
Journal of King Saud University – Science 34 (2022) 102000
Contents lists available at ScienceDirect

Journal of King Saud University – Science

journal homepage: www.sciencedirect .com
Original article
Green synthesis, characterization and biomedical potential of Ag@Au
core–shell noble metal nanoparticles
https://doi.org/10.1016/j.jksus.2022.102000
1018-3647/� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail addresses:malwhibi@KSU.EDU.SA (M.S. Alwhibi), ortashi9@ksu.edu.sa (K.

M.O. Ortashi), mawad@ksu.edu.sa (M.A. Awad), dsoliman@KSU.EDU.SA (D.A. Soli-
man), melzaidy@KSU.EDU.SA (M. El-Zaidy).

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier
Mona S. Alwhibi a, Khalid M.O. Ortashi b,⇑, Awatif A. Hendi c, M.A. Awad c, Dina A. Soliman a,
Mohamed El-Zaidy a

aDepartment of Botany & Microbiology, College of Science, King Saud University, Saudi Arabia
bDepartment of Chemical Engineering, King Saud University, Saudi Arabia
cCollege of Science, King Saud University, Saudi Arabia

a r t i c l e i n f o a b s t r a c t
Article history:
Received 22 December 2021
Revised 19 March 2022
Accepted 24 March 2022
Available online 29 March 2022

Keywords:
Green synthesis
Silver@Gold
Nanoparticles
Acacia nilotica
Anticancer activity
In the current times, nanotechnology has emerged as a field that promises scientific advancement with
the manipulation, improvement, and application of near-atomic scale materials.Bimetallic nanoparticles
(NPs) have been explored for their wide range of applications owing to their multi-functionalilty. The
present study included the synthesis of bimetallic silver@gold (Ag@Au) NPs from aqueous chloroauric
acid (HAuCl4) and silver nitrate (AgNO3) making use of ‘green chemistry’ with the extract of Acacia nilot-
ica husk as a reducing and capping agent. The formed bimetallic NPs were characterized by various spec-
trometry and electron microscopy techniques and devices, including ultraviolet–visible spectroscopy
(UV/VIS), transmission electron microscopy (TEM), energy-dispersive X-ray spectroscopy (EDS) attached
to scanning electron microscopy (SEM), Fourier-transform infrared spectroscopy (FTIR), and the particle
size distribution was analyzed by dynamic light scattering (DLS) technique. FTIR results identified the
functional groups that are involved in and interact with biomolecules and nanoparticles surfaces through
extensive screening on synthesized colloidal bimetallic NPs. The synthesized core – shell had mean size
and monodispersity index (PDI) values of 0.223 and 61 nm, respectively. TEM micrographs clearly indi-
cated that the Au NPs were coating and surrounding the Ag NPs and their size, distribution and shapes
were homogeneous and uniform. Anticancer activity of the synthesized Ag@Au NPs was explored using
MTT assay; the recorded cell viability was 500 lg/ml and the cytotoxicity (IC50) was 74.6 ± 7.43 lg/ml
for HeLa cell line. This anticancer activity of the Ag@Au NPs opens the window wide for their use in can-
cer therapy and other biomedical applications.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Manipulation and control of nanostructures is a key concept of
nanotechnology since it aids in synthesizing nanomaterials of vari-
able sizes and shapes with a flexible control on their physical and
chemical properties. This in turn broadens their range of applica-
tion for the betterment of human life (Meydan et al., 2022; Gur
et al., 2022).

