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    CHAPTER I 

1. INTRODUCTION 

 

1.1 Background/Problem 

Gold nanoparticles (AuNPs) are currently one of the most promising research 

fields due to their unique properties such as large surface area and high dispersion, 

catalytic, optical, magnetic, electrical properties, biocompatibility, and non-toxicity 

(Yiing Yee, Periasamy, and Abd Malek, 2014). They have been gaining more interest 

and increasingly applied in many areas, especially in medicine and biology such as, 

biosensor, immune-analysis, detection and photo-thermolysis of microorganisms and 

cancer cells, optical bio-imaging, and drug delivery (Dykman and Khlebtsov, 2011). 

In general, nanoparticles can be synthesized by using chemical or biological 

methods. Manufacturing processes in the chemical synthesis method can create some 

wastes containing toxic chemicals which are hazardous to people and the environment. 

In contrast, biological or green synthesis method which is a non-toxic, economical and 

environmentally friendly method is a better alternative method for AuNPs synthesis. 

Biosynthesis using plants has been successfully proven that it can be used to produce 

AuNPs.  Green synthesis of AuNPs has been reported since the early 1900s (Mittal, 

Chisti, and Banerjee, 2013). Some bioorganic compounds from plants such as 

flavonoids, terpenoids, proteins, reducing sugars and alkaloids can be used as either 

reducing or capping agents during the formation of nanoparticles. The concentration of 
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these phyto-chemical compounds is critical in the shape and size directing process 

(Zhou et al., 2010). Crude extracts from several plants have been reported to be used as 

reducing agents in synthesis of AuNPs. In this study, green synthesis method was used 

to produce AuNPs using rhizomes of Curcuma xanthorrhiza, a spice plant grown in 

Indonesia. The characterization of the synthesized AuNPs were performed by UV-

visible spectroscopy, X-ray diffraction (XRD), scanning electron microscope (SEM), 

Fourier transform infrared spectroscopy (FTIR), particle size analysis, energy 

dispersive X-ray fluorescence (EDXRF) and transmission electron microscope (TEM). 

It has been reported that both AuNPs and AuNPs conjugated with antibiotics 

potentially improve bioavailability and increase target specificity of antibacterial agents 

(Mocan, 2013). AuNPs capped with dextrose produced bacteriostatic and bactericidal 

activities against both Gram-positive and Gram-negative bacteria. It was concluded that 

the efficiency of antibacterial activity was directly proportional to the increase in size 

of AuNPs (Badwaik et al., 2012). From disc diffusion method, the efficiency of 

antibiotic conjugated AuNPs gave higher inhibitory zone when compared to free 

antibiotics against all the three strains of Escherichia coli, Micrococcus luteus and 

Staphylococcus aureus (Saha et al., 2007). Moreover, polygonal AuNPs attached with 

vancomycin were generated and tested which showed that it effectively inhibited 

growth of pathogenic bacteria, including Gram-positive bacteria, Gram-negative 

bacteria and antibiotic-resistant bacteria, after illuminating with NIR light (Huang, 

Tsai, and Chen, 2007). Taken together, in this work antibacterial activity of AuNPs 

generated using rhizomes extract of C. xanthorrhiza was investigated in Gram-positive 

bacteria and Gram-negative bacteria. 
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Currently, organic dyes that widely used in textile and dyestuff industries for 

esthetic purposes has been a major concern as severe environmental pollution due to 

their undesirable effect to human and recalcitrance to treat. Because of their stability 

and complex atomic structure, the conventional techniques such as flocculation, 

membrane separation and ultrafiltration are not effective to decolorize or degrade these 

dyes. It has been reported that gold nanoparticle can be used as catalytic agents for 

degradation of some organic dyes (Joseph and Mathew, 2015). Therefore, in the present 

study, an evaluation of the catalytic potential of the synthesized AuNPs using C. 

xanthorrhiza to reduce the very toxic and non-biodegradable diazo dye Congo red in 

the presence of sodium borohydride (NaBH4) was carried out.  

With rapidly increasing applications of AuNPs in medicine such as bio-sensing, 

bio-imaging, catalysis, drug and gene delivery and photothermal-chemotherapy, 

researchers have highly concerned about their potential toxicities. However, in vitro 

toxicity study, the toxicity caused by AuNPs is still under debate due to the ambiguity 

in the studies undertaken to determine its safety (Shah et al., 2014). Some studies 

reported that AuNPs were non-toxic. Based on MTT assay, gold nanospheres capped 

with citrate, cysteine, glucose, biotin, and cetyltrimethyl-ammonium bromide (diameter 

of 4, 12, and 18 nm) were found to be non-toxic to human leukemia cells (Connor, 

Mwamuka, Gole, Murphy, and Wyatt, 2005). Similarly, AuNPs with the size of 3.5 nm 

in diameter that entered RAW 264.7 macrophage cells by endocytosis reduced the level 

of reactive oxygen species but did not induce any toxicity to the cells (Shukla et al., 

2005). It was also found that citrate-capped AuNPs (10 nm in diameter) on dendritic 

cells could cause non-cytotoxicity, did not induce activation, and did not change the 

phenotype of the cells (Villiers, Freitas, Couderc, Villiers, and Marche, 2010). 
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However, other studies controversially reported that AuNPs are toxic. Both AuNPs and 

citrate-capped AuNPs have been reported that at the same dose, they were toxic to a 

human carcinoma lung cell line but not to human liver carcinoma cell line (Alkilany 

and Murphy, 2010). Moreover, gold nanospheres (1.4 nm diameter) was shown to cause 

mitochondrial damage, trigger necrosis, and induce an oxidative stress on HeLa cell 

lines (Pan et al., 2009). To assure that green biosynthesis of AuNPs using C. 

xanthorrhiza from this study is biocompatible, in vitro toxicity test was conducted in 

HepG2 (liver hepatocellular carcinoma), 4T1 breast cancer, and Human Dermal 

Fibroblast, adult (HDFa) cells.  

In the past, in vitro and in vivo adverse effects of AuNPs from different types of 

synthesis have been intensively investigated (Khlebtsov and Dykman, 2011). Studies 

of biodistribution, accumulation and disposal in animals have also been reported 

(Lasagna-Reeves et al., 2010). However, data of toxicity on zebrafish development is 

quite limited. So the acute toxicity test of green synthesized gold nanoparticles in 

zebrafish embryos was included in the present study as well. 

Herein, C. xanthorrhiza rhizomes were proven to be a good candidate for the 

biosynthesis of AuNPs. Biocompatibility of AuNPs, which is necessary for utilization 

in biomedical applications, such as catalytic agent, was confirmed to assure the safety 

of this green synthetic AuNPs product. This study provided additional evidence to 

support utilization of C. xanthorrhiza, a wide available Indonesian medicinal plant, 

with low cost and ease of AuNP biosynthesis. 
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1.2 Research objectives 

1.2.1 To synthesize and characterize AuNPs using C. xanthorrhiza rhizomes.  

1.2.2 To examine catalytic activity 

1.2.3 To examine antibacterial activity of AuNPs 

1.2.4 To determine their cytotoxicity and effects on the animal development in  

embryo of zebrafish. 

 

1.3 Research hypothesis 

The extract of C. xanthorrhiza rhizomes can be used to synthesize biocompatible 

AuNPs which possesses catalytic activity for degradation azo dye of Congo red and 

produces antibacterial effects against the tested bacteria. 

 

1.4 Scope and limitation of the study  

In this work, AuNPs were synthesized using C. xanthorrhiza and characterized. 

Their toxicity, catalytic and antimicrobial activity were evaluated. Catalytic activity 

was tested with only one dye, whereas antimicrobial effect was conducted with 4 

species of bacteria. Three cell lines, Human hepatoma HepG2, 4T1 breast cancer and 

fibroblast cells, were used for in vitro toxicity test, while zebrafish was used for in vivo 

toxicity test. 

 



 

CHAPTER II 

2. LITERATURE REVIEW 

 

2.1 Study of AuNPs 

Gold have been used in medicine at least several thousand years ago. Colloidal 

gold was studied and used in alchemist laboratories during the Middle Ages in Europe. 

To date nanotechnology is the trending topic in all fields of scientific interest in the 

entire world and have already become key R and D (research and development) 

especially in Europe and North America (Aguar Fernandez and Hullmann, 2007). This 

is also evidenced by the exponential growth of research articles in the area of 

nanotechnology since 2001 to 2012 (Figure 2.1) (Shah et al., 2014). 

Many applications of AuNPs have been developed such as drug delivery, catalysis, 

biosensing, imaging, etc. Gold nanoparticles have potential in drug delivery as well. 

