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Over the decades, several nanoparticles have been developed for biomedical applications, still facile green syn-
thesis derived nanoparticles showed tremendous attraction due to avoid of toxic solvent, ease of synthesis and
low cost. Here, facile one pot in situ green synthesis is reported to develop silver nanoparticleswith the aid of nat-
ural polysaccharide presented in sweet lemon peel waste derived carbon dot (CD) acted as a reducing and stabi-
lizing agent at room temperature. The synthesis of CD and CD based silver nanoparticles (CD@AgNPs) was
characterized by FTIR, UV–vis spectroscopy, fluorescence spectrophotometer, XRD and TEM. CD@AgNPs exhib-
ited excellent antimicrobial activity against E. coli at very low concentration of 5.0 μg/ml. Interestingly, CD
showed selective cytotoxicity against MCF7 breast cancer cells with the IC50 of 10 μg/ml while CD@AgNPs dem-
onstrated synergistic effect on cytotoxicity. It is found that the cells death of MCF7 cells mainly occurred through
the up-regulation of intracellular reactive oxygen species (ROS). Therefore, the synthesized CD@AgNPs may
show an efficient anticancer agent for targeted breast cancer therapy in future.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Over the last couple of years, nanoparticles have shown tremendous
attraction in cancer research due to its smaller size ranging from 1 to
100 nm and high surface area (1000 m2/g) [1]. Recent studies showed
potential effect of nanoparticles as an anticancer agent on cancer
tumor tissues due to its superior permeability and retention in tumor
site because of its leaky vasculature and reduced lymphatic drainage
[2–5]. Till date, a wide variety of nanoparticles have been investigated
as potential anticancer agent like lipid based nanoparticles, polymer
based nanocarriers, inorganic nanoparticles etc. [6,7] Despite the devel-
opment of several anticancer agents for cancer therapy, efficient and
targeted anticancer agents with low toxicity toward normal cells are
still demanding. Owing to favourable optical properties along with bio-
compatibility, chemical stability, non-blinking and low level of toxicity
carbon dots (CD) have shown immense attention for biomedical field
[7–10]. Various procedures including laser ablation [11], electrochemi-
cal oxidation [12], microwave irradiation [13], ultrasonic [14] and
solvothermal or hydrothermal technique [8,15]. Most of these tech-
niques either consist toxic chemical or complicated reaction set up. In
comparison, hydrothermal technique utilizes water as solvent and sim-
ple low cost reactor i.e. facile green synthesis which demands for bio-
medical application. In this context from last couple of years,
researchers are working on the synthesis of fluorescent CD by using in-
expensive renewable precursors and simple preparation method with-
out using any organic chemical [16,17]. Till date, CD has been
synthesized from many natural resources such as eutrophic algal
blooms [18], watermelon peel [19], banana juice [20], orange juice
[21], papaya [22], tulsi leaves [23], sweet potato [24], garlic [16], ginger
[25], onion wastes [26], honey [27], aloe vera [28], gram-shells [29], etc.
In a recent study [30], fresh tender ginger derived CD showed selective
cellular toxicity toward human hepatocellular carcinoma cells (HepG2)
where IC50 (50% inhibiting concentration) was at the concentration of
350 μg/ml. In another study [31], the IC50 of CD obtained from green
tea was at the concentration of 150 μg/ml against MCF7 cells (breast
cancer cells) and that of in MDA-MB-231 cells (triple negative breast
cancer cells)was 72 μg/mlwhereas the CD did not show any toxicity to-
ward MCF-10A normal cells (non-tumorigenic epithelial cell line) even
at higher concentration of 270 μg/ml. Although, the toxicity is greatly
dependent of CD source and the actual reason behind the specificity to
the various cancer cells still remains unknown. Therefore, it is hypothe-
sized that CD may be an attractive anticancer material for cancer
therapy.

Over the past few years, silver nanoparticles (AgNPs) have shown
tremendous attraction toward biomedical field due to its severe antimi-
crobial activity [32], anti-inflammatory effect [33] and anti-cancer activ-
ity [34]. Recently, Zielinska et al. [35] showed that AgNPs caused the
death of pancreatic cancer cells through programmed cell death mech-
anism i.e. apoptosis pathway although it was dependent upon particle
size and the concentration of AgNPs. Similar mechanism also proposed
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by Ghosh group [34] and Sinha Ray group [36] using chitosan and Rubus
fairholmianus extract stabilised AgNPs, respectively. Hence, it was hy-
pothesized that CD based AgNPs may be an efficient anticancer agent
for cancer therapy.

