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A B S T R A C T   

The current study uses an economical and eco friendly method to produce gold (Au) nanoparticles (NPs) using 
Polygala elongata leaf (PEL) extract as a reducing and stabilizing agent. The synthesized materials were char-
acterized using a range of methods, including as BET analysis, TEM-SAED, FT-IR, UV–Vis, and XRD. Biogenic 
AuNPs’ spherical form was shown by SEM and TEM investigations, which also showed that the particles’ size 
range was 10–20 nm, their distribution was homogeneous, and there observed minimal aggregation. The pro-
duction of biogenic AuNPs was confirmed by the observation of a surface plasmon resonance peak in the ab-
sorption spectra, which was detected at 540 nm. Additionally, studies were conducted on the catalytic, cytotoxic, 
antioxidant, and anticancer characteristics of biogenic AuNPs. The biogenic AuNPs exhibited adaptable appli-
cations as a heterogeneous catalyst, achieving percentage degradations of 73 % and 88 % under UV light irra-
diation, particularly in catalyzing the reduction of Methylene Blue (MeB). Furthermore, the antioxidant 
properties were evaluated using DPPH free radical scavenging assay in regarding rutin, a widely used antioxi-
dant. With a cytotoxicity value of 500 µg/ml, the produced AuNPs had a strong dose-dependent inhibitory effect 
on the development of the lung cancer cell line (A549). Therefore, biogenic AuNPs hold potential applications 
across various research domains, spanning biological and industrial sectors, as well as in the removal of harmful 
contaminants in water purification.   

1. Introduction 

Metal-based nanomaterial is growing more and more popular in 
modern nanomaterial research because of their many uses in fields 
including biology, wastewater treatment, and catalysis. (Santhoshkumar 
et al., 2023; Dhandapani et al., 2022 Sathiyaraj et al., 2020). Gold (Au) 
nanoparticles (NPs) have gained significant attention in this field, being 
extensively utilized in biotechnology and chemical industries for 

applications such as enzyme electrodes, plant biology, catalysis, and 
cancer treatment (Babu et al., 2020). Over the past decades, numerous 
researchers possess explored the use of various plant extracts to create 
potent anti-cancer and anti-microbial agents in clinical trials, with more 
than 55 % derived from natural sources (Anand et al., 2019). Different 
methodologies have been created to synthesize metal nanoparticles with 
specific sizes and shapes (Vijayaraghavan et al., 2017). Biogenic for-
mation of nanoparticles is a rapidly advancing area in nano and 
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biotechnology. This method is valued for its non-toxic, biocompatible, 
and cost-effective nature, playing a pivotal role in advancing environ-
mental technologies for the creation of highly concentrated metals 
(Annamalai et al., 2021). When comparing the advantages of biogenic 
synthesis to other biocompatible compounds, such as proteins, peptides, 
enzymes, and DNA, biogenic synthesis stands out due to its one-step 
synthesis process, reduced biohazard, ease of improvement, and 
compatibility with cell culture maintenance (Nazli et al., 2018). Gold 
nanoparticles (AuNPs) have been prepared using various plants, 
including Punica granatum, Artemisia capillaries, and Couroupita 
guianensis, demonstrating catalytic activities and therapeutic potential 
against lung cancer cell lines (A549) (Lemecho et al., 2022). Among the 
various green production methods of biogenic AuNPs, ultrasonic- 
assisted synthesis using Polygala Elongata leaf (PEL) extract has 
gained attention. This method is praised for its low cost, environmental 
friendliness, and simplicity of use in treating cancer, microbial in-
fections, and breaking down organic contaminants. The PEL extract 
functioned as a capping and reducing agent. This paper presents the first 
report on the synthesis and characterization of biogenic ultrasonic- 
assisted Au NPs, exploring their structural, antioxidant, anticancer 
properties through in-vitro cytotoxicity assays using MTT against lung 
cancer cell lines (A549), and catalytic activities under MeB. Addition-
ally, the plausible mechanism of synthesized AuNPs is investigated (El- 
Deeb et al., 2022; Jadoun et al., 2021; Santhosh et al., 2022; Taha et al., 
2022). PEL plants, found in Aazhiyar Forest Research Centre & Medical 
Farm in Aazhaiyar, Tamilnadu, India, have various medicinal uses, 
including treating skin conditions, leprosy, and other disorders (San-
karan et al., 2020: Elangovan et al.,2023). Despite its small size, the PEL 
plant possesses tough bark with deep vertical fissures. The young shoots 
and leaves are essential in traditional Ayurvedic medicine, belonging to 
the family Polygalaceae. Specifically, the leaves are used as an anti- 
rheumatic sedative in Egyptian folk medicine for treating sore throats 
and whooping cough in children. There are several pharmacological 
properties related to the plant. including diuretic, anti-inflammatory, 
cardiotonic, hypoglycemic, laxative, antimicrobial, antihypertensive, 
and antioxidant properties. Phytochemical compounds found in 
Polygala elongata, including various types of bark and leaf salicortin, 
saligenin, phenolic glycosides, and pyrocatechol, contribute to its anti- 
inflammatory properties and inhibition of lung cancer cell lines 
(A549). Noteworthy phytochemicals noted in the plant include flavo-
noids, tannins, alkaloids, and terpenoids (Roy et al., 2020 Das et al., 
2020: Sun et al., 2023). 