Nanoparticles of metals (copper, iron, gold, silver, etc) display
physical and optical characteristics (surface plasmon reverberation
or surface plasmon resonance) that attracted attention to them as
candidates for specific applications in medicine and science
(Mallick et al., 2021). Particularly, noble metals (gold and silver)
are well known and have been proved for use in medicine
(Behzad et al., 2020; Venditti, 2019). They are considered innocu-
ous materials with remarkable biological characteristics to be used
for several optical, electronic, electrical, catalytic, applications
(Ahmed et al., 2022; Calimli et al., 2021). Silver has been widely
used for its anti-carcinogenic,antimicrobial and wound healing
properties (Aygun et al., 2022). Nano-gold is inert, multifunctional
with low cytotoxicity; therefore, it was used as nanocarrier for
drug delivery. Since it has the ability to absorb visible light within
picoseconds and efficiently release wavelength- particular energy
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Fig. 1. UV–visible spectrum of green synthesized Ag @Au NPs.
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in a precise manner, it can also be used in photodynamic therapies
(light-mediated clinical treatments) (Tabish et al., 2020). Merged
silver and gold (Ag–Au) bimetallic nanoparticles have intriguing
and unique electronic, optical, catalytic, structural and biomedical
properties (Loza et al., 2020); they can be used in cosmetics and
beauty care products, anticancer, cell reinforcement, and antimi-
crobial drugs (Seckin et al., 2022).

Green synthesis methods of NPs are environment- friendly, eco-
nomic, energy- and time saving. Using plants and their parts for
formulation of NPs renders them safe and stable with enhanced
activity, biocompatibility, and influential penetration ability
(Meydan et al., 2022; Zhang et al., 2020).

Acacia nilotica (L.) is a tree native in central and northern Sudan;
it is commonly famous in Sudanese traditional herbal medicine (lo-
cal name is Garad). Both fruits and bark are used for treatment of
colds, bronchitis, pneumonia, diarrhoea, and dysentery (Pousset,
1989). A. nilotica is generally used in ethno- and veterinary medi-
cine. On the other hand, in Sudanese and Indian folk medicine,
its bark decoction is used as the gargled to relieve toothaches
and strengthen teeth (Kabbashi et al., 2015). Many studies have
shown its wide range of pharmacological properties, such as anti
HIV-1 protease, antibacterial, anti-inflammatory, antioxidant, and
anticarcinogenic activities (Muddathir et al., 2020).

Current trends in therapeutics research explores the use of
innovative modes such as green-synthesis of NPs with phytocom-
pounds and herbs as novel strategies in the treatment of a host of
diseases, including cancer (Göl et al., 2020).

The present study describes a facile approach for the synthesis
of Ag@Au NPs using A. nilotica husk extract as stabilizer- reducing
agent followed by a complete characterization of the synthesized
bimetallic NPs. The aim was to amalgamate the therapeutic poten-
tial of this plant with the inherent anticancer activity of the syn-
thesized NPs to accentuate the ability of the nanostructure as an
anti-carcinogenic agent. To the best of our knowledge, this is the
first study on the synthesis of core @shell NPs using A. nilotica
and evaluation of its anti-proliferative effect.

2. Materials and methods

2.1. Synthesis and characterization of core–shell Ag@Au NPs

All chemicals were reagent grade and used without any further
purification. Silver nitrate (AgNO3) and Chloroauric acid (HAuCl4)
were obtained from Techno Pharmchem (India) and, Loba Chemie
(India), respectively; Acacia nilotica husk was obtained from the
local market in Khartoum, Sudan.

Synthesis of core@shell NPs was achieved as follows: (1) 5 g of
A. nilotica husk was washed with distilled water to remove the
dust, mixed with 50 ml of boiled distilled water, incubated over-
night at room temperature, filtered through filter paper (What-
man’s No. 1) and then kept at 4 �C until used; (2) 1 mM of
AgNO3 (A) and 1 mM of HAuCl4 (B) were prepared as aqueous solu-
tions; (3) core–shell nanoparticles were synthesized using a mod-
ified Abhijit Biswas’s method (Biswas et al., 2014). Briefly, 50 ml
aqueous solution (A) was added to 10 ml of the extract aqueous
solution. The mixture was stirred continuously at room tempera-
ture for 15 min. A very light brown colour solution indicated the
reduction Ag ions to Ag NPs. Afterwards, aqueous solution (B)
was added to the previous mixture, a colour change to very dark
violet within 30 min was observed, indicating formation of Ag@Au
core–shell nanoparticle.