Here,we report the synthesis of CD fromnatural polysaccharide pre-
sented in sweet lemon peel by simple hydrothermal process followed
by in situ synthesis of AgNPs using CD acted as reducing as well as sta-
bilizing agent at room temperature. Generally sweet lemon peel was
recognised as a food waste. Here we used these waste lemon peel as a
resource to develop CD and subsequently used these CD to synthesize
AgNPs in situ. The synthesis of CD based AgNPs (CD@AgNPs) was char-
acterized by UV–Vis spectroscopy, fluorescence spectrophotometer,
XRD and TEM. The cytotoxicity of CD@AgNPs was optimized against
MCF7, HeLa and OP9 (mouse bone marrow stromal cells) cells and the
underlying mechanism for cytotoxicity was also observed.

2. Materials and methods

Fresh sweet lemon peels were collected from local juice shop in Kol-
kata, India. Silver nitrate (AgNO3) and (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) (MTT) were purchased from SRL Pvt.
Ltd. Dulbecco's modified eagle's media (DMEM), fetal bovine serum
(FBS), penicillin–streptomycin, trypsin–EDTA,Dulbecco's phosphate buff-
ered saline (DPBS), 2′,7′-dichlorofluorescin diacetate (DCFDA), TritonX-
100 andmolecular gradewaterwere obtained fromHiMedia Laboratories
Private Limited, India. Paraformaldehyde and 4′,6-diamidino-2-
phenylindole (DAPI) were purchased from Sigma-Aldrich. Sodium chlo-
ride (NaCl), tryptone, yeast extract and agar were brought from Merck,
India. Phalloidin-iFluor 594 was purchased Abcam, USA. All other
chemicals were analytical grade and used as received.

2.1. Synthesis of carbon dot (CD)

Carbon dot (CD)was prepared from sweet lemon peels using hydro-
thermal method according to our previous report [8] with slight modi-
fication. Briefly, fresh sweet lemon peels were collected from local juice
shop andwashedwithdouble distilledwater several times and chopped
into small pieces and dried at 40 °C. Subsequently, 5 g of the dried peels
were taken in a 100ml hydrothermal chamber with 50ml of water and
the reactor was kept in an oven at 180 °C. After 3 h of reaction, the hy-
drothermal reactor was cooled down at room temperature and the
brown coloured solution was decanted and subsequently filtered
through 0.22 μm syringe filter followed by rotary evaporation (Model:
Hei-VAP Advantage, Heidolph, Germany). Finally, the solution was
lyophilised overnight to obtain the dry CD in powder form.

2.2. Synthesis of CD based silver nanoparticles (CD@AgNPs)

In situ CD@AgNPs was synthesized by a facile greenmethod at room
temperature (30 °C) without using any toxic chemicals. In brief, CDwas
dissolved in double distilledwater taken in 10ml glass vial. After getting
CD solution, required amount of solid silver nitrate was added to the CD
solution under constant stirring at room temperature. The synthesis of
CD@AgNPs was optimized either by varying reaction time such as 5,
15, 30, 45, 60, 90, 120 and 180 min or by varying AgNO3 concentrations
such as 11, 17, 23, 28 and 34 mM or by varying CD concentrations such
as 17, 34, 68, 102 and 137 μg/ml while keeping the other two parame-
ters kept constant. The synthesis of CD@AgNPs was confirmed by UV–
Vis spectrophotometer as AgNPs shows strong surface plasmon reso-
nance (SPR) peak ~430 nm. The stability of CD@AgNPs was checked at
room temperature by keeping it for more than one month.

2.3. Characterization

The UV–vis spectra of CD and CD@AgNPs were measured using
Perkin Elmer Lambda 25 UV–vis spectrophotometer in between 200
and 800 nmusing 1.0 cmpath length quartz cuvette. Fluorescence spec-
tra of CD and CD@AgNPs at different excitation and emission were per-
formed by Horiba Fluoromax-3 spectrofluorometer using 1.0 cm path
length quartz cuvette. The fluorescence lifetime was measured using a
picosecond pulsed diode laser based TCSPC fluorescence spectrometer
with λex = 340 nm and MCP-PMT as a detector at room temperature.
The emission from the sampleswas collected at right angle to the direc-
tion of the excitation beam maintaining magic angle polarization
(54.7°) with a band pass of 2 nm. FTIR spectra of CD were recorded by
Perkin Elmer Spectrum 100 FTIR at a frequency range of
4000–600 cm−1 with 48 consecutive scans at 1 cm−1 resolution. The
morphology and particle size of CD and CD@AgNPs were characterized
by TEM (JEM-2100F, JEOL, Japan) at 200 kV on a carbon coated copper
grid. The XRD spectra of CD & CD@AgNPs were analysed by a wide
angle X-ray scattering diffractometer (Panalytical X-ray diffractometer)
with Cu Kα radiation (1.544 Å) within the range of 5–80 (2θ) at 40 kV
and 30 mA.

