
Vol.:(0123456789)1 3

Applied Nanoscience (2023) 13:3149–3160 
https://doi.org/10.1007/s13204-021-01776-w

ORIGINAL ARTICLE

Antioxidant, anticancer and enhanced photocatalytic potentials 
of gold nanoparticles biosynthesized by common reed leaf extract

Ola M. El‑Borady1  · Manal Fawzy2,3  · Mohamed Hosny2 

Received: 11 November 2020 / Accepted: 3 March 2021 / Published online: 19 March 2021 
© King Abdulaziz City for Science and Technology 2021

Abstract
This research discloses a single step, facile, cost-effective, and eco-friendly fabrication of gold nanoparticles (AuNPs) 
using the aqueous extract of common reed (Phragmites australis) leaf. Various techniques were employed to characterize 
the resultant AuNPs such as UV–Vis spectroscopy, high resolution transmission electron microscopy (HRTEM) mapping, 
fourier transform infrared (FT-IR), Zeta potential, X-ray diffraction (XRD), Energy Dispersive X-ray spectroscopy (EDX), 
and X-ray Photoelectron Spectroscopy (XPS) to confirm the bioformation of AuNPs. The results showed the formation of 
violet-colored, mainly spherical shaped AuNPs with about 18 nm diameter. The XRD results proved the crystalline structure 
of AuNPs. Furthermore, P. australis-AuNPs exhibited notable anticancer efficacy with an  IC50 equals 129 μg/mL, good 
quenching for DPPH free radical with a scavenging percentage equals 10.26% and a superior photocatalytic activity as they 
completely removed methylene blue in just 1 min. The current study also provides an open option for the environmental 
management of the unwanted biomass of common reed.
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Introduction

The study of nanoparticles (NPs) represents a breakthrough 
in material science from the fundamental point of view 
and for numerous applications, such as materials reinforce-
ment, as a doping agent for materials conductivity, for drug 
delivery purposes, or even for cancer cell detection (Neouze 
2013).

The scientific and technological significance of metallic 
NPs has made them the focal point of extensive research, 
given their unusual chemical and physical characters. Espe-
cially, AuNPs which are harnessed in a lot of different areas 
such as, biosensing, catalysis, electronics and cancer therapy 

(Geetha et al. 2013; Princy and Gopinath 2018; Thangamani 
and Bhuvaneshwari 2019).

Various chemical (Sun and Xia 2002; Mhamane et al. 
2011; Sedki et al. 2015) and physical (Mafuné et al. 2002) 
methods were used to synthesize NPs. However, these meth-
ods are costly, energy-consuming, and detrimental to the 
environment. Therefore, biosynthetic approaches, specifi-
cally those using plants extracts, arose as a cheaper and safer 
rout to synthesize nanomaterials. Researchers previously 
used tea, coffee (Nadagouda and Varma 2008), and other 
plant extracts since these extracts contain various biologi-
cal compounds that could act as reducing and stabilizing 
agent at the same time (Dubey et al. 2010; Narayanan and 
Park 2015).

Numerous demerits of conventional physical and chemi-
cal procedures harnessed for the synthesis of AuNPs were 
recognized. For instance, the high cost, toxicity issues on 
human health and the environment in addition to the unse-
lectively apoptosis of healthy cells by the chemically synthe-
sized AuNPs in medical applications as anticancer studies. 
To counter the aforesaid downsides the move to green-syn-
thesized AuNPs is desirable, as pointed out by Arvindganth 
and Kathiravan (2019).
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Although the history of noble metal NPs dates back 
to the days of Faraday’s groundbreaking work, they are 
still profoundly researched in up-to-date research (Capek 
2017). It was reported that among the numerous forms of 
metal NPs, AuNPs have a considerable number of appli-
cations such as DNA recognition, heredity medicine, and 
nano-catalysis (Geetha et al. 2013).

