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Current exanimation reports, green fabrication of silver doped TiO2 nanoparticles (Ag/TiO2) using aque-
ous extract of Acacia nilotica as bio-reductant and assess its potential as antimicrobial and anticancer
agent. The obtained spherical Ag/TiO2 were characterized by various analytical techniques including
FTIR, (XRD), (FE-SEM EDS), and (TEM). Synthesized Ag/TiO2 demonstrated broad spectrum antibacterial
and anticandidal activity. The order of antimicrobial activity was found to be E. coli > C.
albicans > MRSA > P. aeruginosa. In addition, cytotoxicity and oxidative stress of Ag/TiO2 nanoparticles
in (MCF-7) cells was also investigated. Outcomes of MTT assay showed concentration dependent reduc-
tion in cell viability. Further, synthesized NPs reduced the level of glutathione, induced ROS generation
and lipid peroxidation in the treated cells. Therefore, it is envisaged that these spherical nanoparticles
may be exploited in drug delivery, pharmaceutical, and food industry.
� 2019 The Authors. Production and hosting 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

Currently, there is a growing interest for the development and
use of nanomaterials in various products and technologies. In the
last decade, nanoparticles (NPs) have been deployed in the field
of biomedical sciences for targeted delivery of drug, imaging, diag-
nosis and treatment of diseases and development of antimicrobials
(Ramar et al., 2015). Metal and metal-oxide nanoparticles demon-
strate novel physico-chemical properties that are not associated
with individual or bulk molecules (Daniel and Astruc, 2004;
Zaman et al., 2016, 2014).
Among NPs, Titanium oxide (TiO2) NPs (titanium dioxide
nanoparticles) demonstrate unique surface chemistry, morpholo-
gies and have been used mainly in textile, paper, cosmetics and
food industries (Julkapli et al., 2014). Most of the TiO2 NPs are syn-
thesized using physico-chemical methods that necessitate high
temperature with pressure and toxic chemicals which make them
unsuitable for use as medicine and other biomedical application
(Abbasi et al., 2018). Hence the focus has shifted to the use of
eco-friendly and cost-effective approaches to synthesize nano
sized TiO2 particles. One such method of synthesis employs plant
extracts as reducing agent and a single reducing agent can be used
to produce various NPs. Moreover, this green synthesis approach
yields NPs with better morphology and stability (Bhainsa and
D’Souza, 2006). Recently, TiO2-NPs have been synthesized from a
range of plants including Nyctanthes arbortristis extraction of leaf
(Sundrarajan and Gowri, 2011), aqueous extract of Catharanthus
roseus (leaf) (Bagavan et al., 2011), Eclipta prostrata aqueous leaf
extract (Rajakumar et al., 2012), Azadirchta indica (Sankar et al.,
2015) for various applications. Further, the novel metal doping of
TiO2 improves the efficiency of NPs by manipulating the band
gap energy. Amongst NPs, silver doped titanium oxide NPs
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(Ag/TiO2 NPs) has gained special attention due to its non-toxic nat-
ure, low cost of synthesis and high availability (Zhang et al., 2008).
Ag/TiO2 NPs have been previously synthesized using the extracts of
Citrus limon and Nephelium lappaceum and reported for improved
photocatalytic activity (Kumar et al., 2016; Liang et al., 2012).
Nevertheless, limited reports have emerged regarding green syn-
thesis of Ag/TiO2-NPs using plant extracts as biological reductants.
Owing to the limited information on the usage of plant extracts for
synthesizing in Ag/TiO2-NPs, doped NPs were synthesized using
extract of Acacia nilotica using a cost effective and eco-friendly
approach. Further, these NPs were characterized employing XRD,
FE-EDS, TEM and FTIR spectroscopic techniques. Further, since
most of studies related to Ag/TiO2 NPs have been centered around
photo catalysis, we have explored the bactericidal and fungicidal
potential as well as its role as anti-cancer chemotherapeutic using
breast cancer cell line (MCF-7).

2. Materials and methods

Aerial parts of Acacia nilotica were collected from the campus of
Andhra University, Visakhapatnam, India. Tetrabutyl orthotitanate
(C16H36O4Ti, 99.9%), silver nitrate (AgNO3, 99.5%) were obtained
from Merck Ltd, India. Lyophilized culture of microorganisms
was acquired fromMicrobiology Department of Andhra University.