2.4. Antimicrobial Activity of CD@AgNPs

The antimicrobial activity of CD@AgNPs was carried out by direct
contact method according to the previous work [37]. Gram negative
bacteria Escherichia coli (E coli) was cultured in Luria-Broth (LB) media
for overnight at 37 °Cwith continuous shaking. After that, diluted bacte-
ria suspension having optical density (OD) was added with CD@AgNPs
solution with various concentrations (0.25, 0.5, 1.0, 1.5, 2.0 and 5.0 μg/
ml). After incubating the above solution mixture at 37 °C for 2 h, the
bacteria were isolated by centrifugation at 4 °C followed by washing
with sterile PBS for three times. Finally, the bacteria were suspended
in fresh LB media and consequently 200 μl of bacteria suspension was
spread on LB agar plate followed by incubation at 37 °C for overnight.
The images of agar plates were captured by BIOTOP gel doc system.

Separately, another part of the diluted treated bacteria suspension
was cultured at 37 °C with constant shaking for overnight. The OD
wasmeasured at 578 nm and the percent of bacterial growth inhibition
were calculated by following equation.

%Inhibition ¼ Abscontrol−Abstest
Abscontrol

� 100

where, Abscontrol and Abstest are the absorbance value of untreated and
treated bacteria solution, respectively at 578 nm. Untreated bacteria
were used as negative control whereas ampicillin was used as positive
control. All tests were carried out in triplicate.

2.5. Cell culture

MCF-7 (human breast adenocarcinoma) and HeLa (Human Cervical
Adenocarcinoma) cells were obtained from National Centre for Cell Sci-
ences (NCCS) Pune, India. OP9 (Mouse embryonic stem cells) was pur-
chased from ATCC, USA. These cells were cultured in DMEM medium
with high Glucose containing 10% (v/v) fetal bovine serum (FBS, Gibco
Life Technologies), 1% (v/v) penicillin–streptomycin (Sigma-Aldrich,
USA) at 37 °C in a CO2 incubator (Esco, Singapore) maintaining at 95%
humidity and 5% CO2.

2.6. In vitro cytotoxicity assay

MTT assay was employed to evaluate cytotoxicity of CD and CD@
AgNPs on MCF-7, HeLa and OP9 cells. Briefly, cells were seeded in 96
well plate at a density of 5 × 103 cells per well and incubated in a CO2

incubator for 24 h. After that, the media of each well was replaced
with fresh media containing, different predetermined concentrations
of CD and CD@AgNPs (5, 10, 25, 50, 100, 200 and 500 μg/ml) and incu-
bated for a time period of 24 and 48 h. Thereafter, the media was
discarded from each well and 100 μl of fresh DMEM media containing
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10 μl MTT solution (5 mg/ml) was added in each well. After incubation
at 37 °C for 4 h, purple coloured formazon crystals were dissolved by
adding 100 μl of DMSO. Subsequently, the absorbance was measured
at 570 nm by ELISA plate reader (Erna Lisa Scan EM, TRANSASIA,
India). All experiments were performed in triplicate and represented
by means of three measurements (±SD). The percent cells viability
was calculated using the following equation.

%Cell viability ¼ Abs570 sampleð Þ
Abs570 controlð Þ

� 100

where,OD570 (sample) andOD570 (control) are the absorbance of sample and
control, respectively at 570 nm.

2.7. Effect of CD@AgNPs on cell morphologys

Effect of CD@AgNPs on cell morphology was evaluated on MCF-7
cells at different concentrations of 10 and 50 μg/ml. Prior to the addition
of CD@AgNPs, 1 × 105 cells were seeded in each well of 24 well plate
containing sterilized cover slip. After reaching 70–80% confluency, cul-
tured media was replaced with fresh media containing 10 and 50 μg/
ml of CD@AgNPs and incubated at 37 °C in CO2 incubator. Untreated
cells were used as control. After 24 h of incubation, the cells were
fixed with 4% paraformaldehyde solution after discarding the treated
solution followed by washing with PBS thrice. After that 0.1% Triton X-
100 was added and incubated for 3–5min for cellular permeabilization.
After washingwith PBS for three times, 100 μl of 1× phalloidin working
solutionwas added to eachwell and incubated at room temp for 90min.
Thereafter, 100 μl of DAPI solution was added after washing the cells
with PBS thrice and again incubated in dark for 5 min followed by re-
moving the staining solution carefully and washing with PBS for three
times. Finally, coverslips were taken out from the wells and mounted
on glass slides using glycerol as mounting media and consequently the
images were captured by confocal laser scanning microscope (CLSM,
Olympus FV3000). The area of the cells and the nuclei were measured
using Image J software and plotted by Graphpad Prism software.

