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Abstract

The current experiment reveals the anticancer properties of silver nanoparticles (AgNPs) synthesized using aqueous leaf
extract of Cichorium intybus, a significant medicinal plant. The characteristics of AgNPs were continuously studied by
powder X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), zeta potential, transmission electron
microscopy (TEM), scanning electron microscopy (SEM), and energy-dispersive spectroscopy (EDS) analysis. Current
microscopic results show that produced AgNPs were spherical in shape with an average size of 17.17 nm. A strong peak
between 2 and 4 keV showed the greatest ratio of the elemental silver signals, due to surface plasmon resonance (SPR). The
AgNPs, fabricated by green method, had a negative zeta potential of — 9.76 mV, which indicates that the synthesized AgNPs
is dispersed in the medium with high stability. The in vitro cytotoxicity effect of AgNPs showed promising anticancer
activity against human breast cancer MCF-7 cells. Annexin V-FITC/propidium iodide assay, Hoechst 33258 staining, and
upregulation of caspase 3 activity revealed significant apoptosis activities of AgNPs against MCF-7 cells. Moreover, the
flow cytometric analyses of cell cycle distribution of MCF7 cells showed that AgNPs treatment has enhanced the sub-G1
peaks, which is an indicator of apoptosis pathway. Overall results in our study suggested that AgNPs fabricated by a biogreen
approach could be useful in cancer therapy.
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Introduction

The fabrication and characterization of nanoparticles, partic-
ularly from metals such as platinum, silver, gold, and palladi-
um, have gained wide interest due to their significant applica-
tion in bioengineering, nanotechnology, medicine, electron-
ics, optoelectronics, and making advancement in various
fields [1-3]. Among the noble metallic nanoparticles, silver
nanoparticles (AgNPs) have received a wide interest due to
their chemical and physical properties [4]. Numerous
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chemical and physical techniques have also been used for
the preparation of silver nanoparticles; nevertheless, these
strategies are expensive and possibly pollute the environment
dueto usage of harsh reagents [5]. Therefore, itis desirable to
improve simple and eco-friendly synthesis strategies for fab-
rication of greener metal nanoparticles with high purity.
Biological synthesis of nanoparticles is eco-friendly and en-
vironmentally benign method for fabrication of nanoparti-
cles. In this regard, there are number of different plants that
havebeensuccessfullyused for fabrication of AgNPs, includ-
ing Azadirachta indica [6, 7], Tephrosia purpurea [8],
Glycyrrhiza glabra [9], Gongronema latifolium [10], and
Diospyros paniculata [11]. On the basis of different reports
on green synthesis, we introduced a swift route of phyto-
synthesis of silver nanoparticles using the leaf extract of
Cichorium intybus. The genus Cichorium belongs to family
Asteraceae, and itis found abundantly in tropical Asia, North
Africa,and Europe[12]. C. intybus plantextractasatradition-
almedicineis employed for different purposesincluding liver
rejuvenation, skin aliment treatment [13], wound healing
[14], antimicrobial [15], and antimalarial activities [16].
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According to previous phytochemical studies, several com-
pounds exist in C. intybus plant extract which includes a large
number of phenolic acids, triterpenoids, sterols, and
hydroxycinnamic acid derivatives [17-19], which might be
introduced to bioreduction of silver ions to fabricate AgNPs.

The aim of the current study was to green synthesize a
stable AgNPs by using C. intybus extract. The fabricated
AgNPs were characterized using different spectroscopic
and microscopic techniques such as EDS, XRD, SEM,
TEM, zeta potential, and FTIR analysis. The final goal of
this study was to investigate the mechanism of green-
assisted synthesis of AgNPs-induced apoptosis in human
breast MCF-7 cancer cells.

