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Abstract

Silver nanoparticles (Ag-NPs) are considered as one of the most common materials that are used for various types of bio-
medical applications, especially as anticancer agent. In our present work, Ag-NPs were successfully synthesized by using
Artocarpus heterophyllus leaf extract as a source of reducing and stabilizing agents. The structural characterization was
carried out using X-ray diffraction technique and found that the synthesized Ag-NPs were face- centered cubic with an
average crystallite size of 20 nm. The elemental nature of Ag and other biogenic components were further evidenced from
the energy dispersive X-ray spectroscopy analysis. The functional groups of the organic compounds that were responsible
for reducing and capping agents and the presence of stabilizing agents on the surface of Ag-NPs were evidenced from
the Fourier transform infrared spectroscopy analysis. The surface morphology of the biogenic Ag-NPs was monitored
by using field emission scanning electron microscopy technique. The anticancer efficacy of the synthesized Ag-NPs was
evaluated from the cell viability test considering two cell lines, HeLa cell which is a human carcinoma cell and Vero cell
which is a normal cell. The results showed that the synthesized Ag-NPs exhibited more toxicity against carcinoma cell
than normal cell indicating their potentiality as an anticancer material.
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1 Introduction

Nowadays cancer is the foremost cause of humanoid death
for its crucial bearing on regular cells and rapid growth of
abnormal cells that grow beyond their traditional bound-
ary which banquet over the organs [1]. Actually, cancer is
a generic term that can distress several parts of human
body part and substitute by the term of malignant tumors
and neoplasms [2]. Moreover, cancer is a symbol of death
for their uncontrolled behavior on humanoid external
and internal cell line [3]. In 2018, about 9.6 million deaths
was happened worldwide due to cancer, particularly lung

cancer, breast cancer, liver cancer, colorectal cancer and
skin cancer that are predominantly responsible for this
enormous death [4].

Transformation of normal cell into tumor cell through-
out a multistage process is the fundamental fact of can-
cer disease [5]. Including internal agent, various external
agents such as physical carcinogen, chemical carcinogen
and biological carcinogen are mainly liable for cancer cell
materialization [6]. Early detection and appropriate diag-
nosis are very indispensable for selecting effective and
smooth method of cancer curative treatment [7]. There are
a number of renowned techniques of cancer treatment
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such as surgery, radiotherapy and chemotherapy and all
of them have unwelcome side effect [8]. Currently, nano-
medicine is an effective and side effect free treatment way
where nanoparticles play a vigorous role in whole process
[9]. Ag-NPs are one of the probable applicants of cancer
treatment scheme for their cell interaction and effective
accomplishment on respiratory chains system [10]. This
is the prominent metallic nanoparticle of DNA damaging
process by forming reactive oxygen and ATP suppressing
[11]. The main mechanism of DNA damaging is endocyto-
sis which is a microbiological process and this is extremely
vigorous on cancer cell comparing with normal cell [12].
Ag-NPs are also well known for their nontoxicity and eco-
friendly impression [13]. There are numerous processes
of synthesize of Ag-NPs such as physical, chemical and
bio-synthesis, among them bio-synthesis is low cost and
environmentally benign because there is no need of high
price equipment and chemical reagent for this synthesize
process [14].

In recent past, numerous research groups have claimed
their successful synthesize of Ag-NPs from leaf extract of
several trees such as Desmodium triflorum, Moringa oleifera
and Cinnamomum camphora [15]. These bio-synthesized
Ag-NPs are more unchanging than chemical and physi-
cal synthesized nanoparticles due to their attachment
of various organic components on the surface of Ag-NPs
originated from leaf extract which is actually the source of
reducing and stabilizing agent [16]. This stability of Ag-NPs
opens a new door in drug delivery system especially in
cancer treatment mechanism [17]. Therefore, it was aimed
in the present study to evaluate the anticancer efficacy
of biogenic Ag-NPs which were synthesized via a facile,
low-cost and environmentally friendly way. Herein, we
have synthesized Ag-NPs from the reduction of Ag* using
Artocarpus heterophyllus (Jackfruit) aqueous leaf extract
as a reducing and stabilizing agent. Jackfruit is national
fruit of Bangladesh and its leaves are important source of
different organic compounds which are responsible for
reduction and stabilization of Ag-NPs [18]. The anticancer
efficacy of the biogenic Ag-NPs was evaluated from their
in vitro cytotoxicity assessment against human carcinoma
cell (HeLa cell) taking as a model carcinoma cell which was
then compared against a normal cell (Vero cell).

