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Silver nanoparticles biosynthesized by Anabaena flos-aquae
enhance the apoptosis in breast cancer cell line
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Abstract. Silver nanoparticles (AgNPs) are one of the new cancer treatment tools due to their unique properties that
enhance potential therapeutic efficacy. In this study, we describe the extracellular biosynthesis and anticancer activity of
AgNPs using the Anabaena flos-aquae biomass extract as reducing agent. The formation of dark-brown AgNO3 /extract
solution confirmed the reduction of silver ions into AgNPs. In addition, the ultraviolet–visible spectroscopy showed the
surface plasmon peak at 425 nm as characteristic peak for AgNPs. Transmission electron microscopy and scanning electron
microscopy showed highly stable and mostly spherical AgNPs with average size of 5–25 nm. Fourier transform infrared
spectral analysis confirmed the presence of biomolecules in the extract involved in the reduction and stabilization of AgNPs.
In vitro, study of anticancer and cytotoxic effect of AgNPs and extract against T47D cell lines by MTT assay and flow
cytometry confirmed the anti-proliferation potential of AgNPs against breast cancer cells. In conclusion, our results revealed
that Anabaena can be used as a good organism for biologically synthesis of AgNPs and confirmed the potent therapeutic
value of these nanoparticles as anticancer drugs.
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1. Introduction
Silver nanoparticles (AgNPs) are nanoscale particles of silver
with the size range of 1–100 nm. In recent years, interest in
the study and production of AgNPs has increased due to the
unique chemical, physical and biological properties, such as
electrical resistance, surface plasmon resonance and toxicity
[1,2]. Accordingly, it is expected that the global production
of this nanoparticles will reach about 800 tons by 2025 [3].
One of the potential applications of AgNPs is the antimicrobial and anticancer properties that studied in several works
[4,5]. These antibacterial and anticancer properties are due to
the release of silver ions inside the living cells due to the destabilization of AgNPs, which leads to the generation of large
amounts of reactive oxygen species (ROS) in cells. Overproduction of ROS can cause oxidative damage to biomolecules,
such as lipids, proteins, DNA that result in cells death due to
the loss of normal physiological reduced state [6–8].
Since the biomedical properties of the AgNPs depend significantly on their size and morphology, the researchers have
tried to control these parameters by applying different production methods. There are several methods to synthesize AgNPs
including chemical procedures [9], radiation [10], electrochemical [11] and photochemical methods [12]. Although
chemical and physical methods are effective, they are generally expensive and may carry traces of hazardous substances,
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which limit their use in clinical and human applications [13].
In addition, chemical reagents used for these methods are
environmentally hazardous. Therefore, the need to synthesize AgNPs using cost-effective and ecofriendly methods
that are more effective and avoid the toxicity of chemicals,
green synthesis of AgNPs using organisms was developed
[1]. In the biosynthesis of AgNPs, chemicals reducing agents
replaced by extract of various organisms that contain bioreductive compound as stabilizing and capping agent for
AgNPs. Furthermore, it is possible to control the size and
shape of AgNPs using different concentrations of biological
compound as reducing agents. To provide a more effective
method for the NPs production, various biological methods
are considered in the use of plant extracts [14], enzymes [15],
bacteria [16], fungi [17] and algae [18]. In between, cyanobacteria are the attractive organisms to produce nanoparticles due
to their ability to bio-remediate toxic metals and subsequently,
converting them to forms that are more amenable [19]. In addition, nutrient inputs for cyanobacteria are simple: sunlight,
CO2 , H2 O, N, P and a few mineral nutrients without carbohydrate feedstocks [20], they can easily cultivate on a large scale.
Currently, there are some reports on the use of a variety of
cyanobacterial extracts, such as Cylindrospermospsis, Lyngbya, Limnothrix, Synechocystis, Synechococcus, Plectonema
boryanum to reduce silver ions in vitro and green synthesis of AgNPs [21]. Anabaena is a photosynthetic organism
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that enhances the soil fertility due to nitrogen-fixing abilities
and help to reduce greenhouse-gas emissions. These features
along with its ability to live and grow in tough environments,
such as non-arable lands and large-scale low-cost production, have collectively offered these bio-agents as an ideal
bio-resource for the biosynthesis of AgNPs.
Breast cancer is a heterogeneous disease in its pathological
characteristics and the second leading cause of cancer death
in women after lung cancer. It is expected that the worldwide incidence of breast cancer will reach ∼3.2 million new
cases for each year by 2050 [22]. The high global incidence of
breast cancer and its effects on society health is one of the most
important reasons for extensive studies on the novel cancer
therapeutics such as different nanoparticles. In various studies, the therapeutic effect of AgNPs on cancer cells has been
studied and confirmed. Earlier studies show that the cytotoxicity of synthesized AgNPs against cancer cells is related to
the involvement of the level of cellular ROS and mitochondrial membrane disruption [23]. Furthermore, it has shown
that the therapeutic capacities of AgNPs extremely depend
upon their size and shape and since the production process
of nanoparticles has a great impact on their physical properties, researchers have tried to investigate different types of
organisms for synthesis of nanoparticles.
In the present study, we have investigated the cost-effective
and eco-friendly biosynthesis of AgNPs by Anabaena flosaquae biomass extract. In addition, the in vitro antiproliferating potential of green-synthesized AgNPs was evaluated against the mammary gland breast cancer (T47D cell
line).