Material and Methods
Preparation of Extract and Green Synthesis of AgNPs

The collected fresh leaves of C. intybus were washed thor-
oughly and air-dried in the shade at room temperature and
made into fine powder using a mixer. About 20 g of dried
healthy leaf powder was extracted by boiling in 200 ml of
double distillated water for 1 h and separated by Whatman
No. 1 filter paper (Whatman ple, Maidstone, Kent, UK) and
used for further characterization study. To synthesize AgNPs,
4 ml of the filtrate extract was treated with 100 ml o 0.01 mM
of silver nitrate (AgNO3) solution with continuous stirring at
room temperature for 1 h. After completion of the reaction, the
reaction mixture was transferred into 50 ml falcon tube and
centrifuged (ROTANTA 460 centrifuges, Sigma-Aldrich) at
17,004xg for 30 min followed by three times washing with
sterile distilled water.

Characterization of Fabricated AgNPs

The visual observations of AgNPs using C. intybus extract
were performed to monitor the conversion of Ag ion into Ag
nanoparticles. The produced AgNPs size and morphology
were identified under field transmission scanning electron mi-
croscope (SEM) and transmission electron microscopy (TEM)
images were recorded by Carl Zeiss Meditec AG, Jena,
Germany. An energy-dispersive spectroscopy (EDS) analysis
was examined to confirm the chemical composition of fabri-
cated AgNPs. The crystallographic nature of the prepared
AgNPs was evaluated using X-ray diffractometer instrument
(PANalytical X’PertPro MPD, PANalytical, Almelo,
The Netherlands) in the range of 26 from 10 to 100 °C, Cu
Ko radiation at 40 kV and 30 mA. FTIR spectroscopy mea-
surements were performed to analyze the absorption of possi-
ble organic compounds on the fabricated AgNPs surface. The
FTIR spectra of AgNPs were recorded in the range of 4000
and 400 cm ' in KBr pellets using FTIR spectrophotometer

(Perkin Elmer RX1, Spectrum Two Germany). Thereafter,
measurement of zeta potential of produced nanoparticles was
performed by Malvern Zetasizer (Malvern instrument Ltd.,
Worcestershire, UK).

Cell Culture Conditions and Cell Viability
Determination

The human breast cancer (MCF-7) cells were obtained from
the National Cell Bank of Iran (NCBI)-Pasteur Institute of
Iran. For culture maintenance, the cells were cultured on stan-
dard Dulbecco’s modified Eagle’s medium (DMEM) with
10% fetal bovine serum (FBS), 100 pg/ml streptomycin, and
100 units/ml penicillin solution at 37 °C in the presence of 5%
humidified CO, in air. MCF-7 cell viability examination was
measured by performing MTT [3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide] colorimetric assay.
Approximately, 1x10* cells were plated in each well of a 96-
well plate and cultured for 24 h. Thereafter, the MCF-7 cells
were exposed to series of 3.90-1000 pg/ml concentrations of
AgNPs at 37 °C in the presence of 5% humidified CO, for
24 h. The untreated cancer cells were assayed as control. After
completion of incubation time, the untreated and AgNPs-
treated cells were incubated by 100 pul MTT solution
(0.5 mg/ml) at the same condition for 4 h. In each well,
100 pl of dimethyl sulfoxide (DMSO) was added to dissolve
the formazan crystal formed in the reaction. The optical den-
sity (OD) of purple blue formazan dye was determined at
570 nm in an ELISA plate reader (UV-1601, Shimadzu,
Kyoto, Japan). The ratios of OD value of treated AgNPs sam-
ples to the untreated samples were used to calculate the per-
centage of cell viability.

Caspase 3 Activity Assay

The activity of caspase 3 was evaluated using test kit follow-
ing the manufacturer’s protocol (ApoZarget™ Caspase as-
say, Invitrogen Corp, Camarillo, CA, USA). In brief, the
MCF-7 cells were seeded in 6-well plate and treated with
AgNPs. At the end of 24 h incubation, the cells were incu-
bated on caspase 3 assay reagents and incubated for 2 h in
dark room. Finally, the absorbance was measured at 400 or
405 nm using a microplate autoreader (Bio-Tek Instruments,
Inc., Vinooski, VT, USA). The caspase 3 activity of treated
cells was calculated by comparing these data with the level of
the untreated cell groups.

