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Objective: To synthesize silver nanoparticles by amla extract, screen the cytotoxic, oxidative
stress and apoptotic effect of silver nanoparticles (AgNPs) on Hep2 cell line (laryngeal carcinoma
cells) in vitro, and to compare the effect of Phyllanthus emblica (P. emblica) (amla) with AgNPs
synthesized by amla and 5-FU. Methods: AgNPs was synthesized by P. emblica (aqueous
extract) and nanoparticles were characterized UV-Vis spec, the presence of biomoloecules of
amla capped in AgNPs was found by FT-IR analysis, shape and size were examined by SEM

Keywords: and DLS. Cytotoxicity of experimental drugs was tested to find IC, value. ROS generation in
Amla cells have been measured by DCFH-DA staining, AO-EtBr, Rhodamine—123 staining and DNA
AgNPs fragmentation were performed to assess apoptotic cell death, mitochondrial membrane potential
Oxidative stress and apoptotic DNA damage, respectively. Oxidative stress was analyzed by measuring lipid
Cytotoxicity peroxides and antioxidants level to understand the cancer cell death by pro—oxidant mechanism.
Antiproliferation Results: PE—AgNPs was synthesized and confirmed through kinetic behavior of NPs. The shape

of PE-AgNPs was spherical and cubic since it was agglomerated, and the nanoparticle surface
was complicated. Average particle size distribution of PE—AgNPs was found to be 188 nm. Potent
biomolecules of P. emblica such as polyphenols were capped with AgNPs and reduced its toxicity.
In cytotoxicity assay the concentration in which the maximum number of cell death was 60 p g/mL
and 50 p g/mL for P. emblica (alone) and AgNPs, respectively and IC,, values were fixed as
30 pg/mL and 20 p g/mL. ROS generation, apoptotic morphological changes, mitochondrial
depolarization, DNA damage and oxidative stress was observed as more in AgNPs treated cells
than in P. emblica (30 p g/mL) (alone) treated cells and 5-FU treated cells gave similar result.
Conclusions: The results suggest that the AgNPs are capped with biomolecules of amla enhanced
cytotoxicity in laryngeal cancer cells through oxidative stress and apoptotic function on Hep2
cancer cells.

conventional chemotherapy. Recent interest has been
1. Introduction focused on developing nanoscale delivery vehicles, which
are capable of controlling the release of chemotherapeutic

Cancer is considered as one of the most deadly disease in  agents directly inside cancer cells[ll. Nanomaterials are

the world with high mortality. Since there are many cancer
therapies available, chemotherapy has become an integral
component of cancer treatment for most cancers. In the area
of oncology drug discovery, conventional chemotherapeutic
agents still exhibit poor specificity in reaching tumor tissue
and are often restricted by dose—limiting toxicity. The
combination of developing controlled-release technology
and targeted drug delivery may provide a more efficient
and less harmful solution to overcome the limitations in
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expected hopefully to revolutionize the cancer diagnosis
and therapy. Nanoscale particles decorated with multiple
functionalities are able to target and visualize tumor site
via an imaging technology, thereby allowing for the early
detection of cancer. Furthermore, intelligent nanosystems
can be constructed as controlled delivery vehicles which are
capable of delivering anticancer drugs to a predetermined
site and then releasing them with a programmed rate, which
can improve therapeutic efficacyl2l.

In inorganic nanoparticles, metal nanoparticles have
received considerable attention in recent years because
of their unique properties and potential applications in
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catalysis, photonics, optoelectronics, biological tagging
and pharmaceutical applications. A number of approaches
are available for the synthesis of silver nanoparticles
(AgNPs). For example, silver ions are reduced by chemical,
electrochemical, radiation, photochemical methods,
Langmuir—Blodgett and biological techniques/3-91. Among
these methods, biological synthesis is a good way to fabricate
benign nanostructure materials. Biological technique is
less toxic and eco friendly, in the synthesis of nanoparticles
capping agents are used. Capping agent is absorbed by
nanoparticles. They are usually organic molecules, and used
to aid stabilization of nanoparticles. Silver nanoparticles
were synthesized by various plant materials as capping
agents such as papayall0] and neemi!!l]. Polyphenols of
Phyllanthus emblica (P. emblica) includes hydrolysable
tannins, flavonoids, alkaloids, gallic acid, ellagic acid
and quercetinl12], and this plant exhibits antioxidantl13],
adaptogenicl!4], and hepato—protective actionl!5]. Due to the
existence of the conjugated ring structures and hydroxyl
groups, many phenolic compounds have the potential
to function as antioxidants by scavenging superoxide
anion(16] and singlet oxygenl!7l. Metal nanoparticles can be
synthesized in the average size of more than 50 nm, therefore
their large surface area has the ability to carry a relatively
high drug dose. Functionalizing the surface of conventional
metallic nanoparticles like gold and silver to carry drugs is
under investigation.

