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Nanoparticles (NPs) synthesized by laser ablation in distilled water were used to study their biological effect on normal and
cancer cells. Parameters such as cell morphology, cell proliferation and viability were examined for treated cell lines, and
the effect was represented in terms of cells cytotoxicity using standard procedures. The study reveals the higher cytotoxic
effect of nanoparticles on cancerous cells of breast, melanoma and colon origin compared to normal fibroblast cells NIH-
3T3. Furthermore, DNA fragmentation assay results demonstrated the apoptosis mediated cell death in nanoparticle-treated
cancer cells. The distinct role of nanoparticles in normal and cancer cells of different origin showed that nanoparticles were
specific to cause cytotoxicity in particular cancer cells type. NPs exhibit cytotoxic effects in cancer cells by inducing
apoptosis. These studies provide fundamental evidence for the easy, simple and safe mode of nanoparticles synthesis and
their application in cancer cells death.
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1. Introduction

Studying nanoparticles and using them in various applica-
tions is quite common among the material scientists around
the globe. It is very crucial to control the size of such
nanoparticles, in whatever route is employed for their
synthesis. We have attempted here in studying the con-
trolled growth of nanoparticles, with a familiarly known
physical technique called laser ablation (Aye et al. 2010),
which gives insight on ablation and the preparation of
nanoparticles by laser ablation on copper target. Recently,
pulsed laser ablation was employed for preparation of
several metals and semiconductor materials in different
media such as vacuum, reactive gas and liquid. Using
liquid as a media, both direct ablation of a bulk target such
as gold, silver, palladium, and some materials like metal

oxide and magnetic nanoparticles were synthesized (Tilaki
and Mahdavi 2007).

Cancer is one of the leading causes of death and is con-
sidered a disease of global burden. (Siegel et al. 2014).
Despite tremendous progress in the management of cancer,
much advancement is needed to combat this disease.
Development of effective therapy with zero side-effects to
normal tissue is a major challenge. Nanomedicine-based
therapy has with enormous potential because of its safe
nature (Hubbell and Chilkoti 2012). Nanoparticles are
nanometer-size particles and considered superior to their
parent larger-sized material because they possess large sur-
face area for better attachment to target for accomplishing
cytotoxicity and other functions (Chithrani et al. 2006) such
NP-based drug delivery system, which are very specific to
the target cancer cells causing minimal or no damage to
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normal cells (Tang et al. 2014). Metal-based nanoparticles
have been reported to exhibit cytotoxic effect in cancer cells
(Dreaden et al. 2012); however, no studies had been per-
formed using CuNPs synthesized by laser ablation. The
objective of this study was to examine the cytotoxicity of
NPs in different cancer cell and compare them with normal
cells.

2. Materials and methods

2.1 Preparation and characterization of nanoparticles

The commercially available copper sheet was purchased in a
local metal shop and used as target for laser ablation. The
laser beam is focused on this sheet which was placed in a
petri dish containing 25 ml of pure water. The Nd-YAG
(Quanta Ray INDI-40-10) laser beam was used to a target
was of wavelength 1064 nm, with energy 250 mJ. This
beam was made to vertically focus on the metal target using
appropriate mirrors and lens to get sharp intense spot
(Moniri et al. 2007). The pictorial representation of ablation
setup and solutions containing nanoparticles are shown in

figure 1. Elemental analysis was done using EDAX equip-
ped SEM instrument HITACHI S3400N, USA. The particle
size distribution of the nanoparticles was analyzed using
Microtrac DLS instrument.

2.2 Cell culture and maintenance

Human ovarian cancer cell lines SK-OV3; murine Mela-
noma-B16F10; human colon Cancer- HT-29 and Murine
fibroblast cells- NIH3T3 were procured from Cell Reposi-
tory, National Centre for Cell Science, Pune, India. All cell
lines were grown in DMEM (Himedia, Mumbai India)
medium supplemented with heat inactivated 10% Fetal
Bovine Serum (FBS) (Himedia, Mumbai India) and main-
tained at 37�C in an atmosphere of 5% CO2 in 95%
humidified air.

2.3 Cytotoxicity assay (MTT assay)

The antiproliferative potentiality of NPs was performed
using MTT reagent (Himedia, Mumbai, India) as described
earlier (Yashaswini et al. 2017). Cells were seeded in 96-well
plate at 10,000 cells per well and incubated for 24 h at 37�C
to allow them to adhere to the bottom of the plate. After
24 h, media was removed and replaced with copper
nanoparticles at different concentration (5–50% volume/
volume) in a total of 150 ll volume per well in triplicates
and incubated for 48 h. After the incubation, 15 ll of MTT
reagent (5 mg/ml in 1X phosphate buffer saline) was added
in each well and incubated in dark at 37�C for 3–4 h. Sub-
sequently, the MTT reagent containing culture media was
aspirated and the formazan precipitate was formed was
dissolved in 100 ll dimethyl sulphoxide. The dissolved
formazan precipitate was measured using 96-well plate
reader at 570 nm. Cell viability was expressed as a per-
centage of the untreated control (100% cell viability). The
effect of the NPs on the viability of the cells was measured in
triplicate, and the experiments were repeated at least twice.