Previous study demonstrated nitric oxide and singlet oxygen can be released by AuNPs. 

AuNPs also have ability in delivering large biomolecules such as peptides, proteins, or 

nucleic acids (Ghosh, Han, De, Kim, and Rotello, 2008).  

AuNPs have been also found to act as a catalyst. They can catalyze selective 

reaction at low temperature but depend on the size and shape of AuNPs. AuNPs with 

diameters of about 5 or lower can be very effective catalysts (Hvolbæk et al., 2007). 

Because the small size of AuNPs increases the surface area, the catalytic active sites on 

the metal surface are readily available to incoming reagents (Prasad, Stoeva, Sorensen, 

Zaikovski, and Klabunde, 2003) 
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Figure 2.1 The number of articles published on nanoparticles since 2001-2012 (Shah 

et al., 2014). 

 

For the application in biosensor, AuNPs can be used as a detector in chemical and 

biological samples. In chemical sample, AuNPs can be used to detect toxic ion (such 

as arsenic, mercury, antimony and chromium), carbon monoxide, nitric oxide, 

hydrazine, and various pesticides. Pesticides in drinking water at low concentration can 

also be detect by salt-induced aggregation of AuNPs (Gan and Li, 2012). In biological 

samples, it can be used to detect immunoglobulins, biomarker for cancer, small organic 

molecules, oligonucleotide, and proteins (Saha, Agasti, Kim, Li, and Rotello, 2012). 

AuNPs have been used for “First Response” kit in Carter-Wallace home pregnancy to 

detect hormone of pregnant women, by mixing the latex microparticles and AuNPs 

derivatized with a hormone released by pregnant women, causing the micro- and 
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nanoparticles coagulated in pink-colored clumps (Gan and Li, 2012). AuNPs also 

capable to detect DNA by modification of AuNPs with ss-DNA probes and introduced 

into a solution containing target ss-DNA. Then the particles will be aggregated when 

the target DNA contains the complementary base sequence to the probes resulting in 

color change of the colloidal solution (Nguyen, Kim, and Kim, 2011).  

The high biocompatibility and versatile surface properties of AuNPs allow them to 

be used in modern imaging technique in medical imaging such as ultrasound (US), 

magnetic resonance imaging (MRI), computed tomography (CT), positron emission 

tomography (PET), PET/CT, and PET-MRI. CT imaging was used to detect tumor in a 

mouse model by intravenously injection of AuNPs, and after 4 h post injection the 

tumor was visible up by found most particles accumulated in the liver and bladder 

(Mahan and Doiron, 2018).  

With the growing interest in the applications of AuNPs, the potential toxicity of 

AuNPs appears to be multi-faceted and difficult to predict. Previous study confirmed 

that generally AuNPs are non-toxic  (Fratoddi, Venditti, Cametti, and Russo, 2015). 

Similarly, when AuNPs tested in the aquatic organisms, such as Scenedesmus. 

subspicatus, Daphnia magna and Brachydanio rerio. The results showed that no 

mortality was observed at the concentration of 9.6 nM (≈100 mg/l) in the Daphnia test, 

at 1.9 nM (≈20 mg/l) in the fish test, and at 0.96 nM (≈10 mg/l) in the algae test (García-

Cambero et al., 2013).  

 

2.2 Method for AuNPs synthesis 

Principally AuNPs can be synthesized by two techniques: “bottom-up” and “top-

down” (Figure 2.2). Bottom-up technique is a technique which formation of AuNPs 
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originates from individual molecules (Zhao, Li, and Astruc, 2013). This method 

consists of templating (Hall, Shenton, Engelhardt, and Mann, 2001), sonochemical 

(Okitsu, Ashokkumar, and Grieser, 2005), thermal reduction techniques (Magnusson, 

Deppert, Malm, Bovin, and Samuelson, 1999), and nanosphere lithography, chemical, 

photochemical, electrochemical (Pileni, 1997). Whereas, top-down technique, a bulk 

state Au is systematically broken down to generate AuNPs of desired dimensions. 

Photolithography (Sun et al., 2006), and electron beam lithography belong to this kind 

techniques (Schaal et al., 2012). Each method has their own drawbacks. Top-down 

approaches are generally quite expensive and resource-consuming. On the other hand, 

the bottom-up techniques are generally cheaper and better fit for large scale 

applications. Some of the more commonly used techniques in bottom up method for 

making AuNPs are discussed in the following sections. 

 

Figure 2.2 Technique for synthesis of nanoparticles (Ahmed, Annu, Ikram, and Yudha 

S, 2016).  
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2.2.1 Turkevich method 

The Turkevich method was first described by J. Turkevich et al. in 1951. The 

principle of this method is reduction of gold ions (Au3+) to gold atoms (Au0) which 

needs reducing agents like citrate, amino acids, ascorbic acid or UV light (Shah et al., 

2014). Figure 2.3 is an example of the synthesis mechanism of gold nanoparticles using 

citrate reduction method according to Turkevich method. The AuNPs formation 

observed experimentally at different reaction conditions can be interpreted as a four 

step. The initial stage is nucleation step, a rapid formation of nuclei (step a in Figure 

2.3) followed by coalescence of the nuclei into bigger particles (step b in Figure 2.3). 

The third step consists of slow diffusion growth of particles sustained by ongoing 

reduction of gold precursor as well as a further coalescence (step c in Figure 2.3). 

Following that, particles grow rapidly to their final size which imposed by complete 

consumption of the precursor species (step d in Figure 2.3). 

 

 

Figure 2.3 Illustration of the synthesis mechanism of AuNPs using citrate reduction 

method according to Turkevich method (Shah et al., 2014). 
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2.2.2 Brust method 

Brust method was established by Brust and Schiffrin in 1994. Figure 2.4 is the 

synthetic steps involved in the Brust synthesis of gold nanoparticles. Briefly, HAuCl4 

is transferred to an organic phase (usually toluene) through tetraoctyl ammonium 

bromide (TOAB). The Au3+ to Au0 reduction is performed by adding an aqueous 

solution of NaBH4 to the same reaction mixture, resulting in a color change of the 

reaction from orange to brown (Shah et al., 2014). 

 

 

Figure 2.4 The synthetic steps involved in the Brust synthesis of AuNPs (Shah et al., 

2014). 
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2.2.3 Seeded growth method 

Seeded growth method is described in Figure 2.5. Basically, the principle of 

this method is to first produce seed particles by reducing HAuCl4 with a strong reducing 

agent (e.g sodium borohydride). In the second step, the seed particles are added to a 

solution of metal salt in presence of a weak reducing agent like ascorbic acid and 

structure directing agent to prevent further nucleation, thus resulting accelerate the 

anisotropic growth of AuNPs (Zhao et al., 2013). 

 

 

Figure 2.5 Scheme of seeded growth method for synthesizing AuNPs (Sharma et al., 

2015). 

 

2.2.4 Biological synthesis by plant constituents 

Synthesis of metallic nanoparticles using plant constituents has been shown to 

produce nanoparticles with shapes and sizes that are comparable with those produced 



13 

 

 

through chemical and physical methods (Parsons, peralta-videa, and Gardea-Torresdey, 

2007). Various bio-components from plants such as flavonoids, phytosterols, quinones 

etc. are required in synthesis of AuNPs as they possess functional groups which 

catalyze the reduction and stabilization of AuNPs (Shah et al., 2014). 

Figure 2.6 shows the scheme of biological synthesis by plant constituents. The 

procedure is simple by mixing plant constituents with HAuCl4 salts for definite amount 

of time. This process does not require to add external stabilizing/capping agents, 

because phytochemicals itself acts as reducing as well as stabilizing agents (Ahmed, 

Annu, Ikram, and Yudha S, 2016). In this method, pH, temperature, reaction time and 

dosage of biomass are important factors that have a relationship with the size and shape 

of nanoparticles (Gan and Li, 2012). Some studies of AuNPs synthesis using plants is 

summarized in Table 2.1. 

2.2.5 Synthesis method using microorganisms 

Biosynthesis of AuNPs also can be produced by using microorganisms such 

as bacteria (Klaus-Joerger, Joerger, Olsson, and Granqvist, 2001), fungi (Sastry, 

Ahmad, Islam Khan, and Kumar, 2003), and yeast (Pimprikar, Joshi, Kumar, Zinjarde, 

and Kulkarni, 2009). AuNPs can be produced using this method by two ways, namely, 

extracellular and intracellular productions. For the extracellular production, Au3+ is 

reduced by the cell wall reducing enzymes or soluble secreted enzymes.  While, the 

reduction of intracellular production occurs inside the cell. Microbial cells are isolated 

and purified using various techniques which are then treated with gold salts to obtain 

AuNPs (Zhao et al., 2013). 
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Figure 2.6 Biological synthesis by plant constituents (Monaliben Shah, Fawcett, 

Sharma, Tripathy, and Poinern, 2015). 

