showed the 
maximum absorptions at 526, 525, 530, and 559 nm, respectively (Fig 20a). 0.5 % (w/v) 
of collagen exhibited the highest A650/A520 ratio among all concentrations, which 
presented the highest amount of gold nanoparticles as shown in (Fig 20b) with a narrow 
size distribution and no particle aggregation. It is explained that the amino acids in the 
collagen can reduce AuCl-4 to Au0. Especially, aromatic amino acids are strong reducing 
agents for AuNPs, in which the carboxyl groups scavenge radicals to  
•CH2COOH (or •CH2COO-; a reducing radical). The amine and carboxyl groups of amino 
acids in collagen not only play an important role in the reducing of AuCl-4 but also 
stabilizing the nanoparticle [80].  

 Whereas, 0.1 % (w/v) of collagen concentration showed a weak LSPR intensity 
of AuNPs formations due to the low concentration of collagen and insufficient reducing 
power, while the concentrations higher than 0.5 % (w/v) of collagen showed 
precipitation and the broad peak at the 560 nm due to the entanglement of the 
particles. Therefore, the optimal concentration of the collagen is 0.5 % (w/v). The DLS 
of the optimal concentration condition confirms the average size of 39.73 ±0.02 nm 
with the zeta potential of -32.1 mV. The TEM images of AuNPs@collagen indicate the 
average diameter of 27 nm. Moreover, the concentration of AuNPs@collagen is 6.88 
nM measured by an ICP-AES technique. 
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Figure 20 (a) UV-vis spectra and (b) a plot of the intensity ratio between λmax at 620 
and 520 nm of AuNPs@collagen after synthesis at different concentration. 

Part III: Study of the coating on the surface of AuNPs@collagen using modified 
chitosan 

4.3 The study of the optimal Bi-QCS ratios for layer-by-layer AuNPs@collagen 
coating 

 After successful synthesis of AuNPs@collagen, we coated Bi-QCS on the surface 
of AuNPs@collagen and optimized the conditions to prepare for drug loading. 
Considering the specific case of coating on the surface of AuNPs containing collagen 
and chitosan, it generally found an electrostatic interaction between the negatively 
charged collagen and the positively charged chitosan to form a complex. Moreover, 
the concentrations of the Bi-QCS directly affects the stability of the AuNPs@collagen.  

 In order to investigate the control of the stability and efficiency of Bi-QCS in 
AuNPs@collagen surface covering, the effect of the appropriate concentrations and 
ratios on particle coating was studied as shown in Table 2. The suitable formulations 
were considered based on size and surface charge. Low concentrations of Bi-QCS (T1 
and T2) generate less positive zeta potential (< 20 mV) resulted in the lower stability 
of AuNPs@collagen because of insufficient covering on the surface of AuNPs@collagen. 
This induced the aggregation of the particles. 
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 In contrast, the stability of AuNPs@collagen significantly improved with the 
increasing Bi-QCS concentration due to an increasing coverage on surface of 
AuNPs@collagen. However, 0.75 % (w/v) (T5) Bi-QCS yields a large size of particles 
approximately 273 nm and with > 40 mV of the zeta potential, which may result in 
lower cellular uptake and cytotoxicity. Therefore, this formula (T5) was unsuitable for 
drug delivery. 

 Meanwhile, T3 and T4 had a size range of approximately 70-101 nm. It has 
been reported that the suitable size of nanoparticles for the cancer treatment is 
approximately 50-100 nm because it can fully take advantages of the enhanced 
permeability and retention (EPR) effect in the tumor sites [81] and also avoid capture 
by macrophages in the reticuloendothelial system (RES) [82]. While The zeta value of 
T4 (34.8 mV) is greater than T3 (38.6 mV) (as described in Table 2) indicating a strong 
interparticle electrostatic repulsion between the nanoparticles resulting in a better 
prevention against nanoparticle aggregation. While the difference of the particle sizes 
of T3 and T4 does not significantly impacted the stability of the nanoparticles. 
Therefore, T3 was selected for further experiments. 

Table 2 Effect of the concentrations of Bi-QCS coated on AuNPs@collagen 

 The Bi-QCS coating layer of AuNPs@collagen was confirmed by a slight shift of 
LSPR from 525 nm to 527 nm. Moreover, there is no broad peak at 650 nm, indicating 
no aggregation of AuNPs@collagen as shown in Fig 21. 

