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Abstract 

Green nanotechnology plays a significant role in developing effective treatment strategies for 

numerous diseases. The biological synthesis of metal nanoparticles (M-NPs) possesses 

suitable alternatives than chemical techniques. Using plant extract to synthesis M-NPs is an 

eco-friendly, non-toxic, and cost-effective that are suitable for biological applications and 

efforts are directed to explore the efficacy of these materials in cancer management. In this 

study, gold nanoparticles (Au-NPs) were synthesised by following a one-step green synthesis, 

a reaction between HAuCl4 and biological molecules present in Tasmannia lanceolata leaf 

extract as a sole agent for both reduction and stabilisation. The characterisation techniques 

confirmed the successful synthesis of Au-NPs. TEM photograph revealed spherical shape 

nanoparticles with an average size of 7.10 ± 0.66 nm. The in-vitro cytotoxicity of Au-NPs 

was performed by analysing the percentage inhibition of cell viability using Resazurin assay 

on human liver cancer (HepG2), melanoma cancer (MM418 C1) and breast cancer (MCF-7) 

cell lines and compared with Au-NPs synthesised by using Backhousia citriodora leaf 
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extract. The results showed that biosynthesised Au-NPs displayed greater inhibitory activity 

towards MCF-7 cancer cells proliferation compared to HepG2 and MM418 cancer cells. In 

addition, synthesised Au-NPs@ Tasmannia lanceolata leaf extract indicated higher inhibitory 

activity towards cancer cells compared to Au-NPs@ Backhousia citriodora leaf extract. 

 

Keywords: Gold nanoparticles; Tasmannia lanceolata; Backhousia citriodora; Resazurin 

assay; Cancer cell lines. 

 

1. Introduction 

Nanotechnology is attracting much attention due to its remarkable impact on many 

important fields, such as medicine, electronics, energy, and space industries [1]. As the 

nanoscale materials dimension is similar to cellular components such as proteins and DNA, 

they could be used to detect numerous disorders at the molecular stage [2,3]. In the early 

stage of cancer detection and cure, nanotechnology has great potential because of the shape 

and size of nanoparticles, which produce toxic potential [4]. Nanoparticles indicate 

remarkable interactions with biomolecules on the surface and inside the cells body, which 

enables potential diagnosis and cancer treatment [5]. Encapsulated Nanoparticles with other 

components can also be toxic to cancer cells [6]. Gold has a particularly long history of 

therapeutic usage, with records reporting for its therapeutic potential from as early as 2500 

BC. Indeed, gold-based therapeutics were the first-choice therapy for the treatment of 

epilepsy, arthritis, syphilis, rheumatic, and psoriasis diseases [7]. Gold nanoparticles (Au-

NPs) are one of the most widely used nanomaterials in bioimaging and biomedical 

therapeutics due to the strong surface plasmon resonance [8].  Compare to other metal 

nanoparticles, Au-NPs are characterised by their unique biological, physical, chemical 

optoelectronic properties and functional activities which depend on size and shape of 
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nanoparticles and are exploited in various applications such as controlled release, chemical 

sensing of a single molecule, biology, and immunoassays [9,10]. The synthesis of Au-NPs by 

conventional methods involves the use of strong reducing and stabilising agents, which can 

remain in the products and are significant hazards and threats to human health [9]. Hence, 

there are continuous attempts to use green synthetic techniques where nanoparticles could be 

synthesised using biological resources that can substitute synthetic stabilising and reducing 

agents. Numerous research articles emphasise the use of plant extract for Au-NPs synthesis 

[11-14]. 

Synthesis of Au-NPs through biological methods is cost-effective and eco-friendly, 

with multiple advantages compared to chemical and physical techniques which utilise high 

pressure, increased temperature, energy input and toxic chemicals to induce Au-NPs 

formation [15,16]. Biological synthesis methods are particularly useful to synthesis 

nanoparticles, which are well-defined and controllable with consistent shapes and sizes [17]. 

Hence, the development of environmentally friendly, economical, and energy-efficient 

methods for Au-NPs synthesis with reproducible structural properties and biocompatibility is 

important in the nanoscience area [16]. In the synthesis procedure of the nanoparticles from 

plant extracts is assumed that natural products containing bioactive alkaloids, proteins, 

polyphenols, phenolic acids, and terpenoids, owning functional groups which have a 

significant role in reducing the metallic ions and then stabilising the nanoparticles [18]. 