 

2.2.6 Synthesis method using bio-molecules  

Bio-molecules are defined as molecules produced by living organisms that 

have biological functions in the body. Amino acids, nucleic acids, carbohydrates and 

lipids are member of bio-molecules, that possess hydroxyl and carbonyl functional 

groups which can reduce Au3+ ions to Au0 neutral atoms. Au0 are then capped to form 

stabilized AuNPs (Shah et al., 2014). 
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Table 2.1 Biosynthesis of AuNPs by using extract from part of plant. 

No. Plant as bioreductant Shape  Size (nm)  

1 

 

2 

3 

4  

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Cymbopogon citrates 

 

Syzygium cumin 

Abelmoschus esculentus 

Trianthema decandra L 

Cassia auriculata 

Stevia rebaudiana 

Grape waste 

Hovenia dulci 

Barbated Skullcup 

Psidium guajava 

Syzygium aromaticum 

Banana peel extract 

Mentha piperita 

Maduca longifolia 

Solanum torvum 

Dysosma pleiantha 

Gymnema sylvestre R. Br 

Tagetes patula 

Palm oil mill effluent 

Stevia rebaudiana 

Spherical, triangular, hexagonal, 

and rod shapes 

Spherical  

Spherical 

Spherical, cubical and hexagonal 

Triangular and spherical 

Spherical 

Spherical 

Spherical and hexagonal 

Spherical 

Spherical 

Irregular 

        - 

Spherical 

Triangular 

Spherical 

Spherical 

Spherical 

Spherical 

Spherical 

Spherical 

20-50  

 

10-15  

45-75  

37.7-79.9  

15-25  

2 and 50 

20-25 

20 

5-30 

4-24 

5-100 

300 

90 

Variable 

1-100 

127 

50 

45 

18.75 ± 5.96 

5-20 

Source: (Shah et al., 2014). 
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2.3 Biosynthesis mechanism of metal nanoparticles 

The mechanism for the metal nanoparticles formation is shown schematically in 

Figure 2.7, where a three-step process has been determined. The first step of the process 

is the activation phase, which is the reduction of metal ions and nucleation of the 

reduced metal atoms occur. The following step is the growth phase, which is the small 

adjacent nanoparticles spontaneously coalesce into particles of a larger size (direct 

formation of nanoparticles by means of heterogeneous nucleation and growth, and 

further metal ion reduction; a process referred to as Ostwald ripening); and the last is 

the process termination phase determining the final shape of the nanoparticles. 

 

 

Figure 2.7 Mechanism of metal nanoparticle synthesis in plants (Makarov et al., 2014). 
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2.4 Curcuma xanthorrhiza  

C. xanthorrhiza (Figure 2.8), which was used as reducing agent to synthesize 

AuNPs in this study, is a member of Zingiberaceae that originate from Indonesia. It is 

an herb plant with height more than 1 m and less than 2 m. Its flower is yellow; rhizomes 

are reddish brown, dark yellow or dark green and branched. The rhizomes of C. 

xanthorrhiza comprise volatile oil, saponin, flavonoid and tannin. The major 

components of its rhizomes are starch (48.18-59.64%), fiber (2.58-4.83%), volatile oil 

(1.481.63%) (such as phelandren, camphor, tumerol, sineol, borneol, and xanthorrhizol, 

and curcuminoids such as curcumine and desmetoxicurcumine (1.6-2.2%) 

(Mangunwardoyo, 2012). Curcumin is commonly used as flavoring and coloring agent, 

food preservative, and a spice (Bhawana, Basniwal, Buttar, Jain, and Jain, 2011). In 

Indonesia, this plant is used as supplement health or as traditional medicine for many 

diseases such as hepatitis, liver complaints, diabetes, rheumatism, anticancer, 

hypertension, and heart disorders (Salleh, Ismail, and Ab Halim, 2016). The main active 

ingredient curcumin is soluble in ethanol, alkalis, ketone, acetic acid and chloroform; 

but is insoluble in water (Araujo and Leon, 2001). Chemically, curcumin is 

a diarylheptanoid (terpenoids) which is also found in Curcuma manga. It has been 

reported that it is responsible for reducing the Au3+ to Au0. The reduction of Au3+ to 

Au0 induces the formation of nuclei, and then these nuclei coalesce and contribute to 

the growth of AuNPs. Another terpenoids with carboxylic groups such as Longpene A, 

Coronadiene, and Zerumin A can bind to AuNP surfaces and act as a stabilizing agent 

(Foo, Periasamy, Kiew, Kumar, and Malek, 2017). 

https://en.wikipedia.org/wiki/Diarylheptanoid
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Scientific classification of  

C. xanthorrhiza: 

Kingdom : Plantae 

Clade  : Angiosperms  

Order  : Zingiberales 

Family  : Zingiberaceae 

Genus   : Curcuma 

Species  : C. xanthorrhiza 

Figure 2.8 C. xanthorrhiza rhizomes. 

 

2.5 Cytotoxicity effect of AuNPs  

Several studies have been reported the effects of AuNPs (capped or uncapped) on 

the cells. Effects of nanoparticles on a cellular level can occur by interacting with 

membrane, mitochondria or nucleus causing organelle or DNA damage, oxidative 

stress, apoptosis (programmed cell death), mutagenesis, and protein up/down regulation 

(Alkilany and Murphy, 2010). 

AuNPs capped with either sodium citrate or polyamidoamine dendrimers have 

been shown to exhibit in vitro genotoxicity and cytotoxicity even at very low 

concentrations. Peripheral blood mononuclear cells appear to be less sensitive to DNA 

damage toxicity effects than cancer HepG2 cells upon exposure to AuNPs (Paino, 

Marangoni, de Oliveira Rde, Antunes, and Zucolotto, 2012). Similar results were 

obtained on the biosynthesis of AuNPs using the seed coat of Cajanus cajan which led 

to HepG2 cell apoptosis with spherical shapes of AuNPs having the size of 9 to 41 nm 
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in diameter (Ashokkumar et al., 2014). Uncapped AuNPs with nano-rod structure and 

average particle size at 10-40 nm induced cell death (human normal lung fibroblast, 

mouse embryonic fibroblast and African green monkey kidney cells) at various dose 

(Chueh, Liang, Lee, Zeng, and Chuang, 2014). In contrast to these results, another study 

explained that AuNPs coatings with citrate and 11-mercaptoundecanoic acid did not 

induce significant cytotoxicity in human liver HepG2 cells (Fraga et al., 2013).  

As described above, toxicity reports of gold nanoparticle are controversial. It has 

been suggested that cytotoxicity effect of AuNPs depend on the dose or size of AuNPs. 

The study of cytotoxic effects of AuNPs in six of mammalian cell lines induces a dose-

dependent suppression of cell growth with different levels of severity and the 

suppressive effect of AuNPs was indirectly associated with their sizes and cellular 

uptake (Chuang et al., 2013). Similarly, the small particle size of AuNPs (5 nm 

diameter) were more toxic to human neural precursor cells compared to large particle 

size (100 nm diameter) (Lee, Yoo, Kim, and Yoo, 2016). 

It has been demonstrated that the extracellular synthesized AuNPs using culture 

supernatant of Enterococcus sp. increased cytotoxicity activity against HepG2 and lung 

cancer (A549) cells in concentration-dependent manner (Rajeshkumar, 2016). 

Moreover, by using colony forming efficiency assay, the effect of AuNPs on Balb/3T3 

mouse fibroblasts was found to be toxic only with 5 nm diameter of AuNPs, while no 

cytotoxic effects were seen in the cells exposed to 15 nm size of AuNPs for 72 h at 

concentration higher than 50 μM (Coradeghini et al., 2013). A study using green 

synthesis method by Areca catechu nut found that the synthesized AuNPs caused 66% 

death of HeLa cells at 100 μg/ml (Rajan, Vilas, and Philip, 2015). Nevertheless, other 
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reports explained that AuNPs were not toxic to any of the cells. For example, AuNPs 

were not toxic to Balb/c 3T3 fibroblasts, NR8383 macrophages, and U937 monocytes 

with particle size 13 ± 1 nm and the concentrations up to 6.0 μg/ml (Mannerstrom, Zou, 

Toimela, Pyykko, and Heinonen, 2016). Similarly, gallic acid capped AuNPs were not 

lethal to the mouse embryonic fibroblasts cells at 100 ppm (Kim, Kim, Shinde, Sung, 

and Ghodake, 2017). Therefore, toxicity of gold nanoparticle remains unclear and needs 

further investigation. 

