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Abstract

The preparation of gold nanoparticles (AuNPs) involves a variety of chemical and physical methods. These
methods use toxic and environmentally harmful chemicals. Consequently, the synthesis of AuNPs using
green chemistry has been under investigation to develop eco-friendly nanoparticles. One method to achieve
this is the use of plant-derived phytochemicals capable of reducing gold ions to produce AuNPs. The aim
of this study was to implement a facile microtitre-plate method to screen a large number of aqueous plant
extracts to determine the optimum concentration (OC) to bio-synthesize the AuNPs. Several AuNPs of
different sizes and shapes were successfully synthesized and characterized from seventeen South African
plants. The characterization was done using Ultra Violet-Visible Spectroscopy, Dynamic Light Scattering,
High Resolution Transmission Electron Microscopy and Energy-Dispersive X-ray Spectroscopy. We also
studied the effects of temperature on the synthesis of the nanoparticles and measured its effect on the
particle size of the synthesized AuNPs and the data showed that changes in temperatures affect the size and
dispersity of the generated AuNPs. Further, some of the synthesized AuNPs were stable upon incubation

with different biological solutions in vitro.
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1. Introduction
Metallic nanoparticles have potential applications in chemistry, physics and biology due to their unequalled
optical, electrical and photothermal properties [1]. These metal nanoparticles have drawn attention because
of the ease of their synthesis and modification [2]. Among the metal nanoparticles, gold nanoparticles
(AuNPs) have received much attention for their unique and adjustable Surface Plasmon Resonance (SPR)
[3]. AuNPs have been utilized in several biomedical applications such as drug delivery, disease diagnosis
and treatment of cancer, photothermal therapy, and immunochromatographic identification of pathogens in

clinical specimens [4].

In general, the preparation of metal nanoparticles involves a variety of chemical and physical methods,
such as chemical reduction [5], photochemical reduction [6], electrochemical reduction [7], laser ablation
[8] and lithography [9]. These methods are expensive and involve the use of several toxic, environmentally
harmful inorganic chemicals, such as sodium/potassium borohydrate, hydrazine and salts of tartrate, or
organic chemicals, such as sodium citrate, ascorbic acid and amino acids, which are used for their reducing
capabilities [10]. The employment of these harmful chemicals can limit the use of nanoparticles in

biomedical applications [11].

Consequently, the green synthesis of AuNPs has been under investigation owing to the rising need to
develop biocompatible, less-toxic and eco-friendly nanoparticles. One method to achieve this is the
utilization of biological systems such as bacteria, fungi and plant extracts. For example, Kalishwaralal and
co-workers synthesized gold nanocubes, ranging from 10 to 100 nm, from the bacterium Bacillus
licheniformis after incubation with the gold salt for 48 hr [12]. Shankar et al., synthesized spherical AuNPs
from an endophytic fungus (Colletotrichum sp.) after 96 hrs of incubation [13]. Several studies reported the
synthesis of AuNPs using extracts from plants such as, Aloe vera [14], Magnolia kobus, Diospyros kaki
[15], Suaeda monoica [16], Trianthema decandra [1] and Memecylon umbellatum [17]. These systems are

not only eco-friendly, but also cost-effective and can be easily modified for large—scale synthesis [1].

The use of plants is more attractive, compared to the other biological systems, as they are readily available,
safer and contain wide variety of reducing phytochemicals. Further, the plant-derived phytochemicals
require shorter incubation time with the gold salt to synthesize AuNPs compared to microbial-derived
chemicals [2]. These phytochemicals are not only responsible for the synthesis of metal nanoparticles, but
also they act as capping agents to prevent the coalescence of colloidal particles, which are kept apart in
solution by electrostatic forces [10]. It is thought that different-shaped polyol and water-soluble
heterocyclic components of plant phytochemicals are mainly responsible for the reduction and coating the

gold ions [17].
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The flora of the South Western Cape, which is commonly referred to as the Cape Flora or the Core Cape
Sub-region of the Greater Cape Floristic Region, is the smallest and richest region in plant diversity in the
world. It has over 9 300 species occupying a land area of approximately 90 000 km? with about 70% of the
species occurring nowhere else in the world [18]. In this study, we synthesized AuNPs using seventeen

plant extracts collected from the South Western Cape area of South Africa.