2. Experimental section 

2.1. Materials 

All analytical-grade chemicals were procured from Sigma Aldrich 
without further purification. Polygala Elongata leaves (PEL) were taken 
from the Aazhiyar Forest Research Centre & Medical Farm, Aazhaiyar, 
Tamilnadu, India. Gold (III) chloride trihydrate (HAuCl4⋅3H2O), Potas-
sium Carbonate (K2CO3), and Methylene Blue (MeB) were also pur-
chased. Subsequently, all experimental solutions underwent thorough 
washing with distilled water. 

2.2. Extraction of plant material 

Fresh Polygala Elongata (PEL) leaves were harvested and air-dried 
using a mixer grinder in the present study. Subsequently, ten ml of 
distilled water was added to one gram of PEL powder at room temper-
ature. After that, the resulting solutions were sonicated for ten minutes 
using a 400 W ultrasonic probe. After cooling to ambient temperature 
for an additional ten minutes, the resulting solution was filtered through 
whatman filters No.1 to eliminate any remaining biomaterials. For 
future study, the gathered PEL extract was kept at 4 ◦C in a dark glass 
container. 

2.3. Extract-based gold nanoparticle synthesis 

The synthesis of gold nanoparticles (AuNPs) assisted by Polygala 
Elongata Leaves (PEL) extract was conducted in the presence of gold (III) 
chloride. In the preparation procedure, a flask was charged with 20 mL 
of water and 1.5 mL of PEL extract. The pH was adjusted by the gradual 
addition of a 0.4 M K2CO3 solution. Simultaneously, aqueous solution of 
gold (III) chloride trihydrate (HAuCl4⋅3H2O) (1.5 mL) was added 
dropwise to the reaction vessel, which was constantly agitated using a 
high-powered ultrasonic generator with a gold tip on a magnetic stirrer. 
To prevent an unwanted photochemical reaction, Aluminium foil was 
used to cover the reaction vessel. All glassware used in the experiment 
was washed with HCl and HNO3 solutions, rinsed using distilled water, 
and then dried in a 100 ◦C oven. Subsequently, the produced AuNPs 
underwent five rounds of centrifugation at 10,000 rpm with deionized 
water before further characterizations Fig. S1. 

2.4. Measurements 

Periodically, the absorption spectra were examined using a UV–vi-
sible spectrometer (JASCOV-670) covering the range of 200–800 nm. 
For the purpose to analyse spectrums, three mL of the reaction mixture 
was taken in a quartz cuvette. Spectral analysis was executed on 
wavelengths (200 to 800 nm). The potential bio-functionality of AuNPs 
was determined through FT-IR analysis using a Perkin Elmer spec-
trometer operating in the 400–4000 cm− 1 range. An FTIR sample 
container was filled with the mixture of 250 mg potassium bromide and 
2.5 mg dried AuNPs powder. Measurements of X-ray diffraction (XRD) 
was conducted using a RIGAKU X-ray diffractometer with Cu K radia-
tion, operating in 0-2θ configurations, and employing parameters of 80 
kV and 10 mA. Morphological images were captured using SEM (ZEISS 
model EVO18) and TEM (FEI-TECNAI G2-20 TWIN with LaB6 filament). 
BET images of the synthetic samples were obtained using a Gemini and 
Micrometrics Gemini (2375). 