2.1. Preparation of extract Acacia nilotica

The aerial parts of Acacia nilotica were cleaned with water for 3
times and followed by deionized water to clean the dust; plant
leaves were sheltered, dried totally for 7 days to drain out moisture
and then ground to powder. The 10 g of powdered sample was
added to 50 ml of double distilled water (DDW) and left for incuba-
tion and intermittent stirring was done. Sample was boiled for one
hour, cooled to room temperature and filtered using Whatman
filter paper, and filtrate used for the synthesis of silver doped
TiO2-NPs.

2.2. Green synthesis of silver doped TiO2 spherical nanoparticles (Ag/
TiO2)

Ag/TiO2 NPs were synthesized using silver nitrate, Tetrabutyl
orthotitanate and extract of Acacia nilotica. In short, 20 mM tetra-
butyl orthotitanate was added dropwise into 50 ml absolute etha-
nol, stirred vigorously for 20 min at room temperature and after
that few drops of 65% HNO3 was added. Acacia nilotica extract
(1 mM) and 1 mM of Silver nitrate (AgNO3) were added to the pre-
viously prepared mixture and stirred for 1 h. Subsequently, deion-
ized water was added to the mixture and the consequent solution
was shaken for couple of hours at room temperature (RT) for the
gel formation, this gel was kept for 1 day at RT. After drying at
80 �C for 1 day, the as-prepared Acacia extract and Ag/TiO2 samples
were obtained and then annealed at 400 �C for 3 h to give a greyish
material.

2.3. Characterization of spherical Ag/TiO2 NPs

Documentation of crystal phases and determination of average
crystalline size was performed using powder XRD (X-ray diffrac-
tion). Diffractions dimensions were achieved through PANalytical
PW 3040/60 X’Pert PRO instrument using Ni-filtered Cu-Ka radia-
tion (1.54 Å) curve fitting and integration was used for X’Pert high
score plus software. The FESEM (Filed Emission Scanning Electron
Microscopy) was done to study the morphology and elements
identification were done by EDS (Energy Dispersion Spectroscopy)
on JEOL JEM-2300, of the NPs. TEM (Transmission Electron Micro-
scopy) gave the size and SAED (selective area electron diffraction)
pattern at a voltage of 200 kV on JEOL JEM-1200EX (Japan). FT-IR
analysis was carried out on a Perkin Elmer FTIR spectrophotometer
spectrum two (Perkin Elmer Life and Analytical Sciences, CT, USA).

2.4. Antimicrobial studies

Synthesized Ag/TiO2 NPs were assessed for their bactericidal
and fungicidal potential using agar well diffusion assay in contra-
diction of human pathogens namely MRSA, Gram positive, E. coli
ATCC 25922, P. aeruginosa ATCC 27853 (Gram negative) and
C. albicans ATCC 10231 (fungi). Each strain was wiped on to
Mueller Hinton agar and wells of 10 mm were punched. Synthe-
sized NPs (100 ml) were loaded in wells and at 37 �C, plates were
incubated for 1 day. Halo zone surrounding the well was measured
to determine the antimicrobial activity.

Minimum inhibitory concentration of synthesized NPs was
determined against test microbial strains using standard method
described previously (Al-Shabib et al., 2019).

2.5. In vitro anti-proliferative/anticancer studies

Cells (MCF-7) were grown and maintained in DMEM under
anaeribic conditions at 37 �C and cell-viability was evaluated using
dye Trypan blue (Siddiqui et al., 2008).

2.6. Cytotoxicity by MTT assay

Cytotoxicity of the synthesized NPs was determined using MTT-
assay (Siddiqui et al., 2008). Briefly, 1 � 103 cells were plated and
allowed to adhere in 96-well plate under anaerobic conditions as
described previously. Post incubation, 10-mL of MTT solution was
added in each well to make incubation for 4-hours in a CO2 incuba-
tor. Subsequently, 200-mL of DMSO was added to each well after
discarding supernatant. The development of the color was read
at 550 nm.

2.7. Miscroscopic analysis of cell morphology

Changes in morphology of under study cells brought about by
the treatment with varying concentrations of Ag/TiO2 NPs was
observed using phase contrast inverted microscope.

2.8. GSH levels

Cells treated with Ag/TiO2 NPs were centrifuged and cellular
protein was precipitated. Subsequently, 0.4 M, (pH-8.9) Tris buffer
and DTNB were added to the supernatant sequentially and left for
incubation on shaking for 10 min at 37 �C. Color development was
measured at 412 nm (Chandra et al., 2002).