Hoechst Staining
MCF-7 cells (4 x 10°cells per well) were grown in 6-well
tissue culture plate and were allowed to stand and by incu-

bated at 37 °C for 24 h. Cells were treated by AgNPs and
were further incubated at 37 °C for 24 h. After that, cells

@ Springer



394

Behboodi et al.

were stained with Hoechst 33258 dye (5 pg/ml), and incu-
bated in the dark. Live and apoptotic cells were distin-
guished under fluorescent microscope (Nikon TI 2000,
Nikon, Okinawa, Japan).

Annexin V-FITC/Propidium lodide Staining

Analyses of apoptotic and necrotic cells were performed by
annexin V-FITC/PI staining as described previously [20].
Briefly, the cells were treated with produced AgNPs and cen-
trifuged, stained with annexin V-FITC and P1I staining kit, and
evaluated by flow cytometry (Cyflow, UK). Flow cytometry
analysis of annexin V-FITC/propidium iodide apoptosis assay
was determined to quantify necrotic, early apoptotic, late ap-
optotic, and viable cells.

Cell Cycle Analysis

Cell cycle distribution was determined by the assessment of
DNA contents based on fluorescence intensity. Briefly, MCF-
7 (1 x 10° cell/ml) cells were seeded onto 6-well plate and
were allowed to attach overnight. Following incubation, the
cells were treated at respective ICsy dose of AgNPs for 24 h.
Then, the cells were pelleted, washed with PBS, and fixed in
cold 70% ethanol for 30 min at 4 °C. The fixed cells were
centrifuged at 2000 rpm and resuspended in PBS containing
RNase (100 pg/ml), followed by staining with propidium io-
dide for at least 1 h in the dark to stain DNA. Finally, the DNA
content was measured by flow cytometry (Cyflow, UK).

Statistical Analysis

All data were analyzed using one way analysis of variance
(ANOVA) with the post hoc test employing SPSS 10.0.
Statistical significance was determined when P value was
less than 0.05.

Result and Discussion
Characterization of Silver Nanoparticles

The current research focused on fabrication of green
engineered biomolecule-loaded AgNPs and to determine
their anticancer properties against breast cancer cell line.
Recently, many reports have highlighted that the green
synthesized metal nanoparticles fabricated from plant ex-
tracts have a promising cytotoxicity effect against tumor
cells due to the presence of secondary metabolites of plants
for stability of nanoparticles [21-23]. There are limited
investigations on the production of nanoparticles with the
aid of Cichorium species and this is the first work to report
the apoptotic activity of AgNPs synthesized using
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Cichorium intybus leaf extract against breast cancer
MCEF-7 cell line. Gallucci et al. fabricated silver nanopar-
ticles of 19 to 64 nm size using leaf extract of Belgian
endive, a variety of Cichorium intybus L. and indicated
their antibacterial activities [24]. In our study, the apoptotic
properties of AgNPs derived from extract were investigat-
ed using the reaction containing AgNPs in the presence of
C. intybus extract as the stabilizing and reducing agent.
The visual observation was monitored by AgNOj/extract
solution for 24 h. The change in reaction solution into
reddish brown solution from colorless AgNOj; solution at
the end of 24 h indicates the reduction of Ag" into AgNPs
(Fig. 1). FTIR measurements of fabricated AgNPs and ex-
tract were performed to ascertain the possible functional
groups of the extract responsible for the stabilizing and
fabrication process of C. intybus-mediated AgNPs. FTIR
bands for Cichorium intybus extract were obtained at
3414.03, 2933.04, 1612.78, 1420.11, 1267.04, 1122.68,
1053.73, and 604.30 cm ' (Fig. 2). Through FTIR spec-
trum of AgNPs, the broad band at 3413.05 cm ™' suggests
the presence of O—H alcohol functional group. Peak at
2922.98 cm™ ! corresponds to aliphatic C—H group, while
peaks at 1619.08 cm™ ' and 1384.60 cm ™' are assigned to
C=C and C-H bend alkane groups, respectively. Peak at
1114.28 ¢cm™ ! associated with C—O—C stretch ethers, while
874.47 cm ™' represents N—H functional groups. Functional
groups such as terpenoids and phenols are responsible for
bioreduction and fabrication of capping layers on the syn-
thesized AgNPs. Previous published reports also observed
similar peaks of silver nanoparticles’s FTIR spectrum [25,
26]. To obtain information regarding the size and morphol-
ogy of the AgNPs, it was characterized by FESEM images.
It is obvious from Fig. 3 that the distribution pattern of
synthesized Ag nanoparticles was predominantly
spherical-shaped particles. From the transmission electron
microscope (TEM) images in Fig. 4, the Cichorium
intybus-mediated AgNPs were homogeneous and spherical
in shape with an average diameter ranging from 5 to
30 nm. The size of the histogram in Fig. 4d shows that
most of the AgNPs have an average size of 17.17 nm.
Data obtained from EDX analysis confirmed the presence
of silver elemental signals in the produced AgNPs (Fig. 5).
A strong peak between 2 and 4 keV showed the greatest
ratio of the elemental silver signals, due to surface plasmon
resonance (SPR) [21]. The other weak signals such as car-
bon and oxygen in the EDS profile confirmed the presence
of organic moieties in plant extract, which are adsorbed on
the surface of the fabricated AgNPs.