2.5. Efficacy of antioxidants 

In a standard procedure, the evaluation of 2,2-diphenyl-2-picrylhy-
drazyl hydrate (DPPH) was conducted utilizing the procedure pro-
posed by Brand-Williams et al., with particular modifications. The 
antioxidant properties of the Polygala Elongata leaf (PEL) extract were 
assessed by its ability to neutralize the stable free radical Diphenylpicryl 
hydrazine (DPPH). Measurements were taken at 517 nm using a spec-
trophotometer to observe the color change from purple to yellow. For 
the evaluation, various concentrations (100–400 µg/mL) of the PEL 
extract, along with gold nanoparticles (AuNPs), were individually mixed 
with 3 mL of 0.1 mmol Rutin as a standard. Without the sample, a 
control was made with DPPH methanol reagent. The DPPH solution was 
incubated in the dark for 15 min and then thoroughly mixed. Room 
temperature was maintained for the reaction mixture in the dark for an 
additional 30 min. The absorbance was spectrophotometrically quanti-
fied at 517 (nm). The following formula was used to calculate the plant 
extract’s scavenging ability. 

(DPPH)Scavengingactivity(%) = [(Ac − As)/Ac ] × 100  

2.6. Anticancer activity 

In the present investigation, live cells undergo a transformation 
where the salt of formazon is generated during the conversion of 2-(4,4- 
dimethyl-2-tetrazoyl)-2,5-diphenyl-2,4-tetrazolium (MTT) into its de-
rivative. The production of formazon serves as the quantifiable indicator 
of the number of live cells. Subsequently, the solubilized formazon is 
assessed for cell viability using a microplate reader. For this purpose, 
MTT (50 mL) and 100 mL of treated cells were incubated at 37 ◦C for 3 h. 
After the incubation period, 200 µl of PBS was added to all samples, and 
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any excess MTT was carefully aspirated off. Following this, 200 µl of 
acid-propanol was added for solubilization, and the samples were 
overnight left in the dark. The absorbance was measured at 650 nm 
using a microplate reader (Bio RAD U.S.A.). 

2.7. Photo catalytic activity 

η =

(

1 −
C
C0

)

× 100 

The reacting suspensions were produced by adding 600 mg of cata-
lyst to 600 mL of a Methylene Blue (MeB) solution, which had an initial 
concentration of 3.9 x 10–3 mol/L, in accordance with normal protocol. 
To create an adsorption–desorption equilibrium between the MeB 
molecules, the catalyst and the aqueous solution of MeB were shaken in 
total darkness before the photocatalytic run began. Notably, the syn-
thesized sample did not exhibit any color change when exposed to UV 
radiation in the absence of gold (Au). Consequently, both irradiation and 
the presence of Au NPs were necessary for effective degradation. At 
regular intervals, samples were taken from the suspension, subjected to 
centrifugation, and filtered. At room temperature, the concentration of 
MeB in each sample was assessed using a UV–Vis spectrophotometer 
that had a wavelength of 670 nm. The given formula was used to 
determine the deterioration percentage. 

The concentration (C) is defined as the MeB concentration after a 
specific duration of exposure, while C0 represents the MeB concentration 
before illumination. The production of AuNPs using the following pro-
cedure allowed for determining the Chemical Oxygen Demand (COD) of 
the MeB dye solution. A predetermined volume of standard potassium 
dichromate (K2Cr2O7), silver sulfate (AgSO4), and sulfuric acid (H2SO4) 
was refluxed with samples for 2 h, and the reaction was titrated with 
standard ferrous ammonium sulfate (FAS) using mercury sulfate 
(HgSO4) as an indicator. De-ionized water served as a blank titration in 
place of the MeB dye sample. The COD of the MeB dye solution was 
calculated using the provided equation. 