2.9. Lipid peroxidation

Lipid peroxidation (LPO) was determined with TBARS assay.
Ag/TiO2 exposed cells were centrifuged, sonicated and again
centrifuged. Thiobarbituric acid (TBA) (2 ml) was added to the
resulting supernatant (1 ml) and heated at 100 �C for 15 mins.
Samples were then cooled and centrifuged and absorbance of the
resulting supernatant was read at 550 nm (Grossberg, 1981).

3. Results and discussion

3.1. Powder XRD of Ag/TiO2 NPs

Fig. 1a and 1b presents the XRD pattern of pure TiO2 and syn-
thesized Ag/TiO2. Well defined diffraction peaks with 2h are at
about 25.35�, 38.08�, 48.08�, 54.19�, 54.95�, 62.63�, 68.21�,



Fig. 1. XRD-pattern for (a) Pure TiO2; (b) Ag/TiO2 NPs.
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70.39�, 74.94� & 82.73� are allocated for (1 0 1), (0 0 4), (2 0 0),
(1 0 5), (2 1 1), (2 0 4), (1 1 6), (2 2 0), (2 1 5) & (2 2 4) crystal
planes, respectively. The pattern of XRD is in agreement with the
tetragonal structure of anatase TiO2 (JCPDS# 21-1272). No peak
for silver was observed, which indicates that it is well dispersed
in TiO2 matrix in the form of minor cluster. The average size of
crystallite NPs samples were measured from reflection plane
(1 0 1) using Debye-Scherrer equation (Dhage et al., 2004). It was
found to be around 9 nm and 17 nm of pure Titanium oxide and
doped Ag/TiO2, respectively. The details of lattice parameters are
presented in Table 1. The tetragonal structure for TiO2 has unit cell
edge ‘a’ = ‘b’ is 3.785 Å and ‘c’ is 9.514 Å and this value is calculated
theoretically using formula:

1=dhkl ¼ ðh2 þ k2Þ=a2 þ l2=c2

The experimental lattice constants ‘a’, ‘b’ and ‘c’ is calculated
from the XRD peak (1 0 1), (0 0 4) and (2 0 0) of the XRD pattern
‘a’ = ‘b’ is 3.780 Å, ‘c’ is 9.444 Å, and unit cell volume is
V = 134.94 Å. Both theoretical and experimental lattice constants
are in well agreements.
Table1
Lattice parameters for pure TiO2 and doped Ag/TiO2.

2h D FWHM of intense peak b (radians)

Pure TiO2 25.28 3.520 0.0083

Ag/TiO2 25.35 3.511 0.0166

Fig. 2. (a) FE-SEM micrograph-Ag/TiO2-NPs
3.2. FE-SEM

Surface morphology was determined with FESEM. The synthe-
sized Ag/TiO2 were distributed irregularly having rough surface
(Fig. 2a). Synthesized NPs were circular in shape with an average
size of 11.25 nm. However, larger particles of Ag/TiO2 were also
noticed possibly due to the aggregation of NPs during the prepara-
tion of samples. Chemical composition of synthesized NPs was
determined with EDS (Fig. 2b). EDS spectrum shows presence of
Ag & Ti peaks around 3 eV and 4.5 eV, respectively. EDS spectrum
analysis also revealed that silver is in metallic form and free from
impurities.

3.3. Transmission electron microscopy

TEM pictures demonstrated the presence of polycrystalline
Ag/TiO2 NPs (Fig. 3a). The biosynthesized nanoparticles were pre-
dominately spherical in shape with an average size of 20–40 nm
(Fig. 3c) and some were agglomerated revealing a strong
interaction with the molecules of Acacia extract.

SAED pattern exhibits discrete circular diffraction rings corre-
sponding to anatase phase (Fig. 3b). Obtained polycrystalline
diffraction rings of fabricated spherical NPs were in agreement
with the earlier study.