It is paramount to state that AuNPs have a plethora 
of special and unique physicochemical characteristics, 
including safety, biocompatibility, biodegradability, 
good fluorescence imaging, high electrical conductiv-
ity. Additionally, the surface plasmon resonance (SPR) is 
the dominating optical feature of AuNPs with a size of 
2–100 nm and confers the characteristic bright red color 
to the colloidal solution of spherical AuNPs. Additionally, 
AuNPs with a size above about 2 nm have larger extinc-
tion cross-sections, with a potentiality of providing 100% 
of light-to-heat conversion efficiency, high photostability, 
and the capability to amplify the electromagnetic field near 
the metal surface. Another property is the onset of quan-
tized (single electron) charging with the NPs behaving as 
nanoscale molecular capacitors. The chemical properties 
of AuNPs, such as their catalytic effect, are further highly 
dependent on their size and shape, as mentioned by Amen-
dola et al. (2014), in addition to surface functionality that 
enables amines, thiols, and nucleic acids to conjugate with 
AuNPs by electrostatic interactions (Liu et al. 2016).

With the improvement of nanotechnology in the biologi-
cal and medical fields, the demand to incorporate NPs into 
biomolecules, to produce conjugated or hybrid systems 
increased. This is due to such systems; specifically, AuNPs, 
are useful in many medical applications (Mohamed et al. 
2012). These applications include drug delivery, cancer, 
and gene therapy, biomolecular detection, imaging, tissue 
engineering, sensing, theranostics, pharmaceutical products 
and manipulating the structure of biomolecules, as stated by 
Torabi et al. (2019).

One of the most important and common tests for the anti-
oxidants against free radicals, is the DPPH. Whereas, the 
free radicals are harmful and can cause damage to human 
cells. A substantial role against these free radicals is mainly 
played by antioxidants such as AuNPs (Markus et al. 2017).

Common reed (Phragmites australis) is a perennial, 
widely distributed emergent macrophyte. It has a vigorous 
growth and remarkably high amplitude of tolerance, which 
makes it the dominant plant species in many water courses 
and often forms huge reed-beds along many shallow lakes 
and freshwater canals, especially in Egypt (Shaltout et al. 
2006).

Phytochemical screening of P. australis revealed the 
presence of glycosides, tannins, phenolic compounds, fla-
vonoids, and terpenoids in the extract of the vegetative 
parts (Derouiche et al. 2017). Also, the antibacterial and 

antioxidant potentials of this species was previously reported 
(Al-Akeel et al. 2010).

In consistent with the transformation to green and sustain-
able approaches for the synthesis of nanomaterial, here we 
have explored a contribution for synthesis of AuNPs using 
the aqueous extract of P. australis. The cosmopolitan dis-
tribution of common reed, and its availability throughout 
the year as well as its phytochemicals make it a good can-
didate for this protocol. The cytotoxicity, antioxidant and 
photocatalytic potentiality of the phytosynthesized NPs were 
investigated for possible use in Nano-based applications.

Experimental

Chemicals and reagents

Gold tetrachloroaurate solution  (HAuCl4.3H2O), 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) (99%), ascorbic acid, and 
methylene blue (MB) were purchased from Merck, USA. 
Dimethyl sulphoxide (DMSO) was purchased from HiMe-
dia (India), and A549 cancer cell line was purchased from 
Vacsera center, Giza, Egypt.

All reagents utilized in this research were of analytical 
grade, used without further purification. All aqueous solu-
tions were prepared using double-distilled water.

Preparation of plant extract

Common reed leaves were collected from Mariout Lake in 
northern Egypt, rinsed with deionized water several times 
to get rid of debris and impurities. Then, fragmented and 
were left to dry in the open air followed by oven drying 
overnight at 60 °C. Afterward, dry leaves were ground in a 
stainless steel mixer to get a fine powder. Five grams from 
the resultant powder were dissolved in 100 ml deionized 
water; and the mixture was heated and stirred at 400 rpm 
using a magnetic stirrer until boiling for 20 min. Finally, the 
hot solution was filtered. The filtrate extract (pH 5.47) was 
kept at 4.0 °C for further use.