2.4 Detection of apoptosis by DNA fragmentation
assay

The apoptotic effect of NPs on B16F10 cells was studied
using DNA fragmentation assay. 2 9 105 cells were seeded
to each 60 mm dish containing 4 mL of media and incubated
for 24 h. 5% NPs sysnthezed was added along with fresh
media and incubated for 48 h. Cells were harvested by
scraping the adherent cells, which were then combined with
floating cells present in the culture medium. The cells were
washed with PBS followed by centrifugation at 1000 rpm
for 2 min. 500 lL of lysis buffer was added to the pellet,
mixed well until the pellet dissolved and incubated overnight
at 37�C. The top layer containing dissolved DNA was

Figure 1. (a) Ablation setup and (b) solutions containing
nanoparticles.

135 Page 2 of 8 Mahadevaiah et al.



carefully removed after centrifugation at 11,000 rpm for
10 min. The supernatant was treated with RNase (60 lg/
mL) for 1 h at 50�C. The DNA was precipitated with 0.6
volume of isopropanol. After centrifugation, the pellet was
dried completely and dissolved in TE buffer and kept at
65�C for 10 min to redissolve the DNA (Gansukh et al.
2019). The extracted DNA was run on 1% agarose gel at
80 V for 2 h, stained with ethidium bromide and the image
was documented using Bio-Rad Gel Documentation system.

3. Results

3.1 Characterization of nanoparticles

Elemental analysis using EDAX results were carried out to
confirm the presence of nanoparticles in water and also for
the copper sheet used to prepare these nanoparticles.
Figure 2A shows the EDAX of copper used in this experi-
ment and it is evident that the sheet is 99% copper. These

Figure 2. (a) EDAX recording of copper sheet used in the experiment. (b) The particle size distribution of the nanoparticles.
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recordings also quantify the percentage presence of the
nanoparticles. This was done using EDAX equipped SEM
instrument HITACHI S3400N, USA. The particle size dis-
tribution of the nanoparticles was analyzed using Microtrac
DLS instrument

The particle size distribution of solutions ablated for
various time intervals (shown in figure 2B) indicates the
intended results of size variations. The solutions of 30 min
and 120 min possessed particles ranging between 30 and
100 nm; ablation duration does influence the size of

nanoparticles and thus one can tailor the required size of a
particle by fixing the energy and controlling the time dura-
tion (figure 3). The results are given in tables 1 and 2.

3.2 Nanoparticles inhibit the cancer cell proliferation

We determined whether nanoparticles synthesized by laser
ablation had any effect on the cell proliferation of normal
cells (NIH3T3) and cancer cells (SKOV3, B16F10 and HT-

Figure 3. Elemental analysis which shows the percentage of nanoparticles for laser ablation time period of (a) 30 min, (b) 60 min, (c) 90
min, and (d) 120 min.

Table 1. EDAX results shows nanoparticles percentage weight and atom %

30 min
Elements Wt% Atom %

60 min
elements Wt% Atom %

90 min
Elements Wt% Atom %

12 min
Elements Wt% Atom %

C 50.52 61.09 C 53.06 62.98 C 69.92 80.90 C 54.90 64.43
O 36.37 33.01 O 37.58 33.49 O 13.92 12.09 O 35.49 31.26
Fe 0.51 0.13 Mg 0.31 0.18 S 16.17 7.01 F 1.03 0.76
Na 0.34 0.21 Al 0.54 0.29 – – – Al 0.89 0.49
Mg 0.27 0.16 Si 1.76 0.89 – – – Si 2.29 1.15
Al 1.53 0.82 Mo 1.16 0.17 – – – S 0.40 0.18
Si 4.79 2.48 Ca 5.60 1.99 – – – Ca 5.01 1.76
S 0.25 0.11 – – – – – – – – –
K 1.11 0.41 – – – – – – – – –
Ca 4.31 1.56 – – – – – – – – –
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Table 2. Nanoparticles surface area and size using DLS

Ablation time durations (min) Min (nm) MV (nm) MA (nm) CS (M2/CC) SD (nm)

30 1.03 1.13 1.10 5.48 0.14
60 1.25 123.00 1.44 4.18 0.08
90 1.37 1.40 1.39 4.31 0.14
120 1.76 5.75 5.29 1.13 2.10

Min is the minimum size, MV is the maximum size and MA is the average size of the particles. Here the CS is the specific surface area of particles
(M2/CC). MA is mean average diameter (in micro meter) is computed from volume determination.