To validate the green synthesis of Cichorium intybus sil-
ver nanoparticles and further analyze the crystalline nature
of AgNPs, XRD was performed by investigating their in-
tensities of various diffracted beams and calculating the an-
gles. Regarding the crystallographic structure of the AgNPs
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Fig. 1 Cichorium intybus-
mediated green synthesis
indicating color changes after
adding the plant extract. A total of
0.01 Mm of silver nitrate solution
before adding the Cichorium
intybus extract (a), and after
treatment with Cichorium intybus
extract during 2 h (b), 12 h (¢),
and 24 h (d)

synthesized by Cichorium intybus extract, four intense
XRD peaks were indicated, corresponding to the (111),
(200), (220), and (311) crystallographic planes of face-
centered cubic (fcc) structure at 260 angles of 38.6, 44.4,
64.6, and 77.1, respectively (Fig. 6). Zeta potential

Fig. 2 FTIR spectra of a C. (a)

intybus extract and b green
synthesized C. intybus-AgNPs

-

%T

measurement was used to calculate the net charge of resul-
tant AgNPs. The AgNPs, fabricated by green method, had a
negative zeta potential of —9.76 mV (Fig. 7), which indi-
cates that the synthesized AgNPs are dispersed in the medi-
um with high stability.
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Fig. 3 FESEM image of AgNPs synthesized using C. intybus extract
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In Vitro Cytotoxicity of AgNPs

Treatment of MCF-7 cells at different concentrations of
AgNPs 3.90, 7.81, 15.62, 31.25, 62.5, 125, 250, 500, and
1000 pg/ml was measured by the cytotoxicity MTT assay
within 24 h. According to the data in Fig. 8, it can be indi-
cated that the cell line cytotoxicity has dose-dependent man-
ner. After increasing the concentration of AgNPs, the cell
viability was decreased. The produced AgNPs at 1000 ng/
ml concentration exhibited 85% inhibition of MCF-7 cell
proliferation, which was significantly different with the un-
treated cells as control group (P < 0.001). However, the low-
est suppressions in cell growth at 3.90, 7.81, 15.62, 31.25,
and 62.5 pg/ml concentrations indicated no significant dif-
ferences in comparison with the control group (P> 0.05). In
addition, half maximal growth inhibitory concentration

150 nm Mag =35.970 KX DayPetronic Company E
—
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Mean 17.17
StDev  14.20
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1504 . 2
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10 15 20 25 30 35 40 45 50 55 60 65 70 75
Particle Size (nm)