Biosynthesis of AuNPs

Briefly, 10 mL of the prepared leaf extract was added to 
1 mL of  HAuCl4.3H2O (0.0011 M). The solution mixture 
was heated until a color transformation was observed from 
golden yellow to violet. Then the formed colloidal solution 
was left to cool down and stored at room temperature.

Characterization techniques

The morphological analysis and size distribution of the bio-
formed AuNPs were detected by HRTEM measurements 
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performed on a JOEL, JEM-2100F, Japan, accelerating 
voltage of 200 kV. The bio-reduction of the gold ions to 
AuNPs was monitored by measuring the UV–Vis spectros-
copy measurements on a double-beam spectrophotometer 
(Shimadzu, Model No-UV 1800), in the scanning range 
300–800 nm. Furthermore, the FT-IR spectrum was con-
ducted to assess the possible involvement of functional 
groups in the leaves extract that liable for the reduction and 
stabilization process; the measurements were conducted for 
a ground sample with KBr on a JASCO spectrometer over 
the range 4000–400  cm−1. The Zeta potential was examined 
with a zeta potential analyzer (Zetasizer Nano ZS Malvern) 
to measure the surface charge of AuNPs and their stability 
while the distilled water was utilized as a diluent. The XRD 
measurements of lyophilized powder AuNPs were done on 
an X-ray diffractometer (PXRD-6000 SHIMADZU) oper-
ated at a voltage of (40 KV) and current of (30 mA) with 
CuKa1 radiation (k = 1.54056Ao) in the angle range of 
10–80 °C. The crystallite domain size was calculated from 
the width of the XRD peaks using the Scherrer formula as 
given by:

where D is average crystallite size, � indicates the line broad-
ening value of the full width at half maximum (FWHM) of 
the peak, � is the wavelength of irradiated X-rays, and θ is 
the maximum peak position value. The elemental conforma-
tion investigation was conducted by the energy-dispersive 
X-ray spectroscopy (EDX) on scanning electron microscope, 
JEOL model JSM-IT100. XPS was collected on K-ALPHA 
(Themo Fisher Scientific, USA) with monochromatic X-ray 
Al K-alpha radiation -10 to 1350 eV spot size 400 micro 
m at pressure 10–9 mbar with full-spectrum pass energy 
200 eV and at narrow-spectrum 50 eV. The powder sample 
was pressed onto a sample holder, which was placed in a 
vacuum chamber. The pressure in the analysis chamber was 
below 10–9 mbar during the analysis. The binding energy 
(BE) was determined utilizing C 1 s spectrum as a reference 
at 284.58 eV.

Estimation of cell viability—MTT assay

The MTT assay is a colorimetric assay for measuring cel-
lular enzymes’ activity that reduces the tetrazolium dye, 
MTT, to its insoluble formazan, giving a purple color. This 
assay was carried out to test the ability of the synthesized 
AuNPs to inhibit the growth and proliferation of human lung 
cancer cell line (A549) and to determine the  IC50, which is 

(1)(D) =
0.9�

� cos θ

the concentration required to kill 50% of cancerous cells by 
the biosynthesized AuNPs. A549 lung cancer cell line was 
purchased from Vacsera, Giza, Egypt and it was cultured in 
Dulbecco’s Modified Eagles medium (Gibco-BRL, Grand 
Island, NY, USA) supplemented with 10% fetal bovine 
serum and 1% penicillin/streptomycin (Gibco-BRL, Grand 
Island, NY, USA) at 37 °C in a humidified atmosphere con-
taining 5%  CO2 and 95% air. The cytotoxicity of AuNPs 
synthesized by P. australis against A549 cancer cells were 
examined using 3-(4,5-dimethyl-2-thiazolyl)— 2,5-diphe-
nyl-2H tetrazolium bromide (MTT) (Life Technologies, 
Eugene, Oregon, USA) assay. Cells were seeded at a density 
of 1 ×  104 per well in a 96-well plate (Corning Costar, Low-
ell, NY, USA) and then treated with different concentrations 
of AuNPs synthesized by P. australis (0.097–200 μg/mL) at 
37 °C at 90% confluency. After 2 days of incubation, 50 μL 
of MTT assay solution (5 mg/mL phosphate buffer saline) 
was added to each well and further incubated at 37 °C for 
4 h. Then, 50 μL of dimethyl sulfoxide was added to dis-
solve the formazan crystals. Finally, each well’s absorbance 
was measured at 570 nm using an enzyme-linked immuno-
sorbent assay reader (Bio-Tek Instruments, Inc., Vinooski, 
VT, USA) (Manivasagan et al. 2015; Nakkala et al. 2015; 
Parveen and Rao 2015; Abel et al. 2016). The optical den-
sity of formazan formed in untreated cells (negative control) 
represents 100% cell viability. All the experiments were trip-
licated; mean and standard deviations were calculated.