Herein we report the synthesis of different plant generated AuNPs. The synthesis process was monitored
under two different temperature conditions to measure the effect of temperature on the geometric properties
of the synthesized AuNPs. The stability of the AuNPs was measured after incubating them with different
biological solutions. Several physical and optical measurement techniques such as, Ultraviolet-Visible
Spectroscopy (UV-Vis), Dynamic Light Scattering (DLS), High Resolution Transmission Electron
Microscopy (HR-TEM) and Energy-dispersive x-ray spectroscopy (EDS) were used to in order to

characterize the nanoparticles.

2. Results and discussion
Previous studies reported the green synthesis of the plant-mediated AuNPs by mixing specific
concentrations of gold salt solutions with the plant extracts solutions [1, 14, 15, 16, 17]. In this study, we
sought to improve the current used methods to biosynthesize AuNPs from plants by developing micro-scale
method to screen large number of plants at once. Using this method we can also determine the optimum

concentrations (OC) at which the plants can reduce gold salts to AuNPs.

2.1 Preparation of AuNPs (UV-Vis analysis)
The formation of the AuNPs was first visually observed by the development of red/wine-red colour in the
96 well plates. The measurement of the UV-Vis spectra also confirmed the formation of the AuNPs. A
maxima absorbance between 500 and 600 nm (Table 1), is attributed to the excitation of their surface
plasmon resonance [19] and considered as a distinct feature for the presence of AuNPs. Three plant
extracts, namely 4. rubicundus, A. hispida and E. rhinocertis, did not exhibit any colour change when
tested at 25 °“C. This may indicate the absence of strong reducing phytochemicals in their aqueous extracts
which needed the presence of higher temperature to initiate the reduction process. However, since in this
study the extracts were incubated with the gold salt for 1 hr, these plant extracts might need a longer period
to start reducing the gold ions at low temperature. Epigallocatechin gallate (EGCG), which was previously
reported by Nune ef al. to reduce gold salt [20], was used as a control to monitor the synthesize AuNPs.

The Amax of EGCG was 532 nm, which is within the same range of 535 nm the Amax reported by Nune ef al.

The SPR of the AuNPs is highly sensitive to many factors such as particles shape and size, the refractive
index of the dispersion medium and the average distance between neighbouring AuNPs [21]. From the UV-

Vis spectra of the AuNPs shown in Figure 1, it is evident that no major shifts were observed between
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AuNPs synthesized at 25 °C or at 70 °C. The notable difference seen in the UV-Vis spectra for the AuNPs

produced from the plant extracts was a change in the height of the peaks (which may relate to the number

of the nanoparticles produced, as the OD-value correlates linearly with the concentration of the AuNPs in a

solution [22]). Further, the bands generated by AuNPs synthesized at 70 °C were generally sharper and

more symmetrical (which can be an indication of the increased uniformity in size distribution of AuNPs

[23]). It is also observed that the plasmon bands of most of AuNPs are broad with an absorption tail in the

longer wavelength attributing the excitation of the in-plane SPR and indicates significant anisotropy in the

shape of gold nanoparticle [24] or the formation of aggregated spherical nanostructures [25]. On the other

hand, green tea and EGCG (at both temperatures) showed minimum absorption tail towards the near

infrared region, which may indicate their stability and/or the lack of anisotropic nanoparticles. Table 1

summarize the maxima absorbance data recorded from all the tested plants.
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Figure 1: Comparison of the UV-Vis spectra for the AuNPs produced at 25 °C (green) and at 70 °C (red).

