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A B S T R A C T

Silver nanoparticles (AgNPs) were prepared by GREEN chemistry relying on the reduction of AgNO3 by phy-
tochemicals present in black tea extract. AgNPs were fully characterized by transmission electron microscopy
(TEM), ultraviolet-visible spectroscopy ((UV–vis)), X-ray diffraction (XRD) and energy dispersive absorption
spectroscopy (EDS). The synthesized AgNPs induced a decrease of the cell viability in a dose-dependent manner
with a low IC50 (0.5 ± 0.1 μM) for an ovarian carcinoma cell line (A2780) compared to primary human fi-
broblasts (IC50 5.0 ± 0.1 μM). The DNA binding capability of CT (calf thymus) DNA was investigated using
electronic absorption and fluorescence spectroscopies, circular dichroism and viscosity titration methods.
Additionally, the AgNPs strongly quench the intrinsic fluorescence of BSA, as determined by synchronous
fluorescence spectra.

1. Introduction

Silver and gold nanoparticles (NPs) have shown their importance in
catalysis [1], optics [2,3], biosensing [4] and in various biomedical
applications [5]. Transition-metal NPs are often synthesized via che-
mical reduction by organic and inorganic reducing agents, such as
hydrazine, sodium borohydride (NaBH4) or N,N-dimethylformamide,
which can also act as stabilizing agents to avoid the coalescence of NPs
[6].

There has been a growing interest to eliminate the use of toxic
chemicals and organic solvents as reducing agents since they show
considerable deleterious effects to the environment and biological
systems. Biosynthetic sustainable methods of NPs (based on top-down
and bottom-up approaches), comprising either microorganism [7–9] or
plant extracts [10–14], have arisen as an alternative to traditional
methods and been applied to the preparation of a variety of metallic
NPs [15]. Such approaches present two unequivocal advantages: i) the
high diversity and abundance of plant extracts of renewable sources;
and ii) the simplicity and cost-effectiveness of the methods [15,16].
“Green” synthesis has been focused on silver nanoparticles (AgNPs)

[17–19], whose interest is related to the easy reduction of silver(I) salts
to form zerovalent silver and its antibacterial properties. Due to its
health benefits and antioxidant properties, black tea [18b] has been
used to produce biocompatible nanoparticles for application in health
and energy. The phytochemicals present in tea, specifically phenols,
flavonoids and terpenoids [20], show a dual role: i) as reducing agents
to reduce silver, and ii) as stabilizers to provide a robust coating on the
AgNPs in a one-pot process. Recently, microwave [21–23] and sono-
chemical [24,25] methods have been used for the rapid generation of
nanostructures [26,27].

The study of the interaction of NPs with nucleic acids is of interest to
understand their possible effects on the synthesis, replication and
structural integrity of DNA and RNA [28]. In fact, AgNPs derived from
plant extracts have shown superior antioxidant and anticancer prop-
erties [29,30]. However, despite the extensive usage of AgNPs, very few
reports [31] on the interaction of AgNPs with DNA are available, and to
our knowledge, this is the first report to show that tea extract derived
AgNPs act as DNA intercalator.

BSA is the most abundant protein in blood plasma and has an ex-
tensive range of physiological functions like binding, carriage of fatty
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acids, nutrients, transport, etc [32]. Thus, for downstream in vivo ap-
plications (e.g. drug delivery, receptor targeting, etc.), it is of utmost
importance to study the interaction mechanism between BSA and for-
eign molecules. In this context, we investigated the biophysical me-
chanisms of AgNPs-BSA interactions using (UV–vis) and fluorescence
spectroscopies.

In this work, we have prepared AgNPs via a green synthetic
pathway using tea extracts. The AgNPs were fully characterized and
their cytotoxicity in human ovarium carcinoma cell assessed.
Interaction of AgNPs with DNA and BSA was also investigated. All these
studies highlight the relevance of “green” synthetic pathways for AgNPs
for a plethora of downstream applications. The simple low-cost process,
relying on renewable sources, may pave the way for additional usages,
some of which relying on the properties herein reported.