2.8. Intracellular reactive oxygen species (ROS) generation

After exposing with different concentration of CDs and CD@AgNPs,
intracellular ROS generation were analysed qualitatively by Confocal
Imaging where 2′,7′-dichlorodihydrofluorescein diacetate (DCFH-DA)
was used as ROS detection probe. For this assay, Cells were seeded on
coverslip in 24-well plate at density of 105 cells/well & grown for over-
night, then cells were treated with desired concentrations of CDs and
CD@AgNPs for 24 h. After 24 h 20 μM of DCFH-DA stain was added in
each well and incubate for 20min at 37 °C in dark. The positive controls
were treatedwith 10mMH2O2 for 2 h. Immediately after incubation, 4%
paraformaldehyde was used to fix the cells for 15 min followed by
washing with 1× PBS thrice. Then coverslips were mounted onto glass
slides to evaluate under confocal microscopy.

2.9. Apoptosis assay

CD@AgNPs triggered apoptosis was evaluated by Alexa Flour 488
Annexin V/Dead cells apoptosis kit (ThermoFisher Scientific) using
manufacturer protocol. Briefly, MCF 7 cells were cultured at a density
of 105 cells/well of 24 well plate in presence of CD@AgNPs (50 μg/ml)
for 24 h at 37 °C in CO2 incubator. After that period,mediawasdiscarded
and washed with cold PBS followed by centrifugation to discard the su-
pernatant. Then cells were resuspended in 1× annexin binding buffer,
20 μl of annexin V conjugate and 1–2 μl of PI working solution
(100 μg/ml) was added to each 100 μl of cells suspension. After
15 min of incubation at room temperature cells were washed with 1×
annexin binding buffer followed by deposition of that suspension on
glass slides to observe under confocal microscope.
3. Results and discussion

3.1. Structural characterization

Here we have developed a nano-conjugate comprising both CD and
AgNPs (CD@AgNPs) to evaluate its efficacy for anticancer and antibacte-
rial properties. For that we have synthesized CD from sweet lemon peel
and AgNPswas prepared based on the reductive and stabilizing potency
of thus prepared CD. The synthesis scheme was demonstrated in Fig. 1.

The optical properties and formation of CD and CD@AgNPs were
analysed through different spectroscopic and microscopic studies.
Fig. 2a depicts the presence of characteristic absorption spectrum of
CD at 282 nm, which is due to the π-π* electronic transition of sp2 hy-
bridized C_C bonds which could justified by the previous report of
Ghosh et al. and De et al. [8,20] indicating the formation of CD. However,
after addition of silver nitrate into the CD solution, there is a generation
of another new peak at 433–453 nm due to the formation of AgNPs
(Fig. 2b, c and d).

It is previously reported that silver nanoparticles exhibit a strong ab-
sorbance band between 400 nm to 450 nm due to size dependent Sur-
face Plasmon Resonance (SPR) properties [38,39]. Three parameters
were varied during the CD mediated synthesis of silver nanoparticles
i.e. time, concentration of silver nitrate and concentration of CD.
Fig. 2b–d represents the effect of time, concentration of silver nitrate
and CD, respectively on the formation of CD@AgNPs. From Fig. 2b we
could observed that initially, in between the time span of 0 to 15 min
of reaction no nanoparticles were formed, as at 433 nm no peak could
be observed, after 15min of reaction formation of AgNPs starts and con-
tinues upto 180min. After 180min, no significant change was observed
in plasmon peak of the silver nanoparticles on UV–Vis spectra, which
confirmed the complete formation of AgNPs. Fig. 2c depicts change in
absorbance spectra with different concentrations of silver nitrate
while taking fixed concentration of CD solution (137 μg/ml). We ob-
served that the silver nanoparticles are forming in presence of all con-
centrations of silver nitrate starting from 11 mM to 34 mM. Although
there is no significant change was observed in λmax of silver nanoparti-
cles,which suggests that, 137 μg/ml of CD solution have enough capabil-
ity to reduce all the silver ions to silver nanoparticles. However, among
all these concentrations silver nanoparticles made from of 11 mM and
17 mM silver nitrate concentrations than the others, with a stability of
more than one month. The stability of the CD@AgNPs was measured
in terms of UV Vis spectra study of the nanocomposite. Where no de-
crease in 433 nm AgNPs peak intensity was observed after 30 days of
synthesis suggesting the nanocomposite is quite stable after one
month. So, we choose CD@AgNPs made with 17 mM concentrations of
silver nitrate for further studies. Fig. 2d shows, the UV–Vis absorbance
spectra of CD@AgNPs composite with different concentrations of CD
and fixed concentration of AgNO3 addition i.e. 17 mM. From this figure,
we found that CD are unable to reduce all silver ions to silver at low con-
centrations of CD (17, 34, 68 μg/ml). Silver nanoparticles formed better
at higher concentrations of CD i.e. 102 and 137 μg/ml of CD. Finally, we
used 137 μg/ml of CDs for synthesizing CD@AgNPs at room temperature
after 3 h of reaction. The in situ formation mechanism of AgNPs in pres-
ence of CD, due to presence of hydroxyl (–OH) and (–COOH) groups in
CD surface, which takes part to reduce the silver(I) (Ag+) ions to silver
(0) (Ag0) nanoparticles. The presence of –OH and –COOH groups in CD
surface were confirmed by FTIR spectroscopy which was demonstrated
in Fig. S1. The broad peak at 3308 cm−1 was due to the stretching vibra-
tionmode of –OH group [40]. Peak at range of 1590 cm−1 to 1400 cm−1