2. Materials and methods
2.1 Materials
We purchased all materials with analytical reagent grade for
use in this study from Sigma-Aldrich (St. Louis, MO, USA).
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free extract and after filtered with Whatman No. 1 filter paper,
was stored at 4◦ C for further analysis.
2.3 Biosynthesis of AgNPs
For the biosynthesis of AgNPs, 9 ml of Anabaena cyanobacterial biomass extract was added to 81 ml of 1 mM aqueous
AgNO3 solution (1:9 ratio) under mechanical stirring at room
temperature. In addition, 1 mM AgNO3 solution without
biomass extracts was also kept in parallel under identical
conditions as control. The formation of a brownish-yellow
colour of the AgNO3 aqueous solution was noted as an indicator of the bio-reduction of Ag+ ions into the solution.
It takes 60 min at room temperature to change the colour
of AgNO3 /extract solution and the progress of the reaction
measured by UV–Visible spectrophotometer (JASCO V-670
spectrophotometer) periodically. The synthesized AgNPs
were centrifuged at 15,000 rpm for 20 min at 4o C, and discarded the supernatant to collect the pellet. To get pure AgNPs
powder, the pellet washed with distilled water for several
times to remove 90% ethanol and impurities.
2.4 Characterization of AgNPs
The optical properties (absorbance) of bio-reductive synthesized AgNPs that are due to the excitation of the surface
plasmon resonance (SPR) [24] were recorded over a wavelength range of 200–700 nm. The morphology and sizes of the
prepared AgNPs were characterized using scanning electron
microscope (SEM, LEO SEM 1450VP, UK) and transmission electron microscope (TEM, FEI 5022/22 Tecnai G2 20
STwin, CR).
The Fourier transform infrared (FTIR) analysis of
Anabaena biomass extracts and AgNPs used to identify the
functional groups in extract and predict their role in the synthesis and stabilization (capping material) of the AgNPs in
the medium. The spectra recorded by a Perkin-Elmer FTIR
spectrophotometer in the range of 450–4000 cm−1 at the resolution of 4 cm−1 .