3. Results and discussion 

3.1. UV visible evaluation 

Recently generated metal nanoparticles have attracted a great 
attention. As they are inexpensive and nontoxic in the medical field. The 
synthesis of AuNPs and Polygala elongata occurs in the present study, 
and the solution takes on a ruby-red color to signify the production of 
AuNPs using plant extract. The UV–visible spectra of biogenic 

ultrasonic-assisted AuNPs using PEL extract are presented in Fig. 1 The 
absorption spectra exhibit a peak at 540 nm, attributed to the surface 
plasmon resonance (SPR), confirming the blue shift and formation of 
AuNPs (Vinayagam et al., 2021). The vibrational peaks of SPR are 
associated with color changes, ranging from yellow to dark brown, at 
temperatures of 40 and 80 ◦C, indicating the influence of shape and size. 
This color transition serves as significant evidence for the reduction of 
HAuCl4 from Au3+ to Au0. 

In Fig. 1 a weak SPR band is observed with oversized particles, 
indicating a low conversion of Au3+ to AuNPs at 40 min. However, i 
extending the reduction time to 80 min results in an increased SPR band. 
The coating of PEL extract molecules and reduction of Au ions contribute 
to a reduced particle diameter. Although the reaction time is prolonged, 
it does not significantly alter the SPR bands, indicating that the optimal 
contact time for producing homogeneous AuNPs is up to 80 min. As a 
result, PEL extract acts as a stabilizing and decreasing agent during the 
AuNP extraction procedure. 

3.2. FT-IR analysis 

The spectrum of FT-IR of biogenic ultrasonic-enabled AuNPs using 
PEL extract is depicted in Fig. 2(a-b). In the FT-IR spectra, absorption 
bands were observed at 3313 cm− 1, 2929 cm− 1, 1608 cm− 1, 1404 cm− 1, 
1328 cm− 1, 1078 cm− 1, 931 cm− 1, 904 cm− 1, and 596 cm− 1 for PEL 
extract, and at 3286 cm− 1, 1577 cm− 1, 1413 cm− 1, 1325 cm− 1, 1097 
cm− 1, and 840 cm− 1 for AuNPs. These bands are attributed to various 
functional groups, such as the amide links of proteins, carbonyl stretch, 
and free N–H stretch vibrations, as evidenced by peaks at 3313 cm− 1, 
2929 cm− 1, and 1608 cm− 1. Amino acid residues and peptides with 
carbonyl groups have a strong affinity for metal binding. This interac-
tion forms a protective layer of proteins around gold nanoparticles, 
preventing aggregation and stabilizing the particles. 

In addition, FT-IR scanning is noted to examine the functional groups 
and physicochemical characteristics involved in the synthesis of 
Polygala elongata. The characteristic bands at 1413 cm− 1 and 1404 
cm− 1 indicate the presence of (C-O) stretching vibrations of phenolic 
glycosides. Additionally, a band at 1328 cm− 1 to 1325 cm− 1 suggests the 
presence of C-CO-C stretching vibrations of alkyl ketones in carbonyl 
compounds. Bands at 1097 cm− 1 and 1074 cm− 1 are attributed to = CH2 
vibrations and -C-N stretching, predominantly found in polysaccharides. 
The band at 931 cm− 1 indicates the presence of mono-substituted al-
kenes in alkaloids (Sathiyaraj et al., 2021). Similarly, bands from 904 
cm− 1 to 840 cm− 1 showed C–H out-of-plane bending in di-substituted 
benzene ring vibrations of cardiac glycosides. Considering the compo-
sition of PEL, which includes alkaloids, flavonoids, minerals, amino 
acids, sterols, glycosides, and phenolics, these constituents likely 
contribute to the observed FT-IR spectrum. 

3.3. XRD screening 

The XRD analysis of biogenic ultrasonic-assisted AuNPs utilizing PEL 
extract is shown in Fig. 3(a-c). The face-centered cubic (FCC) crystalline 
structure of AuNPs is indicated by the major diffraction peaks observed 
at 28.27, 38.81, 40.91, 45.45, 50.51, 56.84, 59.11, 66.69, and 74.29, 
respectively, which are indexed to the (220), (311), (111), (200), 
(321), (211), and (220) crystallographic planes. (JCPDS File No. 
01–089-3697) (Pitchai et al., 2022). 