[Numbers on each spectrum correspond to the numbers in table 1. EGCG (20) and Camellia sinensis (18 and 19; black

and green tea) were included for comparison purpose].
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2.2 Particle size diameter, distribution and shape analysis

2.2.1 DLS analysis
Most of the plant extracts produced nanoparticles of smaller sizes at 70 “C (Table 1). This is in agreement
with previous studies, as it was proved that lower temperatures yield larger AuNPs [26]. Pandey and co-
workers reported the effect of higher temperature in optimizing the green synthesis of AuNPs and showed
that smaller nanoparticles can be synthesized by increasing the temperature [27, 28]. However, in case of 1.
brachystachya, E. africanus and A. scabrosa, the AuNPs produced at 25 °C were smaller than those
synthesized at elevated temperature. This may due to the destruction of the capping agents in those plant
extracts which allow the growth of AuNPs to larger particles. Smallest AuNPs produced at 25 °C was
generated by O. Bracteolatum (47 nm), while smallest AuNPs produced at 70 °C was obtained from green
tea (23 nm) L. hispidus gave the largest AuNPs diameters of 218 nm and 136 nm at 25 °C and 70 °C,

respectively.

The polydispersity index (Pdi) values in table 1 also shows that the AuNPs are often more monodispersed
when synthesized at 70 °C. The Pdi represents the ratio of particles of different size to total number of
particles, so the lower the value of Pdi the more monodispersed are the particles. Arockiya Aarthi Rajathi
and co-workers reported the synthesis of AuNPs from the leaves of Suaeda monoica with a Pdi value of
0.286, which was considered to be a representation of monodispersed particles [16]. AuNPs from N. foetida

gave the lowest Pdi values both at 25 °C and 70 °C.
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2.2.2 HRTEM and EDX analysis
The TEM images of the AuNPs, produced from plant extracts (figure 2), showed variable geometrical
shapes and sizes. However, AuNPs produced from some extracts showed a dominance of some shapes over
others. The presence of the anisotropic particles in the samples is indicated by the presence of absorbance
towards the near infra red region in their spectra. On the other hand, EGCG AuNPs were mostly uniform in
shape and such uniformity was reflected with minimum absorbance towards the near infra red region.
Overall, larger particles from ~ 150 nm in size were mostly triangular, truncated triangular, and hexagonal
in shape. On the other hand, smaller nanoparticles were mostly, spherical, pentagonal and hexagonal,
although few small triangles could also be observed. This mixture of geometrical shapes is a common
feature of AuNPs as reported before [29, 30]. TEM images show only a few particles in each frame, hence
statistically reliable distributions of these shapes and sizes cannot be evaluated using TEM [31]. Moreover,
there were no apparent difference in the shapes between AuNPs synthesized at 25°C and 70°C as seen for
AuNPs synthesized from P. latifolius. One interesting observation from the TEM images is the presence of
a halo surrounding most of the nanoparticles (Figure 3). This halo was also observed by Zeiri ef al., which

has a width of 2 to 3 nm, and was suggested to protect the AuNPs from aggregation [31].
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Figure 2: TEM images of the synthesized AuNPs.
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AL o a

Figure 3: TEM images of AuNPs produced from a) I. brachystachya and b) A. rubicundus showing a halo surrounding

the nanoparticles

The EDX spectroscopy analysis of the AuNPs confirmed the presence of gold ions in the samples selected
for TEM analysis. Strong optical adsorption peaks were observed at around 2.3, 9.7 and 11.3 KeV, which
are consistent with a previous study (Figure 4) [17]. The presence of strong peaks of carbon and copper,
and silicon in some samples, is attributed to the TEM grid and the detector window [32], whereas the
presence of calcium, oxygen, potassium and chloride is suggested to be traces from the phytochemicals of

the extracts and the gold salt [16, 31].
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Figure 4: EDX spectra of some AuNPs showing Au peaks in red arrows.
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3.2 Stability of the AuNPs
The zeta potential values of the synthesized AuNPs were measured in order to evaluate their stability. All
measurements of the samples were done immediately upon synthesis. Generally, the zeta potential can be
used to anticipate the long term stability of AuNPs in a solution, as the magnitude of the charge reflects the
mutual repulsion forces between the particles [33]. All of the plant extracts demonstrated negative zeta
potential as shown in table 2. Overall, a negative zeta potential value is suggested that the particles will be

stable in solutions [33].