was due to asymmetric and symmetric stretching of –COO− group [28].
Due to –C-OH stretching another peakwas observed at 1275 cm−1. An-
other characteristic peaks were present at 2930 cm−1 and 812 cm−1 in-
dicated the presence of –C\\H stretching and –C\\H out of plane
bending respectively. Peak at 1765 cm−1 was present due to carboxylic
acid –C_O stretch. Additionally, at 1660 cm−1, a peakwas detected due
to aromatic C_C bending.



Fig. 1. Schematic representation of CD@AgNPs synthesis with their probable cellular activity toward breast cancer cells.

1608 K. Ghosal et al. / International Journal of Biological Macromolecules 162 (2020) 1605–1615
Fig. S2 demonstrated the XRD spectra of as synthesized CD and CD@
AgNPs nanocomposite. It is well established that CD shows a broad
spectrum due to its amorphous nature. However, due to presence of
graphitic like structures of in its core it showed a broad hump around
23.8°with a plane of (002) and interlayer spacing of 4 Åwhich is slightly
greater than pure bulk graphite. Pure graphite demonstrates d spacing
of 3.3 Å [41,42]. After formation of CD@AgNPs, presence of two sharp
peak could be observed due to highly crystalline nature of AgNPs
along with a broad hump of CD. The two sharp peak at 38.8° and 65°
in CD@AgNPs corresponding to the (111) and (200) plane of AgNPs
with a lattice spacing of 2.315 Å and 1.433 Å confirms the presence of
AgNPs into the composite which is similar to previous reported data
[43,44].

To further explore the optical properties of the synthesized CD and
CD@AgNPs, we have tested the fluorescence properties of both the ma-
terial. Fig. 3a demonstrates a typical green fluorescence of CD upon irra-
diation of UV (365 nm) light. Upon different fluorescence excitation CD
demonstrated excitation dependent emission behaviour as the emission
maxima of CD shifts as excitation wavelength changes. The maximum
fluorescence emission intensity of CDwas observed at 432 nmupon ex-
citation wavelength with 360 nm (Fig. 3b). This excitation dependent
behaviour of CD indicates the presence of multiple distinct emission
sites on the CDs. Based on the previous studies it can be said that,
these multiple emission sites are correlated with the sp2 sub-regions
which are present in carbon core (supported by XRD data Fig. S2), as
well as due to the several functional groups on the surface of the CD
[45,46]. While the fluorescence intensity quenched after addition of sil-
ver nitrate. This may be due to the photo-induced electron transfer be-
tween CD and forming silver nanoparticles [47]. On the other hand,
fluorescence life time decay curves and average life time of CDs were
calculated. From Fig. 3d, it can be said that the half-life of CDs is 6.9 ns.

The morphology and size distribution of CDs and CD@AgNPs were
investigated with the help of transmission electron microscopy (TEM).
From Fig. 4a it could be observed that the synthesized CDs were well
dispersed having a size distribution from 2 to 6 nm. When CD@AgNPs
were synthesized from CD they found to have well dispersed with a
size in between 5 and 16 nm (Fig. 4b). Further high resolution images
confirmed that the CD@AgNPs were highly crystalline in nature
(Fig. 4c). The lattice fringes of AgNPs can be observed in Fig. 4c with a
distance between two lattice planes of 1.43 Å which supports the XRD
data of AgNPs with a lattice plane of (111). Fig. 4d also exhibit well dis-
persed CD and AgNPs in the nanocomposite.

3.2. Antibacterial study of CD@AgNPs

It is crucial to check antimicrobial activity of any biomaterial prior to
their use, to avoid anyundesirable infections during their applications. If
a biomaterial does not possess any antimicrobial activity special care
should be taken during its storage and application. In this context silver
nanoparticles are well known for its superior antimicrobial activity. In
this work we also evaluated the antibacterial efficacy of CD@AgNPs.
For this study E. coli, a gramnegative strain bacteria were chosen. Ampi-
cillin was used as a reference standard. Fig. S3a depicted the percent in-
hibition of E. coli in presence of different concentrations of CD@AgNPs. It
showed that significant inhibition was started at a concentration of
1.5 μg/ml and it achieved 80% at 5.0 μg/ml. Pal et al. have shown that
50 to 100 μg of spherical silver nanoparticles can cause almost 100% in-
hibition of bacterial growth which indicate the superior antibacterial