Fig. 4 TEM images of AgNP-C. intybus in different magnifications (a—c), and histogram of particles size (d)
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Fig. 5 EDX spectrum of the

green synthesized AgNPs. A 1000
strong peak at ~ 3 keV indicates

the greatest ratio of the elemental 900
Ag signals
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(ICsp) value measured for MCF-7 cells was 507.58 pg/ml for
AgNPs after 24 h. Different factors such as shape, size, com-
position, surface hydrophobicity, and surface charge of
nanoparticles are respectively important aspects that affect
the cytotoxicity of nanoparticles [27]. A significant number
ofinvestigated in vitro studies have detected the cytotoxicity
of silver nanoparticles on different cancer cell lines. Abd
Kelkawi et al. indicated the dose- and cell line-dependent
cytotoxicity effect of AgNPsusing Mentha pulegium extract
on HeLaand MCF-7 cancer cell lines. More than 58 and 47%
mortalities were observed after 48 h exposure of MCF-7 and
HeLacells, respectively, to 100 pg/ml AgNPs [28]. Potential

keV
.00

anticancer properties of AgNPs from Chaenomeles sinensis
extracts were reported against MCF-7 cells [29]. Ag" ions
released from AgNPs could contribute to cell cytotoxicity
via different damaging mechanisms such as decrease cell
membrane integrity and enhanced permeability, and they
can increase in cell apoptosis induced by the DNA damag-
ing. Also, silver ions bind to thiol groups in proteins,
resulting in protein deactivation. Moreover, recent reports
suggest that green synthesized silver nanoparticles can trig-
ger cell growth by the generation of reactive oxygen species
(ROS) [30, 31]. Abundance of ROS can affect the different
processes in cells such as alteration in gene expression, DNA
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Fig. 6 XRD pattern of AgNPs synthesized using C. intybus extract
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Results
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Fig. 7 Zeta potential of synthesized AgNPs fabricated using aqueous leaf extract of Cichorium intybus

damage, activation of transcription factors, and promotion
of apoptosis signal transduction pathway [32]. Aceituno et
al. and his team showed that the silver nanoparticles from
Dendropanax morbifera Léveille leaves reduced cell prolif-
eration and enhanced ROS production in A549 and HepG2
cancer cell lines. They reported that ROS generation induced
by green synthesized silver nanoparticles might be related to
modification of the p38 MAPK pathway. They also reported

that the silver nanoparticles enhanced the Bax, and de-
creased Bcl-2 gene expressions and increased the percentage
of apoptotic A549 cells [33].

Determination of Apoptotic Effects in MCF-7 Cells

Currently, the functions of most anticancer therapeutic
agents were to kill the cancer cells by activation of apoptosis

Fig. 8 Viability percentage of the AgNPS
breast cancer MCF-7 cells after 120
incubation for 24 h with various
concentrations of the AgNPs 100
*%
x 80
.4;} *kk
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[34]. Apoptotic pathway is basically regarded as a pro-
grammed cell death, which includes several changes in mor-
phology of the cells, including activation of caspases, chro-
matin condensation, DNA, and nuclear fragmentation [35,
37]. In order to explore the effect of AgNPs on cell death in
MCF-7 cells, we determined cell nuclear morphology with
Hoechst staining after 24 h treatment. As shown in Fig. 9,
AgNPs-treated MCF-7 cells show an increase in the apopto-
tic features like apoptotic bodies and nuclear condensation,
while a few apoptotic characteristics were observed in the
untreated cells (control group). Recently, many investiga-
tions suggest that silver nanoparticles can initiate apoptosis
pathway via apoptotic body, chromatin condensation, and
formation of DNA fragmentation in different cancer cell
lines including Ehrlich’s ascites carcinoma (EAC) cells
[36, 38], A549 lung cancer cell line [39], breast cancer
MCF7, and MDA-MB-231 cell lines [40].

(@)

(b)

Fig. 9 Photographic record of Hoechst-stained apoptotic cells after
AgNPs treatment of MCF-7 cells. Here, a untreated MCF-7 cells and b
MCE-7 cells treated with AgNPs (507.58 pg/ml)
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Fig. 10 Flow cytometric analysis by annexin V-FITC/PI staining. a
Untreated MCF-7 cells. b AgNPs-treated cells. MCF-7 cells with
annexin V-FITC—/PI- (lower left quadrant), considered as viable cells.
Cells with annexin V-FITC—/PI+ (upper left quadrant) was indicated as
necrotic cells. The lower right quadrant (annexin V-FITC+/PI-) was
labeled as early apoptotic cells, and the upper right quadrant (annexin
V-FITC+/Pl+) was represented late apoptotic MCF-7 cells