3.4. FTIR

Fig. 4 demonstrates FTIR spectra of pure TiO2 & Ag doped
TiO2-NPs. The absorbance bands appear in spectrum of un-doped
TiO2 at 3387, 2925, 2853, 1627, 1383, 662, 626, 584, and
552 cm�1. The wide bands observed at 3387, 2925 and 2853 cm s�1

could be assigned to vibration bands of O-H groups in un-doped
TiO2. Groups at 2853 cm s�1 resemble to lopsided extending, dis-
torting, and shaking methylene vibrations gatherings, separately.
Peaks at 1068 and 1028 cm�1 are due to the CAO stretching vibra-
tion of ether and alcoholic gatherings, individually (Prasad et al.,
2007) and 500–900 cm�1 TiAOATi (Ding et al., 2000; Liu et al.,
2007). While, Ag/TiO2 nanoparticles indicated characteristic
signals at 3416, 2920, 2852, 2326, 2111, 1635, 1462, 1384, 1097,
1018, 663, 606 cm�1. IR range of nanoparticles, a shift in the
Size of the crystallite (D) nm Lattice Parameters Å hkl

17 a = b = 3.7852
c = 9.5139

101

9 a = b = 3.780
c = 9.444

101

and (b) EDS synthesized Ag/TiO2-NPS.



Fig. 3. (a) TEM micrograph of Ag/TiO2, (b) SAED pattern of Ag/TiO2-NPs and (c) Size distribution curve.

Fig. 4. (a) FTIR spectra of pure TiO2 and (b) FTIR spectra of synthesized Ag/TiO2

nanoparticles.
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absorbance tops was watched a solid expansive band at 3416 cm�1

could be credited to the extending vibration of the hydroxyl gath-
ering and the interlayer water molecules (Li et al., 2008). This mar-
vel was essentially brought about through TiAOAH extending
vibration. Close band 1635 cm s�1 for example could be appointed
for twisting the vibration of HAOAH bond on TiO2 catalyst (Jensen
and Fuierer, 2006) and at 1384 cm�1 proposing the official of
AgAOATi individually. The solid groups at 2920, 2852 cm�1 relate
to nearness of CAH extended vibration for CH3, CH2 and CAH
extending vibrations of alkane and aldehydes and 1635 cm�1 is
doled out to the twisting recurrence of OAH bond in H2O; while
the situated band near 1384 cm s�1 compared with a vibration
for Ti-ligand bond. Further, the event of the crest at 2326 cm�1

and 2111 cm�1 is nearness of transitional metal carbonyls affirm
the decrease of silver particles, coupled for oxidation of hydroxyl
and carboxyl gatherings, demonstrative for all broadly oxidized
nature of acacia separate. Bands at 1462 cm�1 relates to asymmet-
ric and at 663 cm�1 compares to anatase pinnacle of TiO2 (Jensen
and Fuierer, 2006).
3.5. Antimicrobial studies

Antibacterial activity of synthesized Ag/TiO2-NPS were studied
amongst both (Gram positive and Gram negative) pathogenic bac-
teria. Further, opportunistic pathogenic yeast C. albicans was also
used to investigate antifungal potential. Ag/TiO2 NPs showed max-
imum zone of inhibition against E. coli (24 mm) followed by C. albi-
cans (22 mm), methicillin resistant S. aureus (20 mm) and least was
observed against P. aeruginosa (15 mm) at 500 mg/ml concentration
(Fig. 5). Antibiotics were used as positive control (data not shown).
Results of the antimicrobial activity are in agreement with the
report on antibacterial activity of TiO2 NPs against drug resistant
bacteria (Jesline et al., 2015; Murugan et al., 2016). Minimum inhi-
bitory concentration of Ag/TiO2 NPs was also determined against
all test pathogens. MIC was found to be 64 mg/ml against E. coli,
S. aureus and C. albicans while 128 mg/ml against P. aeruginosa.
The Antimicrobial activity of Ag/TiO2-NPs are generally credited



Fig. 5. Antimicrobial activity for Ag/TiO2 NPs using agar well-diffusion method against (a) MRSA, (b) P. aeruginosa, (c) E. coli, (d) C. albicans, and (e) bar diagram depicting the
zone of inhibition (mm) of Ag/TiO2 NPs against various pathogens.
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to disrupting membrane integrity by reactive oxygen species (ROS)
leading for phospholipid peroxidation and ultimately leads to cell-
death (Jacob Inbaneson et al., 2011).

3.6. In vitro Anti-proliferative/anticancer activity

3.6.1. MTT assay for cytotoxicity
The cytotoxicity of Ag/TiO2 NPs was verified amongst MCF-7

cell-lines by exposing 10–100 mM concentrations of NPs for 1 day
Fig. 6. Cytotoxicity assessment using MTT assay. (a) MCF7 cells exposed to varying conc
analysis using phase contrast microscopy (b) untreated control, (c) Ag/TiO2 50 mM and (
using the MTT-assay. Concentration dependent cytotoxicity was
recorded after exposing the cell lines to 10, 25, 50 and 100 mM con-
centrations of synthesized NPs (Fig. 6).