In the present study, we have made an attempt to
investigate the anticancer effect of PE—AgNPs and drug
delivery efficacy of Ag nanoparticles on Hep2 (laryngeal
epidermoid carcinoma, a common malignant tumor of
head and neck)i18] cell line which has not been previously
studied. The biological applications of silver nanoparticles
(AgNPs), antimicrobial properties in particular have been
widely studiedi19]. AgNPs are known to be cytotoxic to
both normal and cancer cells in mammals[20] and the
modes of interactions of AgNPs have been investigated
in different prokaryotic and eukaryotic systems[21-23],
Since nanoparticles (NPs) are more biocompatible than
the conventional therapeutics, they are exploited for drug
encapsulation and delivery[24l. It has been stressed over
the years that size reduction of NPs play an important role
in improving their bioavailability as well as compatibility
for therapeutical applications in diseases like cancerl25].
Silver nanoparticles (AgNPs) have a great potential in cancer
management because it selectively involved in disruption
of the mitochondrial respiratory chain by AgNPs leading to
production of ROS and interruption of ATP synthesis, which
in turn cause DNA damagel2621]. Based on the conflicting
results, here is an urgency to evaluate cytotoxicity and
apoptotic properties of PE—AgNPs on hep2 cells. In order
to study the properties of PE—~AgNPs to induce apoptosis
in cancer cells, it was compared with a standard reference
drug 5—flourouracil (5-FU) and we also compared P. emblica
fruit extract (alone) with its encapsulated AgNPs. For this
study, we employed a well characterized AgNPs to access
its apoptotic function via its cytotoxicty and oxidative
stress. Dose was fixed and applied in the Hep2 cells by
the cytotoxicity test. Based on this study and our ability to

access the interaction and interference with a wide range
of biological functions, PE-AgNPs employed in the present
study provide a unique opportunity to investigate oxidative
stress, intracellular ROS generation, apoptotic bodies and
apoptotic DNA fragmentation, and mitochondrial membrane
potential and toxicity in human laryngeal carcinoma cells
(Hep2 cell line). Though the AgNPs induces mitochondrial
mediated apoptosis(27], we have made an attempt to cap
the AgNPs with potent biomolecules of P. emblica and we
assessed the toxicity and examined the apoptotic function of
PE—-Ag NPs which comprised of biomolecules of P. emblica
and silver precursors.

2. Materials and methods
2.1. Silver nanoparticles

The silver nanoparticles were synthesized using previously
published procedure in which AgNPs were produced through
ion reduction and subsequent stabilization using aqueous
extract of P. emblica fruits. In this method P. emblica
pericorps were initially rinsed thrice in distilled water and
dried on paper toweling. About 25 g of fruit were cut into
fine pieces and boiled with 100 mL sterile distilled water for
5 minutes and filtered through Whatman No.1 filter paper
twice. The filtrate was stored at 4 ‘C and used for the present
study. About 10 mL of aqueous fruit extract was added into
the 100 mL aqueous solution of 1 mM AgNO, (AR)(28]. The 100
mL of 1 mM silver nitrate solution was reduced using 10 mL
of P. emblica extract at room temperature within 10 min.
Ag" ion reduction was monitored by measuring the UV-vis
spectrum of the reaction medium at various time intervals
(5 min to 78 h) in room temperature. The pellet of AgNPs
obtained after centrifugation was air dried and mixed
with KBr and the KBr—AgNPs pellet was subjected to FT—
IR to ensure the formation of silver nanoparticles with
encapsulation of biomolecules of P. emblica. A scanning
electron microscope was used to record the micrograph
images of synthesized AgNPs, the particle size distribution
of AgNPs was evaluated using dynamic light scattering
measurements. These well characterized silver nanoparticles
were further used for cytotoxicity and oxidative stress on
cancer cells.