Tasmannia lanceolata (T. lanceolata) (Poir.) A.C.Sm. is a native Australian shrub that 

is endemic to the woodlands and cool temperate rainforests of Tasmania and the south-

eastern region of the Australian mainland. The leaves, bark, and berries of this species have 

historical uses as a food and medicine [19]. Indigenous Australian utilised different part of                           

T. lanceolata as therapeutic agents to cure stomach aches and disorders, colic, skin, and 

venereal diseases, also used as an emetic, substitute for quinine and tonic for general use [20]. 
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Despite the use of T. lanceolata ethnobotanies, there is a lack of scientific research into its 

therapeutic properties. A very high antioxidant content for T. lanceolata leaves, and fruit has 

been reported by several studies [21] which have been suggested the therapeutic effects of 

this plant could be related to its high anti-oxidant properties [22]. 

Application of biosynthesis Au-NPs in cancer therapy and drug delivery has been 

widely used by various researchers. The studies reported the anticancer properties of green 

synthesised Au-NPs in numerous cancers include breast cancer cell [23-25], lung carcinoma 

cells and gastric adenocarcinoma cells [26], human colorectal adenocarcinoma cell [27], 

cervix cancer cell [28], ovarian cancer cells [29], and colon and hepatocellular carcinoma 

cells [30,31]. Also, researches explore the possibility of using Au-NPs playing the role of a 

carrier of a chemotherapeutic drug. Patra et al. [32] indicated the dual role of Au-NPs as an 

anticancer agent and a drug carrier for the treatment of multiple myeloma (MM).  Negatively 

charged Au-NPs has been used as dexamethasone carrier in different biological media [33].  

Au-NPs/withaferin conjugates was reported as a drug career for cancer cell regression [34]. 

Negatively charged functionalised Au-NPs was applied to the in- vitro HSG cell model to 

investigate the nanoparticles-cells interaction [35]. 

The current study was undertaken to develop a new green technique to synthesis the 

Au-NPs using T. lanceolata leaf extract and further subjected for characterisation. The 

synthesised nanoparticles were screened for their anticancer activity on human liver cancer 

(HepG2), breast cancer (MCF-7) and melanoma (MM418 C1; an aggressive melanoma) 

cancer cell lines and are compared with Au-NPs synthesised using Backhousia citriodora 

F.Muell. (B. citriodora) leaf extract that was studied earlier [14]. We believe that this is the 

first study that shows enhancing bioactive properties of T. lanceolata through conjugation 

with Au-NPs. 
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2. Material and methods 

 

2.1. Plant source and extraction 

 

The fresh leaves of T. lanceolata leaves were purchased from Tasmania 

(pepperberry.net.au), and B. citriodora leaves were collected from Charles Darwin 

University, Australia, respectively. The T. lanceolata leaves were thoroughly washed in 

deionized water and dried in an oven at 50.0 ºC for 24.0 h. The dried leaves were ground to a 

fine powder in a mill. The T. lanceolata leaf powder (5.0 g) was boiled for 3.0 min at 80.0 ºC 

in 100.0 mL of deionized water and then filtered. The extract was subsequently stored at            

4.0 ºC until further use.  

 

2.2. Synthesis of T. lanceolata leaf extract gold nanoparticles 

HAuCl4.3H2O (99.9%) was received from Sigma-Aldrich, USA. To investigate the 

ability of T. lanceolata leaf extract as reducing and stabilising agent for Au-NP synthesis, 5.0 

ml of HAuCl4 (5.0 mM) and mixed with 2.0 mL of leaf extract at room temperature and 

homogenised by using a magnetic stirrer for 15.0 min. During the reaction, the colour was 

rapidly changed from light yellow to ruby red. The synthesis of B. citriodora leaf extract gold 

nanoparticles was conducted as previously described [14]. 

 

2.3. Structural characterisation of biosynthesised gold nanoparticles 

The optical properties of synthesised Au-NPs were monitored by UV-Vis 

spectrophotometer (Varian, Cary 100) across a range of 200-800 nm. The morphology, 

nanostructure, particle size and size distribution of biosynthesised Au-NPs were studied by 

TEM using a JEOL JEM-1200EX electron microscope. To examine the elemental analysis of 

the Au-NPs, EDS was carried out on Oxford Instruments X-Max detector attached to (JEOL) 

JSM-7001 FESEM apparatus. The crystal structure of the nanoparticles was analysed by X-
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ray diffraction technique using a Rigaku SmartLab diffractometer (Cu, 40 kV 40 mA). The 

surface charge of synthesised Au-NPs was measured using a zeta potential analyser 

(HORIBA Nanoparticle Analyzer SZ100).  

