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Abstract: The development of an eco-friendly protocol for the synthesis of nanomaterials is an important aspect of research in
nanotechnology. The present study demonstrates a facile and rapid synthesis of gold nanoparticles (AuNPs) by Lallementia
royleana (LR) seed extract for some potential biomedical applications. The synthesized AuNPs were characterized by UV-
visible spectroscopy, Fourier transform infrared (FTIR) spectroscopy, atomic absorption spectroscopy (AAS) and
thermogravimetric analysis (TGA). The LR seed extract played a dual role by reducing Au™ to Au® and stabilizing the
resulting NPs. The formation of AuNPs was confirmed through UV-visible spectroscopy by measuring characteristic Aspr
peaks between 532-554 nm. The different reaction parameters; amount of LR mucilage, temperature and pH were optimized
using conventional method. The optimum conditions were found to be; LR amount (10.0 mL), temperature (60 C) and pH (12)
to obtain the high yield of AUNPs with narrow size distribution. Fourier transform infrared analysis showed the interaction
between AuNPs and functional groups responsible for reduction and stabilization. Unreacted amount of gold ions was
measured by atomic absorption spectroscopy and maximum yield was found to be 94.45 %. The surface topography was
observed by atomic force microscopy. The antioxidant potential of synthesized AuNPs was evaluated by DPPH, hydroxyl
radical scavenging and reducing power assays which shows a concentration dependent effect on the antioxidant potential of
AuNPs.

Keywords—Green synthesis, Lallementia royleana seed extract, Gold nanoparticles, Thermogravimetric analysis,
Antioxidant potential.

1. INTRODUCTION

Nanotechnology is an immensely developing field due to its extensive range of applications in different areas of technology
and science. Nanoparticles (NPs), the fundamental building blocks of nanotechnology are of great worth owing to their
potential applications in various areas, such as catalysis, photonic, health care, tissue engineering, drug delivery, molecular
imaging [1], sensors, food industry and environmental, in fact in every field many more to count on [2]. Recent progresses of
nanomaterials in several fields arise from their unique chemical and biological properties associated with nano — size, shape,
composition and crystallinity [3, 4].
Among the metal nanoparticles, AUNPs being inert and relatively least cytotoxic are extensively used for biomedical catalysis
[5]. The synthesis of AuNPs using various biological materials such as bacteria, fungi, yeast and plant extracts [6] has received
a great deal of attention because of the availability of significant bioactive compounds and simple, eco-friendly and size-
controlling approaches [7]. Recently Kotcherlakota et al. demonstrated the synthesis of highly biocompatible gold
nanoparticles using Zinnia elegans plant leading to in vivo study of Near-Infrared Fluorescence (NIR)-based bio-imaging and
cell labeling applications [8].
The rapid bio-reduction of chloroauric acid by Chloroxylon swietenia DC leaf extract to form well dispersed C. swietenia gold
nanoparticles was studied by Balasubramani and the coworkers [9]. Yuan et al. reported a rapid biosynthesis method for
AUNPs from Capsicum annuum var. grossum pulp extract in a single-pot process [10]. Recently a green approach for the
synthesis of gold nanoparticles using Eupatorium odoratum leaf extract [11], Annona muricata leaf extract [12], aqueous
extract from Crinum latifolium leaves [13] and cinnamon (natural spice) [14] has been reported. Irfan et al. reported that ionic
liquid mediated Elaeis. guineensis (oil palm) leaves extract can be used for reduction of gold precursor to obtain stable AuUNPs
[15]. Hoshyar et al. used crocin to fabricate AuNPs and studied their anti-cancer activities [16]. Barrios-Gumiel et al. reported
heterofunctionalized gold nanoparticles with cationic carbosilane dendrons (first to third generations, 1-3G) and (polyethylene)
glycol (PEG) ligands in the presence of a reducing agent [17].
Hence, in the present study we demonstrated the use of Lallementia royleana seed extract mediated green synthesis of gold
nanoparticles having exceptionally high antioxidant potential.
2. MATERIALS AND METHODS
2.1 Chemicals

Chloroauric acid (HAuUCl4.3H,0), hydrochloric acid (HCI), sodium hydroxide (NaOH), 2,2-diphenyl-1-picrylhydrazyl

(DPPH), ascorbic acid (AA), dimethyl sulfoxide (DMSO), potassium ferrocyanide (K,;[Fe(CN)s].3H,0), trichloroacetic acid
(TCA), ferric chloride (FeCls), potassium dihydrogen phosphate (KH,PO,), salicylic acid (SA), ferrous sulphate
(FeS0,.7H,0), hydrogen peroxide (H,O,) and other chemicals were of analytical grade and procured from Sigma Aldrich Co.,
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USA. All chemicals were used as received without any further purification. LR seeds were obtained from local market. Double
distilled water (DDW) was used in this work.