Formulations PDI Particle size (nm) 
Zeta potential 

(mV) 
T1 0.38 277.77 ± 25.20 16.8 
T2 0.33 243.10 ± 79.17 18.9 
T3 0.27 101.24 ± 0.91 38.6 
T4 0.39 74.01 ± 28.80 34.8 
T5 0.35 273.13 ± 12.97 44.4 

Data are represented as mean ± SD deviation (n=3). 
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Figure 21 The spectra of AuNPs@collagen and Bi-QCS-AuNPs@collagen 

 The characterization of Bi-QCS-AuNPs@collagen was analyzed by FTIR as shown 
in Fig 22. The FTIR spectra of AuNPs@collagen observed at 1,018 and 1,115 cm-1 
generally described to C-O vibrations from glycosidic side chain from collagen. The 
FTIR spectra of Bi-QCS appeared absorption peak at 1,653 cm-1 (C=O stretching of 
amide I) and 1,390 cm-1 (C-H and O-H bending vibration of amide II). The adsorption of 
Bi-QCS onto AuNPs@collagen surface showed a shift in characteristic peak of Bi-QCs 
polymer to 1,642 cm-1 and 1,418 cm-1, respectively. It indicated the successfully Bi-QCS 
coated onto AuNPs@collagen via the electrostatic interaction of the amine group of 
Bi-QCS and the carboxyl group in collagen on the surface of AuNPs.  
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Figure 22 The FTIR spectrum of (I) AuNPs@collagen, (II) Bi-QCS, and (III) Bi-QCS-
AuNPs@collagen 

4.4 Characterization of Bi-QCS AuNPs@collagen  

 The average particle size of AuNPs@collagen determined by a dynamic light 
scattering technique was 39.75 ± 0.02 nm (PDI: 0.20 ± 0.05), and increased to 101.24 ± 
0.9 nm (PDI: 0.27 ± 0.09) after coated with Bi-QCS (T3 formulation) (as shown in Fig 
23a). The zeta-potential of AuNPs@collagen was -32.1 ± 5.4 and changed to 38.6 ± 
0.12 mV after coating with Bi-QCS (as shown in Fig 23b).  

 The TEM images of AuNPs@collagen indicate the average diameter of 27-30 nm 
approximately (as shown in Fig 23c). After coating Bi-QCS on the surface of 
AuNPs@collagen was observed at approximately 47-52 nm (as shown in Fig 23d). The 
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average thickness of the Bi-QCS shell on the AuNPs@collagen core measured from TEM 
images was 7 nm. The diameters of Bi-QCS-AuNPs@collagen determined by DLS (Fig 
23a) is larger than the average diameter measured TEM by because the DLS technique 
provides the hydrodynamic radius of the nanoparticles in aqueous media, whereas 
TEM is only sensitive to electron-rich particles in a dry state (Kong et al., 2014). 

 

Figure 23 (a) Size distribution from DLS analysis, (b) zeta potential and (c) TEM image 
of AuNPs@collagen and (d) after successfully coating with Bi-QCS. Data are 
represented as mean ± SD deviation (n=3). 

Part IV: Study of the fabrication of 5-Fluorouracil drug loaded Bi-QCS-
AuNPs@collagen and evaluation of its biological activity 

4.5 Synthesis and characterization of 5-FU loaded Bi-QCS-AuNPs@collagen 

 In the previous study, we were successfully prepared Bi-QCS coated surface of 
AuNPs@collagen for the drug loading step. 5-FU-BiQCS-AuNPs@collagen was prepared 
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by the loading of 5-Fluorouracil into BiQCS-AuNPs@collagen. The pH of the solution 
was optimized due to the limited solubility of chitosan at higher pH condition. When 
the pH is above its pKa (6.3), it tends to lose its charge and precipitates due to 
deprotonation of the amino groups. In contrast, 5-FU is negatively charged, and the 
pKa is in a range of 7.0-8.0. Therefore, the condition for loading 5-FU into Bi-QCS-
AuNPs@collagen was selected at pH 6.5-7.0, in which Bi-QCS was still able to dissolve 
in water and precipitation was not found. QCS is one of the water-soluble chitosan 
derivatives. Moreover, QCS also contains many quaternary ammonium groups 
(permanently cationic) [70]. This property make Bi-QCS maintain its charge in this 
condition. Then, the 5-FU loaded Bi-QCS-AuNPs@collagen was analyzed by DLS, Zeta 
potential, and FTIR to confirm the presence of 5-FU. Finally, it was determined the 
encapsulation efficiency of 5-FU by using UV-Vis spectroscopy.  