The percentage of cell viability was calculated by the fol-
lowing Eq. (2).

where OD stands for optical density.

Antioxidant activity (DPPH assay)

DPPH is a stable and harmful free radical that could be scav-
enged upon accepting electron or hydrogen from AuNPs 
(Ramamurthy et al. 2013). The free radical scavenging activ-
ity was examined via DPPH (2, 2-diphenyl-1-picrylhydrazyl) 
assay to determine the antioxidant activity of the AuNPs. In 
the process, one mL of root and rhizome synthesized-AuNPs 
were mixed (each one separately) with one mL of DPPH 
(0.2 mM). A control DPPH assay was conducted without 
AuNPs. The assay was conducted in triplicates. These mix-
tures were kept in the dark condition for 3 min at ambient 
temperature. After 20 min, the developed concentration of 
radical is examined by the reduction in absorbance percent-
age of the mixture at 517 nm. Ascorbic acid was utilized as 
a reference and the scavenging activity was calculated by the 
following equation:

(2)

Percentage of viability =
(OD value of experimental sample)

OD value of experimental control
× 100
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Where control absorbance is the absorbance in the 
absence of antioxidants and sample absorbance is the 
absorbance in the presence of antioxidants (AuNPs or Vita-
min C) at 517 nm.

Photocatalytic potential

The photocatalytic potential of green synthesized AuNPs 
is defined as its ability to remove toxic pollutants such as 
methylene blue (MB) dye by the aid of Ultra Violet (UV) 
light irradiation as indicated in various research works such 
as Vijayan et al. (2019). The larger surface area of nanoma-
terials, the greater the catalytic activity (Ganapuram et al. 
2015), and this is what renders AuNPs to be a prominent 
candidate for removing toxic dyes including MB.

Photocatalytic activity of AuNPs against MB dye was 
conducted in the presence of UV light. The experiment 
was conducted with two different AuNPs volumes, 250 and 
500 μL, with a concentration of 200 μg/mL. In each experi-
ment, AuNPs was mixed with 2.5 mL of 5 ×  10–5 M (MB) 
and stirred for 30 min in dark condition for adsorption–des-
orption equilibrium then the solutions were exposed to UV 
light. Furthermore, control experiments were conducted 
with the same conditions but in the absence of AuNPs.

The degradation effect was recorded by measuring the 
UV–Vis spectra of all solutions, and the removal efficiency 
was calculated by Eq. (4).

Where (Ao) refers to the initial absorbance, and (A) refers 
to the final absorbance.

Results and discussion

HRTEM imaging and SAED techniques

Transmission electron microscopy (TEM) is considered 
quintessential in delivering necessary information such as 
the shape and the size of NPs (Lee et al. 2019).

Transmission electron microscopy images of the bio-
formed AuNPs using the leaves extract are represented in 

(3)

Radical scavenging activity

=
(Control absorbance − sample absorbance) × 100

control absorbance

(4)Percentage of removal (% ) of MB =
A0 − A

A0
× 100

Fig. 1a, f and size distribution is shown in Fig. 1b. The 
images indicated that the spherical shape was the domi-
nant with a size diameter around 18 nm. However, trian-
gle, hexagonal and rhomboid shapes were also present with 
low incidence. Similar shapes were also recorded by Mani-
kandakrishnan et al. (2019) who stated that multi-shaped 
or uneven shape of the green synthesized AuNPs is mainly 
attributed to the presence of different phytoconstituents in 
plant extracts. The appearance of NPs in completely discrete 
form, unraveling that the common reed leaves extract, could 
efficiently protect AuNPs from aggregation.