Leaf extracts of B. citriodora and T. lanceolate were analysed on LC-QTOF/MS 

system (Agilent Technologies) which consisted of a 1260 HPLC coupled to a 6530 QTOF 

equipped with a source of electrospray ionization. LC-separation was accomplished on a 

Zorbax Eclipse plus C18 column (2.1× 50 mm, 1.9 μm) at 35 ºC. The volume of injection 

was 1.0 μL, followed by standard needle wash. The mobile phases consist of solution A 0.1% 

v/v formic acid in water and solution B 0.1% formic acid in acetonitrile. The gradient 

program of the 14.0 min-cycle is represented in Table S1. The MS was tuned for low mass 

range (up to 1700 m/z) and run in the positive mode for a full scan with parameters described 

in Table S2. Data were collected using “MassHunter Acquisition” B.05.00 with Service Pack 

3 for Agilent TOF and QTOF and “MassHunter Qualitative Analysis” B.05.00 with Service 

Pack 3. 

 

2.4. Cell culture 

MCF-7 and HepG2 cells were originally obtained from the American Type Culture 

Collection (Rockville, USA) and were kind gifts from Rik Thompson (St Vincent’s Hospital, 

Melbourne, Australia) and Nathan Subramanian (QUT, Brisbane, Australia) respectively. The 

melanoma MM418 C1 cell line was a kind gift from Peter Parsons (QIMR, Brisbane, 

Australia). The cells were cultured in Roswell Park Memorial Institute (RPMI) 1640 medium 

(Life Technologies), supplemented with 20.0 mM sodium bicarbonate pH 7.3, 50.0 μg/mL 

streptomycin, 50.0 units/mL penicillin, 2.0 mM glutamine and 10.0% foetal bovine serum 

(FBS) (Bovogen, Australia). The cells were cultured and maintained as monolayers in 75.0 
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mL culture flasks and incubated at 37.0 ºC in a humidified incubator with 5.0% CO2 until 

approximately 80.0% confluent. 

 

2.5. Cytotoxicity assay 

The Resazurin assay also known as Alamar Blue assay offers a simple, rapid, and 

sensitive measurement for the viability of mammalian cells and bacteria. As Resazurin is not 

toxic, cells exposed to it can be returned to culture or used for other purposes. Proliferation 

measurements with Resazurin may be monitored using a standard spectrophotometer, a 

standard spectrofluorometer, or a spectrophotometric microtiter well plate reader. In 

Resazurin assay few wash steps are involved and follow-up assays can be performed on same 

cells as assay is not cytotoxic [36]. The major advantages of the Resazurin reduction assay 

are that it is relatively inexpensive, uses a homogeneous format, and is more sensitive than 

tetrazolium assays such as MTT [37,38]. The MTT assay requires the destruction of the cells 

for the analysis, thus making it impossible to use the cells for other investigations and 

additionally it is more time consuming [39]. 

The Resazurin assay is more sensitive and reproducible detecting cytotoxicity than the 

MTT assay at low concentrations without the interference of test drugs in the fluorescent 

signal [40]. Due to colour interference by the extracts and Au-NPs in MTT based cell 

proliferation assays (unreported results), those techniques were deemed to be inadequate to 

accurately evaluate the effects of the preparations against the cell lines. Elisia et al. [41] 

reported MTT assay does not accurately report the viability of cells that have been exposed to 

blackberries because the antioxidant effect of the anthocyanins contained within the 

blackberries interferes with the test. 

Instead, a Resazurin (Cell Titer Blue, Promega Australia) (7-Hydroxy-3H-

phenoxazin-3-one 10-oxide) assay was selected to quantify the effects the biosynthesised Au-
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NPs, T. lanceolata and B. citriodora leaf extracts on the HepG2, MM418 and MCF-7 cells. 

Resazurin is a cell dye that becomes highly fluorescent when reduced and thus indicates 

metabolically active cells. It is a useful tool for the measurement of cell viability and 

proliferation when coloured test samples are tested as fluorescence, rather than the colour 

change, is used to determine cell viability. This allows for lower background interference due 

to the colour of the test samples and thus, greater assay sensitivity. 

To dislodge the cancer cells, 1.0 mL of trypsin (Sigma- Aldrich) was added to the 

culture flasks and incubated at 37.0 °C, 5.0% CO2 for 15.0 min. The cell suspensions were 

then separated by centrifugation. The supernatant was discarded, and the cells were 

resuspended in 9.0 mL of fresh media. Aliquots of the resuspended cells (90.0 μL, density of 

approximately 25,000 cells) were seeded in 96 well plates and allowed to adhere for 24 h. 