2. Materials and methods

2.1. Materials

All reagents and solvents were obtained from commercial sources
and used as received, i.e., without further purification or drying. Black
tea from Tetley, England, and AgNO3 (BDH), Sulfuric acid (97%,
Aldrich), ferric chloride (Aldrich), were used as received. All synthetic
work was performed in air.

2.2. Ag nanoparticles synthesis using black tea extracts

AgNPs synthesis using black tea extracts was carried out as pre-
viously described [33]. A 1% tea extract solution was prepared by
vigorous mixing of black tea leaves in distilled water for 15min at room
temperature. After filtration, 0.1mL of an AgNO3 solution (0.1M) was
added to 6mL of the prepared tea extract solution, with stirring for 3 h
at room temperature. The solution changed from pale yellow to
brownish color, indicating the formation of AgNPs. UV/Vis spectro-
scopy was used to confirm the formation of the AgNPs due to the oc-
currence of the characteristic surface plasmon resonance (SPR) band at
432 nm of these particles.

2.3. Test for phenolic and flavonoid compounds

For determining the presence of polyphenols in the tea, several
drops of a 5% ferric chloride aqueous solution were added to 2mL of
the tea extract. The appearance of a dark green color indicates the
presence of polyphenolic compounds [34].

For flavonoids detection, 5mL of diluted ammonium solution were
mixed with 2mL of tea extract and then several drops of concentrated
sulfuric acid were added. The appearance of a yellowish color indicated
the presence of flavonoids [34].

2.4. Nanoparticle characterization

The synthesized AgNPs were characterized using UV–vis spectro-
scopy, Scanning Electron Microscopy (SEM), Transmission Electron
Microscopy (TEM) and Energy Dispersive Spectroscopy (EDS) techni-
ques. (UV–vis)ible spectroscopic measurements of the synthesized
AgNPs were carried out on a PerkinElmer Lambda 750 (UV–vis)ible
spectrophotometer. TEM measurements were performed on a
Transmission Electron Microscope Hitachi 8100 with ThermoNoran
light elements EDS detector and digital image acquisition. Morphology
and distribution of AgNPs were characterized using SEM (JEOL 7001F
with Oxford light elements EDS detector and EBSD detector). The phase
purity of the prepared AgNPs was determined by X-ray diffraction
(XRD) performed at room temperature on a X’pert PRO of PANalytical
diffractometer, Cu-Kα X-rays of wavelength (λ)= 1.54056 Å and data
were taken for the 2θ range of 10° to 90° with a step of 0.02°.

2.5. Stability of AgNPs in biological media

For stability studies over time, AgNPs were incubated in phosphate
buffered saline 1X (PBS) (Invitrogen), Dulbecco's Modified Eagle
Medium (DMEM), DMEM without (w/o) phenol red and Roswell Park
Memorial Institute (RPMI) (ThermoFisher) for 24 h at 37 °C, and visible
spectra were recorded in 400–800 nm range.

2.6. Cell culture

Human ovarian (A2780) and colorectal (HCT116) carcinoma cell
lines were grown in DMEM (Invitrogen Corp., Grand Island, NY, USA)
supplemented with 10% fetal bovine serum and 1% antibiotic/anti-
mycotic solution (Invitrogen Corp.) and maintained at 37 °C in a hu-
midified atmosphere of 5% (v/v) CO2. Primary Dermal Normal Human
Fibroblasts (Neonatal) (American Type Culture Collection (ATCC) -
PCS-201-010™) were grown as previously described [34]. All cell lines
were purchased from ATCC (www.atcc.org).

2.7. AgNPs exposure for dose-response curves

Cells were plated at 5000 cells/well in 96-well plates. Media was
removed 24 h after platting and replaced with fresh media containing:
0.1–10 μM of AgNPs solution or water (vehicle control). For comparison
purposes, a 1% tea extract solution was used as a control.