2.2

Isolation and purification of mucilage from LR seeds

Dried seeds (5.0 g) of LR were soaked in DDW (400 mL) for 2 h in a clean environment. Gelatinous layer formed around

seeds, was then homogenized in kitchen blender for 1-2 min. The clear gelatinous material was isolated from seeds by
centrifugation at 4000 rpm for 40 min. The LR gel was filtered under vacuum filtration using muslin cloth and washed several
times with DDW. The isolated LR gel was stored in fridge to prevent the fungal growth and then used for further
characterization.

2.3

2.4

2.5

2.6

Synthesis of LR-AUNPs
HAuCIl,.3H,0 solution (1.0 mM) was taken (10.0 mL) in a round bottom flask into which varying amounts of purified
LR gel (2.0-10.0 mL) were added in drop wise manner and total volume of the mixture was made up to 20.0 mL using
DDW under constant stirring at 25 °C. A change in colour from yellow to purple was observed after 20-30 min which
confirms the formation of LR-AuNPs. The UV-visible spectra of synthesized AuNPs were recorded in 200-800 nm range
using UV-visible spectrophotometer.
Optimization of reaction parameters
The reaction parameters (pH, temperature and amount of LR mucilage) were optimized to get control over the yield,
size and concentration of NPs by changing one parameter at a time and keeping rest of the parameters constant. In various
experiments, the pH of the reaction mixture was maintained with the help of HCI (0.1 M) or NaOH (0.1 M) solutions. The
different reaction parameters were determined from LR gel amount, temperature (25 °C and 60 °C), pH (4, 8 and 12) and
time respectively.
Characterization
251  UV-visible spectroscopy and FTIR analysis
The UV-visible spectra of the synthesized AuNPs were recorded in 300-800 nm range using UV/Vis
Spectrophotometer (U-2800 Hitachi, Japan) to observe the characteristic Aspgr Of AUNPS. Functional group
analysis of LR extract and synthesized AuNPs was carried out using (IRTracer-100, Shimadzu), in the range
of 4000-400 cm™.
2.5.2  Atomic absorption spectroscopy and Thermal analysis
A polarized Zeeman atomic absorption Z-5000 spectrophotometer (Hitachi, Japan) equipped with single
element hollow cathode lamp (6.0 mA for gold) and 10 cm of burner head and air acetylene burner was used
for the determination of gold. The wavelength at 242.8 nm (resonance line), the spectral band width at
0.5nm and the ratio of air-acetylene at 4.7 were set. Thermogravimetric analysis of the LR gel and
synthesized LR-AuNPs was performed at a temperature range of 20 ‘C-700 °C using SDT (Q600-TA
Instruments, USA) in a dry air atmosphere.
2.5.3  Atomic force microscopy
To study the surface morphology and distribution pattern, AFM analysis of LR-AuNPs was carried out
using scanning probe microscope (SPM-9500 J3, Shimadzu, Japan) under normal atmospheric conditions.
For this analysis, a freshly prepared sample was deposited on a fine metal surface in dust-free environment.
In vitro antioxidant studies
2.6.1 DPPH free radical scavenging assay
DPPH is a stable, purple coloured free radical which turns yellow when scavenged. This property of the
radical was exploited to show the free radical scavenging activity of the synthesized LR-AuNPs. DPPH
solution (0.1 mM) in DMSO was prepared and mixed (2.0 mL) vigorously with different concentrations
(12.5-200 pL/mL in DMSO) of gold solution. At room temperature the reaction mixture was incubated in the
dark for 30 minutes. After incubation, the absorbance (A) measurements was made at 517 nm. The procedure
was repeated for control solution of (LR). Ascorbic acid (AA) was taken as reference (R). The percentage
inhibition of the radicals by AuNPs was determined using the equation:
% Inhibition = Avlank — Asample / Asample x 100 (1)
2.6.2  Reducing power assay
In this assay, various concentrations (12.5-200 uL/mL) of AuNPs and LR were separately mixed (1.0
mL) with PBS (0.2 M, pH 6.6) and potassium ferrocyanide (1.0 mL; 1%) and then incubated for 20 min. at
50 °C. After that TCA (1.0 mL; 10 %) was added and then centrifuged at 3000 rpm for 10 min. To
supernatant (1.0 mL), of DDW was added (1.0 mL) followed by of FeCl; (0.5 mL; 0.01 %) and the
absorbance was measured at 700 nm against PBS as blank. AA was used as positive control in this test. The
percentage inhibition was determined using the equation:
% Inhibition = (Asample - Anegative control) / (Apositive control — Anegative control) x 100 (2)
2.6.3  Hydroxyl radical scavenging assay
To different concentrations of AuNPs (12.5-200 pL/mL) and LR extract, salicylic acid (9.0 mM; 1.0 mL),
FeS0O,4.7H,0 (9.0 mM; 1.0 mL) and H,0, (1.0 mL) were added. The reaction mixture was incubated at 37 °C
for 60 minutes. After incubation the absorbance was measured at 510 nm using a UV-visible
spectrophotometer. Negative control was prepared without samples, whereas AA was taken as positive
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control. The percentage of hydroxyl radical scavenging activity for test samples was determined using this
equation,
% Inhibition = (Asample - Anegative control) / (Apositive control Anegative control) x 100 (3)
3. RESULTS AND DISCUSSION
3.1 Isolation and purification of mucilage from LR seeds
LR seed is a natural polysaccharide consisting of dietary fiber, crude ash, fats, protein and crude oil respectively [18].
When the seed has been soaked in water, it absorbs water and a mucilaginous layer of polysaccharide is formed, that
surrounds it. This mucilage content has interesting properties for pharmaceutical industries and in the present study; it has
played dual role as a stabilizing and reducing agent respectively.
3.2 Synthesis of LR-AuNPs
LR-AuNPs were synthesized using LR seed mucilage which acted as both the reducing and stabilizing agent and
HAUCI,.3H,0 as gold precursor. The reduction of Au®" ions to Au® was indicated by colour change from pale yellow to
pinkish violet, when seed mucilage was mixed with HAuCl,.3H,0 as depicted in Fig. 1. The UV-visible spectra were
recorded in 200-800 nm range to observe the characteristic absorption bands of AuNPs.