Fig. 2. UV–vis spectra of CD (a); effect of time during the synthesis of CD@AgNPs (b); effect of silver nitrate concentration during the synthesis of CD@AgNPs (c) and effect of CD
concentration during the synthesis of CD@AgNPs (d).
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potency of CD@AgNPs than other previously synthesized silver nano-
particles [48]. We also checked the antibacterial efficacy of bare CD
however it did not demonstrate any antimicrobial response as high as
500 μg/ml concentration (data not shown). So it can be confirmed
that, the antibacterial response of CD@AgNPs actually come from
AgNPs which are present in CD@AgNPs nanocomposite. When bacterial
growth on agar plate was evaluated in presence of 1.5 and 5.0 μg/ml of
CD@AgNPs (Fig. S3b), initial inhibition of bacterial growthwas observed
at 1.5 μg/ml and almost no bacterial growth could be observed on the
plate containing 5.0 μg/ml of CD@AgNPs,which in turn indicated the su-
perior bactericidal efficacy of CD@AgNPs.

Cytotoxicity study
MTT assay was performed to evaluate in vitro cytotoxicity of CD and

CD@AgNPs against MCF 7, Hela and OP9 cell line. Those cell lines were
exposed to different concentrations of CD and CD@AgNPs (5, 10, 25,
50, 100, 200 and 500 μg/ml) for 24 h and 48 h.

Cytotoxicity and biocompatibility of CD sometime differ with their
source. Like according to Arkan et al. the IC50 value ofWalnut Oil derived
CD was found to be 1.25 ± 0.062 μg/ml after 24 h of incubation against
MCF 7 [49]. Whether, CD derived from sugarcane molasses by Huang
et al. remain non-toxic at even 4 mg/ml concentration against the
same cell line [50]. The reason behind it still not known.Whenwe eval-
uate the IC50 value of our CD, it was found to be 10 μg/ml forMCF 7 after
24 h whether after 48 h it was 500 μg/ml (Fig. 5a, b). Which indicated
that initial 24 h the CDmight have shown toxicity at low concentration
but with time it remains non-toxic till 200 μg/ml. However, in case of
Hela cell line we have found that CD have the IC50 value ˂ 500 μg/ml
after 24 h which increases to 500 μg/ml after 48 h (Fig. 5c, d). So, CD re-
main non-toxic at 200 μg/ml in case of Hela cell line also. When the ef-
fect of CDwas observed on Embryonic Stem Cells (OP9), it was found to
be non-toxic at even higher concentration for 24 h as well as 48 h
(Fig. 5e, f). CD derived CD@AgNPs have shown superior cytotoxicity
over MCF 7 and HeLa than the CD itself. After 24 h of incubation, IC50
value of CD@AgNPs was found to be ˂ 10 μg/ml in case of MCF 7 cell
line (Fig. 5a). As the concentration of CD@AgNPs increased, the antican-
cer efficacy was increased as well, the result remains almost same after
48 h. Our CD@AgNPs have shown greater potency than previously de-
rived silver nanoparticles by Bhanumathi et al. showed the IC50 value
of almost 40 μg/ml against MCF 7 cell line [51]. However, against HeLa
cell line, the IC50 value of CD@AgNPs was found to be 10 μg/ml and
remained same till 25 μg/ml (Fig. 5c). The IC50 value aswell as the effect
of concentration of CD@AgNPs over MCF 7 and HeLa cell line depicted
that CD@AgNPs was most effective against the breast cancer cell line
MCF 7. The result could be justified by the previous findings like Salazar
et al. was synthesized silver nanoparticles from G. neuberthii fruit and
P. americana leaf [52] and evaluate their cytotoxicity over MCF-7 and
HeLa. They have found that silver nanoparticles were more effective
against MCF 7 than HeLa. According to Salazar et al. it might be due to
the reduced cellular uptake of silver nanoparticles by HeLa compared
to the MCF-7 cell line [52]. The effect of CD@AgNPs on MCF 7 might be
the synergistic effect of the CD too as compared to the cytotoxicity of
CD on HeLa at 24 h. Fig. 5e and f depicted the cell viability of CD@
AgNPs at 24 h and 48 h, respectively and found that it remained almost
non-toxic at 100 μg/ml.

3.3. Cell morphology

Silver nanoparticles treatment can cause toxicity through morpho-
logical changes in different cancer cell line like human lung cancer and
ovarian [53,54]. To determine whether CD@AgNPs could influence the
cell morphology we evaluated MCF 7 cells treated with different con-
centrations of CD@AgNPs (10 and 50 μg/ml).