2.2. Cell culture

The human laryngeal carcinoma cell line (Hep2) was
purchased from National Centre for Cell Science, Pune,
India. The cells were cultured as monolayer in MEM
supplemented with 10% FBS, 1% glutamine and 100 U/mL
penicillin—streptomycin at 37 ‘C in 5% CO, atmosphere,
stocks were maintained in 25 cm?® tissue culture flasks. A
stock solution of PE (1 mg/mL) and PE-AgNPs (1 mg/mL)
was prepared in 0.5% dimethyl sulphoxide (DMSO) (w/v) and
stored at 4 “C further dilution was made in culture media to
obtain the desired concentrations. The final concentrations
of DMSO in the culture medium were not more than 0.01%
(v/v). 0.01% DMSO was used as a sham control.
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2. 3. Cytotoxicity assay

Cells were treated with different concentration of PE
and PE-AgNPs (1, 5, 10, 20, 30, 40, 50 1 g/mL) and the
cytotoxicity was observed by (3—-4, 5—dimethyl thiazol-
2yl)-2, 5—di phenyl tetrazolium bromide (MTT) assay. MTT
assay was first proposed by mossmon(29]. IC, value was
calculated and optimum dose of PE and PE-AgNPs was
fixed in this assay for further study. It is a colorimetric assay
for measuring the activity of enzymes that reduce MTT to
purple color. Formazan product is directly proportional to
viable cells. 10 p L of MTT solution (5 mg/mL in PBS) was
added to each culture well after 24 hours of incubation
with PE and PE-AgNPs treatment. The color was allowed to
develop for additional 4 hours incubation. An equal volume
of DMSO was added to stop the reaction and to solubilize the
blue crystals. The absorbance was taken using UV-visible
spectrophotometer (Elico SL159, India) at a wavelength of
570 nm. OD value was subjected to sort—out percentage
of viability by using the following formula, OD value of
experimental samples.

0D value of experimental sample (AgNPs)

Percentage of cell viability= -
0D value of experimental control (untreated)

2. 4. Cell treatment

The Hep2 cells were treated with PE and PE-AgNPs in the
following concentrations as revealed by MTT assay. They are
Group [ — Control (untreated cancer cells), Group I - Hep2
cells (30 p g/mL PE), Group III — Hep2 cells + 20 ¢ g/mL
PE-AgNPs and Group IV — Hep2 cells + 30 p g/ml, 5-FU.
After treatment they were incubated at 37 C in 5% CO,
incubator after 24 h incubation. The cells were harvested by
trypsinization for further experiments.

. 5. Reactive oxygen species generali
2. 5. Reactive oxygen species generation

Reactive oxygen species was assessed following the
procedure described by Jesudason et all30l. Cells were
seeded in 96 well plate and incubated with PE extract
(30 p g/mL), PE—AgNPs (20 p g/mL) and 5-FU (30 g g/mL
for 24 h. After incubation, fluorescent dye 2, 7"-
dichlorfluorescein—diacetate (DCFH-DA) a non—fluorescent
probe that can penetrate into the intracellular matrix of cells,
was added to the cells. It was oxidized by ROS to fluorescent
dichlorofluorescein (DCF) which were then kept in incubator
for 30 min. Then the cells were washed with PBS to remove
the excess dye.

2. 6. Mitochondrial membrane potential
Mitochondrial membrane potential was evaluated following

the procedure described by Bhosle et ali31] using the
Rhodamine—123 (Rh-123) which is a lipophilic cationic dye,

highly specific for mitochondria. The cells were seeded in
96 well plate and treated with PE (30 1 g/mL), PE—AgNPs
(20 p g/mL) and 5-FU (30 p g/mL) and incubated for 24 h.
After incubation of the cells, fluorescent dye Rh—123
(5 mmol/L) was added to the cells and kept in incubator for
30 min. Then the cells were washed with PBS and viewed
under fluorescent microscope using blue filter.

2.7. Apoptotic morphological changes

The apoptotic bodies which were the result of treatment
with PE-Ag NPs was assessed by the method of Lakshmi
et ali32. Apoptotic nuclei exhibits typical changes such as
nuclear condensation and fragmentation were stained by
AO/EtBr to know the dead apoptotic cells. Cells were treated
with PE (30 ¢ g/mL), PE~AgNPs (20 p g/mL) and 5-FU
(30 g g/mL), and incubated in CO, incubator for 24 h. The
cells were fixed in methanol: glacial acetic acid (3:1) for 30
min at 37 ‘C. The cells were washed with PBS and stained
in 1:1 ratio of AO/EtBr, stained cells were immediately
washed and viewed under a fluorescent microscope with a
magnification of 40x.