2 Experimental
2.1 Materials

Jackfruit leaves were collected from the University of
Dhaka campus, Dhaka, Bangladesh and AgNO; was pur-
chased from Wako pure chemical company. Hela cell (can-
cer cell) and Vero cell (normal cell) were collected from
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the American type culture collection (Canada and USA).
Dulbecco’s Modified Eagles’ medium was obtained from
Sigma (ST. Louis, MO, USA). Fetal bovine serum was col-
lected from Biosera (Kanas city, MO, USA). Trypan blue
strain (4%) solution was obtained from Bio-Rad (Hercules,
CA, USA). All other chemicals and reagents were highly
methodical grade.

2.2 Synthesize of silver nanoparticles

Fresh leaves of Artocarpus heterophyllus (Jackfruit) were
collected locally from University of Dhaka campus and
washed several times with tap water followed by de-ion-
ized water in order to remove the dust particles and then
oven dried at 80 °C to remove the residual moisture and
grinded to form powder. Then leaf extract was prepared by
mixing 5 g of leaf powder with deionized water in a 100 mL
of beaker. The solution was heated at 100 °C for 60 min
and cooled at room temperature. The solution was then
filtered and the filtrate termed here as leaf extract. 20 mL
of leaf extract was added to 80 mL of | mM AgNO; solution
dropwise. Then the solution was stirred with a magnetic
string at 90 °C and different color change was observed
with naked eyes. Experiment was continued until the
color of solution was changed from yellow to blackish and
required time was about one and half hour. After cooling
the mixture (1 h) the colloidal solution was centrifuged at
4000 rpm for 10 min. The procedure was repeated many
times for producing sufficient amounts of Ag-NPs. Finally,
a well-marked pellet was obtained which was washed with
deionized water. Then it was dried at 70 °C and collected
for further analysis. The schematic flowchart for the syn-
thesis of Ag-NPs is represented at Fig. 1.

2.3 Characterization of silver nanoparticles

The crystalline phase and crystallite size of the synthe-
sized Ag-NPs were measured from the X-ray diffraction
(XRD) analysis. The XRD patterns were recorded in the
powder state of the materials using an X-ray diffractom-
eter (PHILIPS PW 3040 X'Pert PRO, Netherlands) equipped
with CuK, radiation (\=1.5418 A). The elemental analysis
of the sample was obtained from energy dispersive X-ray
(EDX) spectroscopy measurements performed by a JEOL
JSM 7600 F instrument (Japan), using an acceleration volt-
age of 15 kV and an emission current of 12 mA. The pres-
ence of functional groups originating from the aqueous
extract of Artocarpus heterophyllus which are responsible
for the reduction and stabilization of Ag-NPs and their
conjugation with Ag-NPs were evaluated from Fourier
transform infrared (FT-IR) spectral analysis recorded on an
FT-IR spectrometer (Jasco-FTIR-6300, Japan) in the wave-
number region of 4000-400 cm™". The surface morphology
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Fig. 1 Schematic diagram of preparation of Artocarpus heterophyl-
lus leaf extract mediated Ag-NPs

was monitored by field emission scanning electron micros-
copy using a JEOL model JSM 7600 F instrument (Japan)
applying an acceleration voltage of 15 kV and an emission
current of 12 mA.

2.4 Cytotoxicity of silver nanoparticles

The cytotoxicity of Ag-NPs was evaluated from the cell
viability experiment following Trypan blue exclusion assay
[19]. The cells were cultured at 37 °C in DMEM medium
supplemented with 10% FBS in a saturated incubator with
5% CO, in 25 cm? culture flasks. Ag-NPs were then taken
into the flasks and incubated for 48 h. Fresh medium was
added in every treatment prior to treatment. After 48 h,
the cell viability was measured using Bio-Rad automated
cell counter (Herculis CA, USA). Cell viability was expressed
as percentage of the total cell counts against the stained
cell counts. Each experiment was performed at least three
times to make sure the reproducibility of the data.

3 Results and discussion
3.1 X-ray Diffraction (XRD) analysis

The crystalline nature of biogenic Ag-NPs was confirmed
using XRD technique and the corresponding Rietveld
refinement XRD patterns are shown in Fig. 2.