After 24 h, 10.0 μL (7.142 μg) of the samples or cell media (for the negative control) was 

added to individual wells, and the plates were incubated at 37.0 ºC in a humidified incubator 

with 5.0% CO2 for 24 h. A volume of 5.0 μL of Resazurin solution was then added to each 

well, and the plates were incubated for a further 3.0 h. Following this incubation, the 

fluorescence intensity was recorded on a Molecular Devices, Spectra Max M3 plate reader 

using excitation and emission wavelengths of 560 and 590 nm respectively. All tests were 

performed three times, each with internal triplicates (n=9) and means ± SEM are reported 

here. Blanks and test subtraction controls (containing extracts or Au-NPs without cells) were 

included on each plate. Since the test samples were dissolved in water, a vehicle control of 

10.0% water with the cells was also included. The test subtraction control fluorescence values 

were subtracted from the corresponding test values to account for possible fluorescence 

inherent in the extracts and/or Au-NPs. The corrected fluorescence values were plotted as the 

percentage of cell proliferation compared to untreated cell samples. 
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2.6. Statistical analysis 

Results are presented as means ± SEM of three independent experiments, each with 

internal triplicates (n=9) unless otherwise stated. Data were analysed by one-way analysis of 

variance (ANOVA) with Tukey’s post-test analysis. Results with P<0.05 were considered to 

be significantly different. All statistical analyses were performed using GraphPad Prism 7. 

 

3. Results and Discussion 

 
 

The reduction of the metal salts by the biocomponents of the plant extract showed a 

gradual change in color of the solution from yellow to ruby red. Generally, nanoparticles 

prepared from plant extracts proceed in three phases: activation phase, growth phase and 

termination phase [42]. In the activation phase, the constituents of the plant extracts, with 

reduction capabilities in the form of phytochemicals (bearing -OH groups), reduce the metal 

ion from their salt precursors to a zero-valent state followed by the nucleation of the metal 

atom [43]. As this biological reduction process continues, the separated metal atoms begin to 

associate together. This growth phase thus results in enhanced thermodynamic permanence of 

the nanoparticles and the accumulation of the synthesized nanoparticles, which consequently 

alters their morphologies. Eventually, these nanoparticles achieve their maximum possible 

activity and a consistent morphology obtained which is capped by the plant metabolites [44]. 

The results have revealed the unique kinetic tendency of phytochemicals existent in 

the T. lanceolata and B. citriodora leaf extracts to reduce metallic gold and form Au-NPs. 

The phytochemicals that facilitate green synthesis are beneficial in both the reduction and 

stabilisation of Au-NPs through capping mechanisms, providing eco-friendly Au-NPs with 

biomedical and therapeutic applications [45,46]. Scheme 1 is a graphical illustration of the 

current study. It represents the biosynthesis of Au-NPs, which led to enhancing the biological 

activity of T. lanceolate leaf extract conjugated gold nanoparticles (TLAu-NPs). 



10 
 

 

Scheme 1. Schematic illustration of Au-NPs synthesis using T. lanceolata leaf extract and its 

cytotoxic properties. 

 

3.1. Characterisation of T. lanceolata leaf extract conjugated gold nanoparticles 

 

Addition of T. lanceolata leaf extract to the chloroauric acid solution leads to change 

in solution colour from light yellow to red within 15.0 min, signifying the formation of 

TLAu-NPs. The synthesis of Au-NPs also was confirmed by UV-Vis spectral analysis, which 

shows the plasmon resonance wavelength peak of TLAu-NPs at 525 nm (Fig. 1a). Due to 

surface plasmon resonance (SPR) that leads to electrons oscillation, Au-NPs displayed the 

colour in solution. Surface plasmons excitation by light is designated as SPR for planar 

surfaces [47]. On the other hand, UV-Vis spectroscopy can be used to study the shape and 

size-controlled nanoparticles in aqueous suspensions [6,16]. 

Fig. 1b shows the XRD diffraction peaks of the TLAu-NPs at 2θ of 38.32, 44.56, 

64.96, and 78.04 °C, that can be assigned to (111), (200), (220) and (311) reflections. These 
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peaks represent the face-centered cubic (fcc) structure of synthesised Au-NPs. The XRD 

spectrum revealed that Au-NPs had pure crystalline nature, which was confirmed by the 

International Center of Diffraction Data Card (JCPDS NO: 00-004-0784) [14]. Estimated 

crystalline size of the synthesised Au-NPs can be calculated using the Debye-Scherrer 

equation (d= Kλ/β1/2cosθ) indicating the relationship between diffraction peak broadening 

and crystalline size. Therefore, the estimated crystalline size of Au-NPs was 8.0 nm, which 

agrees with TEM results (Fig. 2). 

DLS study was carried out to calculate the hydrodynamic diameter of nanoparticles. 

DLS result showed the size of TLAu-NPs is 35.0 nm (Fig. 1c). It is important to mention that 

the size of the Au-NPs obtained from DLS is more than the size obtained from TEM. This is 

because DLS indicates the hydrodynamic diameter of the nanoparticles that includes any 

nanoparticles surface coating by phytochemicals or assembly of water molecules around the 

nanoparticles. However, TEM provides the accurate size of the metallic part of the 

nanoparticles. DLS studies showed that the size of the Au-NPs is less than100.0 nm, which is 

ideal for the biomedical applications [24].  