The crystallographic structure of AuNPs was deduced 
from high-resolution transmission electron microscopy 
(HRTEM) images as shown in Fig. 1c, e, the AuNPs are of 
crystalline structure consisting of several crystalline lattices 
with well-defined inter-planer spacing d = 0.22 nm, which is 
shown in Fig. 1d. Additionally, the crystalline structure of 
the phytosynthesized AuNPs was confirmed by utilizing the 
selected area electron diffraction (SAED) technique demon-
strated in inset Fig. 1f, and matched with the XRD results. 
Moreover, the current results were similar to those obtained 
by Abdel Hamid et al. (2013), Sett et al. (2016) and Tahar 
et al. (2019).

Energy dispersive X‑ray spectroscopy (EDX) attached 
to TEM

The EDX was utilized to characterize the elemental com-
positions of synthesized NPs. In the current analysis, the 
atoms on the AuNPs were excited by a specific wavelength 
electron beam. These in turn, emit X-rays at an energy that is 
element-specific (Sree Satya Bharati et al. 2018). As shown 
in Fig. 2b, the green EDX mapping revealed that the nano-
particles presented in Fig. 2a are composed of gold since 
the green color is centered on the NPs. Also, the same result 
was obtained by Wang et al. (2016) and Tahar et al. (2019). 
Furthermore, the red EDX mapping, as illustrated in Fig. 2d, 
indicated that the oxygen was equally distributed all over 
the map. Therefore, confirming that the NPs are zero-valent 
state of gold  (Au0), not gold oxide  (Au2O3) nanoparticles. 
Moreover, the white color in Fig. 2c represented the carbon 
that was equally distributed all over the map. Thus, ensuring 
that the oxygen and carbon were resulting from the phyto-
constituents of the plant extract. In other words, they were 
of plant origin.

Uv–vis spectroscopy

One of the most characteristic features of metallic NPs 
is the surface plasmon resonance (SPR) band in their 
absorption spectrum (Noruzi et al. 2012). Furthermore, 
the color change of the aqueous colloidal solution dur-
ing heating could be mainly accredited to the excitation 

Fig. 1  a TEM image of AuNPs b Size distribution histogram of the 
phytosynthesized AuNPs c HRTEM image of AuNPs d The inter-
planes spacing d = 0.22 nm e HRTEM image of AuNPs f TEM image 
of AuNPs (inset) selected area electron diffraction image (SAED) of 
AuNPs

◂
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of SPR (Mahendran and Ponnuchamy 2018), while the 
shape and position of the NPs SPR peak depend on the 
morphology of NPs (El-Borady et al. 2020). In the cur-
rent research, AuNPs exhibited a dark violet color (inset 
Fig. 3b), and its absorption spectrum was seen in Fig. 3b. 

The absorption chart provided a sharp SPR peak at 
540 nm; the peak’s sharpness indicates the homogeneity 
of the phytosynthesized NPs, which was also evidenced 
by the TEM images. The obtained results were similar to 

Fig. 2  The elemental mapping analysis of AuNPs using energy dis-
persive X-ray spectroscopy (EDX) a elemental mapping: electron 
micrograph region of gold nanoparticles b distribution of gold ele-

ment (green) c distribution of carbon element (white) d distribution 
of oxygen element (red)
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those obtained recently for AuNPs prepared by the Cocos 
nucifera Linn extract (Paul et al. 2014).