2.2. Characterization of core–shell Ag@Au NPs

Ag@Au core–shell nanoparticles were analyzed for the notice-
able plasmon bands by UV/VIS spectrophotometer (Perkin Elmer,
2

Waltham, MA, USA). The mean size of the synthesized NPs was
analysed by the DLS technique using Nano series (Zetasizer, HT
Laser, ZEN3600 (Malvern Panalytical Ltd, Malvern, UK). Size, shape,
and morphologies of NPs were characterized by JEM-1011 trans-
mission electron microscope (TEM) (JEOL, Tokyo, Japan). Further
analysis of shape and morphology of the NPs was achieved by
JEOL-FE SEM scanning electron microscope (SEM), (JEOL) equipped
by Energy Dispersive X-Ray Spectroscope (EDS) model INCAx-act
(Oxford Instruments, Oxford, UK) for confirming the existence of
silver and gold elements in the bimetallic sample. The chemical
finger-printing of the extract and synthesized core–shell NPs was
achieved by Infrared Spectroscopy using FTIR-Spectrum BX
(Perkin-Elmer) with measurements in the range 400 to
4400 cm�1 using the potassium bromide method.
2.3. Assessment of cytotoxic effects using MTT assay

The MTT assay was carried out using a standard protocol (Awad
et al., 2019). A culture of Human cervical carcinoma cells (HeLa) in
DMEM supplemented with 10% heat-inactivated FBS, L-glutamine
(1%), gentamycin (50 lg/ml), and buffer (HEPES), was seeded by
the NPs. The cells were incubated at 37 �C in 5% CO2 and sub-
cultured twice a week. Cell viability was assessed at varying con-
centration of the synthesized NPs.
3. Results and discussion

Nanoparticles of noble metals are unique in optical properties;
they interact highly with particular light wavelengths (Zhang et al.,
2016). Because of the surface plasmon resonance (SPR) of bimetal-
lic NPs, they show good absorptions of the visible spectrum, with
400–600 nm peak intensity. SPR occurs in UV–visible spectrum
as result of collective oscillations of conductive electrons
(Sullivan et al., 2018). Fig. 1 presents the absorption band measure-
ment of the Ag@Au NPs synthesized in this study. Change of band
is based on the presence of another surface material. A change of
sample colour was observed when silver particles were capped
by gold in the reaction procedure. Here, the plasmonic absorption
is governed by gold, which has a peak range 460�550 nm. It has
been demonstrated that plasmon absorption can be used for the
qualitative characterization of the shell thickness of core–shell
nanoparticles (Sullivan et al., 2018). The LSPR absorbance intensity
of the core declined with increased shell thickness (Asadi-
Aghbolaghi et al., 2021). Thus, the SPR of the Au shell is more
clearly appreciable. Also, the SPR maximum intensity of Ag (makes
up the core), is not remarkable, as Fig. 1 shows. Based on these
observations, the shells would be fairly thick. This could be due
to the direct reduction of excess HAuCl4 by the extract to produce



M.S. Alwhibi, Khalid M.O. Ortashi, A.A. Hendi et al. Journal of King Saud University – Science 34 (2022) 102000
pure core–shell NPs with small size. Also, the broad absorbance
band indicates aggregation of the formed NPs (Verma et al., 2021).