Fig. 1: Change in color from yellow to pinkish violet confirming the formation of Lallemantia roeraina—GoId nanoparticles (LR-
AUNPS)

3.3 Optimization of reaction conditions
Reaction conditions such as temperature, pH and amount of LR seed mucilage play a vital role in the synthesis of LR-
AUNPs. Optimization of reaction parameters was achieved conventionally by varying amount of mucilage, temperature
and keeping the amount of HAuUCI4.3H,0 (10.0 mL) constant. UV-visible spectroscopy was used to study the effect of all
these parameters over synthesis rate. The obtained results confirmed that by increasing concentration of mucilage (10.0
mL) and temperature (60 °C) at pH 12, absorbance increases and wavelength (Aspr) Was shifted towards shorter
wavelength resulting decrease in the size of AuNPs as shown in Fig. 2 (A and B).
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Fig. 2: UV-visible spectra of LR-4AulNPs by varying the amount of LR mucilage and pH at (4) 25 °C; (B) 60 °C

3.4 Characterization of LR-AuNPs

3.4.1

UV-visible spectroscopy and FTIR spectroscopy
Synthesis of LR-AuNPs was monitored by recording UV-visible spectra between 300-800 nm. The

maximum value for Aspr Was 546 nm, which is a characteristic of spherical shaped AuNPs recorded at
60 °C. By increasing the amount of mucilage, increased absorbance was observed with decreasing
wavelength indicating the formation of small sized AuNPs as shown in Fig. 3.

The FTIR analysis showed the characteristic absorption bands, which revealed the presence of O—H
group (~ 3387.00086 cm™), N-H group (~ 3271.0996 cm™), C—H group (2920.227424 cm™) and
C—0—C linkage (1029.98977 cm™) in the LR mucilage as shown in Fig. 4 (A). The FTIR spectrum of
LR-AuNPs showed bands shifted for O—H group (2918.318 cm™), N—H group (3295.8595 cm™), C—H
group (670.779 cm™) and C—O—C linkage (1145.424 cm™) respectively as shown in Fig. 4 (B).
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Fig. 3: UV-visible spectra of LR-AulNPs with varying amount of LR mucilage at 60 “C
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Fig. 4: Fourier-transform infrared spectroscopy (FTIR) spectrum of (A) Lallemantia royleana (LR) mucilage (B) Lallemantia
royleana (LR) mucilage with Gold nanoparticles (AuNPSs)
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3.4.2  Atomic absorption spectroscopy and Thermal analysis

Absorbance

AAS has been used to determine the varying concentration of Au® ions in the solution after

synthesis. Results showed that the concentrations of Au-ions reduced, due to conversion of Au* to Au’.
The graph was plotted between concentrations (ppm) of AuNPs and absorbance, which gave a straight
line as shown in Fig. 5 (A) and (B) respectively. The straight-line equation was used to calculate the
concentration of AUNPs which is given in Table. 1.
The involvement of various secondary metabolites from LR gel in the synthesis of LR-AuNPs and their
thermal behavior were further characterized by the TGA analysis at a range of 20-700 °C as shown in
Fig. 6. The results showed a three-stage weight loss of 24.73 %, indicating that at higher temperature,
the organic compounds from LR gel surrounding the LR-AuNPs, which acted as the capping agent for
AUNPs, were completely degraded. Absorbed water was evaporated at the first stage (20-178 °C). At the
second stage (178-386 °C), most of the organic compounds were removed by combustion. At the third
stage (387-700 °C), the weight changes were minimized, and the little weight loss observed was likely
related to removal of large polymers [19].