Fourier transform infrared spectroscopy (FT‑IR)

Fourier transform infrared spectroscopy is commonly uti-
lized to detect the functional groups, likely contributing to 
the reduction and the capping of bioprepared nanomaterials 
(Ganapuram et al. 2015; Narayanan and Park 2015). Fig-
ure 3a showed the FTIR spectra for common reed leaves 
extract compared to AuNPs. In the FT-IR spectrum of the 
leaves extract, multiple bands were distinguished; peak at 
3363  cm−1 corresponded (OH) group that shifted to higher 
wavenumber 3440  cm−1 and lower intensity in the spec-
trum of the AuNPs, 2944  cm−1 attributed to C–H  (sp3), 
1631  cm−1 corresponded to C = C, C–O or C = N bond that 
slightly shifted to 1639 and lower intensity in the biosynthe-
sized AuNPs. The peak at 1080 in plant extract (C–N stretch 
vibration of aliphatic amines) shifted to 1119  cm−1 in the 
AuNPs spectrum.

The presence of functional groups like C–N, C–O, O–H, 
and N–H and shifting its position suggests the presence of 
some moieties such as proteins, alkaloids, flavonoids, amino 
acids, and pigments in the plant extract. Consequently, it 
was deduced that glycosides and flavonoids were liable for 
the reduction and capping of AuNPs (the mechanism is pre-
sented in Fig. 4). Previously, Reddy et al. (2015), synthe-
sized AuNPs from the gum kondagogu extract. Suggesting 
the binding of AuNPs to hydroxyl group and confirming 
that the biocompounds containing this functional group 
such as flavonoids were the main reducing and stabilizing 
to AuNPs. Additionally, a similar mechanism for the biologi-
cal synthesis of AuNPs by the extract of Lawsoniainermis 
was proposed by Kumari and Meena (2020) indicated that 

Fig. 3  a FT-IR spectra of leaves extract and AuNPs. b UV–vis spec-
tra of gold ions, leaves extract and AuNPs; inset, photo for the violet-
colored phytosynthesized AuNPs

Fig. 4  the suggested mechanism 
for the reduction process and 
stabilization of AuNPs by the 
plant extract
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flavonoids were responsible for the reduction and capping 
of AuNPs.

Zeta potential study

The average zeta potential value of AuNPs was − 13 mV 
(Fig. 1 supplemental information). This negative value sug-
gested a proper capping of AuNPs due to polyphenolic com-
pounds. The detected value was comparable to that obtained 
for AuNPs biosynthesized by Cassia tora leaves extract 
(− 12.5 mV) (Abel et al. 2016).

The existence of a negative charge on the surface of 
AuNPs is commonly attributed to the presence of stabi-
lizing or capping agents formed during the formation and 
growth of AuNPs, and the negative zeta potential is consid-
ered an indicator for the stability of colloidal AuNPs solu-
tions (Chellapandian et al. 2019). As suggested previously 
(Milaneze et al. 2016), NPs with a zeta potential more than 
(+ 25 mV) or lower than (− 25 mV) have sufficient electro-
static repulsion to maintain their stability in the solution.

The suggested green synthesis mechanism indicated that 
the gold metal ions were reduced and further stabilized by 
the phytoconstituents of P. australis such as phenolic com-
pounds and flavonoids. In other words, the phytoconstituents 
of P. australis paly a dual role as reducing and stabilizing 
agent. Additionally, the current mechanism is similar to 
numerous previous results, such as the one illustrated by 
Karmous et al. (2019).

X‑ray diffraction (XRD)

The XRD analysis was conducted to define the structure 
of synthesized AuNPs and their crystallinity (Hamelian 
et al. 2018a). The results of XRD ensured the face-centered 
cubic (FCC) structure of the synthesized AuNPs (Fig. 2 sup-
plemental information). The XRD pattern showed peaks 
detected at 37.63°, 44.16°, 64.25° and 77.36° that was attrib-
uted to (111), (200), (220), and (311) planes.

The crystallite size of AuNPs was also calculated using 
the Scherrer equation and found to be 8.5 nm that is close to 
the size obtained from TEM image measurements.