 The hydrodynamic diameter of the particle was increased from 101.24 ± 0.9 
nm (PDI: 0.27) to 109 ± 0.83 nm (PDI: 0.31) with a narrow PDI value (< 0.3), indicating 
the uniformity of particle sizes. However, the zeta potential decreased from 38.6 ± 
0.12 mV to 25 ± 0.05 mV, which confirmed the loading 5-FU in Bi-QCS-AuNPs@collagen. 
Moreover, the interaction of 5-FU loading to Bi-QCS-AuNPs@collagen was confirmed 
by FTIR. The characteristic peak of 5-FU (as shown in Fig 24) at 1,427 cm-1, which 
corresponds to C-H symmetric deformation on C=C [83]. In addition, the peak at 641 
cm-1 was attributed to the C-H out of plane vibration of CF=OH and the N-H bonding 
appeared at 1,671 cm-1. The spectrum of 5-FU-BiQCS-AuNPs@collagen shifted from 
1,671 cm-1 to 1,633 cm-1. This peak confirmed the bonding of 5-FU on the Au@collagen 
[83]. The ammonium group of the 5-FU associated with carboxyl group on the surface 
Bi-QCS-AuNPs@collagen through electrostatic interactions. Furthermore, the molecular 
arrangement of Bi-QCS and 5-FU was expected to be bonded with H-O-H through 
hydrogen bonding interaction [83]. These results confirmed the attractive forces 
including electrostatic and hydrogen bonding intermolecular interaction.  
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Figure 24 The FTIR spectra of 5-FU loaded Bi-QCS-AuNPs@collagen 

 The 5-FU encapsulation efficiency was compared between the drug 
encapsulation of 5-FU on the particles without polymer coating (AuNPs@collagen) and 
polymer coating (Bi-QCS-AuNPs@collagen). The encapsulation efficiency of  
Bi-QCS-AuNPs@collagen was 87.46 ± 0.21 %, while it was only 64.67 ± 0.46 % in the 
AuNP@collagen (as shown in Fig 25). Thus, Bi-QCS coating on AuNPs@collagen proved 
to increase the drug encapsulation efficiency on the surface AuNPs.  
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Figure 25 The encapsulation efficiency (%) of 5-FU compares with AuNPs@collagen 
and Bi-QCS-AuNPs@collagen. Data are represented as mean ± SD deviation (n=3). 

4.6 In vitro drug release studies 

 5-FU released from Bi-QCS-AuNPs@collagen was studied in the PBS solution at 
pH 7.4 which represents the normal physiological pH, and at pH 5.4 which imitates the 
intracellular vesicles such as endosomes and lysosomes and microenvironment of 
cancer cells. The quantity of 5-FU released from the Bi-QCS-AuNPs@collagen was 
evaluated by using the UV-vis spectra. The free 5-FU solution used as a control was 
released rapidly and completed within 4 h at pH 5.4 and pH 7.4. In contrast, the release 
of 5- FU was slower in the Bi-QCS-AuNPs@collagen than the free 5-FU indicating that 
Bi-QCS-AuNPs@collagen could controlled the release rate of 5-FU.  
5-FU-Bi-QCS-AuNPs@collagen also showed a significantly enhanced 5-FU release rate 
at pH 5.4 comparing to pH 7.4. The cumulative release amount of 5 - FU from Bi-QCS-
AuNPs@collagen at pH 7.4 was 39.6 % within 24 h and 42 % at 48 h, whereas the 
release rate at pH 5.4 was 60 % at 24 h and 71 % at 48 h. After 24 h, the release rates 
were slow down in both pH. (as shown in Fig 26). The chitosan is known to exhibit the 
pH-dependent swelling and controlled drug release properties [84]. At pH 7 . 4 , the 
chitosan is orderly aggregated due to the deprotonation of its amino groups to prevent 
the release of 5-FU from the nanoparticles, while  At pH 5.4, the protonated behavior 
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of the amino groups enables chitosan to dissolve and swell resulting in the release of 
5-FU from Bi-QCS-AuNPs@collagen. The pH sensitive particles are known to be very 
useful for controlled drug release in cancer treatments due to less off-target and low 
adverse drug reactions. 