2.2 Preparation of cyanobacterial extract
The tested Anabaena flos-aquae obtained from the culture collection at the University of Guilan in Rasht, Iran.
The test tube cultures were maintained through usual subculturing techniques under laboratory conditions at 26◦ C and
under light intensity of 2000–3000 LUX, in BG11 medium
(pH 7.0) for two weeks of incubation to reach a stationary
‘growth’ phase. After concentrated cell suspension prepared,
it is centrifuged and washed three times with sterile distilled,
deionized water to remove salts and trace metals from the
medium, before using for the biosynthesis of AgNPs.
For the preparation of cell extract, first, 0.5 g (dry weight)
Anabaena biomass was suspended in 10 ml of double distilled
sterile water for 20 min at 60◦ C in an Erlenmeyer flask. Then,
the mixture cooled and centrifuged at 6000 rpm for 10 min
at room temperature. The supernatant was collected as a cell

2.5 In vitro cytotoxicity of extract and biosynthesized
AgNPs
Human breast cancer cell line (T47D) purchased from the
cell bank of Pasteur Institute, Tehran, Iran, and grown in
RPMI-1640 medium containing 10% foetal bovine serum
(FBS), 2 mM L-glutamine, 100 IU ml−1 penicillin and streptomycin. The cultured cells maintained at 37◦ C with 5%
CO2 in a humidified CO2 incubator. The cells were subcultured twice a week. Before the analysis of the AgNPs,
cells were washed with PBS, and fresh medium was added to
complete evaporation of growth signals released by growing
cells. To investigate the effect of extract and biosynthesized
AgNPs on T47D cell lines, at least 90% of the cells should be
alive. Therefore, after cell suspension preparation by trypsin–
ethylene diamine tetra acetic acid (EDTA), trypan blue dye
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exclusion test, and a haemocytometer used to determine the
number of viable cells.
To determine in vitro cytotoxicity of extract and boisynthesized AgNPs, the cell suspensions were seeded separately
in 96 well plate at a concentration of 1 × 104 cells per
well. The plate incubated for 24 h at 37◦ C, 5% CO2 and
100% relative humidity for cell attachment at the bottom
of the wells. Then, the cells were treated with six varying concentrations (3.125, 6.52, 12.5, 25, 50, 100 µg ml−1 )
of the green-synthesized AgNPs and extract for 24 h for cytotoxicity analysis. At the end of the treatment period, the cells
were subjected to MTT assay. For this purpose, 100 µl of 3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), a yellow tetrazole with the concentration of 5 mg ml−1
was prepared and added to each AgNPs and extract treated
wells and incubated for 4 h at 37◦ C in a CO2 incubator. The
resulting purple colour formazone crystals were dissolved in
100 µl of dimethyl sulphoxide (DMSO) at room temperature and absorbance measured at 570 nm using a multi well
ELISA plate reader (Epoch, BioTek, USA). The experiment
performed in triplicates, and the average of the viable cells
was calculated using the following equations:
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Figure 1. UV–Vis spectroscopy analysis of green-synthesized
AgNPs using the aqueous Anabaena biomass extracts.

% Cytotoxicity = 1
mean absorbance of toxicant treated cells
× 100
−
(mean absorbance of negative control)
% Viability = 100 − %cytotoxicity
2.6 Cell cycle analysis by flow cytometry
The effect of AgNPs on T47D cell cycle distribution and
apoptosis was analysed by the annexin V/propidium iodide
(PI) method (Apoptosis detection kit, Roch, Germany) and
flow cytometry device. The untreated T47D cells were used
as controls. In brief, the T47D cells (1 × 104 cells per wells)
incubated with AgNPs IC50 for 24 h at 37◦ C. The harvested
cells were trypsinized and washed with cold PBS and fixed
using pre-cooled 80% ethanol in PBS (at −20◦ C) for 24 h.
Subsequently, the cells were stained with annexin V/PI for
half an hour in the dark and then, cell death was analysed by
flow cytometry (Cyflow, UK). The percentage of apoptosis
was calculated by the addition of primary apoptosis (annexin
V+ /PI− ) and late apoptosis (annexin V+ /PI+ ).

Figure 2. Scanning electron microscopy (SEM) of greensynthesized AgNPs in optimal conditions.