Energy dispersive X‑ray spectroscopy (EDX) attached 
to SEM

The EDX analysis is an elemental analytical technique 
utilized to confirm the existence of elemental gold in the 
biosynthesized AuNPs (Fig. 3 supplemental information). 
The EDX chart obtained showed several identified peaks at 
different emission energies corresponding to the Au metal. 
Furthermore, other several peaks attributed to carbon, sul-
pher, oxygen, potassium, cupper elements, and other miner-
als were recorded due to plant biomolecules that surround or 

bonded to the surface of AuNPs resulting in the stabilization 
of biosynthesized AuNPs (Paul et al. 2014; Hamelian et al. 
2018b).

X‑ray photoelectron spectroscopy (XPS) study

In the current study, XPS was used to analyze the oxidation 
state of the phytosynthesized AuNPs. The recorded Au 4f 
spectra were characteristic of metallic Au with Au  4f7/2 and 
Au  4f5/2 binding energies of 84.14 and 87.83 eV, (Fig. 5), 
respectively, which were concomitant with the previous 
results (Torres et al. 2002; Ono and Roldan Cuenya 2008; 
Mikhlin et al. 2010; He et al. 2014). Therefore, confirming 
that the gold in the phytosynthesized AuNPs was metallic 
 Au0 (only zero form is formed), not  Au2O3.

The obtained XPS results confirm the role of phytocon-
stituents present in P. australis extract as an effective reduc-
ing agent through the facile reduction of gold species to its 
zero-valent state, which is the most stable state for gold, as 
previously mentioned by Rajab et al. (2014).

Estimation of cell viability—MTT assay

In the current study, the anticancer effect of bioprepared 
AuNPs was tested against cancerous human lung cell line 
A549 using MTT assay.

Regarding the role played by the phytosynthesized 
AuNPs in the anticancer method, they have interacted with 
the biological component of A549 cancer cells in numerous 
ways. Including alteration of cell membrane integrity, dis-
ruption of metabolic and physiological systems, oxidation 
of functional biomolecules, oxidative stress, ROS produc-
tion, disturbance of nutrient uptake, inhibition of respiratory 
chain, disruption of ATP synthesis, and obstruction in the 
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Fig. 5  Experimental XPS spectrum performed on the phytosynthe-
sized AuNPs
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transfer of electrons, which will lead to shrinkage of cells, 
cell cycle arrest, and loss of functions in addition to induc-
tion of Hyperthermia. Eventually, all these interactions will 
result in cancer cell death (Apoptosis) as it was clarified by 
Karmous et al. (2019).

The obtained cytotoxicity results revealed the  IC50; the 
concentration of AuNPs needed for 50% cell death was 
129.42 μg/mL. The anticancer effect could be attributed 
to the penetration of AuNPs into the cell membrane, and 
interaction with the nucleic acids, proteins and other bio-
molecules, inhibiting the progression of cancerous lung 
cells. The % cell viability, which refers to the healthy cells 
that were persistent to the influence of AuNPs and remained 
intact after treatment with AuNPs, decreased with increasing 
concentration of the biosynthesized AuNPs. The cell viabil-
ity of the highest concentration (200 μg/mL) was 22.47%, 
indicating the well efficiency of P. australis-AuNPs as the 
anticancer agent (Fig. 6).

Sathishkumar et al. (2015) reported lower efficiencies of 
phyto (by the extract of star anise (Illicium verum) and che-
mosynthesized AuNPs with an equal concentration (200 μg/
mL) against A549 cancer cells.

Antioxidant activity of AuNPs (DPPH assay)

Free radicals cause cell damage and mutations, so they are 
harmful to human health. On the other side, antioxidant 
materials nowadays are playing a significant role against 
any free radicals. The antioxidant agent that proved extreme 
efficiency is AuNPs, especially those biologically synthe-
sized (Wang et al. 2016). Additionally, DPPH is a well-
known technique utilized to assess the antioxidant potency 

of various antioxidants (Quinten et al. 1985; Majumdar et al. 
2016), while the DPPH consists of many stable free radical 
molecules and is easily reduced by accepting electron or 
hydrogen from NPs.