Histogram (Fig. 6a) very clearly demonstrates that with the
increase in concentration of Ag/TiO2-NPs, there is progressive
decrease in percentage cell viability. Upon increasing the
concentration the adsorption of NPs on cell membranes increases,
leading to enhanced penetration, facilitating binding to the bases
of DNA and causing cell death. Ag/TiO2 NPs demonstrated
entrations of synthesized Ag/TiO2 for 24 h. *p < 0.01, **p < 0.005. The morphological
d) Ag/TiO2 100 mM.
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concentration-dependent cytotoxic profile in MCF-7 cell lines. The
microscopic analysis to observe morphological changes showed
that the cell proliferation was significantly reduced. Cell shrinkage
and cell detachment was also observed, as depicted in Fig. 6b–d.
Similar concentration dependent cytotoxicity against MCF-7 cells
was demonstrated by hydrothermally synthesized TiO2 NPs
(Murugan et al., 2016)

3.6.2. Intracellular Glutathione (GSH) depletion
Almost all mammalian cell types possess GSH as an important

oxidant scavenger. GSH redox is a key player in many biological
processes such as activation of genes at transcription level, regula-
tion of signal transduction pathways that are redox-related, con-
trol of cell-proliferation and apoptosis. GSH/GSSG ration in the
cancer cells were well-known for regulating cell cycle, mutageni-
sis, synthesis of DNA, growth, resistance to drugs and radiation.
Tumor tissues have elevated GSH levels than their normal counter-
parts (Dharmaraja, 2017; Kawahara et al., 2017; Usman et al.,
2017). Recently, the impact of intracellular GSH in the anticancer
therapy has been highlighted as cytotoxicity of most anti-
proliferative drugs depends on levels of intracellular GSH. It is
envisaged that reduced GSH levels in cells treated with Ag/TiO2

is indicative of the effective anticancer therapy, if the cytotoxicity
is induced by oxidative stress. Therefore, cells in GSH levels were
exposed to Ag/TiO2-NPs was determined. Results of glutathione
depletion in cultured MCF-7 cells were exposed to Ag/TiO2-NPs
are depicted in Fig. 7. Statistically significant reduction (67%) in
GSH level was recorded at 100 mM while 35% decrease was
observed at 50 mM. In another study, reduced GSH levels in
MCF-7 cells treated with silver doped TiO2 NPs has been reported
previously (Ahamed et al., 2017). Our results corroborate well with
the findings of Ahamed et al. (2017).

3.7. Lipid Peroxidation

Lipid Peroxidation (LPO), occurs due to the generation of ROS in
the structure and function of cell-membrane. A well documented
fact is that ROS, lipid hydroperoxides and oxygenated product of
lipid degradation can contribute in signal transduction cascade,
cell-proliferation, differentiation, maturation and apoptosis
(Barrera et al., 2004; Cejas et al., 2004; Gago-Dominguez et al.,
2007). Therefore, influence of Ag/TiO2 NPs on LPO in MCF-7 cells
was assessed, Lipid peroxidation increased substantially with
increase in concentration of Ag/TiO2 NPs (50 and 100 mM) as
summarized in Fig. 8. Increase in lipid peroxidation in MCF-7 cells
Fig. 7. Percent change in the levels of glutathione in MCF-7 cells treated with
different concentrations of Ag/TiO2 NPs. *p < 0.01, ***p < 0.001.
after treatment with AgTiO2 NPs could be attributed to ROS
generation.

4. Conclusion

In the present investigation, we report a simple, safe,
environment friendly and economical biological technique for
synthesizing Ag-doped TiO2-NPs with Acacia nilotica extraction.
Synthesized material were well-characterized using enormous
spectroscopic and microscopic methods viz. FTIR, XRD, FESEM,
EDS and TEM. AgTiO2 NPs were assessed for their antimicrobial
action and the NPs demonstrated significant antibacterial as well
as antifungal activity against pathogenic microorganisms. Further,
our findings on anticancer/anti-proliferative activity demonstrated
that AgTiO2 NPs induce cytotoxicity in MCF-7 (human breast
adenocarcinoma) cell lines, which is mediated by generation of
ROS and oxidative stress. Therefore, it is envisaged that these
Ag-doped TiO2 nanoparticles may be exploited in drug delivery,
pharmaceutical and food industry.
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