The stability and surface charge of the TLAu-NPs were analysed by zeta potential 

analysis (Fig. 1d). The zeta potentials higher than 20.0 mV or less than -20.0 mV show strong 

electrostatic repulsion, aimed at stability of nanoparticles in solution [48]. The zeta potential 

values are commonly used as an indicator of the stability of colloidal particles. The values 

replicate the net electrical charge of the particles, which originate in the surface as well as 

from the functional groups. Moreover, the negatively charged nanoparticles tend to enhance 

the stability and prevent particles from agglomeration [27,49]. 

The synthesised TLAu-NPs have a zeta potential of -25.2 mV, which may be 

associated with the negatively charged Au-NPs. The repulsive interaction between 

nanoparticles can lead to a high negative zeta potential, which prevents Au-NPs 
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agglomeration, therefore demonstrating high stability with no significant increase in the size 

of Au-NPs. The presence of phytochemicals plays an important role in the stabilisation of 

Au-NPs due to the coordinate bond between -OH group and Au. Therefore, surface coating 

by phytochemicals provides extra stability against oxidation or agglomeration [24].  

The surface charge of Au-NPs plays an important role in their toxicity, because it 

largely determines the interactions of Au-NPs with biological systems. Positively charged 

nanoparticles have high toxicity. A high toxicity of positively charged Au-NPs is explained 

by their ability to easily enter cells, in contrast to negatively charged and neutral Au-NPs. 

This is accounted for by electrostatic attraction between the negatively charged cell 

membrane glycoproteins and positively charged Au-NPs [50].  

The positive surface charge exerted a great influence on the cellular toxicity, as 

mentioned above positively charged nanoparticles are more easily transport into cells due to 

the electrostatic interaction with negatively charged cell membrane, and then resulting in the 

breakage of cell membranes. In the contrast, the anionic surface groups functionalised Au-

NPs are much safer [51]. Hence, cellular membrane potential plays a prominent role in 

intracellular uptake of Au-NPs. Positively charged nanoparticles depolarise the membrane to 

the greatest extent with nanoparticles of other charges having negligible effect. Such 

membrane potential perturbations result in increased [Ca2+], which in turn inhibits the 

proliferation of normal cells [52]. Positively charged and neutral nanoparticles are absorbed 

by all cell types at the same rate, whereas negatively charged ones predominantly accumulate 

in tumor cells [53]. Compared with positive surface charge, the negative surface charge of 

Au-NPs not only indicated the high stability of Au-NPs suspensions but also suggested less 

toxicity to normal cells [54,55]. Thus, modification of the nanoparticles charge allows their 

localisation and toxicity to be controlled and decreased, especially on the normal cells. 
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Fig. 1. (a) UV-Vis spectra, (b) XRD pattern, and (c) DLS study, and (d) zeta potential 

analysis of synthesised  Au-NPs using T. lanceolata leaf extract. 

 

TEM analysis and histogram of biosynthesised Au-NPs show nearly monodispersed 

particles in colloidal solution, with an average diameter of 7.10 ± 0.66 nm (Fig. 2a, b). 

Furthermore, the thin layer of T. lanceolata leaf extract surrounded the Au-NPs indicates that 

organic compounds in the extracts may stabilize the Au-NPs and act as nucleation sites [56]. 

Notably, the TEM image displays most particles have spherical or near spherical morphology 

(Fig. 2a).  

Fig. S1a, d illustrates the size distribution and presence of gold elements by SEM and 

EDX, respectively. The SEM image supports the TEM results and confirms the spherical 

morphology of TLAu-NPs, with small sizes (Fig. S1a). Fig. S1b confirms the existence and 
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high percentage of Au elements in the particles by EDX. The EDX spectra indicated the 

presence of Au peaks in three areas 2.0, 8.5, and 9.8 KeV. The characterisation results of 

biosynthesised BCAu-NPs have been previously described [14]. 

 

  

Fig. 2. (a) TEM micrograph, and (b) particle size distribution of synthesised TLAu-NPs. 