In comparison to apoptosis, necrosis, a pathological cell
death, is characterized by nuclear dissolution, inflammatory,
cell swelling and scarring [41, 42]. Triggering cell death aid
by apoptosis pathway plays a crucial role in cancer therapy
approaches [43]. In this study, the percentage of apoptotic and
necrotic cells due to AgNPs treatment was evaluated by an
annexin V-FITC/propidium iodide apoptosis assay. As
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Fig. 11 The flow cytometric analyses of cell cycle distribution in MCF-7 cells a without treatment (control) and b after treating with AgNPs for 24 h

depicted in Fig. 10, the upper left quadrant (Q1) and lower left
quadrant (Q4) depict the percentage of necrotic and viable
cells, respectively. Nevertheless, the Q2 (upper right quadrant)
and Q3 (lower right quadrant) represent the percentage of
carly and late apoptotic cells, respectively.

After 24 h exposure to AgNPs, flow cytometry analysis of
annexin/PI staining in untreated and treated MCF-7 cells is
shown in Fig. 10. MCF-7 cells treated with AgNPs had
4.23% early stage apoptosis and 54% late stage apoptosis,
compared to untreated ones in MCF-7 cell line. In our previ-
ous study, we indicated the AgNPs produced using Artemisia
tournefortiana Rchb cytotoxicity against human colon cancer
HT29 cells. Approximately, 11 and 9% enhancement was
shown in early and late apoptosis in the cancer cells [20].
However, in our work, MCF-7 cells exposed to AgNPs had
4.23 and 54 % in early and late stage of apoptosis, respective-
ly. In accordance with the annexin V/PI assay result, cell death

including apoptosis, not necrosis, was the main route in
AgNPs-activated cytotoxicity. To extend our studies about
apoptotic effects of AgNPs, the flow cytometric analyses of
cell cycle data in cancer cells exposed to AgNPs were inves-
tigated. As shown in Fig. 11a, untreated cells revealed healthy
growing cells, while AgNPs-treated cells indicated an en-
hancement in the cell population at sub-G1 phase which led
to triggering of apoptosis pathway in cells.

We further expanded the apoptotic activity of our nanopar-
ticles by determining a mechanism involving the apoptotic
pathway in AgNPs-induced caspase 3 response in MCF-7
cells. Caspases are aspartate-specific cysteine protease en-
zymes that have significant role in regulation of apoptosis
pathway. It was confirmed that caspase 3 proteins have a sig-
nificant role in nuclear morphological and biochemical chang-
es in apoptotic cells [44, 45]. Figure 12 shows the increase in
the levels of caspase 3, a pro-apoptotic marker, the activity of

Fig. 12 The activity of caspase 3 1.6
was enhanced after AgNPs-
exposed MCF-7 cells, which 1.4
indicates that apoptosis pathway 12
&
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=}
9
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nanoparticle-exposed cancerous cells, showed that AgNPs ex-
ecute cell death by triggering apoptosis cascade. Baharara et
al. [46] reported the apoptotic potential of silver nanoparticles
fabricated with Zataria multiflora leaf extract in HeLa cells.
They showed an enhanced level of caspase 3/9 activation in
the cancerous cells.

Conclusions

This work proposed the simple cost-effective and eco-friendly
green synthesis of AgNPs using the aqueous extract of C.
intybus. As observed from TEM micrograph, spherical-
shaped AgNPs have an average size of 17.17 nm. The pro-
duced AgNPs showed promising in vitro cytotoxic activity
against human breast cancer MCF-7 cells. Enhancement in
caspase 3 activity, cell cycle arrest in subG1 phase, and in-
crease in the nuclear fragmentation features in AgNPs-
exposed MCF-7 cells suggest the possible impact of AgNPs
in inducing apoptosis pathway. In conclusion, the produced
AgNPs triggered potent anticancer activity toward MCF-7
cancer cells, suggesting their significance for different phar-
maceutical and biomedical applications.
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