2.7 Statistical analysis
All experiments were repeated in triplicates and all data were
expressed through the mean ± standard error of the mean.
SPSS version 21.0 statistical software (SPSS Inc., Chicago,
IL, USA) used for all analyses. The one-way ANOVA (University Park, USA) used for comparing the means of control
and treated groups, and differences were considered as statistically significant if the P value was ≤0.05.

Figure 3. TEM image showing the most predominant spherical
structure of the prepared AgNPs with an average size at 25 nm.
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Figure 4. Fourier transform infrared (FTIR) spectroscopy analysis of Anabaena biomass extracts (red) and greensynthesized AgNPs.

Figure 5. The survival rate of T47D cells against different concentrations of green-synthesized AgNPs after 24 h. The results are
reported compared with control samples (n = 3, *P < 0.05,
**P < 0.01, ***P < 0.001).

Figure 6. The survival rate of T47D cells against different concentrations of Anabaena flos-aquae biomass extract after 24 h.
The results are reported comparing with control samples (n = 3,
*P < 0.05, **P < 0.01, ***P < 0.001).

3. Results and discussion
3.1 Colour change and UV–Vis spectrophotometric
analysis
During the biosynthesis process, Ag+ ions exposed to the
reducing compounds of the cyanobacterial biomass extract

such as aldehydes, ketones, terpenes and alpha terpineol, and
the reduction of silver nitrate salt begins. Colour change of the
light-green AgNO3 /extract solution initially to light yellow
after 30 min and finally, to a dark brown after 60 min,
indicated the formation of the AgNPs. In addition, the completion of reduction of silver ions to AgNPs was evidenced
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Table 1. Average biomass of T47D cells after treatment with six serial concentrations of AgNPs and extract of Anabaena flos-aquae in 24 h, based on the
colorimetric method. The values obtained based on the mean ± deviation from
the standard and the difference in mean at the level of P < 0.05 was considered
(ANOVA and t-test).
Concentration
(µg ml−1 )
100
50
25
12.5
6.25
3.125
Control

% Cell viability
AgNPs

Extract

8.64 ± 0.51
21.38 ± 0.92
32.62 ± 0.49
43.25 ± 0.37
62.98 ± 0.66
81.24 ± 0.27
100

29.12 ± 0.70
38.78 ± 0.52
50.93 ± 0.51
67.73 ± 0.54
88.34 ± 0.73
93.67 ± 0.54
99.86 ± 0.47

from the broad SPR band at ∼425 nm in UV–Visible spectrophotometer (figure 1). According to the SPR spectra, the
biosynthesized AgNPs have the spherical shape.
The size, shape and morphology of the green-synthesized
AgNPs’ further characterization using SEM (figure 2) and
TEM (figure 3) analyses confirm that the most of AgNPs
have predominately spherical structure with an average size of
25 nm.

50, 100 µg ml−1 ) of the synthesized AgNPs for 24 h. The
inhibitory concentration (IC50 ) of biologically synthesized
AgNPs detects as about 5 µg ml−1 and extract 32 µg ml−1
from a graph plotted for the cell viability (Y-axis) vs. concentrations (X-axis) ranged between 1 and 100 µg ml−1 (figures 5
and 6). The MTT assay confirmed dose- and time-dependent
cytotoxicities of extract and biosynthesized AgNPs on T47D
cell line (table 1).