2.8. Viability assays

After 24 h of cell incubation in the presence or absence of the
AgNPs, cell viability was evaluated with CellTiter 96® AQueous Non-
Radioactive Cell Proliferation Assay (Promega, Madison, WI, USA),
using 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium, inner salt (MTS) as previously described
[35,36]. In brief, this is a homogeneous, colorimetric method for de-
termining the number of viable cells in proliferation, cytotoxicity or
chemosensitivity assays. The CellTiter 96® AQueous Assay is composed
of solutions of MTS and an electron coupling reagent (phenazine
methosulfate, PMS). MTS is reduced by cells into a formazan product
that is soluble in tissue culture medium. The absorbance of the for-
mazan product at 490 nm can be measured directly from 96-well assay
plates without additional processing. The conversion of MTS into the
aqueous soluble formazan product is accomplished by dehydrogenase
enzymes found in metabolically active cells. The quantity of formazan
product was measured in a Bio-Rad microplate reader Model 680 (Bio-
Rad, Hercules, ca, USA) at 490 nm, as absorbance is directly propor-
tional to the number of viable cells in culture.

2.9. DNA interaction experiments

2.9.1. Absorption spectral studies
The DNA binding capability of the AgNPs was determined by

(UV–vis) spectral titration method in 5mM Tris HCl/50mM NaCl buffer
at pH 7.5. The concentration of CT-DNA was determined from its
known extinction coefficient ε value [37] (6600M−1) at 260 nm. Ab-
sorption titration experiments were made using concentration of AgNPs
as constant with increasing concentrations of CT-DNA. The absorbance
ratio of about 1.7-1.8:1 at 260 and 280 nm, indicating that the CT-DNA
was sufficiently free of protein. The binding constant Kb was de-
termined from the spectral titration data using the McGhee von Hippel
equation [38]:

εa− εf)/(εb− εf) = (b− (b2− 2Kb
2Ct [DNA]/s)1/2/2KbCt ( (1a)

b= 1+ KbCt+ Kb [DNA]/2s (1b)

where [DNA] is the concentration of CT-DNA in base pairs, εa is the
apparent extinction coefficient of the AgNPs at a given concentration of
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CT-DNA, εf is the extinction coefficient of the free AgNPs, εb is the final
extinction coefficient of the AgNPs bound to CT-DNA at the maximum
extent, Kb is the equilibrium binding constant in M−1, Ct is the total
compound concentration and s is the fitting parameter which gives an
estimate of the binding site size in base pairs. The non-linear fit analysis
was done using Origin Lab version 8.1.

2.9.2. Circular dichroism (CD) spectral studies
Circular dichroism (CD) spectra of CT-DNA (100 μM) with different

concentrations of AgNPs (0, 10 and 20 μM) in 5mM Tris HCl/50mM
NaCl buffer (pH 7.5) were recorded in a Jasco-720 spectropolarimeter,
using 1 cm path cuvette. Each spectrum was collected after averaging
over at least 3 accumulations using a scan speed of 100 nm per min and
a 1 s response time. The values of absorbance are measured in ellipti-
city, θ (mdeg), while the values of Δε are related to the molar ellipticity
(M−1 cm−1).

2.9.3. Fluorescence spectral studies
The ethidium bromide (EB) displacement assay by fluorescence ti-

tration method was applied to assess the relative DNA interaction
properties of AgNPs to CT-DNA (40 μM) in 5mM Tris HCl/50mM NaCl
buffer, pH 7.5. Fluorescence intensities of EB (3.3 μM) at 605 nm with
an excitation wavelength of 510 nm were measured for different AgNPs
concentrations (0–140 μM). Reduction in the emission intensity was
observed with the addition of the AgNPs. The apparent binding con-
stant (Kapp) was obtained by using the following equation:

Kapp× [AgNPs]50=KEB× [EB], (8)

where Kapp is the apparent binding constant of the complex studied,
[AgNPs]50 is the concentration of the AgNPs at 50% quenching of DNA-
bound EB emission intensity, KEB is the binding constant of the EB
(KEB= 1.0×107M−1), and [EB] is the concentration of ethidium
bromide (3.3 μM) [39].

2.9.4. Viscosity measurements
Viscosity measurements were performed using an Ubbelodhe visc-

ometer maintained at a constant temperature of 25.0 ± 0.1 °C in a
thermostatic bath. To minimize the complexities arising from DNA
flexibility, the CT-DNA samples (0.5 mM) were sonicated prior to
viscosity measurements [40]. The flow time was measured, and each
sample was tested three times to get an average calculated time. Data
were presented as (η/η0)1/3 versus binding ratio [41], where η is the
viscosity of CT-DNA in the presence of AgNPs (20–200 μM), η0 is the
viscosity of free CT-DNA.