To further evaluate the stability of the AuNPs, they were incubated for extended periods under different
biological solutions. Biologically stable AuNPs should not aggregate (manifested by minimal changes in
the UV-Vis spectra) under a wide range of environmental conditions (e.g: salts and biological additives)
[33]. In this study, the AuNPs were incubated with 10% NaCl, 0.5% cysteine and 0.5% Bovine Serum
Albumin (BSA). The stability of AuNPs was monitored by recording their UV-Vis spectra over different
time intervals. Only AuNPs synthesized from P. latifolius and A. rubicundus showed excellent stability by
retaining their surface plasmon resonance (Figure 5). This indicates that these nanoparticles are highly
stable at different environmental conditions and hence can be used in different medical applications and
assays. On the other hand, none of the other AuNPs synthesized from the other plant extracts showed a
similar stability upon incubation with the same biological solutions. For instance, the AuNPs generated
from O. bracteolatum and A. linearis did not exhibit the same minimal changes in their respective UV-Vis
specta shown in figure 6. It is suggested that the flattening in their SPR is contributed to the formation of
larger particles over the time of incubation, where also the decrease of their intensities may be contributed

to the reduction of the AuNPs in terms of their number especially when incubated with 0.5% BSA.
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3.3 Effect of temperature on AuNPs characteristics
In order to view the effect of elevated temperature on the overall synthesis of the AuNPs, the average
values of the particle diameter, Amax, and Pdi values were calculated (Table 2). It was previously reported
that high temperatures can produce AuNPs of better size distribution [28]. The measurement of the particle
size distribution of some AuNPs supported that report. For example, in figure 6 it can be observed that at
elevated temperature the AuNPs synthesized from E. africanus exhibited better size distribution in contrast
to the AuNPs synthesized at lower temperature. Overall, the higher temperature the smaller and better
defined the particles were, which is also correlated with the blue shift of the Amax. This is in agreement with
the study conducted by Mountrichas and co-workers [28]. Song et al. explained the formation of smaller
AuNPs at high reaction temperature by stating that most gold ions are consumed in the formation of the
nuclei with the increase of reaction temperature as a result of increased reaction rate, therefore preventing
the secondary reduction process of the performed nuclei and hence stopping the formation of larger AuNPs

[34].

E. africanus at 25 °C E. africanus at 70 :d

Intensly (Percent)

s 3% e

0 ' e — . et ' | ' e | -

0.1 1 10 100 1000 10000
Sze (dom)

Figure 6: Particle size distribution for AuNPs produced from E. africanus.

Table 2: The average particle diameter, Amax, and Pdi values obtained from all the plant extracts at 25 “C and 70 °C.

25°C 70 °C
Amax (Nm) 543+9 539+4
particle diameter (nm) 97 +44 68 +29
Pdi 0.465+ 0.127 0.419+0.14
34 Effect of concentration and determination of OC for each plant extract.

The optimum concentration is simply defined as the concentration at which a plant extract produce smaller
and uniform NPs. To investigate the effect of plant extract concentration; fixed concentration of gold salt
was incubated with different concentrations of the plant extracts (16 — 0.007 mg/ml). We based our
selections of the OC first on the SPR (Amax) and the uniformity of the Uv-Vis curve, and second on the PD
and Pdi values which give an indication of the uniformity of the AuNPs produced. Thereafter, for further

analysis, the chosen concentrations (OC) were used to synthesize the AuNPs after scaling up the volumes

14
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along with the adjacent concentrations in the first screening step. It was observed that higher temperature
yielded smaller particle sizes at lower concentrations of the plant extracts. Figure 7 shows that the
optimum concentration at 25°C is 1 mg/mL, while at 70°C it is 0.5 mg/mL. No uniform and small AuNPs

were synthesized at concentrations higher than 4 mg/mL.