 

2.6 Zebrafish model 

Zebrafish is becoming popular in the field of toxicology and biomedical research, 

due to their small size, very high reproducibility (Chakraborty, Sharma, Sharma, and 

Lee, 2016), quick development (Truong, Saili, Miller, Hutchison, and Tanguay, 2012), 

and transparency of the embryo (Ganeshkumar et al., 2012). On the other hand, 

zebrafish is a complete animal model to examine the nanoparticles toxicity because the 

organs system such as cardiovascular, nervous and digestive systems of this model 

animal are like mammal (Chakraborty et al., 2016). 

Zebrafish has four stages of development as demonstrated in Figure 2.9. The initial 

stage is an embryo growth from the one-cell stage (0 h post-fertilization) to the mid-

somitogenesis stage (∼18  h post-fertilization). In this state, the trunk musculature can 

be clearly seen in the “chevron-shaped” somites. The following stage is the most axial 

patterning (head, trunk, and tail) which is completed in 24 h. The third stage is the 

larvae which occurs during day 2 of development, and the larvae start to take food on 

day 5. Then, after 3 weeks of development, some metamorphosis takes place, including 
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thickening of the skin, development of scales and sex differentiation, and the larvae 

completed to be an adult (Pyati, Look, and Hammerschmidt, 2007).  

 

 

Figure 2.9 Zebrafish life cycle (Pyati et al., 2007). 

 

As performing toxicity experiments on human are ethical problems, biomedical 

research to study drug toxicity has mostly conducted in small mammal model, usually 

rats and mice, because many biologic processes between humans and lower vertebrates 

are relatively conserved. Although these models have significant advantages, they are 

also expensive to maintain and difficult to manipulate embryonically. The zebrafish 

model is chosen to test the developmental toxicity of AuNPs in this study instead. 
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2.7 Antibacterial activity of AuNPs 

2.7.1 Antibacterial studies of AuNPs  

Many reports demonstrated that AuNPs exhibited antibacterial effects against 

several pathogen bacteria, such as S. aureus, Bacillus subtilis, B. cereus, E. coli, 

Pseudomonas aeruginosa, Proteus vulgaris, however, some studies showed no 

antibacterial activity. Several studies on antibacterial activity of AuNPs have been 

published, where some of them are summarized in Table 2.2. 

2.7.2 The mechanism of nanoparticles toxicity against bacteria 

The specific mechanism of nanoparticles toxicity against bacteria are not 

understood completely. Some study explained that nanoparticles can attach to the 

membrane of the bacteria by electrostatic interaction and disrupt the integrity of the 

bacterial membrane. However, the mechanism of nanoparticles toxicity depends on 

composition, surface modification, intrinsic properties and the bacterial species 

(Hajipour et al., 2012). Figure 2.10 describes possible mechanism of bactericidal action 

of AuNPs on E. coli. 

 

 

Figure 2.10 The bactericidal illustration of AuNPs on E. coli (Cui et al., 2012). 
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Table 2.2 Antibacterial agents of biosynthesis of AuNPs. 

Bacteria species 

Size of 

AuNPs 

(nm) 

Bio-

reduction 
The effect Reference 

E. coli and B. subtilis 40 Rhazya 

stricta decne 

against E. coli and B. subtilis at 

25 μg/ml and 50 μg/ml, 

respectively.  

(Ahmad et 

al., 2017). 

 

  

S. aureus and P. 

aeruginosa. 

 

16 

 

Ananas 

comosus 

 

against S. aureus and P. 

aeruginosa at the concentration 

of 50 μg/ml. 

 

(Bindhu and 

Umadevi, 

2014). 

 

P. aeruginosa. 

 

7-20 

 

Actinidia 

deliciosa 

fruit  

 

damaging the cell membrane of 

P. aeruginosa at 1.0 mM of 

AuNPs. 

 

(Naraginti 

and Li, 

2017). 

 

Pseudomonas 

syringae, E. coli, and 

Shigella sonnei. 

 

20-30 

 

Trichoderma 

viride  

 

inhibit the growth up to 53%, 

47%, and 55% at concentration 

500 mg/l for E. coli, S. sonnei 

and P. syringae, respectively. 

 

 

(Mishra et 

al., 2014). 

S. aureus, B. subtilis, 

B. cereus, E. coli, P. 

aeruginosa and 

Proteus vulgaris. 

7.9-2.6 Dracoce-

phalum 

kotschyi leaf 

no antibacterial activity. (Dorosti and 

Jamshidi, 

2016). 

 

B. subtilis and E. coli. 

 

20 

 

Gloriosa 

superba leaf 

 

AuNPs did not showed toxicity. 

 

(K. Gopinath 

et al., 2016). 

 

S. aureus and E. coli. 

 

5-25  

 

Parkia 

roxburghii  

leaf 

 

antibacterial activity against 

both types of bacteria at 1.0 mM 

of AuNPs. 

 

(Paul, 

Bhuyan, 

Purkayastha, 

and Dhar, 

2016). 

 

Shigella flexneri, 

Proteus mirabilis, B. 

cereus and B. subtilis. 

16-20 hydroxy 

ethyl starch 

and methy-

lacrylate 

no effect on S. flexneri and P. 

mirabilis, but inhibited B. cereus 

and B. subtilis at concentration           

50 μg/ml. 

(Das, 

Pandey, Pal, 

Kolya, and 

Tripathy, 

2015). 



 

CHAPTER III 

3. MATERIALS AND METHODS 

 

3.1 Plant preparation and extraction 

C. xanthorrhiza rhizomes were purchased from the local market in Indonesia. Fresh 

plant rhizomes of C. xanthorrhiza were washed to remove the soil and mud from the 

outer skin. Cleaned rhizomes cut into small pieces and dried by hot air oven at 40oC for 

7 days to remove the moisture. Then, dried plant was grounded into powder and kept 

in -20oC for further use. 

The extraction was prepared from 40 mg of C. xanthorrhiza powder by adding 2 

ml of 10 mM NaOH solution and the volume was made up to 10 ml by deionized water, 

then filtered with 0.45 µm membrane syringe filter. The extract was immediately used 

for the synthesis of AuNPs. 

 

3.2 Synthesis and characterization of AuNPs 

3.2.1 Synthesis 

For the synthesis of AuNPs, 1 ml of 1 mM tetrachloroauric acid (HAuCl4) was 

mixed with varying quantity (0.5, 1, 1.5, 2, and 2.5 ml) of C. xanthorrhiza extract with 

10 ml final volume. The mixture was continuously stirred while C. xanthorrhiza extract 

is adding drop by drop and then left to stand at room temperature for 24 h. Surface 

plasmon resonance at 530-550 nm was monitored by UV-Visible spectroscopy for 24 

h to ascertain the formation of nanoparticles.  
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The AuNPs colloidal were washed 3 times to remove unreacted chemicals by 

centrifugation at 14,000 rpm for 15 min with deionized water. Its concentration was 

measured by using the Beer’s Law equation below. 

   Absorbance  =    ɛ L c 

   where    ɛ  =     molar absorptivity constant 

                        L =     the path length of the cell holder 

                     c  =     concentration 

3.2.2 Characterization 

3.2.2.1 Ultraviolet-visible spectrophotometry 

The reduction of HAuCl4 to AuNPs by the extract of C. xanthorrhiza was 

monitored using ultraviolet-visible spectrophotometry (UV-Vis) at 1, 3, 6, 12, and 24 

h. The absorption spectra were scanned at the wavelength of 300-700 nm (Thermo 

Scientific Multiskan GO, Finland). 

3.2.2.2 Zeta potential measurement and particle size analysis 

Zeta potential measurement and the average particle size distribution of 

biosynthesis AuNPs were recorded by using Zeta sizer (Malvern Instrument Ltd, USA). 

The average particle size distribution of biosynthesis AuNPs were recorded based on 

their intensity and volume respectively (Santhosh, Ragavendran, and Natarajan, 2015). 

3.2.2.3 X-ray diffraction (XRD) 

AuNPs colloids were prepared by the method mentioned in section 6.2.1 and 

lyophilized. The crystallinity of the synthesized AuNPs were analyzed by XRD (D2 

Advance, Bruker, Germany) according to the method described previously 

(Geethalakshmi and Sarada, 2013). 
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3.2.2.4 Scanning electron microscopy (SEM) 

Thin films of the sample were prepared on a carbon coated copper grid by 

dropping a very small amount of the sample on the grid. Extra solution was removed 

using a blotting paper and then the film on the SEM grid was air dried for a few minutes 

(Faramarzi and Forootanfar, 2011) and analyzed by SEM (Zeiss AURIGA FE-

SEM/FIB/EDX machine: Jena, Germany). 