2.10. Protein binding studies

Interaction of AgNPs with Bovine Serum Albumin (BSA) was studied
in 5mM Tris HCl/50mM NaCl buffer, pH 7.5. During the titration, the
BSA concentration (1.0 μM) kept as constant and AgNPs concentration
was varied (0–40 μM) and the fluorescence spectra were recorded
(290–450 nm) upon exciting at 280 nm. Synchronous fluorescence
spectra were recorded from 240 to 320 nm at Δλ=15 and 60 nm, re-
spectively, using similar concentration of the BSA and AgNPs.

3. Results and discussion

3.1. Preparation of ag nanoparticles (AgNPs) using black tea extracts

Green AgNPs were prepared by the addition of AgNO3 salt to a 1%
(w/v) tea extract aqueous solution in a single-pot synthesis and stirring
the mixture for 3 h at room temperature (see experimental section). The
(UV–vis) spectrum of the AgNO3 starting aqueous solution showed a
surface plasmon resonance (SPR) band centered at 305 nm. The SPR
λmax shifts from 305 to 432 nm upon addition to a 1% tea extract so-
lution, which indicates the formation of AgNPs (Fig. S1, Supporting
Information). The (UV–vis) spectra of the AgNPs also exhibit a small
shoulder at ca. 350 nm, probably induced by high-order plasmon re-
sonance that is also observed for AgNPs with a regular sharp corner
(e.g. silver nanocubes) [42–44].

3.2. Test for phenolic and flavonoid compounds

The addition of several drops of a 5% ferric chloride aqueous so-
lution to the tea extract resulted in a dark green color indicating the
presence of phenolic compounds [34,45]. For flavonoids, addition of
5mL of diluted ammonium solution followed by several drops of con-
centrated sulfuric acid resulted in a yellowish color indicating the
presence of flavonoids [34,45].

3.3. Characterization of AgNPs

Transmission Electron Microscopy (TEM) micrograph and corre-
sponding size distribution histogram of the synthesized AgNPs are de-
picted in Fig. 1 and show that AgNPs are spherically shaped with a
diameter in the 30–40 nm range.

Fig. 2 shows the topographic SEM images of the synthesized AgNPs
together with the EDS profiles exhibiting a strong signal for silver and
copper (attributed to the grid used for the observations) and with very
strong carbon and oxygen peaks (Fig. 2b). SEM of the AgNPs in tea
extract shows the presence of dispersed flake-like structures that belong
to the tea extract. EDS highlights the presence of carbon and oxygen,

Fig. 1. Transmission electron microscopy (TEM) characterization of AgNPs. TEM image (a) and particle size distribution (b) of the synthesized AgNPs. Size distribution histogram of the
AgNPs was determined from the corresponding TEM image.
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which may originate from flavonoids, phenolic or other organic bio-
molecules from the tea extract at the surface of AgNPs.

The XRD pattern of the sample matches that of silver (JCPDS file No.
04-0783). All peaks of the patterns for each sample can be indexed to
face centered-cubic silver, where the diffraction peaks at 2θ values of
38.24, 44.42, 64.44, 77.40° can be ascribed to the reflection of (111),
(200), (220), (311) crystallographic planes of the face-centered-cubic
(fcc) silver crystals, respectively. The XRD pattern clearly illustrated
that the main crystalline phase was silver and that no obvious other
phases were found, indicating a high purity of the products – see Fig. 3.
However, the Bragg peak corresponding to the (1 1 1) planes indicates
that the NPs predominantly exposed the {1 1 1} crystal faces. The
presence of {1 1 1} planes has been linked to the antibacterial activity
of AgNPs [46].

3.4. Cell toxicity assays

Before assessing the biological effect of AgNPs in human cell lines,
their stability in biological media over 24 h was studied by visible
spectroscopy (Supporting Information Fig. S2 and Table S1). The syn-
thesized AgNPs were stable within the concentration range required for
cell viability studies.