6 m25°C

Number of plant extracts m70°C

0.125 0.25 05 1 2 4

Concentraions (mg/mL)

Figure 7: Optimum concentrations for AuNPs synthesis for all plant extracts at 25 °C and 70 °C.

In figure 8, we selected, as an example, the SPR of one of the tested controls (EGCG) and a plant extract
(P. latifolius) to show the growth pattern of the AuNPs under different concentrations. At low
concentrations both of the SPR exhibited red shifts, this indicates the formation of AuNPs of large particle
size (EGCG at 0.0625 mg/mL gave Amax at 550 nm with particles of average diameter of 393 nm, at 1
mg/mL P. latifolius had Amax of 554 nm with average diameter of 79 nm). By increasing the concentration
of the reducing material (EGCG or the plant extracts) smaller particle diameter were obtained and the OCs
were reached. The SPR of the OCs exhibited the maximum blue shift compared to the SPR of the lower
concentrations. At this point, the growth pattern comes with agreement the nucleation-growth mechanism
of the citrate AuNPs proposed by Frens [35]. Frens showed that smaller citrate AuNPs can be obtained by
increasing the sodium citrate (reducing agent) concentration while using fixed gold salt concentration. It
was suggested that the citrate AuNPs were grown through a fast nucleation process followed by controlled
diffusion growth at which average sizes can be reduced as sodium citrate concentrations increased.
However, as we increase the concentration of the reducing material beyond the OC (0.125 mg/mL for
EGCG and 2 mg/mL for P. latifolius) no smaller AuNPs were obtained as expected, on the contrary the
SPR curves became more flat and/or red shifted as the concentrations increase, which is a clear indication

of the increased average size of the AuNPs as discussed in section 2.1. For instance, EGCG gave AuNPs of

15
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particle diameter of 55 nm and Amax of 536 nm at 0.25 mg/mL compared to 45 nm and 532 nm at 0.125
mg/mL. In the case of P. latifolius no shifts were observed compared to the optimum concentration curve,
but instead the SPR curves became more flat and showed absorbance above 600 nm, which are indications

of the formation of larger particles (particle diameter of 83 nm at 4 mg/mL and 207 nm at 16 mg/mL).

Ji and co-workers [36], observed that citrate AuNPs were produced with larger diameter by increasing the
sodium citrate above certain limit. It was proved that AuNPs can be produced under two different pathways
that yield different sizes. These pathways were determined based on the pH of the medium. They proved
that above a certain critical pH value the AuNPs grow differently via Ostwald ripening which leads to the
formation of larger AuNPs. In their study, the pH of the reaction mixture was dependent on the initial
sodium citrate/gold salt ratio. In another study, Guo and co-workers [37] also reported the effect of
changing the pH on the synthesis of AuNPs from Eucommia ulmoides bark aqueous extract. They proved
that at pH values above certain optimum value the reaction mixture turned blue with no absorption peak
due to the formation of larger and aggregated AuNPs. This was also observed in this study with EGCG at §
mg/mL (see inset figure 8 A). While the P. latifolius mixture at highest concentration tested (16 mg/ mL)
started to give bluish red colour compared to the rosy red colour of the OC (see inset figure 8 B). We
presume a similar mechanism occurs in our study, because, the change in pH is slightly small between the
small and high concentrations, we are proposing other factor(s) as well that cause non-linearity relationship
between the plant extract concentration and the formation of NPs. We assume that, at high concentration
above the OC the crowded media causes a certain degree of impedance that prevent the reducing and/or
capping agents to function well. The plant extract generally containing unlimited number of
phytochemicals, some of them at high concentration may insulate or reverse the action of the reducing
and/or capping agents. Therefore, the determination of OC where the interaction of the plant extract with
gold salt reach the optimum, highly appreciated and considered to be the best concentration ratio for the

synthesis of NPs, above the OC the growth pattern of the NPs change and produce larger particle.
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4  Materials and Methodology