3.2.2.5 Transmission electron microscopy (TEM) and energy dispersive 

X-ray fluorescence (EDXRF) 

A drop of synthesized colloidal sample was deposited on a carbon coated 

copper grid followed by drying at 60°C. TEM (Model FEI Tecnai G2 20 200kV 

TEM/STEM/EDX/Tomography, USA) was used for analysis of the shape and size of 

nanoparticles (Shameli et al., 2012), while the purity and chemical composition were 

analyzed by EDXRF (Horiba XGT-5200 X-ray) (Santhosh et al., 2015). 

3.2.2.6 Fourier transform infrared spectroscopy (FTIR) 

The possible biomolecules responsible for reduction of the Au3+ to Au0 was 

pursued by FTIR (Abdel-Raouf, Al-Enazi, and Ibraheem, 2017). Briefly, dried sample 

was prepared by the method mentioned in section 6.2.2.2. The powder was subjected 

to FTIR (RAM II FT-Raman, Bruker, Germany) and compared to C. xanthorrhiza 

rhizomes powder. 

 

3.3 Examination of catalytic activity of the synthesized AuNPs 

Freshly prepared NaBH4 solution (0.2 M,100 µl) was mixed with 3 ml of the 

azo-dye solution of Congo red (30 μg/ml), then 100 µl of AuNPs (Final concentration: 

0.5 μg/ml). colloidal was added to the mixture. The reaction rates of Congo red 
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reduction with and without AuNPs were monitored by spectrophotometer at 300-700 

nm at room temperature. The reaction mixture of Congo red and NaBH4 was kept as 

control (Guo, Li, Yang, and Liu, 2015). 

 

3.4 Antibacterial test 

Bacteria used in this study was obtained from Thailand Institute of Scientific and 

Technological Research (TISTR). The antibacterial activities of AuNPs was evaluated 

against Gram-positive bacteria (S. aureus (TISTR 1466) and B. cereus (TISTR 687)) 

and Gram-negative bacteria (E. coli (TISTR 780) and Enterobacter aerogenes (TISTR 

1540)). The screening of the antibacterial activity was performed using disc diffusion 

method (Humeera et al., 2013). Antibacterial test was analyzed by disc diffusion 

method. At first, a colony of Gram-positive and Gram-negative bacteria were cultured 

in Müller-Hinton broth (MHB) at 37oC and shaken at 200 rpm for 16 h. After 16 h, cell 

suspensions were inoculated on Müller-Hinton agar (MHA) and adjusted concentration 

equivalent to that of a 0.5 McFarland standard (~108 cfu/ml) prior to swabbing down 

entire agar surface. AuNPs (60 μg) and extract (40 μg) were dropped onto circular 

sterile paper disc (5 mm in diameter of Whatman No. 1). These sterile filter papers were 

exposed to UV light for 30 min and then placed on the previously inoculated agar plate. 

After incubation for 24 h at 37oC, the clear zones of inhibition around the disks were 

observed and measured. (Kavita, Singh, and Jha, 2014). Ampicillin (10 μg) and 

kanamycin (10 μg) were used as positive controls for Gram-positive and Gram-negative 

bacteria, respectively (Khamhaengpol and Siri, 2016). 

 



28 

 

 

3.5 Cytotoxicity assay 

3.5.1 MTT assay 

 HepG2, 4T1 breast cancer, and HDFa cells were used in cytotoxicity assay 

according to Rajeshkumar (2016) with some modifications.  Concisely, 1x104 cells/well 

were seeded in 96 well plates and left overnight. Cells were treated with various 

concentrations (0-5 μg/ml) of gold nanoparticles and incubated for 24 h at 37oC. After 

washed with PBS, cells were added with MTT (0. 5 mg/ml) and further incubated for 4 

h. Then, MTT solution was removed and the crystals was then dissolved by adding 100 

μl of DMSO. Absorbance of the purple blue of formazan dye was measured with 

spectrophotometer (Benchmark Plus Microplate Spectrophotometer from Bio-Rad, 

Japan) at a wavelength of 570 nm. 

3.5.2 Trypan blue exclusion test 

This method was performed using the method previously reported with minor 

modification (Chudapongse, Kamkhunthod, and Poompachee, 2010). HepG2, 4T1 

breast cancer, and Fibroblast cells (1x104cells/well) were seeded in 96 well plates 

overnight and then treated with AuNPs for 24 h with various concentrations (ranging 

from 0-5 μg/ml). After 24 h, cells were washed with PBS and harvest with 0.25% 

trypsin-EDTA solution at 37°C for 5 min. Cells were collected and centrifuged for 3 

min, 1300 rpm (for HepG2 and HDFa cells) or 200 rcf (for 4T1 breast cancer), then 

resuspended with the RPMI 1640 and DMEM completed media, respectively. The cell 

suspension was mixed with an equal volume of trypan blue, which is for staining dead 

cells and unstaining viable cell. The cells were counted under a light microscope by 

using a hemocytometer. 

 



29 

 

 

3.6 Zebrafish embryo toxicity test 

3.6.1 Zebrafish rearing 

Zebrafish was reared in an aquarium that consisting of reverse osmosis water 

with photoperiod a 12 h light/ 12 h dark. They were fed twice daily of normal food and 

once daily of Arthemia (Truong et al., 2012). All procedures in this study were 

approved and conducted according to guidelines of the Institutional Animal Care and 

Use Committee, Suranaree University of Technology under Associate Prof. Dr. 

Nuannoi Chudaponge’s Project (Toxicity study of nanomaterials using zebrafish 

model).  

3.6.2 Exposure protocol 

Prior to exposure, to produce embryos: two males and three females of 

zebrafish put in the breeding tank. Newly fertilized eggs of zebrafish, approximately 20 

of 3 h post fertilization (hpf) were exposed to 2 ml of different concentration of AuNPs 

(0-5 µg/ml) for four days in 24-well plate. Distilled water was used as control. The 

mortality and malformations of zebrafish embryos at 96 hpf was used following the 

OECD guidelines (OECD, 2013). 

 

3.7 Statistical analysis 

Data was expressed as mean ± S.E.M. Comparisons among different groups were 

performed by analysis of variance (ANOVA) followed by Student-Newman-Keuls test. 

P-values less than 0.05 was set as the level of significance.



 

CHAPTER IV 

4. RESULTS 

 

4.1 UV-vis spectrophotometry analysis 

The AuNPs reaction was started after addition of C. xanthorrhiza rhizomes extract 

to 1 mM aqueous HAuCl4, resulting in the color change from pale yellow to pink-ruby 

red in 30 min. The green synthesis of AuNPs was effectively performed using the C. 

xanthorrhiza rhizomes extract as both reducing and capping agent, and HAuCl4 as the 

precursor. This method called as green synthesis due to no other hazardous or toxic 

chemicals were used in this synthesis process. It was monitored by UV-vis spectroscopy 

at wavelength 300-700 nm, which is usually the first technique to observe a collective 

excitation of the electrons in the conduction band around the nanoparticle surface. The 

color change indicates the formation of AuNPs in the solution. C. xanthorrhiza 

rhizomes extract without HAuCl4 did not show any color changes or conversely. Figure 

1 A shows the absorption spectra of AuNPs prepared using different concentrations of 

C. xanthorrhiza rhizomes extract. It was observed that when the amount of the extract 

was increased from 0.5-1.5 ml, the max shifted to a lower wavelength from 557 to 538 

nm. Based on this data the optimal concentration of C. xanthorrhiza rhizomes extract 

for the highest yield with 1 ml of 1 mM HAuCl4 was 1.5 ml. This optimal concentration 

was chosen for all of further experiments. Figure 1 B shows time-evolution monitored 

by UV-vis absorption. The optimal time at 24 h was chosen for further experiments 

throughout the study. 
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                                  (A)                                                                 (B) 

Figure 4.1 UV-visible absorption spectra of AuNPs synthesized by using C. 

xanthorrhiza rhizomes extract. Effect of different concentrations of rhizomes extract 

on biosynthesis of AuNPs at 1 h is shown in panel (A), whereas the time variation of 

the synthesis using 1.5 ml of the extract is in panel (B). Color change during the 

phytoreduction of HAuCl4 was noticeable as shown above the curves. 