 

 

Fig. S1. (a) SEM image, and (b) EDX spectroscopy of synthesised TLAu-NPs. 
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FT-IR analysis was used to identify the chemical components responsible for the 

reduction of Au3+ ions and stabilisation. It is used to determine the nature of associated 

molecules of plants extracts with nanoparticles. The FT-IR of TLAu-NPs and T. lanceolata 

leaf extract are shown in Fig. 3a, b. The reduction of chloroauric acid may be due to the 

presence of flavonoids in the fruit extract [23]. The electrostatic repulsion among the 

nanoparticles is due to the presence of carbohydrate group. It is found that the aqueous 

medium of fruit extract has the ability to perform dual functions of reduction and stabilization 

[57-60]. The FT-IR spectrum of T. lanceolata leaf extract (Fig. 3a) showed a band at 3406 

cm-1 corresponding to hydroxyl functional group of polyphenolic compounds or N-H of 

amines. The bands at 2925 and 2856 cm-1 correspond to asymmetric stretching of C-H 

groups. The bands at 1695 and 1607 cm-1 indicated the presence of chelated carbonyl 

functional groups of carboxylic acid or amide. The peaks at 1432 and 1362 cm-1 are due to 

C=C stretching [61]. The FT-IR spectrum of TLAu-NPs (Fig. 3b) revealed a slight shift and 

reduction in band intensity in the N-H or O-H stretching band from 3406 to 3436 cm-1, C-H 

band from 2925 to 2935 cm-1, C=O stretching from 1607 to 1622 cm-1, respectively. Several 

studies have demonstrated the role of the hydroxyl and carbonyl groups in terpenoids, 

flavonoids, and phenolic compounds as capping, reducing, and stabilising agents for the 

synthesis of nanoparticles [62]. It was thus concluded that chemical constituents of plants 

extracts could serve as a reducing and stabilising agent. 
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Fig. 3. FT-IR analyses of (a) T. lanceolata leaf extract, and (b) Au-NPs stabilised with T. 

lanceolata leaf extract. 

 

According to Sakulnarmrat and Konczak [63], T. lanceolata and B. citriodora leaf 

extracts are rich in phytochemicals. High antioxidant plant extracts might be containing 

various types of phythochemicals, and among them phenolic compounds are predominant. 

The phenolic compounds in the T. lanceolata and B. citriodora leaf extracts were identified 

using LC-MS QTOF (Fig. 4a& b). The polyphenolic-rich fractions obtained from T. 

lanceolata leaf extract (Table 1& Fig. 4a) include chlorogenic acid, Luteolin/kaempferol, 

teatannin, flavogallonic acid, naringenin, brandisianin D, matricin, rutin, and ellagic acid. B. 

citriodora leaf extract showed the polyphenolic compounds of chlorogenic acid, matricine, 

brandisianin D, rutin, myricetin 3-rhamnoside and hesperetin 7-glucoside (Table 2& Fig. 4b). 

Presence of catechol structure or at least two hydroxyl groups on a benzene ring are 

responsible for the superior antioxidant properties of most identified phenolic compounds 
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[64]. Indeed, the phenolic compounds in T. lanceolata and B. citriodora leaf extracts are 

efficient scavengers of oxygen free radicals, owing to the existence of hydroxyl groups on 

their molecular structure with the ability of hydrogen atom donation [65]. The 

phytochemicals, such as ellagitannin and derivatives, have been reported to reveal 

chemotherapeutic and chemopreventive activities [66]. The chemopreventive activity of 

ellagitannin and its derivatives, such as ellagic acid has been attributed to their antioxidant 

properties [67]. A study on pomegranate extract indicated orally-administered pomegranate 

extract, which contains ellagic acid and exhibits antioxidant activity, can also inhibit 

pigmentation of skin which induced by UV radiation in brown guinea pigs. This extract also 

reduced the proliferation of melanocyte and synthesis of melanin through inhibition of 

tyrosinase activity at a level comparable to that of arbutin, an established tyrosinase inhibitor 

[68]. 

Furthermore, it has been reported phenolics, tannins, flavonoids with high antioxidant 

properties are responsible for inhibition of cell proliferation. Muniyandi et al. [69] reported 

the correlation between phytochemical constituents and radical scavenging activity is highly 

positive. Their results showed the high anticancer activity of phytochemicals against human 

colon cancer cell. A similar study has also revealed the chemopreventive potential of 

flavonoid such as rutin against cervical cancer cell. It indicated the complex is able to 

interrupt the regulation of cell cycle and has the ability to induce cellular apoptosis through 

nuclear fragmentation, generation of reactive oxygen species (ROS) and mitochondrial 

potential loss [70]. Another study the biosynthesised Au-NPs using the aqueous extract of 

Dunaliella salina, which is rich in phytochemicals, showed Au-NPs selectively killed breast 

cancer cells and were not deleterious to the normal cell line [71]. 

Plant extract contains more than one reducing agent which produces different size and 

shape of nanoparticles. The specific compound from plant extract involved in the synthesis of 
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nanoparticle remains unclear [72]. The significant different results were found during 

literature survey; the geographical different area, or environment conditions, and seasons 

were responsible for varying phytochemical compositions. The polyphenolic compounds in 

T. lanceolata and B. citriodora leaf extracts which are presented in Fig. 5 can be involved in 

stabilising and reducing of Au3+ to Au° and also the electrons donation from oxygen atoms 

can help in the phytochemical absorption on Au-NPs surface [73]. 
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Fig. 4. LC-MS chromatogram of (a) T. lanceolata, and (b) B. citriodora leaf extract. 
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Table 1  

LC-MS identification of compounds in T. lanceolata leaf extract. 