2. 8. Apoptotic DNA fragmentation

Apoptotic DNA fragmentation is a key feature of
programmed cell death and also occurs in certain stages
of necrosis. DNA damage was estimated by agarose gel
electrophoresis of DNA fragmentation(33l. Hep2 cells were
treated with PE (30 p g/mL), PE-AgNPs (20 p g/mL)
and 5-FU (30 p g/mL). Treated and untreated cells were
collected by centrifugation at 3 000 rpm for 15 min at 4 C.
The cell pellet was suspended in cell lysis buffer (Tris Hel
10 mmol/L pH 7.4, Triton—x100, 0.5%) and kept at 4 'C for
10 min. The lysate was centrifuged at 25 000 rpm for
20 minutes. The supernatant was incubated with RNAase of
40 pg/L at 37 'C for 1 h then incubated with proteinase K
40 pg/lat 37 °C for 1 h. To the final aqueous phase 40 . L.
of 3.5 M ammonium acetate was added, to this ice cold
isopropanol was added and centrifuged at 25 000 rpm for
15 min and dried. After drying, DNA was dissolved in TE
buffer and separated by 2% agarose gel electrophoresis at
100 V for 50 min and the DNA Damage was analyzed by gel
documentation (alpha innotech image analyzer).

2. 9. Lipid peroxidation

Accumulation of lipid peroxides in the cell is associated
cellular stress which leads to cancer cell death. The cells
were harvested by trypsinization, the cell pellet obtained
was suspended in PBS. The suspension was taken for
biochemical estimations. The level of lipid peroxidation
was determined by analyzing TBA-reactive substances
(TBARS)341. The pink chromogen formed by the reaction of
2-TBA with breakdown products of lipid peroxidation was
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measured.
2. 10. Antioxidants

Superoxide dismutase (SOD) activity was assayed(35] based
on the inhibition of the formation of reduced nicotinamide
adenine dinucleotidephenazine methosulphate—NBT
complex. Catalase (CAT) activity was assayed(36] by
quantifying the hydrogen peroxide after reacting with
dichromate in acetic acid. The activity of glutathione
peroxidase (GPx) was assayed by a known amount of enzyme
preparation was allowed to react with hydrogen peroxide
and reduced glutathione (GSH) for a specified period(37l.
Then, the GSH content remaining after the reaction was
measured. The total GSH content was measured based on
the development of a yellow color when 5”5—dithiobis—
2-nitrobenzoic acid was added to compound containing
sulphydryl groupsi38l.

2.11. Statistical analysts

The statistical analysis was done among the experimental
groups with control and normal groups using SPSS software
Version 16 (SPSS Inc., Chicago, IL, USA). The One—way
ANOVA was done for expressing experimental significance
of the present study. Statistical significance was accepted
at a level of P< 0.05.

3. Results
3.1. Nanoparticle synthesis and characterization

When aqueous extract of P. emblica was added to silver
nitrate solution and stirred for 1 h, the resultant solution
was brownish orange (Figure 1). The change in colour
(brownish orange) is due to excitation of the surface plasmon
vibration of the metal nanoparticles. The SPR bands of
silver colloid for different intervals were appeared at 428
to 438 nm and the A is red shifted from 428 to 438 nm
(Figure 2). Subsequently, the particles were capped with
polyphenols present in the P. emblica, these biomolecules
stabilized nanoparticles and capping of potent biomolecules
was confirmed by FTIR. FT-IR analysis revealed the strong
bands at 3 387, 1 725, 1 619, and 1 058 cm ™. Similarly
band at 3 387 ¢cm™' due to functional group in alcohols
and phenolic compounds shifted to 3 425 em™ for silver
nanoparticles. For bands 1 725 cm™ and 1 619 cm™ in the
curve shifted to 1 747 em™. The band at 1 725 cm™ band
shifted to 1 747 ecm™ (carbonyl groups) and the weaker band
at 1 249 cm™' shifted to 1 316 em™ (C—0 Stretching). The
band at 1 058 cm™ was shifted to 1 020 ecm™ (C—0-C and
C—OH vibrations of the protein). In FT-IR spectra the band
shifted at 1 725, 1 619, and 1 058 cm™ (Figure 3). In this
project, we utilized PE-AgNPs with spherical and cubic

shapes with little agglomeration and average particle size
distribution with 188 nm (Figure 4 and 5). The approach
employed in the production of these materials (PE-AgNPs) is
low cost and ecofriendly. Moreover this method confirms the
well characterized AgNPs which carries drug and exhibits its
activity on any counterparts.

—_ g

. - L Y ‘
Figure 1. Solution of fruit extract, AgNO; solution and Ag
nanoparticles (From left to right).

0.200

0.150

Abs.

0.050 N e v, |

700.00

0.020

200.00  300.00 400.00 500.00 600.00

nm
Figure 2. UV-Vis spectra of the Ag nanoparticles prepared with
1mM aqueous AgNOj; solution with 10% P. emblica extract, spectra of

nanoparticle solution was taken at different intervals from 5 minutes to
78 hours.
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Figure 3. FT-IR spectra recorded from fresh P. emblica fruit extract
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dried powder and FT-IR spectra recorded from extract-reduced silver
nanoparticles (AgNPs).