TEM analysis confirmed variation in size and shape of synthe-
sized NPs by the reduction method with A. nilotica extract, which
also demonstrated homogeneous size distribution. TEM micro-
graphs of the NPs clearly indicate that Au NPs were coating and
surrounding Ag NPs (Fig. 2). Apparently, the size distribution and
shapes of NPs were homogeneous and uniform, with most quasi-
spherical, few polygonal, and quasi rod-shaped. The isotropic fea-
ture of the formulated particles possibly reflected the efficient cap-
ping by the constituent biomolecules of the extract, that prevented
the aggregation of the particles. It was suggested by Saha and col-
leagues that the high density of synthesiszed Ag@Au NPs had led to
abundance of electromagnetic hotspots which in turn could be an
efficient substrate for surface-enhanced Raman scattering (Saha
et al., 2021). Likewise, the magnified TEM images reveal a nearby
view of the core–shell NPs as sphere-like, polygonal, and rod-
like. Additionally, TEM analysis showed increase in size of the shell
layer - clearly due to the thickness of the metallic gold layer- in
agreement with previous reports (Verma et al., 2021; Pham et al.,
2021).

Average size and shape of synthesized nanoparticles could be
analyzed by SEM as an analytical imaging technique and confirma-
tion of existence of elements in NPs could be achieved by EDS map-
ping technique (Nayem et al., 2020; Umamaheswari et al., 2018).
The SEM image shows slight aggregation of Ag@Au NPs with spher-
ical and a few polygonal shapes, as shown in Fig. 3 (left). The gold
element fixed the elevated absorption peak at 2.15 keV and in the
range between 8 and 14 keV, which is the same as that of metallic
Au nanocrystallites (Ramezani et al., 2008). On the other hand, due
to the SPR, the absorption peak noticeable at 3.0 keV in EDS spec-
trum indicates and confirms the presence of silver element (Fig. 3 -
right) (Shaik et al., 2018). Other peaks appearing in Ag@Au NPs EDS
spectrum in the range 0–0.5 keV show occupancy of C and O2 ele-
ments (Naraginti and Li, 2017). Accordingly, the intensity of signals
of Au and Ag vary with the molar ratio of each in the sample. As a
result, there were no impurity peaks observable in the samples,
confirming their high purity. The EDS spectrum disclosed the pres-
ence of Au element peaks in five different positions and one peak of
Ag. The EDS spectrum clearly showed 43.82% and 56.18% yields for
silver and gold, respectively. These results indicate that the mix-
Fig. 2. DLS measurement of produ
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ture of gold and silver atoms exist in the solution and the gold exist
as shell.

To gain further information about the presence of bio-
molecules capping layer on the synthesized NPs sample, FTIR anal-
ysis of A. nilotica extract and synthesized NPs were carried out and
overall similarities between the two samples were found. In the
spectra of A. nilotica and silver core- gold shell NPs (Fig. 4), the
chemical constituent and functional groups reflected their compa-
rable peaks corresponding to carboxylic acid and ketones (1724–
1700 cm�1), NH3

+ in NH4OH due to NH3 deformation (1600–
1520 cm�1). Also, a N-O symmetric stretch (1360–1290 cm�1)
was caused due to the compounds of N-O nitro, aliphatic ethers
(C-O-C), silicates (1040–1030 cm�1), NH2 in NH4OH; secondary
alcohols (1095–1074 cm�1) (C–OH) group frequencies reflected
NH2 groups in-plane. In addition, peaks (900–700 cm�1) =CH of
aromatic hydrocarbons, corresponds to =C–H. Out-of-plane bend-
ing and (700–610 cm�1) vibration modes were relevant to alkynes
–C� C– H: C– H bond, also been reported in previous studies
(D’Angelo and Zodrow, 2011; Sadiq et al., 2015). The peaks
(1124.99 and 865.64 cm�1) seen in the extract indicating possible
presence of biomolecule were absent in Ag@Au NPs spectrum,
which might be responsible for the formulation of core - shell
NPs (Aadil et al., 2014; Singh et al., 2018).

Hydrodynamic size, polydispersity index, and surface zeta
potential of synthesized NPs were determined by dynamic light
scattering technique (Raj et al., 2018). Fig. 5 shows that the average
size of the synthesized core–shell was 61 (r.nm) and monodisper-
sity index (PDI) was 0.223. In general, nanoparticles that have PDI
values less than 0.5 are monodisperse (Costa et al., 2020).