 

 
Figure 26 In vitro release profile of 5-FU- Bi-QCS-AuNPs@collagen and free 5-FU in PBS 
solution at pH (a) 5.4 and (b) 7.4. Data are represented as mean ± SD deviation (n=3). 

4.7 Biological activities test 

4.7.1 Anti-inflammatory activity 

 The cellular inflammation is involved in vascular tissue in responses to harmful 
stimuli such as damaged cells, irritants, and pathogens. In the pathogenesis of 
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inflammation, the overexpression of different cytokines such as COX-2, inducible nitric 
oxide synthase (iNOS), prostaglandin E2 (PGE2), interferon-grammar (IFN-γ), interleukin 

1-beta (IL-1β) and tumor necrosis factor-alpha (TNF-α), are produced by activated 
macrophages [85]. Lipopolysaccharide (LPS), a well-known component of the cell wall 
of gram-negative bacteria, stimulates the inflammation inside the cell [86]. In this work, 
we studied the anti-inflammatory activity of Bi-QCS-AuNPs@collagen at different 
concentrations. The NO production in the supernatant was measured using Griess 
reagent (as shown in Fig 27). Dexamethasone, an anti-inflammatory drug, was used as 
a positive control (the inhibition was 80.60%). The NO inhibition by Bi-QCS-
AuNPs@collagen at different concentration (0.005, 0.01, 0.02, 0.04, 0.09, 0.18, and 0.35 
nM) indicating the inhibitory efficacy was 8.55, 12.82, 39.97, 43.38, 60.28, 68.63, and 
73.87 %, respectively which significantly exhibiting strong anti-inflammatory activity 
(p<0.05). The anti-inflammatory activity was increasing in  
a concentration-dependent manner. 

 The previous studies have described the anti-inflammatory pathway of the 
collagen. Collagen contains –OH and –NH2 groups, which have the ability to bind to 
nitric oxide radical and lipoxygenase to inhibit produce these substances lipoxygenase. 
Nitric oxide and lipoxygenase play an important role in the synthesis of leukotrienes, 
which are mediators of several allergic and inflammatory conditions [87, 88]. Moreover, 
the high molecular weight chitosan has reported inhibiting the production of pro-

inflammatory cytokines (TNF-α and IL‐1 ) in human astrocytoma cells [89]. Apart from 
chitosan and collagen, gold nanoparticles (GNPs) also have presented antiinflammatory 
activity. The GNPs dose at 1,500 mg/kg exhibited a 49% reduction in leukocyte 
migration, which attested to the activation of a cellular  
anti-inflammatory response. These findings were also confirmed by the reduction of 
proinflammatory cytokines IL-1 beta and TNF-alpha [90].  
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Figure 27 Effect of dexamethasone (Dexa) and the concentrations of Bi-QCS-
AuNPs@collagen on NO production in RAW 264.7 cells induced by LPS. Data are 
represented as mean ± SD deviation (n=3). The asterisk (*) indicates a significant 
difference (p<0.05) compare with Dexa. 

4.7.2 In vitro cytotoxicity assay of Bi-QCS-AuNPs@collagen and anti-cancer 
property of 5-FU-Bi-QCS-AuNPs@collagen 

 In order to examine the safety of Bi-QCS-AuNPs@collagen, the MTT assay was 
performed in fibroblast cells. The cytotoxicity of Bi-QCS-AuNPs@collagen in fibroblasts 
has proportionally increased based on the concentrations of the particle. The cell is 
likely to tolerate well at the concentrations ranging from 0.005 nM to 0.175 nM. The 
fibroblast cell viability is approximately 73.14% at 0.175 nM as shown in Fig 28, This 
assay proved that Bi-QCS-AuNPs@collagen in this range is safe to use.  Therefore, the 
Bi-QCS-AuNPs@collagen at a 0.175 nM was used for loading 5-FU.  
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Figure 28 Effect of the concentrations of Bi-QCS-AuNPs@collagen on the fibroblast 
cell viability. 