 

 

 

 

 

 

 

 

 

 

 

 

Compound  Empirical Formula  Molecular Mass  
Retention Time 

(min) 

Ellagic aicd C14H6O8                      302.197 5.324 

Chlorogenic acid C16H18O9                  354.31 4.638 

Luteolin/ kaempferol C15H10O6                    286.239 7.171 

Rutin C28H34O15                   610.153 4.246 

Flavogallonic acid C22H12O13                    484.0277 8.658 

Naringenin C15H12O5                 272.56 8.282 

Teatannin C22H18O10                442.09 7.465 

Capsidiol C15 H24 O2                    236.1779 5.978 

Matricin C17 H22 O5                  306.1463 9.475 

Brandisianin D C22H20O8                 412.1158 7.596 

3-(1-adamantyl)-2-

oxopropyl acetate 
C15 H22 O3                 250.1534 8.315 

8-[4,5-Dihydroxy-2-

(2-

hydroxyethyl)phenyl]-

3,3',4',5,7-

pentahydroxyflavone 

C23H18O10              454.09 8.805 

 



21 
 

Table 2 

LC-MS identification of compounds in B. citriodora leaf extract. 

Compound  Empirical Formula  Molecular Mass  
Retention Time 

(min) 

Chlorogenic acid C16H18O9                  354.31 4.638 

Myricetin 3-Rhamnoside 
C21H20O12                    464.379 3.838 

Rutin C28H34O15                   610.153 4.246 

Hesperetin 7-glucoside C22H24O11                    464.423 4.329 

Matricin C17 H22 O5                  306.1463 9.475 

Brandisianin D C22H20O8                 412.1158 7.596 

2',3',4',5,5',6,7,8-

Octahydroxyflavanone 

C15H12O10                    352.04305 4.084 

 

 

 

Fig. 5. Schematic interaction of Au3+ with functional groups of phytochemicals present in            

T. lanceolata and B. citriodora leaf extracts to synthesis of Au-NPs. 



22 
 

3.2. In-vitro studies 

 

The ability of T. lanceolata, B. citriodora leaf extracts and biosynthesised Au-NPs 

were investigated to block the proliferation of HepG2, MCF-7, and MM418 cancer cell lines 

(Fig. 6a-c). The results of cytotoxicity assay suggest that T. lanceolata, B. citriodora leaf 

extracts and TLAu-NPs and BCAu-NPs inhibited the growth of HepG2, MM418, and MCF-7 

cells compared to the untreated controls. However, the percentage viability of T. lanceolata 

and B. citriodora leaf extracts treated cells were about 20.0%  higher than TLAu-NPs, and               

BCAu-NPs treated cells at a similar dosage, demonstrating that the TLAu-NPs and BCAu-

NPs are substantially more effective inhibitors of cell proliferation for all cancer cell lines 

tested.  

HepG2 cells treated with T. lanceolata leaf extract showed 12.0% greater inhibition in 

cell proliferation compared to B. citriodora leaf extract (Fig. 6a). Remarkably, TLAu-NPs 

and BCAu-NPs have shown 19.0% and 32.0 % drop in HepG2 cell proliferation compared to 

leaf extracts. On the other hand, from a statistical point of view, TLAu-NPs and BCAu-NPs 

had a similar effect at inhibiting HepG2 cells proliferation, and both treatments were 

significantly (p<0.001 and p<0.0001 respectively) more potent cell proliferation inhibitors 

than the corresponding extracts alone against HepG2 cells (Fig. 6a).  

Cytotoxic effect was evident for the T. lanceolata and B. citriodora leaf extract, as 

well as the biosynthesised Au-NPs, against MCF-7 cells (Fig. 6b). TLAu-NPs and T. 

lanceolata leaf extract were substantially more effective inhibitors (~5.0%) of MCF-7 cell 

proliferation than they were for the HepG2 cells. Similar to HepG2 cells, TLAu-NPs and 

BCAu-NPs indicated 19.0% and 28.0% higher inhibitory activity in MCF-7 cell proliferation 

compared to leaf extracts. However, despite the TLAu-NPs having substantially greater 

potency than the T. lanceolata leaf extract, these differences statistically were non-
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significant. In contrast, there was a significant difference (p<0.001) between BCAu-NPs and 

B. citriodora leaf extract inhibitory activity. 

T. lanceolata, B. citriodora leaf extracts, and the biosynthesised Au-NPs displayed 

similar anti-proliferative trends against MM418 melanoma cells proliferation to the results 

obtained against HepG2 and MCF-7 cells (Fig. 6c). TLAu-NPs and BCAu-NPs showed 

around 11.0% and 17.0% higher inhibitory activity in MM418 melanoma cell proliferation 

compared to leaf extracts. Significant increases in cytotoxicity of TLAu-NPs and BCAu-NPs 

were apparent compared with the T. lanceolata and B. citriodora leaf extracts (P<0.05 and 

P<0.001 respectively).  