Fig. 6a–c showed untreated MCF 7 cells morphology. Nuclei of con-
trol cells was stained with DAPI (Fig. 6a), showed almost circular in



Fig. 3. Emission of green fluorescence upon irradiation of UV light on the CD solution (a); emission curve of CD upon excitation with different wavelength (b); quenching of fluorescence
upon addition of AgNO3 with excitation wavelength of 360 nm (c) and lifetime curve of CDs with 3rd order fitting (inset) (d).
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shape and having the average area of 300 μM2 (Fig. 6k). Phalloidin was
used to stain the actin filaments indicating the whole cell periphery
(Fig. 6b). Fig. 6b showed the normal cytoskeletal morphology of MCF
7with the average area of 1806 μM2 (Fig. 6j). Fig. 6c showed themerged
image of untreatedMCF 7, indicated the healthy cells cytoskeleton hav-
ing define nuclei inside. When the MCF 7 cells were treated with 10 μg/
ml of CD@AgNPs, where almost 60% inhibition happened in MTT assay,
interestingly themorphology of thewhole cell was not effected as such.
Fig. 6d depicted that nuclei of the cells after treatment with 10 μg/ml of
CD@AgNPs, showed circular nuclei with the average size area of
280 μM2 (Fig. 6k). The cytoskeleton after the same treatment (Fig. 6e)
was look similar as control having the average area of 2068 μM2

(Fig. 6j). Merge image (Fig. 6f) showed control like morphology after
the treatment of CD@AgNPs (10 μg/ml). However, 50 μg/ml of CD@
AgNPs showed detrimental effect on cells morphology which could be
easily visualized by the confocal microscopic image (Fig. 6g–i). Fig. 6g
showed circular but significantly small in size nuclei like they were
fragmented. The average area was significantly decreased to almost
100 μM [2] compared to the control or even the CD@AgNPs (10 μg/ml)
treated one. After the treatment with 50 μg/ml of CD@AgNPs the
shape of the cytoskeleton markedly changed, they were round in
shape and few cases they were fragmented as well (Fig. 6h). When
the cytoskeleton area of the CD@AgNPs (50 μg/ml) treated MCF 7 cells
were compared with the control and CD@AgNPs (10 μg/ml) treated
one, significant decrease could be observed and found to be 488 μM
[2] (Fig. 6j). So, it could be established from this study that CD@AgNPs
at a concentration of 50 μg/ml could initiate the morphological changes
in MCF 7 cell line where shrinkage of cells as well as efflux of the cyto-
plasmic content could be observed. According to the Suzuki-Karasaki
cell-shrinkage might be the indication of apoptosis which could be the
results of the imbalance of Na+, K+ and other intracellular ion homeo-
stasis [55].

3.4. Intracellular ROS generation

According to the previous reports, silver nanoparticles could trigger
the generation of intracellular ROS leading to apoptosis of different can-
cer cells [56,57]. To evaluate the fact different concentration of CD and
CD@AgNPs were studied for intracellular ROS generation. With respect
of the cytotoxicity study the concentrations for this experiment was
chosen. In this study DCFH-DA was used to detect the ROS generation.
DCFH-DA itself is a non-fluorescent dye, when it internalized by the
cells followed by enzymatic hydrolysis, it could produce DCFH. This
DCFH could produce strong fluorescence after being oxidized by intra-
cellular ROS [58]. So, strong fluorescence indicated the presence of
more amount of ROS inside the cells. Fig. 7 shows the effect of concen-
tration in the generation of intracellular ROS. From Fig. 7a–c, it could
be found that in the concentration of 50, 200 and 500 μg/ml of CD
could trigger the production of intracellular ROS. It could be also ob-
served that the fluorescence intensity was increased with increasing
concentration of CD, which indicated the concentration dependent
ROS generation leading to cell death. It could also be justified by the cy-
totoxicity data of CD against MCF 7 (Fig. 5a). When similar concentra-
tions CD@AgNPs were used to evaluate the ROS generation capability,
superior result was found than CD. Increased fluorescence intensity
could be observed at concentration of 200 μg/ml (Fig. 7e) than 50 μg/
ml (Fig. 7d), which could be explained by the increased generation of
ROS in case of 200 μg/ml of CD@AgNPs. However, at the concentration
of 500 μg/ml interestingly almost no fluorescence could be observed.
This phenomenon could be justified by the fact that, in presence of



Fig. 5. Cytotoxicity assay of CD and CD@AgNPs against MCF 7 breast cancer cells (a, b), Hela (c, d) and mouse embryonic OP9 cell line (e, f).

Fig. 4. TEM image of CD and corresponding size distribution curve (a); TEM image of CD@AgNPs and corresponding size distribution curve of AgNPs (b); ultra-magnified image showing
lattice fringe of AgNPs (c) and TEM image with distinguishable both AgNPs and CDs (d).
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Fig. 6. Effect of CD@AgNPs on the cell morphology of MCF-7 after 24 h of treatment. Nuclei stained with DAPI (without treatment) (a); image of cytoskeletons stained with Phalloidin
(without treatment) (b); merged image of DAPI and Phalloidin (without treatment) (c); nuclei stained with DAPI after treating with 10 μg/ml of CD@AgNPs (d); image of
cytoskeletons stained with Phalloidin after treating with 10 μg/ml of CD@AgNPs) (e); merged image of DAPI and Phalloidin after treating with 10 μg/ml of CD@AgNPs) (f); nuclei
stained with DAPI after treating with 50 μg/ml of CD@AgNPs (g); image of cytoskeletons stained with Phalloidin after treating with 50 μg/ml of CD@AgNPs) (h); merged image of DAPI
and Phalloidin after treating with 50 μg/ml of CD@AgNPs) (i) calculated cytoskeletons and nuclei area after treatment with different concentrations of CD@AgNPs (j, k).