The cytotoxic activity of AgNPs was assessed by the MTS assay on
representative human cancer cell lines: ovarian cisplatin sensitive car-
cinoma (A2780), colorectal (HCT116) carcinoma and in normal human
primary fibroblasts. A decrease of the cell viability in a dose-dependent
manner was observed for both tumor cell lines after 24 h exposure to
AgNPs (Fig. 4 and Supporting Information Fig. S3), but higher in A2780
in comparison to HCT116 (Figs. 4, Supporting Information Fig. S3 and
Table 1). To assess whether the observed effect on cell viability was due
to the components of the tea extract solution per se, the viability of all
cell lines was also tested using 1% tea extract solution. No decrease in

cell viability was observed for all tested cell lines (vehicle control;
100% viability) and, as such, all data were normalized to these values.

AgNPs show higher toxicity against A2780 cell line, comparable to
that of doxorubicin, a common chemotherapeutic agent (doxorubicin
IC50 at 24h for A2780 under the same experimental condition is
0.4 ± 0.3 μM – Fig. S4, Supporting Information). The tested AgNPs
exhibit lower cytotoxicity against normal human primary fibroblasts,
and high toxicity towards ovarian carcinoma cells (IC50 10x lower)
(Figs. 4 and 5 and Table 1).

3.5. DNA binding studies

UV–vis spectral titration is one of the main tools to determine the DNA
binding capability of compounds. Those with an aromatic moiety that bind
to DNA through intercalation mode usually induce hypochromism and
bathochromism, which are due to a strong interaction between the aromatic
chromophore and DNA nucleobases [47]. The absorption titration experi-
ment was carried out keeping the concentration of AgNPs constant (1.6 μM)

Fig. 2. Scanning electron microscopy (SEM) image and energy-dispersive spectroscopy (EDS) spectra of AgNPs. SEM image (a) and SEM-EDS from selected area of image a) of AgNP
preparation. A strong peak at 3 keV confirms the presence of Ag.

Fig. 3. XRD of AgNPs prepared by one-pot synthesis.

Fig. 4. Cytotoxicity of AgNPs in ovarian carcinoma (A2780) cell line. Cell viability de-
termined by MTS assay of A2780 cell line challenged with increasing concentrations of
AgNPs for 24 h. Data normalized against control treated with 1% tea extract and ex-
pressed as mean ± SEM of three independent assays. **** indicates statistically sig-
nificant difference for p < 0.01 (as compared to control).

Table 1
IC50 values for AgNPs in human cancer cell lines
(A2780, HCT116) and in normal primary human fi-
broblasts.

Cell line IC50 (μM)

A2780 0.5 ± 0.1
HCT116 6.5 ± 0.1
Fibroblasts 5.0 ± 0.1
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to which CT-DNA was gradually added. The successive binding of AgNPs to
duplex DNA led to a decrease in the absorption intensities with significant,
although minor, red-shift (∼3 nm) in the UV–vis absorption spectra
(Fig. 6A). The DNA binding Kb of AgNPs was calculated using the Eq. (1a),
(1b) (see experimental section) and found to be 2.23 (±0.74)×106M−1

(s=0.29). The minor bathochromic shift of the spectral band of ∼3 nm
and calculated binding site size s (s<1) indicate that AgNPs preferably
intercalate into the DNA [48]. The intercalating mode was corroborated by
circular dichroism (CD), where the addition of AgNPs to the CT-DNA in-
creased the intensity of both the positive and negative bands of free DNA –
Fig. 6B.

Fluorescence studies via the ethidium bromide (EB) displacement
assay were carried out to define the intercalative binding nature of
AgNPs [49,50]. Addition of AgNPs to EB-DNA solution caused an ap-
parent reduction in emission intensities (Fig. 6C and D), indicating that
the AgNPs competitively bind to CT-DNA through intercalation via

their aromatic polyphenolic moieties. The Stern-Volmer quenching
constant KSV value of the AgNPs was calculated as 1.15×105M−1

(R2= 0.988). This also proves that the partial replacement of EB bound
to DNA by AgNPs results in a decrease of the fluorescence intensity and
is consistent with the above absorption and CD spectral results. The plot
of the fluorescence intensities (F/F0) of EB against the concentration of
AgNPs yielded the apparent binding constant value for the AgNPs, Kapp

of 1.43×106M−1. The Kapp value infers that the AgNPs interact with
DNA efficiently, since the hydrophobic environment inside the DNA
helix possibly reduces the accessibility of solvent water molecules to the
AgNPs and their mobility is restricted at the binding site [51,52].