The absence of additional peaks in the spectra indicates the absence 
of impurities, confirming the essentially crystalline nature of biogenic 
AuNPs. Additionally, the PEL leaf extract contained a variety of chem-
icals, which led to the observation of unassigned diffraction peaks. 
Utilizing the Debye-Scherer equation, the average crystallite size of 
biogenic AuNPs was ascertained. 

Fig. 1. AuNPs UV–visible Spectra.  

M. Elangovan et al.                                                                                                                                                                                                                             



Journal of King Saud University - Science 36 (2024) 103158

4

3.4. Scanning electron microscopy (SEM) 

The SEM of biogenic ultrasonic assisted AuNPs utilizing PEL as 
extract is shown in (Fig. 4). In the nanoscale range, it exhibited a 

spherical-like morphology around (100–50 µm), respectively. We 
conclude that it can play a significant part in the formation of smaller 
particles in PEL extract. 

Fig. 2. FTIR spectra of Au NPs.  

Fig. 3. XRD pattern of Au NPs.  

Fig. 4. SEM of Au NPs.  
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3.5. TEM analysis 

TEM-SAED investigation of biogenic ultrasonic-assisted AuNPs uti-
lizing PEL extract is shown in Fig. 5(a-d). The particles round shape 
indicates that their diameters range from 100 to 5 nm. The formation of 
smaller-sized AuNPs during the process is attributed to hydrogen 
bonding and the exchange of electrons between the biomolecules of PEL 
extracts capping with Au⁰. 

In Fig. 5(d), the SAED patterns display two rings, indicating the 
crystalline nature of the synthesized samples. These rings correlate with 
the 200 & 220 planes of the face-centered cubic crystalline lattice, 
aligning well with the XRD data (Gao et al., 2022). 

3.6. Isotherms for nitrogen adsorption–desorption 

The N2 adsorption–desorption isotherms for biogenic ultrasonic- 
assisted Au NPs, utilizing PEL as an extract, are presented in (Fig. 6 a- 
b). The calculated surface area and pore volume from the isotherm were 
determined to be 47 m2g-1 and 106 m2g-1, 0.16 cm3g-1 and 0.43 cm3g-1, 
respectively. The corresponding pore size distribution exhibits a broad 
range at (14–25) & (10–16) nm. The increase in the surface area of 
synthesized AuNPs at 800 ◦C is attributed to the reduction in particle 
size (Zhou et al., 2022). 

3.7. Graph showing synthetic Au NPs’ radial scavenging activity against 
DPPH 

The DPPH free radical scavenging experiment, depicted in (Fig. 7), 
was conducted to evaluate the antioxidant capacity of the synthesized 
AuNPs. Our study revealed that both the PEL extract and artificial 
AuNPs exhibited radical scavenging activity. However, in comparison to 
PEL extract (63.4 %), Rutin control (60 %), and AuNPs (75.2 %), these 
three substances demonstrated the lowest free radical scavenging ac-
tivity (Baliyan et al., 2022). The presence of substances that are bioac-
tive within the PEL extract may contribute to its potential antioxidant 
role. Furthermore, the enhanced antioxidant activity of AuNPs is 
attributed to the adsorption of existing bioactive components from the 
fruit extract onto the spherical NPs with a higher surface area. In-
teractions between plant metabolites and metal ions during nanoparticle 

production may lead to molecules that are more effective in scavenging 
free radicals. Additionally, electrostatic interactions between positively 
(+vely) or neutrally charged AuNPs and negatively (-vely) charged 
phytochemicals enhance the bioactivity of plants. Previous studies have 
indicated a progressive increase in antioxidant activity as treatment 
doses are elevated (Monika et al., 2022). 