0.06
0.05
0.04
0.03
0.02

0.01

1 2 3 4 5

-0.01 Concentration (ppm)

Fig.5: (A) Linear relationship between absorbance and concentration of Gold nanoparticles (AuNPs) [PPM]
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Fig.5: (B) Absorbance variation with concentration of unreactive Gold nanoparticles (AuNPs) [mol/dm®]
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Table 1: Concentration and % age yield of AuNPs determined by varying amount of LR mucilage

Amount of | HAuCl, | H,O | Absorbance | Conc. Of Au® Conc. of Conc. of Percentage
LR-Extract | (mL) (mL) (Abs) ions (unreacted) | AuNPs (ppm) AUNPs Yield (%)
(mL) (x) Ppm (reacted) (mol/dm®)
10 10 0 0.3183 26.34 170.65 0.00086 86.62
8 10 2 0.2352 19.47 177.53 0.000901 90.11
6 10 4 0.1326 11 186 0.0009441 94.45
4 10 6 0.3004 24.86 172.13 0.00087 87.36
2 10 8 0.6729 55.65 141.34 0.000717 71.74
100 -~
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Fig. 6: Thermogravimetric analysis (TGA) analysis of Gold nanoparticles (AuNPs) and Lallemantia royleana (LR) extract

3.4.3  Atomic force microscopy

For this analysis, a freshly prepared sample was deposited on a fine copper metal surface in dust-free
environment. Surface morphologies of LR-AuNPs have been depicted in the AFM image (Fig. 7). The
roughness of the surface is due to dispersion of the AuUNPs in polymeric matrix [20].

Fig. 7. Atomic force microscopy (AFM) image of Lallemantia royleana- Gold nanoparticles (LR-AuNPS)
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3.5 Evaluation of antioxidant activity of LR-AuNPs
Several in vitro assays have been used to screen plants for their antioxidant potential and in most of these assays
they revealed potent antioxidant activity. The free radical quenching ability of LR and LR-AuNPs was assessed by
different in vitro assays.
3.5.1 DPPH assay
In the present study, the LR and LR-AuNPs have exhibited a higher potential in scavenging DPPH as
shown in Fig. 8 (A). The scavenging action increases with increased concentration of the LR and LR-
AUNPs and has been found to be comparable to that of AA. Both LR and LR-AuNPs have showed
maximum percentage inhibition at concentration of (200 ul/mL) against AA as standard. The
antioxidant activity of formulated LR-AuNPs was profoundly higher due to the presence of
monosaccharides as reducing and stabilizing agents [21].
3.5.2  Reducing power assay
The reduction ability of LR and LR-AuNPs has shown dose-dependent reducing power. LR-AuNPs
have less scavenging activity as compared to the LR because the pure plant extract is a rich source of
reducing sugars which shows maximum activity. The reducing power activity of LR and LR-AuNPs
increases with increasing concentration (200 pL/mL) as shown in Fig. 8 (B). It depicted the role of
reducing sugars in reduction and functionalization of biocompatible LR-AuNPs [22].
3.5.3  Hydroxyl radical scavenging assay
Hydroxyl radical scavenging effect of LR and LR-AuUNPs has been investigated and the results were
revealed as relative activity against the standard AA. The results showed that both LR and LR-AuNPs
were potent in scavenging the hydroxyl radicals at (200 uL/mL) concentration as shown in Fig. 8 (C). It
has been reported that AuNPs possess unique morphology; high surface area to volume ratio which can
easily accept electrons from (*OH) radical and plays a vital role in scavenging these free radical [22].
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Fig. 5: In vitro antioxidant activity (A) DPPH assay; (B) Reducing power assay; (C) Hydroxyl radical scavenging assay express the
antioxidant capacity of formulated LR-AuNPs
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CONCLUSION
Green synthesis of NPs has been proved to be one of the flourishing fields. The present work provides a simple, fast, non-
toxic, eco-friendly and an effective way to fabricate AuNPs using Lallementia royleana seed extract which played a dual role
as capping and stabilizing agent. The antioxidant potential has been evidenced through various in vitro assays such as DPPH,
reducing power and hydroxyl radical scavenging assays respectively. The outcome of this study emphasized that the
synthesized LR-AUNPs possess excellent stability and biocompatibility and thus can be employed for wide spectrum of
biomedical applications.
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