The diffraction peaks were obtained at the 20 values
of 38.11°,44.33°,64.35° 77.62° and 82.33° corresponded
to the planes (111), (200), (220), (311) and (322) respec-
tively. This suggested that the prepared Ag-NPs were
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Fig.2 XRD patterns of the green synthesized Ag-NPs

face-centered cubic crystal lattice [20]. In addition, the
unsigned peaks (marked as *) may be associated with the
bio-molecules which were originated from the jackfruit
leaf extract and acted as capping agents that promote
the stability of the Ag-NPs. The average crystallite size of
the prepared samples was determined from the strongest
peak of XRD profile using Scherrer’s formula [21]. The cal-
culated crystallite size was found about 20 nm. The lattice
constant calculated from XRD pattern has been found to
be a=0.4096 nm, which is consistent with the standard
value a=0.4086 nm. The obtained data showed good
agreement with the database of the International Centre
for Diffraction Data (ICDD) card no. 87-0597.

3.2 Energy Dispersive X-ray (EDX) Spectral analysis

Elemental analysis of the synthesized Ag-NPs was per-
formed using EDX spectra analysis and is shown in Fig. 3.
The EDX profile showed strong signals for silver atoms.
The strong signal peak at 3 keV in the EDX spectrum was
typical of the absorption of silver [22]. Interestingly, some
other elements such as C, Cl and O were also detected. C
and O and are very likely associated with the organic com-
pounds from the extract adsorbed on the surface of Ag-
NPs which play a crucial role in the reduction and stability
of Ag NPs. Cl may also come from the leaf extract solution.

3.3 Fourier Transform Infrared (FT-IR) spectra
analysis

The FT-IR spectra of the dried sample of Artocarpus het-
erophyllus (jackfruit) leaves powder and synthesized
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Fig.3 EDX image showing the presence of Ag-NPs and bioorganic
components of Artocarpus heterophyllus leaf extract

Ag-NPs were recorded by an FT-IR spectrophotometer
in the region of 4000-400 cm™' and shown in Fig. 4a, b
respectively. FT-IR measurements were carried out in order
to identify the possible bio-molecules responsible for the
reduction of the Ag™ ions and capping agents that stabilize
the Ag-NPs. Figure 4a represents the FT-IR spectrum of the
Artocarpus heterophyllus leaf (jackfruit leaf) powder and
the peaks were obtained at 478, 659, 1068, 1242, 1321,
1379, 1433, 1627, 2856, 2924, 3435, 3693 and 3768 cm ™.
The corresponding organic functional groups for peak val-
ues were might be 478 cm™' for C-X (alkyl halide), 659 cm™
for C-Cl (alkyl chloride), 1068 c¢m™ for O-H (alcohol) or C-F
(alkyl fluoride), 1242 cm™, 1321 cm™" and 1379 cm™ for
different types of amine group (N-H), 1433 cm™ for -C-H
(alkane) or C=C (aromatic), 1627 cm~' for C=C (alkene)
or C=0 (carbonyl), 2856 cm™" and 2924 cm™" for alkanes,
3435 cm™' for N-H (amine), 3693 cm™' and 3768 cm™' for
O-H (alcohol) [23-25]. It is possible that the terpenoids
also contributed to the reduction of the silver ions and,
in the process, are oxidized to carbonyl groups that thus
resulted in a band at 1627 cm™". On formation of Ag-NPs,
the peak corresponding to the amine band at 1242 cm™'
has broadened and indicates capping of the Ag-NPs by
the protein [26]. It is well-known that proteins can bind
to Ag-NPs through free amine group residues in the pro-
teins [27]. A similar mechanism could be operating in the
present case where proteins extracted from the P. graveo-
lens leaf cap the Ag-NPs, thereby stabilizing them [28]. It
is evidenced that plants secrete a number of secondary
metabolites covering a range of organic structures.
Figure 4b depicted the leaf extract mediated Ag-NPs
and the obtained peaks are corresponded to 503 cm™'
for (alkyl halide), 1103 cm~! for (alcohol) or C-N (amine),
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1382 cm™' for C-H (alkane) or C-F (alkyl halide), 1622 cm™
for C=C (alkene) and 3466 cm~" for O-H (alcohol) or N-H
(amine) [26, 271]. It is certainly possible that a number of
other bio-organic compounds can exist in solution and
participate in the reduction of silver ions and in the stabi-
lization of the nanoparticles thus formed by surface cap-
ping. Efforts are currently underway to isolate the different
bio-organic fractions in the jackfruit leaf broth and test
them individually for silver ion reduction and binding with
the nanoparticles.

3.4 Field emission scanning electron microscopy
(FESEM) analysis

The surface morphology of the synthesized Ag-NPs was
monitored using field emission scanning electron micros-
copy (FESEM) technique and shown in Fig. 5. The FESEM
image of Ag-NPs demonstrated that the synthesized Ag-
NPs are almost uniformly distributed with some agglom-
eration. An intense look depicted that most of the Ag-NPs
below the size of 50 nm. However, some large particles
are viewed probably resulted from the agglomeration of
small ones. The large particle may be removed through
heat treatment. The lower agglomeration is might be due
to the presence of capping agents present on the surface
of Ag-NPs, which is also evidenced from the EDX and FT-IR
analyses.