(A)

Figure 4. SEM images of silver nanoparticles from P. emblica at 15.0
kV 5.6 mm x 2.00 k and 20 ¢+ m (A) same image at 15.0 kV 5.5 mm
x 4.00 k and 10 ¢+ m (B). Arrow marks indicates the nanoparticles.
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Figure 5. Formation of Ag nanoparticles synthesized with amla by
ion reduction method monitored by DLS particle size distribution of

AgNPs.

3.2. Effect of PE and PE-AgNPs on cell proliferation

Effect of AgNPs on cell proliferation was determined by
MTT assay. The proliferation of Hep2 cells was significantly
inhibited by AgNPs. The inhibitory effect was observed
after 24 h incubation. Figure 6 shows the changes in the
percentage of cell viability in control, P. emblica (PE) and
PE-AgNPs treated (5, 10, 20, 30, 40, 50 and 60 g g/mL)
in Hep2 cells. There was a 100% cell death at 60 p g/mL
concentration of PE. Conversely, PE-~AgNPs showed 100%
cell death at 40 1 g/mL concentration in Hep2 cells. Hence,
the inhibitory concentration 50 (ICy,) was fixed as 30 1 g/mL
for PE and 20 p g/mL for PE-AgNPs in Hep2 cells. This ICs,
value was used for following experiments. In this study, we
compared the anticancer potential of PE-AgNPs with the
standard anticancer drug 5-Fluoro Uracil (30 p g/mL).

3.3. PE-AgNPs generates intracellular ROS

Level of ROS was observed by green fluorescence in control,
PE and PE—Ag NPs treated cells were depicted in Figure 7.

PE (alone) treatment increased ROS level in Hep2 cells. PE—
AgNPs treatment (20 p g/mL) significantly increased ROS
level in Hep2 cells. We observed 5—Fluorouracil (30 ¢ g/mL)
treatment showed the same result in Hep2 cells (Figure 7).

100 ‘/‘./l

= 80
g
I3
£ 60
'5;
?3 40 =w=P. emblica
B ~#- Ag nanoparticles
S
S 20
0

0 10 20 30 40 50 60 70

Conc. of the drug (2 g/mL)

Figure 6. Cytotoxicity assay.

a) Untreated Hep2 cell

c) PE-AgNPs 20 p1 g/mL

(b) Extract (PE) 30 p g/mL

(d)5-Fluorouracil 30 p g/mL

Figure 7. Intracellular ROS generation: Fluorescence microscopic
images of intracellular ROS measurement by DCFH-DA staining.
Arrow mark (—) represents DCF fluorescence in 30 ¢ g/mL P.E
treatment (b). DCF fluorescence is on increase in 20 ¢ g/mL of PE-
AgNPs treated cells (c). This result was compared with positive control
treatment (d).

3.4. P.E-AgNPs alters mitochondrial membrane potential
(A\I]l”)

Depolarized mitochondria membrane was found by the
ability of cells to receive dye, Changes in mitochondrial
membrane potential in control, PE and PE—AgNPs—treated
cells were depicted in Figure 8. PE-AgNPs treatment at
the concentration of 20 p g/mL significantly increased
mitochondrial depolarization in Hep2 cells. PE-AgNPs
treated cells underwent more mitochondrial depolarization
(Figure 8c) than PE (30 p g/mL) treated cells (Figure 8b).
PE—AgNPs showed high level of mitochondrial depolarization
Hep?2 cells. We observed similar result with positive control
5—fluorouracil (30 ¢ g/mL) (Figure 8d).
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(a) Untreated Hep2 cell (b) Extract (PE) 30 1+ g/mL

(c) PE-AgNPs 20 1 g/mL

(d)5-Fluorouracil 30 p g/mL

Figure 8. Mitochondrial membrane potential: Fluorescence
microscopic images of mitochondrial membrane potential by Rh—123
staining.

An Arrow mark (—) represents dye accumulation in control group (a).
An Arrow mark (—) represents no dye accumulation in 30 ¢ g/mL
PE treatment group (b). There is no accumulation of Rh-123 in
20 ¢+ g/mL, PE-AgNPs treatment group (c). This result was compared
with the cells treated with positive control (d).