4.1 Materials
C. sinensis (black and green tea) and A. linearis (Rooibos tea) were purchased from local vendors in South
Africa, EGCG from Zhejiang Yixin Pharmaceutical Co., Ltd (China), 96 well polystyrene microplates from
Greiner bio-one GmbH (Germany), gold salt (sodium tetrachloroaurate (III) dehydrate) from Sigma-
Aldrich (USA), Bovine Serum Albumin (BSA) from Miles Laboratories (USA), N-Acetyl-L-cystein from
Boehringer Mannheim GmbH (Germany) and sodium chloride (NaCl) from Merck (USA).

4.2 Instruments
Centrifugation for the extracts was done using Allegra® X-12R (Beckman Coulter, USA). The AuNPs
were centrifuged using Centrifuge 5417R (Eppendorf AG, Germany). The extracts were freeze dried using
FreeZone 2.5L (Labconco, USA). UV-Vis spectra were recorded using POLARstar Omega microplate
reader (BMG Labtech, Germany). The particle size, size distribution and zeta potential measurements of
the freshly synthesized AuNPs in solution were analyzed using Zeta sizer (Malvern Instruments Ltd.,

USA). TEM analysis was done using FEI Tecnai G* 20 field-emission gun (FEG).

4.3 Sample collection

Plant samples (Table 3) were collected during May 2015 from two sites in the Western Cape Province of
South Africa. The first site is situated in Malmesbury (GPS coordinates: 33°27'33.44"S, 18°44'39.87"E)
approximately 60 km north of the University of the Western Cape. The vegetation on this site is classified
as the critically endangered Swartland Granite Renosterveld. In contrast, the second site is situated
approximated 20 km south of the university in Mfuleni (GPS coordinates: 34°00'18.54"S, 18°41'8.19"E)
and supports an endangered vegetation unit known as Cape Flats Dune Strandveld. On both sites the
sampling strategy was random and all the specimens collected were identified and deposited at the
Compton Herbarium (NBG), Kirstenbosch, Cape Town, South Africa. The collection and identification
process was performed by C.N. Cupido the co-author of this paper.
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Table 3: The collected plants and their herbarium number.

Plant name Herbarium number
Anisodontea scabrosa AB-1-20
Aspalathus hispida AB-1-4
Asparagus rubicundus AB-1-1
Cynanchum africanum AB-1-6
Elytropappus rhinocertis AB-1-11
Eriocephalus africanus AB-1-13
Indigofera brachystachya AB-1-16
Lobostemon hispidus AB-1-17
Metalasia muricata AB-1-9
Nidorella foetida AB-1-12
Otholobium bracteolatum AB-1-25
Podocarpus falcatus *

Podocarpus latifolius *

Salvia africana-lutea AH-42
Searsia dissecta AB-1-21
Senecio pubigerus AB-1-14

* P. falcatus and P. latifolius were purchased from Kristenboch national botanical garden, Cape Town, South Africa.

4.4 Preparation of the plant extracts
Fresh plant materials were dried in the shade for two weeks, grinded and extracted using boiled distilled
water using the following ratio: 50 mL of distilled water to 5 g of plant material. The plant decoctions were
centrifuged at 3750 rpm for 2 hrs. The supernatants were then freeze dried. A stock solution of 32 mg/mL

was freshly prepared for each extract before the experiment.

4.5 Screening of gold nanoparticles synthesis
The gold salt concentration was fixed at 1 mM [17] and incubated with increasing concentrations of the
plant extracts (16 to 0.007 mg/mL). 50 ul of plant extracts were added to 250 pl of gold salt (ratio 1:5). The
plates were incubated at 25°C and 70°C with shaking (40 rpm) for 1 hr. The SPR of the AuNPs was
measured by recording the UV-Vis spectrum from range 300 nm to 800 nm. For further characterization
and stability evaluations, the synthesis of the AuNPs from the tested plants was scaled up using the

concentrations of the plant extracts that produced AuNPs.