3.2 FTIR spectrum analysis
3.4 Cell cycle analysis by flow cytometry
The FTIR spectrum of AgNPs showed strong absorption
peaks positions at 3579, 3224, 2977, 2898, 2112, 1641, 1479,
1450, 1417, 1384, 1326, 1271, 1085 and 1045 cm−1 and some
other peaks <1000 cm−1 (figure 4). The peak at 3579 cm−1
assigned to the N–H stretching hydrogen-bonded primary
amine, the peak at 3224 cm−1 represents the –OH stretching vibration from phenolic compounds in the extract, while
the three peaks at 2898, 1384 and 1045 cm−1 are probably attributable to the N–H stretching vibration of amide II,
C–O stretch and C–N stretching of amines, respectively. The
peak corresponds to absorption caused by double bonds such
as C=O, C=N and C=C ranged at 2000–1500. The peaks
at 1450–1479 cm−1 indicate N=O symmetry stretching typical of the nitro compound. The functional groups present at
the surface of AgNPs act as stabilizing agents that aid in the
formation of AgNPs and preventing aggregation of AgNPs
in the medium. After the AgNPs formation, there are some
shifts of valuable peaks, especially in positions at 1045 and
2100 indicating the use of functional groups in the extract to
bioreduction of AgNPs.
3.3 MTT assay
MTT assay used to determine the anti-proliferative activity
of extract and biosynthesized of AgNPs against T47D cells.
The result was calculated as % viability of the cells cultured with six serial concentrations (3.125, 6.52, 12.5, 25,

The effect of green-synthesized AgNPs on T47D cell cycle
analysed by flow cytometry. As shown in figure 7, the incubation of T47D cell for 24 h with AgNPs leading to an increase
in apoptosis and necrosis by 6.21 and 28%, respectively.
Here, the upper left square (Q1) represents the percentage
of late apoptotic cells (the main cause of AgNPs induced cell
death due to the slow release of Ag+ ions from the Ag particles), and the upper right square (Q2) represents the cells
with early apoptosis. Although the mechanisms of toxicity
of AgNPs are unclear, but it may be due to the penetration
of AgNPs into the cancer cells and induce fragmentation
of DNA and oxidative stress. Apoptosis, which is a mechanism of programmed cell death that occurs as an organized
physiological phenomenon to eliminate injured or indisposed
cells, could be activated through the mitochondria-dependent
and mitochondria-independent pathways, which potentially
inhibits the proliferation of T47D cells [25]. Previous studies showed that cytotoxic effect of AgNPs on cancerous cell
lines strongly depends on the physico-chemical properties of
the bioproduced AgNPs, such as particle size and shape, size
distribution and the surface charge [26]. In addition, different investigations suggest that small-sized nanoparticles can
be easily taken up by mammalian cells through phagocytosis
and endocytosis [27]. Therefore, it seems that these biogenic
AgNPs are suitable for more easily penetration into cancerous
cells to induction of cellular apoptosis.
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Figure 7. Flow cytometric cell viability test of T47D cell line against greensynthesized AgNPs. (a) Treated T47D cells with AgNPs. (b) Control without AgNPs.
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4. Conclusion
Anabaena is a simple multicellular photosynthetic cyanobacterium that its rapid, easy and inexpensive proliferation in
large scale encouraged us to study its abilities as a bioreductant in the green synthesis of AgNPs. In this study, formation of fabricated AgNPs was characterized and detected
by UV–Vis spectroscopy analysis due to the SPR, verifying
the preparation of AgNPs [28]. The FTIR spectrum results
clearly showed the existence of active biomolecules like
hydroxyl and carbonyl in the extract of Anabaena flos-aquae,
which may act towards the bioreduction and stabilizing of
Ag+ to AgNPs and the interactions between them [17]. Physical measurements showed that biosynthesized AgNPs have
a spherical shape with size range between 5 and 25 nm that
are suitable for penetration into cancer cells. Apoptosis is
altered in cancerous cells and is a promising approach for
discovery of new effective anticancer drugs. Various metal
nanoparticles have showed the ability to induce cellular apoptosis in different human cancer cells [29]. Based on the results
of MTT assay and cell cycle analysis by flow cytometry,
the present study confirmed the potential anticancer activity of green-synthesized AgNPs against T47D cells in a
concentration-dependent manner.
In conclusion, according to the results obtained in the
present study, Anabaena flos-aquae is a good source for the
biosynthesis of AgNPs and replacement for more complicated chemical procedures. Furthermore, we have demonstrated that the green-synthesized AgNPs using the Anabaena
biomass extracts inhibit proliferation of T47D cancer cell
lines by induction of apoptosis and can be used in the field of
nanomedicine for anticancer therapy.
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