3.5. Effect of PE-AgNPs on apoptotic morphological changes

Figure 3 shows the effect of control, PE and PE-AgNPs
on apoptotic morphological changes by orange emission in
Hep2 cells for apoptotic cell death. Figure 9 show that the
nuclear morphological changes in PE—AgNPs (20 px g/mL)
treated cells. PE-AgNPs treated cells underwent more
apoptotic morphological changes than PE (30 p g/mL)
treated cells. We observed similar result with positive
control 5—fluorouracil (30 p g/mL).

3.6. AgNPs induces apoptosis by DNA damage

DNA fragmentation of Hep2 cells were depicted by its
DNA ladder in Figure 10. PE treatment at the concentration
of 30 12 g/mL significantly increased DNA fragmentation in
Hep2 cells. PE-AgNPs treated cells underwent more DNA
fragmentation than cells treated with PE at the concentration
of 30 pg/mL. We observed similar result with positive
control 5—fluorouracil (30 1 g/mL) (Figure 10).

3.7. Changes in the levels of lipid peroxidation and
antioxidants status

We measured lipid peroxidation indices (TBARS) in Hep,
cell line. PE-AgNPs (20 1 g/mL) treatment increased the
levels of TBARS when compared to PE (30 g g/mL) treated
cells (Figure 11). Figure 12 shows the activities of enzymatic
antioxidant such as SOD, CAT and GPx in untreated cells,
PE—AgNPs and PE in Hep2 cells. PE—AgNPs (20 p g/mL)
treatment decreased the activities of enzymatic antioxidants
in Hep2 cells when compared to PE (30 p g/mL). We
observed similar result with positive control 5—fluorouracil

(30 p g/mL). GSH is the important cellular antioxidant
(Figure 12). Tt shows that P.E-AgNPs (20 p g/mL) treatment
decreased the levels of GSH in Hep2 cells. PE-AgNPs
enhanced in reducing the levels of GSH in Hep2 cells than
PE (30 p g/mL). We observed similar result with positive
control 5—fluorouracil (30 ;= g/mL).

-

(a) Untreated Hep2 cell

(c) PE-AgNPs 20 g g/mL

(d)5-Fluorouracil 30 y+ g/mL

Figure 9. Apoptotic morphological changes by dual staining:
Fluorescence microscopic images of apoptotic morphology by dual
staining.

Arrow mark (—) represents orange—colored cells which are late
apoptotic cells. Orange colored cells are present in PE treated cells
(b). Number of orange colored cells is on increase in PE-AgNPs
treated cells (c). This result was compared with cells treated with
positive control (d).

M1kb) L1 12 13 14

M-1kb

L1-Control

L2-PE (30 ¢ g/mL)
L3-PE-AgNPs

(20 1 giml)
L4-Positive Control
(30 1 )

Figure 10. DNA fragmentation.

M is 1kb DNA used as a marker DNA, lanel (L1) is DNA of control
cells showing clear bands indicates no apoptosis. Lane 2 (L2) is DNA
of P. emblica treated cells showing small DNA ladder indicating
apoptosis by DNA damage begins. Lane 3 (L3) is DNA of PE-AgNPs
treated cells showing a large DNA ladder indicates more apoptosis
compared to PE treated cells. This is compared with Lane 4 (L4) DNA

of positive control treated cells.
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Figure 13. Possible mechanism for antiproliferative effect of silver
nanoparticles in cancer therapy.

4. Discussion

The Ag NPs used in this study were synthesized by green
synthesis method in which AgNPs were produced through
chemical reduction and subsequent stabilization using
aqueous extract of amla, these AgNPs were found to be very
stable. When aqueous extract of amla was added to silver
nitrate solution and stirred for 1 h, the resultant solution was
brownish orangel39l. The change in colour (brownish orange)
is due to excitation of the surface plasmon vibration of the
metal nanoparticles. The SPR bands of silver colloid for
different intervals were appeared at 428 to 438 nm and the
A L is red shifted from 428 to 438 nm. Subsequently, the
particles were capped with polyphenols present in the amla,
these biomolecules stabilize nanoparticles. In this study we
found spherical and cubic shapes and nanoparticle surface
is complicated due to agglomeration and average particle
size distribution with 188 nm. The approach employed
in the production of these materials (PE—AgNPs) is low
cost and ecofriendly. Moreover this method confirms the
characterized AgNPs which carries drug and exhibits its
activity on any counterparts.