Addition of a typical DNA intercalator to DNA could increase the visc-
osity of a DNA solution due to the separation of base pairs at intercalation
sites and hence an increase in overall DNA length. Upon increasing the
[AgNPs]/[DNA] ratio from 0.04 to 0.20, the relative viscosity also increases
(Fig. S5, Supporting Information). The increase in relative viscosity, ex-
pected to correlate with AgNPs-DNA intercalating capability, followed the
order EB > AgNPs. This suggests that the AgNPs bind with CT-DNA
through intercalative mode, similarly to EB [53].

3.6. Protein binding studies

The quenching of fluorescence intensity in BSA is known to occur
mainly by the formation of a complex between the quencher Q (here
AgNPs) and BSA fluorescent aminoacids, such as tryptophan residues,
namely trp-134 and trp-212 [53,54]. Here we investigated the binding
affinity of the AgNPs with BSA under physiological conditions and the
influence of AgNPs on the BSA fluorescence intensity is shown in Fig. 7.

The strong emission intensity of BSA (1.0 μM) decreased dramati-
cally upon addition of AgNPs (0–40 μM), i.e. strong quenching of
fluorescence emission with a significant red-shift (∼3 nm). This might
be attributed to changes in the secondary or tertiary structure of BSA,
which may affect the orientation of the tryptophan residues [55]. This
variation in the characteristic emission intensity of BSA suggests the
existence of a strong interaction between the BSA and AgNPs. The
Stern-Volmer constant KSV of the AgNPs was determined as
2.20×105M−1 from the non-linear Stern-Volmer equation.

Fig. 5. Cytotoxicity of AgNPs in normal human primary fibroblasts. Cell viability de-
termined by MTS assay of fibroblasts challenged with increasing concentrations of AgNPs
for 24 h. Data normalized against the control treated with 1% tea extract and expressed as
mean ± SEM of three independent assays. **** indicates statistically significant differ-
ence for p < 0.01 (as compared to control).

Fig. 6. DNA binding studies. (A) Electronic absorption
spectra of the AgNPs (1.6 μM) in the absence and pre-
sence of increasing amounts of CT-DNA (0–75μM). The
arrow shows the changes on absorbance of complex upon
increasing the CT-DNA concentration. Inset shows the
non-linear fit of Δεaf / Δεbf versus [DNA] for AgNPs. (B)
Circular dichroism spectra of CT-DNA (100 μM) in the
presence of increasing amounts of AgNPs (0–20 μM). (C)
Emission spectra of EB bound to CT DNA in 5mM Tris-
HCl/50mM NaCl buffer (pH=7.5) in the absence and
presence of the AgNPs. [EB]=3.3μM, [DNA]=40μM,
[AgNPs]=0–140μM. (λex=510nm). (D) Plot of F/F0
vs. [AgNPs] for fluorescence quenching curve of EB-DNA
by AgNPs.
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F/F0=(1+KSV [Q]) (1+ Kb [Q]) (2)

Moreover, the Scatchard equation was used to determine the equi-
librium binding constant (Kb) and number of binding sites (n) existing
for AgNPs as shown below:

log [(F0-F)/F]= log Kb+ nlog [Q] (3)