4.6 High resolution transmission electron microscopy (HRTEM) and energy

dispersive X-ray spectroscopy (EDX) analysis
To study the surface morphology of the AuNPs, samples were prepared by drop-coating one drop of each
sample solution onto a holey carbon coated copper grid. This was then dried under a Xenon lamp for 10

min, where after the sample coated grids were analyzed under the microscope. Transmission electron
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micrographs were operated in bright field mode at an accelerating voltage of 200 kV. Energy dispersive x-

ray spectra were collected using an EDAX liquid nitrogen cooled Lithium doped Silicon detector.

4.7 Stability evaluation of the synthesized AuNPs

In vitro stability of the synthesized AuNPs was measured by incubating the AuNPs with different aqueous
solutions of NaCl, cystein and BSA. First, the synthesized AuNPs were centrifuged at 10,000 rpm for 5
min. The pellets were washed three times with distilled water to remove phytochemicals that are not
capping the gold nanoparticles. The nanoparticles were re-suspended in 1 mL autoclaved distilled water.
Thereafter, 100 puL of the tested AuNPs solutions was incubated with equal volume of the biological media
in 96 well plate. The final concentrations of the biological media in the final mixture was as follows; 10%
NaCl, 0.5% cystein and 0.5% BSA [33]. The stability of the AuNPs was evaluated by measuring the
changes in UV-Vis spectra after 1, 4, 6, 12 and 24 hrs.

5  Conclusion

This study was designed to investigate the effect of the concentration of different plant extracts on the
formation of AuNPs on microscale. The results showed nonlinear relationship between concentrations and
the formed AuNPs, and we determined a specific concentration (for each plant extract) called OC at which
a smaller and uniform AuNPs were obtained.

The aqueous extracts of the tested plants were used to reduce Au™ to Au® and form the AuNPs. C. sinensis
(black and green tea) as well as EGCG were used as controlling agents for the AuNPs synthesis screening
process. This study shows for the first time a fast and easy screening method of a large number of aqueous
plant extracts for the bio-synthesis of AuNPs. The formation of AuNPs by this approach has several
advantages since it reduces cost and time of the synthesis in addition of being environmental-friendly. The
synthesized AuNPs were thoroughly studied, and their shapes, size and in vitro stability were examined. Of
total seventeen plants collected for this study, all of them produced AuNPs at two different temperatures
(25 °C and 70 °C), except for A. rubicundus, A. hispida and E. Rhinocertis, which only produced AuNPs at
70 °C. The formation of the AuNPs was confirmed by the presence of their characteristic SPR in the UV-
Vis spectra.

We also applied different reaction conditions and showed that smaller particle size and more defined
AuNPs can be achieved by applying high temperature during the synthesis process. The particle sizes were
studied by DLS analysis, which also gave indication about the AuNPs stability in aqueous solutions. Of all
plant extracts, green tea produced the smallest AuNPs with an average diameter of 23 nm at 70 °C. TEM
analysis showed the geometrical shapes of the AuNPs, and was with agreement to the UV-Vis. EGCG was
able to synthesize AuNPs of uniform shapes according to the TEM analysis, which was also reflected in its
UV-Vis results. The EDX analysis also confirmed the presence of gold ions in the samples by recording
noticeable optical adsorption peaks of gold ions at the same ranges that were reported before in the

literature. By monitoring the stability of the SPR bands of the synthesized AuNPs, under different
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environmental conditions, we were able to determine three plants extracts namely P. /atifolius and A.
rubicundus. To expand on this, we suggest studying the toxicity of these stable AuNPs against human cell

lines to determine their potential in further biomedical applications.
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