TLAu-NPs and T. lanceolata leaf extract displayed greater inhibitory activity towards 

MCF-7 cells proliferation compared to HepG2 (~5.0%) and MM418 (~8.0%) cells. However, 

both TLAu-NPs and BCAu-NPs demonstrated significant cytotoxicity in HepG2, MCF-7 and 

MM418 cell lines which can be associated with the synergistic effects of biomolecules such 

as flavonoids, alkaloids, and phenols with anti-proliferative activities present on the 

biosynthesised Au-NPs [14,16]. As phenolic compounds have high antioxidants properties, 

the protection of cell components against oxidative damage via the scavenging of free 

radicals is their primary action, therefore prevent their detrimental effects on proteins, lipids 

and nucleic acid in cells. Phenolic compounds interact directly with enzymes or receptors 

which are involved in signal transduction, obviously representing they play a significant role 

in human physiology [74].  

The mechanism behind the anticancer activity of biosynthesised Au-NPs is quite 

complicated and not well understood. Au-NPs are considered as a carrier for 

phytocomponents and may act as an anticancer agent. The interaction between Au-NPs and 

cells differs in numerous ways; many researchers have reported the cellular internalisation of 

Au-NPs. The surface properties of Au-NPs are most important factor in internalisation by 
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cells. Au-NPs carry positive charges, while cancer/normal cell membranes contain negatively 

charged materials like lipids (especially phosphate groups); having opposite charges is 

responsible for Au-NPs uptake and internalisation [72,75]. Another way for the entry of Au-

NPs into cells is endocytosis, as shown by a study wherein tiny Au-NPs were endocytosed 

and showed aggregation inside HeLa cells [76]. The biosynthesised Au-NPs showed 

cytotoxic activity via ROS production [77], by DNA damage [78,79], and activation caspase 

cascade of apoptosis and mitochondrial dysfunctioning [80]. Syzygium aromaticum extract-

mediated AuNPs were reported to be responsible for ROS production, dysfunctioning of 

mitochondria, and caspase-dependent apoptosis [77]. Rhus chinensis-mediated AuNPs were 

applied on different cancer cells and showed cytotoxic activity by DNA damage [78]. The 

possible mechanism of Au-NPs action is depicted in Scheme 2. 
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Fig. 6. Anti-proliferative activity of T. lanceolata (TL), B. citriodora (BC) leaf extract, 

TLAu-NPs and BCAu-NPs on (a) HepG2, (b) MCF-7 and (c) MM418 cancer cells. The 

results of cytotoxicity effects were evaluated using one-way ANOVA with Tukey’s post-test. 

Results are expressed as mean percentages ± SEM of at least triplicate determinations.                 

(* shows a significant increase in cytotoxicity of biosynthesised Au-NPs as compared to              

T. lanceolata, B. citriodora leaf extracts with p<0.05. ***significant difference with p<0.001, 

****significant difference with p<0.0001). 
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Scheme 2. Possible mechanism of action of biosynthesised Au-NPs on cancer cell lines. 

 

4. Conclusion 

The present study reports a green technique for the synthesis of Au-NPs from the 

aqueous extract of Tasmannia lanceolata, investigates the in-vitro biological effect of 

synthesised Au-NPs on three different cancer cell lines and its comparison with Au-NPs 

synthesised using Backhousia citriodora leaf extract. The size and stability of the 

nanoparticles were found to be 7.10 ± 0.66 nm and -25.2 mV, respectively. The zeta potential 

analysis confirmed the stability of synthesised Au-NPs. LC-MS analysis indicated the 

presence of polyphenolic compounds with high antioxidant activity, which might have been 

responsible for the cytotoxicity of Au-NPs against cancer cell lines. In-vitro anticancer results 

showed biosynthesised Au-NPs displayed greater inhibitory activity towards MCF-7 cancer 

cells proliferation compared to HepG2 and MM418 cancer cells. In addition, synthesised Au-

NPs using Tasmannia lanceolata leaf extract indicated higher inhibitory activity towards 

cancer cells compared to Backhousia citriodora leaf extract. Therefore, as shown in our 

study, biosynthesised Au-NPs is a good active candidate for various biological applications 

due to the nontoxicity and biocompatibility, and it could be useful in the field of medicine. 
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