 

4.2 X-ray diffraction  

Crystalline nano structure of biologically synthesized AuNPs was confirmed by 

XRD analysis. Figure 4.2 revealed that the characteristic diffraction peaks of AuNPs 

were located at 2θ = 38.19°, 44.39°, 64.58°, 77.57°, and 81.73° which correspond to 

(111), (200), (220), (311), and (222) reflections of face centered cubic (FCC) structure 

of metallic gold from the range of 20-90, respectively. The mean size of AuNPs was 

calculated using the Debye–Scherrer’s equation by determining the width of the (1 1 1) 

Bragg’s reflection which was around 10 nm.  
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Figure 4.2 X-ray diffraction pattern of AuNPs obtained from 1.5 ml of C. xanthorrhiza 

rhizomes extract at 24 h. 

 

4.3 SEM, TEM and EDXRF studies 

Characterization of the morphology and size of AuNPs were carried out using SEM 

(Figure 4.3), and TEM (Figure 4.4A). Their corresponding particle size distribution 

histograms of the biosynthesized AuNPs from the TEM images is illustrated in Figure 

4.4B. Similar to SEM, TEM images showed that most of AuNPs were spherical in shape 

and the average size calculated from TEM data was 14.79 nm (n=48).  

The energy dispersive spectrum in Figure 4.5 exhibits clear identification of the 

elemental compositions in the synthesized nanoparticles, suggesting the presence of 

gold (Au). Other than gold element, the spectrum also revealed the signals of carbon 

(C), nitrogen (N), oxygen (O) and chlorine (Cl). These elemental compositions could 

be arisen from X-ray emission from macromolecules like proteins/enzymes bound to 

the NPs or near the particles. 
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Figure 4.3 SEM image of the AuNPs (10000x). 

 

4.4 Particle size  

Figure 4.6 represents dynamic light scattering result based on intensity, volume 

and number weighted in colloidal solution. The average size distribution of AuNPs was 

found to be 61.39 nm with the zeta potential of -23 mV. 

 

    

(A)                                                             (B) 

Figure 4.4 TEM image of AuNPs formed after 24 h of the bio-reduction using 1.5 ml 

of C. xanthorrhiza rhizomes extract (A). The particle size distribution histogram 

corresponding (B). 

100 nm 



34 

 

 

 

Figure 4.5 Energy dispersive spectra of AuNPs obtained from C. xanthorrhiza 

rhizomes extract. Five elements were detected in the EDX spectrum, including chloride, 

carbon, oxygen, nirogen and aurum (gold), confirming the presence of aurum in the 

powder of synthesized AuNPs. 

 

 

Figure 4.6 The particle size distribution of AuNPs as measured by DLS. 
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4.5 FTIR analysis 

FTIR spectroscopy was performed to determine the possible functional group 

involved in the reduction and stabilization of AuNPs.  The blue line in Figure 4.7 

represents FTIR spectrum of C. xanthorrhiza rhizomes powder. Four major absorption 

peak shifts were observed at 3291, 2926, 1234, and 1007 to 3271, 2917, 1218, and 1029 

nm-1, respectively, which represents the various functional group such as O-H 

stretching of alcohols (3291) and phenols (2926), C-H group (1234), and C-O (1007) 

(Yiing Yee, Periasamy, and Abd Malek, 2014). 

 

  

Figure 4.7 FTIR spectra of AuNPs synthesized by C. xanthorrhiza rhizomes extract 

(red) and C. xanthorrhiza rhizomes powder (blue). 
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4.6 Catalytic activity of the synthesized AuNPs 

In this study, the catalytic activity of biosynthesized AuNPs was investigated for 

reduction of Congo red, which can be observed by a color change from red to colorless. 

Time-course reaction rate was monitored for 30 min by spectrophotometer. The max of 

Congo red was found at 498 nm. As shown in Figure 4.8A, degradation of the azo dye 

occurred very slow in the presence of NaBH4 alone (Figure 4.8A), as well as in the 

presence of AuNPs alone (Figure 4.8B). In contrast, increased degradation of Congo 

red was accomplished when AuNPs was added to the Congo red solution with the 

reducing agent NaBH4 as illustrated in Figure 4.8C. The reaction of Congo red 

catalyzed by AuNPs was almost complete within 30 min. The curve shown in Figure 

4.7D is the linear relationship between ln (At/A0) versus time, which follows first-order 

kinetics with the rate constant (k) at 0.088 min-1 (R2 = 0.9857). 
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                              (A)                                                                  (B) 

 

 

 

                              (C)                                                                  (D) 

 

Figure 4.8 The absorbance of Congo red versus time in the presence of NaBH4 (A), 

AuNPs (B) and AuNPs + NaBH4 (C). Panel D represents the relationship between ln 

(At/A0) versus time for the catalytic degradation of Congo red by green synthesized 

AuNPs. 
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4.7 Antibacterial activity of AuNPs 

Antibacterial activities of AuNPs synthesized by using C. xanthorrhiza rhizomes 

were evaluated by a disc diffusion assay. As shown in Figure 4.9 and Table 4.1, unlike 

the standard antibacterial ampicillin and kanamycin against Gram-positive and Gram-

negative pathogens, respectively, AuNPs or C. xanthorrhiza rhizomes extract caused 

no inhibition zones in all bacteria tested, S. aureus, B. cereus, E. coli, and E. aerogenes. 

 

Table 4.1 Antibacterial activity of AuNPs by disc diffusion method. 

No. Strains  

Zone of inhibition (mm) 

Positive 

control 

(10 g) 

AuNPs 

(60 g) 

Negative 

control 

C. xanthorrhiza 

rhizomes extract 

(40 g) 

1 

2 

3 

4 

S. aureus 

B. cereus 

E. coli 

E. aerogenes 

36.67±0.88 

9.67±0.88 

14.67±0.33 

13.67±0.88 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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Figure 4.9 Antibacterial activity test of biosynthesized AuNPs. Unlike the standard 

drugs which are labelled as disc 1 (ampicillin and kanamycin for Gram-positive and 

Gram-negative bacteria, respectively), the synthesized AuNPs (2; 60 g), C. 

xanthorrhiza rhizomes extract (4; 40 g), and deionized water (3) did not show any 

activity against all bacteria tested. 

 

Gram-negative bacteria 

Gram-positive bacteria 

S. aureus 

3 4 4 

1 1 
2 2 

3 

1 2 

3 4 
2 1 

3 4 

E. coli E. aerogenes 

B. cereus 
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4.8 Cytotoxicity study 

Cytotoxicity study of AuNPs synthesized by using C. xanthorrhiza on 4T1, HepG2 

and HDFa cells was examined by MTT assay (Figure 4.10A) and trypan blue (TB) 

exclusion method (Figure 4.10B). Different concentrations of AuNPs (0-5 μg/ml) were 

used to study the cytotoxicity of AuNPs. In this study, AuNPs synthesized using C. 

xanthorrhiza did not show any cytotoxicity against 4T1, HepG2 and HDFa cells (Figure 

4.10A and 4.10B) at concentration of 5 μg/ml for 24 h exposure. Moreover, it seems to 

increase proliferation of HDFa cells when examined by MTT assay at high 

concentrations. In contrast, the results from TB method did not show any stimulatory 

effect on proliferation compared with control. This discrepancy raised a doubt in an 

interference of MTT assay by the absorption of AuNPs. Figure 4.11 gives direct 

evidence that AuNPs tightly attached on the surface of HDFa cells. UV-vis 

spectroscopy measurement of AuNPs was also conducted (Figure 4.12) and the results 

reveals that the absorbance at 495 nm increased with the increasing concentrations. 

Thus, the cytotoxicity of the synthesized AuNPs in this study will further rely only on 

the TB exclusion method. 
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Figure 4.10 Cytotoxicity effects of the biosynthesized AuNPs. Unlike the results from 

MTT assay (Panel A), that from Trypan blue exclusion method revealed that AuNPs at 

concentrations of 0.3125- 5 μg/ml did not show any effect on cell viability of 4T1, 

HepG2 and HDFa cells for 24 h. Noted that, the calculated % of cell viability from 

MTT assay appeared to be interfered by the absorbance of the nanoparticles at 570 nm 

as mentioned in the text. The values are expressed as mean ± SEM, n=3. 

  

(A) 

(B) 
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Figure 4.11 Microscopic images of 4T1, HepG2 and HDFa cells after the exposure of 

synthesized AuNPs (5 µg/ml) for 24 h. It was clearly seen that the nanoparticles 

attached to HDFa cells much more than to 4T1 and HepG2 cells. 
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Figure 4.12 UV-visible absorption of the concentrations of AuNPs used in MTT 

method at 570 nm. 

 

 

Figure 4.13 The effect of the synthesized AuNPs on hatching rate of zebrafish embryos. 