1612 K. Ghosal et al. / International Journal of Biological Macromolecules 162 (2020) 1605–1615
500 μg/ml of CD@AgNPs, no cell was survived to response in DCFH-DA
assay. This fact indicated that CD@AgNPs could trigger the production
intracellular ROS, which in turn increase the oxidative stress leading
to apoptosis. Cytotoxicity data of CD@AgNPs (Fig. 5a) and effect of
CD@AgNPs on cell morphology (Fig. 6) could be justified by this result.

3.5. Apoptosis study

Apoptosis plays an important role in cell homeostasis and their mor-
phological and biochemical changes [59]. Silver nanoparticles mediated
apoptosis in cancer even in bacterial cells arewell established according
to the several previous reports. To evaluate the apoptotic potential of
CD@AgNPs, we have carried out a qualitative apoptosis assay using con-
focalmicroscopy. Annexin V/PI staining revealed the apoptotic andnon-
apoptotic cells.
The results of staining (Fig. 8) displayed green fluorescence due to
the annexin V conjugate (Fig. 8a, a′), red fluorescence for PI (Fig. 8b, b
′), fluorescence merged field (Fig. 8c, c′) and merged image in bright
field (Fig. 8d, d′). The basic concept behind this staining based apoptosis
assay was that through calcium dependent binding annexin V could
bind to phosphatidylserine (PS), flipped outside of the cell membrane
during early stage of apoptosis whether PI could bind to the nucleic
acid whenever cell lost its integrity because PI couldn't penetrate
through the healthy cell membrane indicated the late apoptosis. To
evaluate the findings, we manually zoomed out a selected portion of
the image (Fig. 8b′) which showed that cells with green fluorescence
as well as green and red fluorescence, which in turn indicated that the
different stages of CD@AgNPs mediated apoptosis i.e. early apoptosis
(EAp) (Annexin V+/PI−) and late apoptosis (Lap) (Annexin V+/PI
+). Necrotic/dead cells could also be found showed only red



Fig. 7.Generation of intracellular ROSwas evaluated inpresence of CD, CD@AgNPs andH2O2 inMCF-7 breast cancer cells.MCF-7breast cancer cells treatedwith 50 μg/ml CD (a); 200 μg/ml
CD (b); 500 μg/ml CD (c); MCF-7 cells breast cancer treated with 50 μg/ml CD@AgNPs (d); 200 μg/ml CD@AgNPs (e); 500 μg/ml CD@AgNPs (f); MCF-7 cells breast cancer treated with
10 mM H2O2 (g).

Fig. 8. Apoptosis assay in presence of CD@AgNPs (50 μg/ml) against MCF 7 cell line: green fluorescence due to the annexin V conjugate (a, a′), red fluorescence for PI (b, b′), fluorescence
merged field (c, c′) and merged image in bright field (d, d′).
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fluorescence (Annexin V−/PI+). This phenomenon of CD@AgNPs me-
diated apoptosis could be justified by our previous data, where we
found significant changes of cellular morphology in presence of CD@
AgNPs. It could be also noted that CD@AgNPs could trigger the intracel-
lular ROS generation (Fig. 7d, e and f) leading to apoptosis. Similar result
was also found byGeorge et al. [36]when they studied the apoptosis po-
tential of multifaceted biosynthesized silver nanoparticles on MCF 7
cells. They found that generation of intracellular ROS could damage
the DNA leads to apoptosis. They have also found increased caspase 3/
7 activity, release of cytochrome c and depolarization of mitochondrial
membrane could be the mechanism behind the silver nanoparticles in-
duced apoptosis.

4. Conclusions

We demonstrated the facile green synthesis of CD@AgNPs using CD
synthesized from renewable resource. Here, CDperformed as a reducing
and stabilizing agent for the successful fabrication of CD@AgNPs in room
temperature. CD@AgNPs showed excellent antibacterial potency
against E. coli where almost 80% bacterial inhibition could be observed
at a concentration of 5.0 μg/ml. The synthesized CD@AgNPs showed su-
perior anticancer potency againstMCF 7 breast cancer cells in a dose de-
pendent manner. It could be observed that the anticancer activity of
CD@AgNPs against MCF 7 is strongly related with the generation of in-
tracellular ROS leading to apoptosis. Moreover, the synthesized CD pos-
sess some outstanding optical properties such as excitation dependent
multicolor fluorescence emission, photo-stability etc. which could
make them a bio imaging probe useful for the detection of any disease
condition in future.
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