Herein, the antioxidant capability of AuNPs was esti-
mated and drawn in Fig. 7. As shown from the results, the 
AuNPs possessed good quenching for DPPH with a scav-
enging percentage equals to 10.26%. Moreover, the activity 
decreased as the AuNPs concentration decreased. The cur-
rent result demonstrated that the plant originated capping 
layer contains many compounds as flavonoids, glycosides 
and phenols, which may add more support to the scaveng-
ing potentiality of the phytosynthesized AuNPs. Compara-
ble results were also recorded by Zayed et al. (2020). The 
achieved antioxidant potency for the AuNPs was mainly 
due to the existence of polyphenolic compounds in the leaf 
extract that possess beneficial biological activities, fre-
quently utilized as antioxidants (Mariychuk et al. 2020).

Photocatalytic potential

Figure 8 showed the catalytic efficacy of two different vol-
umes of AuNPs (250 and 500 μL) for MB degradation. The 
MB has a characteristic peak in the visible region at 664 nm; 
after the addition of phytoprepared AuNPs, the blue color 
of MB disappeared after 1 min. This could be attributed 
to the tiny particle size that induced a large surface area 
of AuNPs, leading to accelerating the process of electron 
transfer between  NaBH4 and MB and eventually resulting 
in MB catalytic removal. In particular, the role of AuNPs 
in the photocatalytic removal of MB serving in the electron 

Fig. 6  Cell viability % effi-
ciency of the phytosynthesized 
AuNPs against cancerous lung 
cells A549 after 48 h of incuba-
tion
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transmit from  BH4
− (donor) to MB (acceptor).  BH4

− ions 
are nucleophilic, while MB is electrophilic in nature with 
respect to AuNPs, where the AuNPs accept electrons from 
 BH4

− ions and transports them to the MB. Therefore, this 
will result in MB removal, as indicated by Ganapuram et al. 
(2015). On the other hand, the control sample that contains 
 NaBH4 without adding AuNPs showed a removal efficiency 
of 17.50% after 1 and a half hours. It was thus proving the 
prominent role of AuNPs in catalyzing the MB removal.

Recently, Ahmad et al. (2020) postulated that MB mol-
ecules are successfully degraded in the presence of a visible 
light source, owing to the efficient oxidation via formation 
of hydroxyl radicals during photocatalytic removal reac-
tion mechanism. The photogenerated electrons successfully 
produced hydroxyl radicals as well as superoxide radicals 
to react with dissolved oxygen. These radicals may insist-
ently attack the MB molecules until a complete removal. The 
electrostatic attraction forces were also responsible for the 
adsorption of MB over the surface of AuNPs. Therefore, it 
could be assumed that the same radicals were responsible 
for MB removal through degradation or adsorption in the 
current study.

Conclusions

This work demonstrated common reed leaf extract’s abil-
ity to synthesize AuNPs by a simple, facile, cheap, and 
eco-friendly method. UV–Vis spectroscopy, FT-IR, XRD, 
EDX, Zeta potential, and TEM techniques were utilized to 
describe the biosynthesized AuNPs. TEM images revealed 
the formation of several shapes. However the dominant was 
the spherical with a size around 18 nm. Zeta potential was 

Fig. 7  Free radical scavenging 
activity of the biosynthesized 
AuNPs
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– 13.0, while its SPR peak centered at 540 nm. The FT-IR 
proposed that polyphenolic compounds, e.g., flavonoids 
containing H–bonded (OH) group, could be liable for the 
reduction and capping of AuNPs. The XRD and EDX results 
showed a crystalline Face Center Cubic (FCC) structure. 
Cytotoxic investigation through MTT assay showed a good 
cytotoxic effect against A549 cancer cell line. Moreover, 
the phytosynthesized AuNPs acquired good antioxidant effi-
ciency against DPPH. Furthermore, a high catalytic potential 
was obtained after 1 min for the removal of MB dye. These 
findings contribute to the green route of the emerging medi-
cal nano-based technologies. Also, provide a new option 
for the environmental management of the huge unwanted 
biomass of common reed.
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