The embryos were exposed with different concentrations of AuNPs for 96 h. The result 

showed that the AuNPs had no effect on the hatching of zebrafish embryos. The values 

are expressed as mean ± SEM, n=3. 
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4.9 In vivo study on zebrafish embryos 

In this work, zebrafish embryo model was used to determine whether the 

biosynthesized AuNPs using C. xanthorrhiza had any toxicity effect on development 

in vivo. After four days observation, there is no significant difference in the hatching 

rate between control (100%) and AuNPs exposed groups (98.33%), as presented in 

Figure 4.13. The results in Figure 4.14 revealed that AuNPs at a concentration up to 5 

µg/ml, which was 10 times higher than that in the catalytic study, caused no toxicity or 

malformation compared to the control group. 
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Figure 4.14 Development of zebrafish embryos during 4 days of AuNPs exposure with 

20x magnification.



 

CHAPTER V 

5. DISCUSSION 

 

Method for AuNPs synthesis was first discovered by Faraday in 1857 which used 

sodium citrate as reducing agent as well as a stabilizing agent. However, this method 

might lead to high cost and toxic byproducts, harmful to the environment and not 

compatible in biomedical applications. Therefore, biosynthesis is an alternative for 

replacement of toxic chemical methods due to its low cost, ecofriendly and 

biocompatibility (Kumar et al., 2016). Biosynthesis can be employed by using either 

plant tissues (such as leaf, stem, fruit, bark, root, peel, flower, etc.) or microorganisms 

(such as yeast, bacteria, fungi, etc.) (Ahmed et al., 2016). Phytosynthesis using plant 

extracts has some advantage because it can easily be scaled up for large scale synthesis 

without requiring any cell culture compared to the method using microorganisms. 

However, this method has many key factors such as concentration of extract, metal salt 

concentration, reaction time, pH, and temperature, which can influence the quality, size, 

and morphology of the synthesized nanoparticles. For example, larger particles tend to 

be produced at a lower acidic pH values compared to high pH values (Shah et al., 2015). 

In this study, optimization of AuNPs by phytosynthesis method using C. xanthorrhiza 

extract (crude extract) was performed. 

The green synthesis of AuNPs was successfully conducted using HAuCl4 and crude 

extract as the precursor and reducing agent, respectively. Strong alkali solution is 

needed to extract the active ingredients, which act as reducing agents. The extract 
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must be freshly prepared and immediately used due to its fast degradation (Cheuh et 

al., 2013). The formation of AuNPs can be visually observed. The colour of the solution 

changed from yellow-brown (extract alone) to light violet or ruby red, within 30 min. 

This can also be measured by UV-Vis spectroscopy which is one of the crucial tools to 

confirm the formation and stability of metal nanoparticles in aqueous solution.  Figure 

4.1A shows the effect of various concentrations of the extract was used with 1 mM 

HAuCl4. It is widely known that the higher concentration of the reducing agent, the 

smaller size of gold nanoparticles will be produced. In the present study, as the amount 

of the extract was increased, the max shifted to a lower wavelength from 557 to 538 

nm. However, the data in Figure 4.1A suggested that the optimal concentration of C. 

xanthorrhiza rhizomes extract with 0.1 mM HAuCl4 (final concentration) was 1.5 ml 

as the peak at max was decreased when the higher concentration was added. When 

studied this optimal concentration and time was chosen for all of further experiments. 

Crystalline nanostructure of the AuNPs biologically synthesized in the present 

study was further confirmed using XRD analysis by comparing diffraction data against 

a database. The characteristic diffraction peaks of AuNP sample were located at 38.19o, 

44.39o, 64.58o, 77.57o and 81.73o (Figure 4.2) which correspond to (111), (200), (220), 

(311), and (222) reflections of face centered cubic (FCC) structure of metallic gold, 

respecttively. These results clearly revealed that AuNPs were formed. The (111) plane 

is higher compared with others which is the predominant orientation with FCC 

symmetry and high degree of crystallinity (Kumar et al., 2016). The average size of 

AuNPs was found to be approximately 10 nm. Its size was calculated using the Debye 

Scherrer formula (below) which is estimation from the line broadening spectrum of the 

reflection.  
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Debye Scherrer formula:  D = 0.94k/β cos ϴ, 

where D is the average crystallite size, k is the X-ray wavelength, β is the full width 

at half maximum and ϴ is the diffraction angle (Gopinath, Priyadarshini, Meera 

Priyadharsshini, Pandian, and Velusamy, 2013). 

The morphology and size of AuNPs is shown in Figures 4.3, 4.4A, and 4.4B. The 

TEM and SEM images exhibited almost spherical shape of particles within the range 

of 5.45-25.45 nm (n=48), with a size of 14.79 ± 3.65 nm. The size distribution of the 

AuNPs was determined using dynamic light scattering (DLS) as illustrated in Figure 

4.6. The average size of the AuNPs obtained in this study was 61.39 nm which was 

larger when compare to the calculated size from XRD and TEM methods. Due to the 

size of particles that measured by DLS includes the hydrodynamic size and the bio-

organic compounds enveloping the core of the AuNPs (Sujitha and Kannan, 2013).  

Chemical analysis of the produced AuNPs was achieved by means of EDXRF, 

which confirmed both the presence of Au and the organic composition which serve as 

capping and stabilizing agent that is evidenced by the presence of C, O, and N peaks is 

presented in the Figure 4.5. To give more evidence for the reduction of chloroauric acid 

to elemental gold, chemical analysis of the product was subjected to FTIR analysis. The 

data in Figure 4.7 confirmed the possible interaction between AuNPs and bioactive 

molecules in the extract. The FTIR spectra of crude extract and AuNPs showed the 

absorption peaks at  3291, 2916, 1234, and 1007; and  3271,  2917,  1218, and 1029 

cm-1, respectively. The intense bands at 3291 and 3271 cm-1 are characteristic of O-H 

stretching of primary alcohol, while those at 2926 and 2917 cm-1 are of phenol. The 

peaks at 1234 and 1218 cm-1 correspond to C-H stretching vibration of hydrocarbon 

bond. The absorption peaks at 1007 and 1029 can be attributed to the stretching 
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vibration of C-O. Moreover, it was suggested that when hydroxyl groups were reduced 

and converted to aldehyde or carboxylic groups, the peak around 3000 nm-1 became 

broader and the peak at 1007 nm-1 disappeared (Yiing Yee, Periasamy, and Abd Malek, 

2014). 

Several bioorganic compounds from plant such as flavonoids, terpenoids, proteins, 

reducing sugars and alkaloids can act as either reducing or capping agents during the 

formation of nanoparticles.  Curcumin is a diarylheptanoid (terpenoids) which is also 

found in C. xanthorrhiza rhizomes. It contributes to the scent, flavor and color and is 

suggested to be responsible for reducing the Au3+ to Au0 (Gan and Li, 2012). Similarly 

with the previous study reported that terpenoid from Szyygium aromaticum can act as 

reducing agent during the formation of AuNPs (Singh, Talat, Singh, and Srivastava, 

2010). However, other active compounds in the extract may also contribute to the 

phytoreduction of the precursor HAuCl4. In addition to their reducing property, these 

bioorganic compounds can contribute as a stabilizer. In this study, the stability of 

AuNPs suspension is up to one month as no precipitation was seen during the storage 

at room temperature. 

The catalytic activity of the obtained AuNPs was further examined for degradation 

of azo dye. The reduction of Congo red can be observed by a color change from red to 

colorless within 30 min (Figure 4.8A). During the reduction reaction, increasing 

degradation of Congo red was observed when both AuNPs and NaBH4 were added into 

the dye solution shown as the band at 498 nm gradually disappeared (Figure 4.8C). As 

seen in the absence of catalyst, there was a very slow decrease of absorbance of Congo 

red solution, indicating that this dye is not reduced effectively by NaBH4 (Figure 4.8A) 

or AuNPs (Figure 4.8B) alone. From the plot of ln (At/A0) versus time, the rate constant 

https://en.wikipedia.org/wiki/Diarylheptanoid
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(k) found to be 0.088 min-1 (R2 = 0.9857). The reduction kinetics can be considered as 

a first order rate law with regard to Congo red alone.  