Evaluation of cytotoxicity in laryngeal Hep2 cells by PE—
AgNPs was performed using MTT assay (viability assay).
Hep2 cell line was previously used for various anticancer
studiesl40l. Decreased mitochondrial function was found
in cells which are exposed to PE—AgNPs (5-60 p g/mlL)
in a dose-dependent manner as seen in the MTT assay.
We observed AgNPs treatment (24 hours incubation)
significantly decreased percentage of cell viability in Hep2
cells. This result is analogous to the one reported by Hussain
et ali20 where cytotoxicity due to decreased mitochondrial
function was indicated in a rat liver derived cell line (BRL
3A) exposed to silver nanoparticles at concentrations in the
range of 5-50 p g/mL. Moreover, previous reports show that
AgNPs induce oxidative cell damage in human liver cells
through inhibition of mitochondria—involved apoptosis(41]
Cells underwent concentration dependent cytotoxicty by
AgNPs, and a significant decrease in the cell viability was
observed as inhibitory concentration (IC,, value). These
concentrations were further used for all experiments;
they are 30 pg/mL and 20 p g/mL for PE and PE-AgNPs
respectively. The mechanism of cytotoxicity by apoptosis
was further evaluated.

Nanoparticles have been shown to generate the formation
of reactive oxygen species (ROS), therefore, ROS formation
was assessed to determine pro—oxidant effect of PE—AgNPs
on cancer cells in order to kill them. In the present study,
a fluorogenic assay was used to measure the production of
ROS at 24 h culture setup. Tt is now well established that the
generation or external addition of ROS can cause cell death
by two distinct pathways, viz. apoptosis or necrosis. ROS
are known to trigger the apoptotic cascade, via caspases,
which are considered as the executioners of apoptosisi421.
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Many studies have implicated intracellular ROS in the signal
transduction pathways leading to apoptosis43.44l. Recently,
it was reported that apoptosis induced by exposure to AgNPs
was mediated by oxidative stress in fibroblast, muscle
and colon cells45.46]. we observed ROS generation during
PE—AgNPs (20 p g/mL) treatment the doses which caused
significant increase in ROS correlated with the doses that
significantly affected cell viability decreased in the MTT
assay. These data suggest that PE—AgNPs can induce cell
death in Hep2 cells through a ROS—mediated apoptotic
process as suggested in the pro—oxidant effect in Hep2 cells.
Our results show that PE-AgNPs trigger apoptosis via ROS
generation in in vitro systems. However, the function of ROS
in PE-AgNPs induced liver cells death is currently unclear.
Production of ROS disrupts the mitochondrial membrane
permeability (MMP) so we tended to assess the effect of
AgNPs on disrupting MMPI46]. PE-AgNPs treatment at
the concentration of 20 p g/mL significantly increased
mitochondrial membrane depolarization in Hep2 cells.
To explore the possible molecular mechanisms of PE-
AgNPs—mediated cell death, we measured deviations in the
levels of regulators involved in apoptosis. Mitochondria are
important signaling centers during apoptosis, and the loss of
mitochondrial integrity can be induced or inhibited by many
regulators of apoptosisl4647]. In many cases, oxidative stress
induces caspase activation through cytochrome c release
from the mitochondrial inter-membrane space into the
cytosoll46:48]. Tn our study, PE—AgNPs induced mitochondrial
release of cytochrome ¢ and the loss of AW | is a result
of induced cell death. Cytochrome ¢ release initiates a
cascade that leads to the activation of caspase 3 through
Apaf-1 and caspase 949.501. Our results also demonstrated
that cytochrome ¢ was exempted from mitochondria into
the cytoplasm, followed shows accumulation of Rh-123 dye
in the control group and the Rh—123 accumulation were
decreased in PE-AgNPs treated cells as the membrane
potential decreased. Hsin et all45] have reported that
mitochondria are a major site for PE-AgNPs—induced
ROS generation. This suggests that PE-AgNPs activates
the intrinsic apoptotic pathway, which is characterized
by disruption of AW, and cytochrome c release from the
mitochondria. Since there appeared to be a differential
mechanism of cell death being further studies explored the
changes membrane blebbing and chromatin condensation
related to apoptotic DNA damage. The apoptosis can
be assessed by measuring the apoptotic bodies or cell
fragments. To explore the method of cell death in Hep2 cells
by PE—AgNPs, we observed apoptotic morphological changes
by AO/EiBr staining. The morphological observation showed
typical apoptotic indices in different treatment groups. The
increased ROS levels and subsequent loss of mitochondria
membrane potential might be the cause for the increased
apoptotic morphological changes in the PE-AgNPs treated
cells. However, late apoptotic cells can be falsely detected

as necrotic cells due to membrane damage. Accordingly,
cells testing positive of apoptosis at an early time point could
be detected as necrotic cells after longer exposures|51-541.
The result shows that the nuclear morphological changes
in PE-AgNPs (20 ¢ g/mL) treated cells. PE-AgNPs treated
cells underwent more apoptotic morphological changes than
PE (30 g g/mL) treated cells. We observed similar result
with positive control 5—Fluorouracil (30 1 g/mL). Apoptosis
has previously been found to occur in response to treatment
with other nanomaterials such as TiO,[55] and nanoscale
hydroxyapatitel56.