3.8. AuNPs cell viability as assessed by the MTT assay 

As depicted in (Fig. 8), the generated AuNPs were systematically 
assessed in a dose-dependent manner for the lung cancer cell line A549. 
A reduction in cell viability was observed with increasing concentrations 
of administered dosages during a 24-hour exposure. Treatment with 
AuNPs for 24 h resulted in a decrease in the viability of lung cancer cells 
to 38 % at 500 µg/mL, 42.07 % at 400 µg/mL, 43.96 % at 300 µg/mL, 
51.69 % at 200 µg/mL, and 59.24 % at 100 µg/mL (Soares et al., 2023). 
Concurrently, a rise in AuNPs concentrations revealed substantial 
cellular morphological damage, including a suggestive decrease in cell 
number, cell shrinkage, and diminished cell-to-cell interaction. These 
results demonstrate AuNPs cytotoxic activity against cancer cells, which 
is dose-dependent. Although the exact mechanism of NPs cytotoxicity on 
lung cancer cells is still being studied, it is thought that the particles’ 
small size makes it easier for them to enter cancer cells and target spe-
cific cellular components. Furthermore, NPs can be designed to deliver 
specific drugs or therapeutic agents directly to cancer cells, which can 
improve their efficacy and lessen the negative effects of conventional 
chemotherapy medicines. 

Previous reports suggest that AuNPs can penetrate cells and inhibit 
their growth by disrupting double-stranded DNA molecules. The release 
of Au ions from AuNPs is believed to induce interactions between DNA, 
mitochondria, and nucleases, ultimately leading to cellular death. 
Earlier studies on mammalian cancer cells have shown that platinum 
nanoparticles predominantly target DNA molecules, causing DNA frag-
mentation (Wei et al., 2024; Naraginti et al., 2016). Notably, normal 
human cells demonstrated resilience to the biogenically synthesized 
AuNPs without discernible harm. The enhanced anti-cancer effects and 
reduced cytotoxicity to healthy cells offered by biogenic AuNPs hold 
great promise for cancer cell therapy (Fig. 9 a-b). Additionally, the cost- 
effectiveness of biogenic AuNPs production can potentially lower 
treatment expenses (Tabatabaie et al., 2022; Naraginti et al., 2014). 

3.9. AuNPs degradation as described by MeB 

In the current investigation, the photo catalytic efficacy of bio-
genically assisted Au NPs using PEL extract was quantified by moni-
toring the photodecomposition of MeB pollutants under UV light 
exposure, as illustrated in (Fig. 10). The reduction in MeB’s absorbance 
spectra occurred at 670 nm at irregular intervals (Gloria et al., 2023; 
Singh et al., 2022). In the initial blank experiment, the catalytic activity 
of only H2O2 was assessed in the absence of an Au catalyst, revealing 
that H2O2 does not actively participate in the degradation of MeB. With 
the Au catalyst present, MeB degradation was observed within approx-
imately 50 min, dependent on the capacity to distinguish between the 
electron-hole pair and secondary processes that occur when electrons 
recombine, causing to the degradation of dye molecules (Palajonnala 
Narasaiah et al., 2022). 

4. Conclusion 

In this investigation, PEL, a non-toxic material, was used to produce 
biogenic ultrasonically aided AuNPs. This ultrasonic method’s depend-
ability, affordability, and environmental friendliness make it signifi-
cantly superior than conventional techniques. The size, shape, and 
optical property of the produced AuNPs were evaluated using a variety 
of methods. A surface plasmon resonance band at 540 nm was visible in 
the absorption spectra, indicating that the AuNPs had been produced Fig. 5. TEM-SAED patterns of Au NPs.  
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successfully. Subsequent analyses using XRD, SEM, and TEM-SAED 
verified that the biogenic ultrasonically aided AuNPs are crystalline. 
The SEM and TEM studies exhibited a spherical-like shape with an 

average diameter of 100 nm–5 nm. Utilizing the lung cancer cell line 
A549 in the MTT assay, the pharmacological properties of PEL extract 
were harnessed to activate the anticancer activity of the newly produced 
biogenic ultrasonically assisted AuNPs, eliminating the need for metal 
molecule doping. In degradation experiments, the biogenic assisted 
AuNPs displayed high catalytic efficiency, particularly at 80 ◦C, leading 
to the mineralization of MeB. These biogenic ultrasonically assisted 
AuNPs have numerous benefits that can be applied to a wide number of 
fields, such as wastewater treatment, cancer treatment, agricultural, 
green industrial processes, environmental bioremediation, and more. As 
a result, they are highly adaptable and suggest great potential in a va-
riety of fields. 
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