The biogenic AuNPs showed catalytic reduction of Congo red. This result is 

accordance with the results from previous studies (Guo et al., 2015); (Nadaf and 

Kanase, 2016). Similar to the present study, the degradation of Congo red was complete 

within 30 and 20 min in the presence of AuNPs in the size of 16.4 and 32 nm, 

respectively.  The specific reaction mechanism as catalyst of AuNPs is not completely 

understood. One possible mechanism may be due to the intermediate redox potential of 

AuNPs between the electron donor BH4
- and the accepter Congo red can assist in the 

electron transfer and act as an electron relay system, resulting that azo double -N=N- 

bonds were reduced as the -NH-HN- bonds, and the dye was disappeared (Guo et al., 

2015). It has been reported that there are three factors affecting adsorption of dyes onto 

AuNPs, namely: particle size, molecular weight of dyes, and the effect of pH 

(Thompson, 2007). In this study, the size of AuNP with the average size about 16 nm 

and pH of the catalytic solution at about 9.8 produced first order kinetic reaction. 

Antibacterial activities of AuNPs synthesized by using C. xanthorrhiza rhizomes 

were tested against Gram-positive and Gram-negative bacteria by a disc diffusion 

assay. The result showed that the synthesized AuNPs did not produce antibacterial 

activity on any bacteria tested with the doses up to 60 µg/disc (Figure 4.9). Many reports 

demonstrated that AuNPs exhibited antibacterial effects against several pathogen 

bacteria, such as S. aureus, B. subtilis, B. cereus, E. coli, P. aeruginosa, Proteus 

vulgaris. However, some studies showed no antibacterial activity of AuNPs. This 

discrepancy may be due to the different physicochemical properties of nanoparticles in 

each study that plays an important role in tolerance or susceptibility of bacteria (Dorosti 
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and Jamshidi, 2016). The structure of the cell wall also plays an important role in this 

context. Moreover, the rate of bacterial growth appears to be crucial, where fast 

growing bacteria are more susceptible to nanoparticles compared to slow growing 

bacteria, as well as the capability of bacteria to produce biofilms. Biofilms are a 

complex microbial community that is formed by adhesion to a solid surface and by 

secretion of a matrix (protein, DNA, and extra polysaccharide), which cover the 

bacterial cell community (Hajipour et al., 2012). There are at least two modes of action 

that have been proposed: the first is to change membrane potential and inhibit ATP 

synthase activities, resulting in a decrease of ATP level and subsequently a general 

decline in metabolism. The second is to inhibit the subunit of ribosome for tRNA 

binding, indicating a collapse of biological process (Cui et al., 2012). The mechanism 

underlying antibacterial action of AuNPs is still a topic of interest to the scientific 

community. 

Regarding the divergent effects of AuNPs, the surface of nanoparticles has also 

been proposed to play a role for their antibacterial activities. The molecules that act as 

capping agents which are surrounding the nanoparticles probably affect, at least partly, 

to their activities. In this study, unlike the positive controls, C. xanthorrhiza rhizomes 

extract did not inhibit Gram-positive or Gram-negative. In this green synthesis which 

using this plant extract as reducing agents, phytochemicals such as flavonoids, 

terpenoids or tannin, which showed no effect on bacteria may prevent the direct 

exposure and penetration of gold nanoparticle to bacteria. 

For biocompatibility, cytotoxicity activities of this biosynthesized AuNPs were 

tested against three types of mammalian cells (4T1, HepG2, and HDFa cells). Breast 

cancer 4T1 cells are easily transplanted into the mammary gland so that the primary 
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tumor grows in the anatomically correct site. On the other hand, it can spontaneously 

metastasize from the primary tumor in the mammary gland to multiple distant sites 

including lymph nodes, blood, liver, lung, brain, and bone (Pulaski and Ostrand-

Rosenberg, 2001). The primary tumor of these cells metastasizes as early as 2 weeks 

(after inoculation) to organ such as lungs, liver, bone, and brain (Baliga, Meleth, and 

Katiyar, 2005).  In contrast, HepG2 is derived from the liver tissue of a 15-year-old 

Caucasian male who had a well-differentiated hepatocellular carcinoma. These cells 

contain 55 chromosome pairs, and secrete many plasma proteins, such as transferrin, 

fibrinogen, plasminogen and albumin (Bouma, Rogier, Verthier, Labarre, and 

Feldmann, 1989). Different from HepG2 and 4T1 cells, HDFa is fibroblast cell type 

from human skin which can be used as a suitable healthy control for molecular cellular 

studies (Adinolfi, Pellegrino, and Baldini, 2015). 

Cytotoxicity study of AuNPs synthesized by using C. xanthorrhiza was examined 

by MTT assay (Figure 4.10A) and trypan blue (TB) exclusion method (Figure 4.10B). 

The results revealed that the AuNPs produced no toxicity against any of the cell types 

tested. Interestingly, it increased proliferation of HDFa cells in MTT assay. It might be 

the characteristic of HDFa cell surface can be easily sticked with AuNPs compared 4T1 

and HepG2 cells, as showed in Figure 4.11. There was no toxicity when three of the 

cells exposed to AuNPs for 24 h. As described in the section 2.5, toxicity reports of 

AuNPs are controversial. It has been suggested that the cytotoxicity effect of AuNPs 

depends on the dose or size of AuNPs. Moreover, it was claimed that the surface electric 

charge can be a key factor in a toxicity study of AuNPs. The AuNPs tested in the latter 

study contained positively charged functional groups which was believed to increase 

their ability to interact with the organisms (García-Cambero et al., 2013). In this study, 
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the functional groups on the nanoparticles have not yet identified and need more 

investigated. 

Biocompatibility of the biosynthesized AuNPs was further evaluated in zebrafish 

model. Zebrafish embryos treated with AuNPs did not show any toxicity or 

malformation even the concentration was increased to 5 µg/ml (Figure 4.13 and 4.14). 

AuNPs seem to be much less toxicity than AgNPs. AgNPs synthesized by Spinacia 

oleracea at 3µg/ml caused 100% mortality and yolk sac edema. In contrast, AuNPs at 

300 mg/ml which is 60,000 times higher than the concentration used in this study started 

to exhibit the same effects as AgNPs did (Ramachandran et al., 2017). Differently, 

AuNPs with a core diameter of 1.5 nm and functionalized with either 

trimethylammoniumethanethiol (TMAT-AuNPs) or 2-mercaptoethanesulfonic acid 

(MES-AuNPs) by chemically synthesis method, exhibited hypo-locomotor activity at 

50 μg/ml and 10 μg/ml, respectively (Truong et al., 2012). Therefore, this study has 

added more direct evidence that the green synthesized AuNPs could be considered as 

high biocompatible when testing with zebrafish model.  

In conclusion, non-expensive and simple method was successfully used to 

synthesize AuNPs nanoparticles by C. xanthorrhiza rhizomes extract at room 

temperature. The obtained AuNPs had particle size around 16 nm and mostly in 

spherical shape. These nanoparticles have potential catalytic activity in discoloration of 

Congo red by NaBH4. The overall results confirm that the extract of C. xanthorrhiza 

rhizomes can be used as a bio-reduction agent to form biocompatible AuNPs as shown 

in zebrafish embryos and cytotoxicity test in 4T1, HepG2, and HDFa cells. The 

catalytic activity of the obtained AuNPs will be useful for industrial applications as well 

as nanoscience and nanotechnology.
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PREPARATION OF REAGENTS 

 

1. DMEM medium 

DMEM (1X) with high glucose, L-glutamine, phenol red 

NaHCO3 

Distilled water 

Adjust pH 7.4 and then adjust volume to 1,000 ml 

Add 100 U/ml antibiotic-antimycotic 

2. MTT solution (0.5 mg/ml) 

MTT powder      

 Distilled water 

3. NaBH4 (0.2 M) solution 

  NaBH4      

Distilled water 

4. PBS (1X) 

NaCl 

KCl 

Na2HPO4 

KH2PO4
 

Distilled water 

 

1 

2.0 

800 

 

10.0 

 

2.50 

5.0 

 

38.83 

5.0 

 

8.00 

0.20 

1.44 

0.24 

800 

 

pack 

g 

ml 

 

ml 

 

mg 

ml 

 

mg 

ml 

 

g 

g 

g 

g 

ml 
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5. RPMI 1640 medium 

RPMI 1640 (1X) with L-glutamine, phenol red 

NaHCO3 

Distilled water 

Adjust pH 7.4 and then adjust volume to 1,000 ml 

Add 100 U/ml antibiotic-antimycotic 

6. 0.25% trypsin-EDTA solution 

2.5% trypsin 

EDTA (10X) 

PBS (1X) 

7. 0.5 McFarland standard 

   1% barium chloride  

1% sulfuric acid  

 

1 

2.00 

800 

 

10.0 

 

5.0 

5.0 

40 

 

0.05 

9.95 

 

pack 

g 

ml 

 

ml 

 

ml 

ml 

ml 

 

ml 

ml 
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