 Next, the anticancer activities of 5-FU loaded Bi-QCS-AuNPs@collagen and free 
5-FU were examined against cervical cancer (HeLa) and lung cancer (A549) using the 
MTT assay. The percent cell viability of HeLa and A549 after treatment with  
5-FU-Bi-QCS-AuNPs@collagen was shown in Fig 29a and 29b. The IC50 of 5-FU-Bi-QCS-
AuNPs@collagen against HeLa cells was 262.68 ± 5.79 µM compared to free 5-FU 
(902.86 ± 10.77 µM). Likewise, the IC50 of 5-FU-Bi-QCS-AuNPs@collagen against A549 
cells was 76.73 ± 3.8 µM compared to free 5-FU (478.64 ± 13.56 µM) as shown in Fig 
29c. Therefore, it was concluded that the 5-FU loaded Bi-QCS-AuNPs@collagen 
significantly enhanced the anticancer activity of 5-FU toward HeLa and A549 cells up 
to 3.4-fold and 6.2-fold, respectively, compared to free 5-FU (p < 0.05).  
The enhancement of cancer inhibition results from the increase of intracellular uptake 
of 5-FU facilitated by the Bi-QCS-AuNPs@collagen. Positive charges (Quat188) in the 
modification of chitosan and the target molecule (biotin) play the critical role in 
delivering 5-FU into the cancer cells. Quat188 can enhance the electrostatic 
interactions with the negative charge of the cell membrane and the biotin can increase 
the cellular uptake by the biotin receptor-mediated endocytosis on the surface of 
cancer cells (Muddineti et al., 2015). After  5 - FU reaches the target cells,  
it exerts the anticancer effects through the inhibition of thymidylate synthase and the 
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incorporation of its active metabolites into RNA and DNA strands, which leads to 
apoptosis of the cancer cell [91].Consequently, Bi-QCS-AuNPs@collagen as nanocarriers 
is suitable for cancer treatments due to the increased efficacy and safety of anti-cancer 
drug delivery systems. 

 

Figure 29 The cell viability of 5-FU and 5-FU-Bi-QCS-AuNPs@collagen in (a) HeLa and 
(b) A549 cell lines. (c) The IC50 values of 5-FU and 5-FU-Bi-QCS-AuNPs@collagen in 
HeLa and A549 cell lines.  
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CHAPTER V 
CONCLUSION 

 In this work, a novel modified chitosan/collagen biopolymer is used as  
a component for gold nanoparticle synthesis, stabilizer, and drug encapsulation 
enhancer. The collagen was used to synthesize gold nanoparticles through  
a reduction reaction, and the gold nanoparticle outer layer was coated with modified 
chitosan containing biotin molecules. Biotin as a target ligand exhibits targeting ability 
in cancer cells with overexpressed biotin receptors on the surface of cancer cells, 
especially lung cancer, and cervical cancer. The biocompatible chitosan/collagen gold 
nanoparticles clearly promoted tumor cell-targeting, prolong drug release, and have 
low cytotoxicity to normal cells in vitro. The physicochemical characters of the Biotin-
Quat188-chitosan-AuNPs@collagen (Bi-QCS-AuNPs@collagen) were analyzed by 
ultraviolet–visible spectrophotometry (UV-vis), fourier-transform infrared spectroscopy 
(FTIR), transmission electron microscopy (TEM), dynamic light scattering (DLS), and zeta 
potential techniques. The average size of AuNPs@collagen particle was increased from 
30 nm to 50 nm after coating with Bi-QCS. Moreover, the zeta potential of the 
nanoparticles was oppositely changed from -32.1 mV (uncoated) to 38.6 mV (coated 
with Bi-QCS), which confirmed the successful Bi-QCS coating of the nanoparticles. The 
encapsulation efficiency of 5-FU, determined by UV-vis spectrophotometry, was 
dramatically increased from 64.67% to 87.46% after the AuNPs@collagen were coated 
by the Bi-QCS due to strong electrostatic interactions and hydrogen bonding.  It was 
also that Bi-QCS-AuNPS@collagen was a pH-sensitive nanoparticle, which could 
prevent premature release in a normal physiological pH but rapidly release the drug 
in an acidic condition in the tumor microenvironment.  

  Furthermore, the biological activities of Bi-QCS-AuNPs@collagen were studies. 
The Bi-QCS-AuNPs@collagen presented a significantly higher anti-inflammatory activity 
in RAW 264.7 macrophage cell line. The IC50 of the 5-FU-Bi-QCS-AuNPs@collagen was 
also evaluated in cervical (HeLa) and lung (A549) cancer cell lines. The Bi-QCS-
AuNPs@collagen enhanced the activity of 5-FU approximately  
3.3-fold and 6.2-fold in Hela and A549 cells respectively, compared with the free  
5-Fluorouracil. According to these results, it was very promising that Bi-QCS-
AuNPs@collagen could be translated to clinical applications for cancer treatments. 
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