Figure 4. MTT assay for cytotoxicity (%) of NPs in noncancerous NIH3T3 cell.

Figure 5. MTT assay for cytotoxicity (%) of NPs in human ovarian cancer SK-OV3 cells: (a) Representative phase contrast images of
control and NP-treated cells. (b) Bar graph showing the cell viability (%) of cells treated with different NPs of varying concentration.
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29). Nanoparticles at the concentrations of 0.5 to 5% inhibit
the cell proliferation in normal as well as in cancer cells in a
dose-dependent manner; however, a level of inhibition in
cell proliferation was minimal in normal cells in comparison
to cancerous (figure 4).

We have also compared the effect of nanoparticles syn-
thesized at variable time points of laser focusing (30, 60, 90
and 120 min) on cell proliferation. Carbon and Silica were
the present in majority of NPs synthesized at 30 min (fig-
ure 3), the effects of these NPs vary from cells to cells, and
our result showed that the ovarian cancers were maximum
effected compared to other cells at lower concentration
(figure 5A and 5B).

Carbon and sulphur nanoparticles were synthesized at
90 min (figure 7). These NPs showed the higher anti-pro-
liferative effect at low dose in ovarian cancer (figure 5).
Carbon NPs synthesized at 2 h (figure 2A) were efficient in
inhibiting the rate of cell proliferation in ovarian cancer cells
at a lower dose (figure 5) and similar effect were observed in
colon and skin cancer cells at increasing concentration of
NPs (figures 5, 6, 7). Overall, our cell lines studies signify

the distinct roles of NPs synthesized at different points in
tested normal and cancer cells of different origin, indicating
that specific NPs were effective in controlling particular
cancer.

3.3 NPs induce apoptosis in cancer cells

Since the anti-proliferative effect of anticancer agents is
tightly linked to their ability to induce apoptosis, we
investigated whether NPs could induce apoptosis in cancer
cells. Loss of cell membrane integrity, chromatin conden-
sation and DNA fragmentation are the hallmark of apoptosis
(Kaufmann and Hengartner 2001). DNA fragmentation
assay was performed in B16F10 cells to identify the mode of
cell death, i.e. apoptosis/necrosis (figure 8). The result
showed the DNA fragments detected as ladder/bands in
B16F10 cells induced by treatment of 5% NPs, indicating
that NPs induces apoptosis selectively in cancer cells. DNA
bands appear as a result of nuclear damage and is a classical
hall marks of apoptosis in cells, which is observed in

Figure 6. Comparison of cytotoxicity (%) of the murine melanoma B16F10 cells exposed to NPs done by MTT assay. (a) Representative
phase contrast images of control and NP-treated cells. (b) Bar graph showing the cell viability (%) of cells treated with different NPs of
varying concentration.
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B16F10 cells. The above findings provide the mechanistic
aspect of cytotoxicity in cancer cells which was mediated
through programmed cell death.

4. Discussion

Overall, these results suggest that varying levels of cyto-
toxicity due to nanoparticles was observed in different
cancer cell types. NPs exhibited a pronounced cell killing
effect in cancer cells without causing damage to normal
cells. NPs were capable of inhibiting the proliferation of
tumour cells. Our results suggest that possible mechanisms
of cytotoxicity in various types of cancer cells could be
different. This study provides a new perspective on cell
biology research in nanomedicine. NPs treatment should be
able to effectively target and kill cancer cells. This study
may pave the way for the simple and safe procedure of
nanoparticle synthesis and their application in the man-
agement of cancer. Assessment of apoptosis by DNA
fragmentation assay showed that DNA fragments appearing
as ladder/bands in B16F10 cells induced by treatment of

5% NPs, indicating that NPs induce apoptosis selectively in
cancer cells. DNA bands appear as a result of nuclear
damage and is a classical hall mark of apoptosis in cells,
which is observed in B16F10 cells. NPs effectively induces
apoptosis in cancer cells. The anti-proliferative potentiality
of NPs could be attributed to its induction of apopto-
sis. Further experiments can be performed to decipher the
molecular mechanism of cytotoxicity and cell death for the
better understanding of effects and successful treatment of
cancers.

Here we would like to add the historical importance
associated with miracle dip in river Ganges, which
according to the results in this study, may be due to the
presence of nanoparticles in the Ganges river. Of course,
over the years the river has been polluted. Nanoparticles
have a very large surface charge density and can very easily
get into the body through the pores regions and these have
an affinity to get attached to the cancerous or diseased cells
because of surface charge density and lead to death of
cancerous /diseased cells as per our study reported here.
This needs further investigation, and at this stage we can
only prophesy this aspect.

Figure 7. MTT assay for cytotoxicity (%) of NPs in human colon cancer HT-29 cells: (a) Representative phase contrast images of control
and NP-treated cells. (b) Bar graph showing the cell viability (%) of cells treated with different NPs of varying concentration.
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