DNA fragmentation of Hep2 cells were depicted. The
role of apoptosis in PE—AgNPs toxicity was evaluated by
DNA fragmentation, the presence of oligonucleosomal
DNA fragments or DNA laddering at treatment of PE—
AgNPs concentration around 20 g g/mL indicates apoptotic
cell death. Cytotoxicity (necrosis) at higher doses of PE-
AgNPs (40 1 g/mlL) is clearly demonstrated by total lack of
caspase—3 activity. This PE—~AgNPs concentration matches
well with the observed ICs, values and hence supports the
findings of apoptotic morphological changes assay. Further,
our data clearly show that at concentrations up to 20 p g/mL
(PE—AgNPs) results cell death occurs due to DNA damage
alone. Cleavage of chromosomal DNA into oligonucleosomal
size fragments is an integral part of apoptosis. Elegant
biochemical work identified the DNA fragmentation factor
as a major apoptotic endonuclease for DNA fragmentation
in vitro.

Our study unveiled cytotoxicity was induced by PE-AgNPs
through oxidative stress. It is noteworthy that the adverse
effects of nanoparticles were also concentration dependent.
In the case of nanoparticle agglomeration and subsequent
precipitation, uptake rate of nanoparticles will drop,
which could be observed as a decrease in ATP depletion
and cytotoxicity. When PE alone was used, it showed less
cytotoxicity than PE-AgNPs through oxidative mechanism
in Hep2 cells. This observation ensures biocompatibility
of P. emblica as capping agent in nanoparticles. The cell
viability in all the groups was comparable to that of control.
To investigate the potential role of oxidative stress as a
mechanism of PE-AgNPs induced toxicity, we measured
lipid peroxidation (TBARS) and antioxidants such as SOD,
CAT, GPx and GSH in Hep2 cell line. Our results show
significant increase in lipid peroxidation and decreased GSH
levels in PE-AgNPs—treated Hep2 cells. Previous studies
on rat liver derived cell line (BRL 3A) by Hussain et all20]
showed that there was a significant increase in ROS and
decrease in GSH levels at 25 and 50 p g/mL of AgNPs. A
significant elevation of lipid peroxidation and marginal GSH
depletion was demonstrated in a fish model upon exposure
to fullerenes!s7l. These results also propose oxidative damage
to cells after exposure to AgNPs. Conversely, we observed
decreased activities of antioxidant enzymes, i.e., SOD, CAT,
and GPx in PE—AgNPs—treated Hep2 cancer cells. Similar
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observations were made by Tirkey et all58] decreased the
activity of SOD, CAT and GPx due to carbon tetrachloride
induced oxidative stress in rat liver and kidney cells. PE as
a capping agent also plays a major role in oxidative stress in
Hep2 cells, it also has polyphenols such as terpenoids and
triterpenoids which act as antiproliferative agents and they
also has many therapeutic values. A recent review paper
on P. emblica has been described to possess anticancer,
antihyperlipidemic and hepatoprotective activities59l. This
friut has compounds such as vitamin C, ellagic acid and
gallic acid. The apoptotic activity was enhanced when they
are capped with AgNPs and it reduces the toxicity of AgNPs.
This combined effect was assesed in this study.

Polyphenols and proteins present in P. emblica fruit
are encapsulated with AgNPs and gives stability. These
nanoparticles were compared with anticancer drug 5-FU
to understand the cytotoxic effect on cancer cells. The
cytotoxicty can be possibly controlled cell death because we
found the prooxidant mechanism in our results. By studying
gene expression (pro apoptotic gene) one can confirm the
apoptotic function of the PE-Ag NPs. The results summarize
that PE—AgNPs initiates the cancer cell death by lessening
cell proliferation, antioxidant status, increasing intracellular
ROS, alteration in mitochondrial membrane potential, lipid
peroxidation, DNA fragmentation and apoptosis in Hep2
laryngeal carcinoma cell line. Therefore, in the present study
we have highlighted the correlations among cytotoxicity,
oxidative stress and apoptotic potential of amla—silver
nanoparticles. When compounds have anticancerous
activity are capped with AgNPs, it enhance its apoptotic
property. Since AgNPs are used in an increasing number of
applications, further studies on the mechanisms of AgNPs
uptake and cytotoxicity are required to rate the risks and
benefits of nano-silver.
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