3.5 Cytotoxicity of synthesized silver nanoparticles

The cytotoxicity of Ag-NPs was assessed from the cell via-
bility test taking two cell lines taking Hela cell, a human
carcinoma cell and Vero cell, normal cell as shown in Figs. 6
and 7. The synthesized Ag-NPs were exposed to the cell
lines at different concentrations. The Ag-NPs were found
to be active against two different cell lines at different con-
centrations. From the cell viability experiment it is found
that the synthesized Ag-NPs are found to be non-toxic up
to 10 mg/L as shown in Fig. 6.

The cell viability experiment also showed that the cell
viability was found to be decreased after the exposure of
20 mg/L for Hela cell and then decreased following the
concentration dependent manner. In case of Vero cell, the
cell viability was found to be decreased at an exposure
of 50 mg/L and then decreased with the increase in con-
centration as shown in Fig. 7. The cytotoxicity test proves
that the biogenic Ag-NPs was found to be effective against
cancer cell than normal cell indicating the safe use of Ag-
NPs up to 10 mg/L. It is also evidenced that Ag-NPs can
damage the cancer cell at a concentration of 20 mg/L
at which it cannot damage the normal cell indicating its
application as anticancer agent. The cytotoxicity results
are summarized in Table 1.
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The mechanism of cytotoxicity of Ag-NPs is still unclear
though it varies from cell to cell. Moreover, the cytotoxic
and genotoxic effect of Ag-NPs is dependent on their
concentration, size, exposure time and environmental fac-
tors. In addition, nanosilver surface-coating agents, such
as citric acid, amino acids, acetyl trimethyl ammonium
bromide and sodium dodecyl sulfate are noncovalently
attached to nanosilver particles and can be released into
the environmental and biological media with or without
interaction with biological macromolecules, and inorganic
and organic ions cause the NPs to be unstable in media.
Additionally, particle aggregation, surface oxidation to
form silver oxide and oxidation of silver oxide release both
Ag™ and Ag® into the media, which eventually results in
accumulation of ionic silver in the environmental media,
biological media and inside the cell through diffusion or
endocytosis, causing mitochondrial dysfunction. Ag-NPs
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Fig.6 Phase contrast microscopic images of Ag-NPs induced cytomorphological changes and growth inhibition of HeLa and Vero cell lines
with control and at different concentrations. a Control, b 2 mg/L, ¢ 5 mg/L, d 10 mg/L and e control, f 2 mg/L, g 5 mg/L, h 10 mg/L
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Fig.7 Phase contrast microscopic images of Ag-NPs induced cytomorphological changes and growth inhibition of HelLa and Vero cell line
with control and at different concentrations. a Control, b 20 mg/L, ¢ 50 mg/L, d 100 mg/L and e control, f 20 mg/L, g 50 mg/L, h 100 mg/L

SN Applied Sciences

A SPRINGERNATURE journal




SN Applied Sciences (2020) 2:1111 | https://doi.org/10.1007/542452-020-2929-3

Research Article

Table 1 Cell viability after the exposure of silver nanoparticles

Sl. no. Concentration of Cell visibility
Ag-NPs
Hela (%) Vero (%)

1 Control >95 >95
2 2mg/L >95 >95
3 5mg/L >95 >95
4 10 mg/L >95 >95
5 20 mg/L >83 >95
6 50 mg/L >67 >85
7 100 mg/L >35 >68

then interact with cell membrane proteins and activate
signaling pathways to generate reactive oxygen species
(ROS), leading to damage of proteins and nucleic acids
caused by the strong affinity of silver for sulfur and finally
causing apoptosis and inhibition of cell proliferation [29].

4 Conclusion

A method for Ag-NPs synthesizes by the reduction of silver
ions using Artocarpus heterophyllus aqueous leaf extract
as a reducing and capping agent has been developed.
The experimental techniques, XRD, EDX, FT-IR and FESEM
analyses demonstrated the successful synthesis of bio-
genic Ag-NPs. It was established by the in vitro test that
the synthesized biogenic Ag-NPs exhibited more toxicity
towards human carcinoma cell (Hela cell) compared to
normal cells (Vero cells). Thus, it can be concluded that the
biogenic Ag-NPs indicate their potential activity as anti-
cancer material.
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