The binding constant (Kb=5.42×105M−1) and the number of binding
sites (n≈1) in the BSA for AgNPs were determined from the slope of the plot
of log [(F0-F)/F] vs. log [Q]. The equilibrium binding constant (Kb) and the n
value of approximately one suggests that the AgNPs avidly interact with BSA
through a single binding site. This strong interaction was corroborated by
absorption spectral analysis (see Fig. S6, Supplementary Information).
Remarkably, the AgNPs triggered a significant enhancement (3.7 fold) with a
small blue shift of ca. 3 nm of fluorescence, suggesting a predominantly static
interaction between BSA and AgNPs []. Recently, our group has reported a
phenolate-based Cu(II) complex which displayed similar fluorescent
quenching profiles upon binding with BSA (Kb=1.24(±0.22)×106M-1)
[55b]. The conformational changes in the BSA upon interaction with AgNPs
were investigated by measuring the synchronous fluorescence intensity of
BSA fluorophores, such as tyrosine (Tyr) (Δλ=15nm) or tryptophan (Trp)
(Δλ=60nm) residues [57]. The spectral profiles (Fig. 8) were achieved
through the simultaneous scanning of the excitation and emission mono-
chromators while maintaining a constant wavelength interval (Δλ=15 or
60nm) between them [58]. Data show a decrease in fluorescence intensity at
286nm (98%) with a remarkable red shift of 19nm, which indicates that the
AgNPs have a very strong effect on themicroenvironment of the Tyr residues.
The absorbance of the BSA (1×10−6M) at excitation (280nm) and emis-
sion (343nm) wavelengths were found to be 0.013 and 0.008, respectively,
and the absorption values lower than 0.3 [59,60]. The synchronous fluor-
escence intensity of BSA (Δλ=60nm) upon increasing AgNPs concentration

dramatically decreases the intensity at 280nm (96.7%) with a significant
blue shift of 20nm. Together, this reveals that the conformation of BSA was
strongly perturbed in such a way that the polarity around the Trp residues
decreased and the hydrophobicity increased [56].

4. Conclusions

We have successfully synthesized stable silver nanoparticles using
aqueous natural black tea extract. AgNPs formation may depend on the
extracts polyphenols and flavonoids, which act as both reducing and
capping agents. The synthesized AgNPs show higher cytotoxic activity
against ovarian carcinoma (A2780) when compared to colorectal car-
cinoma cell line. The observed IC50 in A2780 cells is 10 times lower
than that for normal human primary fibroblasts and in the same range
of the IC50 of doxorubicin.

The AgNPs showed a strong interaction with CT-DNA and BSA. In
fact, the absorption, fluorescence and viscosity data showed that AgNPs
and CT-DNA interaction occurs via an intercalative mode. Fluorescence
and (UV–vis) spectroscopy studies show that AgNPs bind strongly to
BSA with a single binding site. In addition, synchronous fluorescence
spectroscopy shows that AgNPs have equal accessibility to the tyrosine
or tryptophan residues in BSA. Together, these data provide some in-
sights into the possible mechanisms of toxicity, where strong binding to
proteins and DNA might lead to cell arrest and damage, with a con-
comitant decrease in cell viability.

To our knowledge, these are the first examples of water-soluble
AgNPs synthesized with black tea extracts targeting DNA and proteins.
Our results suggest a relevant DNA and BSA binding propensity,
opening the way for potential uses in cell biology. The main advantages
of the synthesized AgNPs in tea extract are related to the low cost of the
process and the fact that it is a “green” approach to nanoparticle

Fig. 7. Protein binding studies. (A) Fluorescence spectral titration profile of BSA (1.0 μM) upon addition of the AgNPs (0–40 μM) in 5mM Tris-HCl/50mM NaCl buffer (pH 7.5)
(λex= 280 nm). (B) Non-linear Stern-Volmer plot of F0/F vs. [Q]. (C) Scatchard plot of log [(F0-F)/F] vs. log [Q].

Fig. 8. Conformational changes in BSA upon inter-
action with AgNPs investigated by synchronous
fluorescence. The inner filter effect corrected syn-
chronous spectra of BSA (5mM Tris-HCl / 50mM
NaCl buffer, pH 7.5) in presence of increasing con-
centrations of AgNPs (0–50 μM), with wavelength
difference of (A) Δλ=15 nm and (B) AgNPs. The
correction for the “Inner Filter Effect” was performed
according to equation (3).
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synthesis. However, further studies are required to tune the fabrication
process, namely for size and dispersion control of the formed AgNPs.
The results described herein provide the foundation for further studies
towards the application of silver nanoparticles in ovarian carcinoma
therapy.
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