There have been very few studies that have reported the syn-
thesis of core@ shell noble metal nanoparticles using plant
extracts. Botha et al. (2019) synthesized bimetallic nanoparticles
with a diameter of 186.3 nm using the leaf extract of Sambucus
canadensis and evaluated their cytotoxicity. Furthermore, Ahmed
and his colleagues synthesized Au-Ag NPs of about 26–90 nm using
bio-waste extract of Trapa natans and also examined their cytotox-
icity for various cancer cells (HCT116, MDA-MB-231, and HeLa)
(Botha et al., 2019; Ahmad et al., 2019). Anti-carcinogenic activity
and behaviour of NPs in biological fluids is attributed to their struc-
ture, size, shape and distribution (Zhang et al., 2020; Botha et al.,
2019). The present study, assessed the anticancer activity of
ced core–shell nanoparticles.



Fig. 3. TEM micrographs of the formed Ag@ Au core -shell NPs.

Fig. 4. SEM image (Left) EDS spectrum (Right) of green Ag@Au core–shell NPs.
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Ag@Au NPs in the cervical carcinoma (HeLa) cell line. The growth
(viability) of HeLa cells was inhibited to 6.31 ± 1.36% at the concen-
tration 500 lg/ml with IC50 at 74.6 ± 7.43 lg/ml (Fig. 6). The MTT
assay assesses the activity of succinate dehydrogenase, therefore,
the observed effect could be explained based on the cytostatic or
cytotoxic effect of the NPs. However, results revealed a significant
toxic potency of the synthesized Ag core @Au shell NPs. Previous
studies have reported the states of NPs in bio-media as accumula-
tion into and clearance from cells. The Trojan horse effect could be
possibly the reason for the accumulation of NPs into cells which
may be aided by the gold shell surface coating. It was also stated
that once the Ag@Au NPs enter the cells, cells are ruptured with
consequent release of silver, which eventually results in greater
toxicity (Singh et al., 2018). In addition, the cytotoxic effect of
4

nanoparticles could also be explained based on the oxidative dam-
age to cells and tissues via generation of free radicals, disruption of
mitochondrial electron transfer chain by diffusion into cells or
endocytosis. Further, effects on intracellular calcium concentration
and activation of transcription factors by the production of reactive
oxygen species (ROS), which are also implicated in causing DNA
damage, disarray in several cellular processes, such as cellular sig-
nalling pathways, gene expression, and inflammatory and apop-
totic pathways (Singh et al., 2018).

However, further in vitro and in vivo studies are imperative for
an insightful understanding of the mechanisms and modes of
clearance of nanoparticles to broaden the existing knowledge that
is the cornerstone of development and improvement of novel anti-
cancer drugs in the fileld of nanomedicine.



Fig. 5. FTIR spectra analysis of synthesized Ag@Au NPs and extract to identify functional groups (chemical constituents) and interactions between biomolecules and
nanoparticle surfaces.

Fig. 6. MTT assay result confirm the cytotoxic effect of green synthesized
core@shell NPs against Hela cell lines.
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4. Conclusion

In conclusion, the present study reported green formulation of
silver@ gold core–shell nanoparticles using the husk extract of
the medicinal plant Acacia nilotica. This green method is non-
toxic, eco-friendly, simple to apply, economical, and uses non-
hazardous materials. The results showed that A. nilotica acts as a
significant reducing and stabilizing agent in the synthesis of NPs.
The formulated core- shell NPs were described and characterized:
the Au NPs were surrounding the Ag NPs with homogeneous and
uniform size and shapes. The synthesized Ag@Au NPs proved sig-
nificantly high cytotoxicity against HeLa cancer cells at 500 lg/
mL with IC50 values noted at 74.6 ± 7.43 lg/ml, thus demonstrat-
ing potential use in cancer therapeutics and other applications in
pharmaceutical industry and nanomedicine.
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