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2 Areca catechu Linn. derived Silver Nanoparticles

ABSTRACT. The present investigation emphasizes biomimetic synthesis of silver nanoparticles (Ag-
NPs) using an aqueous extract of Areca catechu and its impact on a Dalton’s ascites lymphoma (DAL)
mice model. The ultraviolet (UV) spectrum of AgNPs at 428 nm confirmed the spherical shape of the
particles and average size of 80 nm was determined using electron microscopic analysis. Elemental
silver and adhered biomolecules conferred a synergetic antitumor activity with a significant increase
in life span of tumor-induced mice with decreased body weight and tumor volume. Acridine Orange
staining and DNA fragmentation studies of harvested tumor cells showed higher level of cytotoxicity
by AgNPs when compared to aqueous extract of Areca catechu.

KEYWORDS. silver nanoparticles, Areca catechu, Dalton’s ascites lymphoma

INTRODUCTION

In outward appearance, colloidal nanoparti-
cles (NPs) prevail over the conventional anti-
tumor drugs that conferred resistance in tumor
cells. Colloidal NPs also reduces its toxicity to-
ward normal cells by increasing their selectivity
toward cancer cells. In this regard, a potential
entrant is silver nanoparticles (AgNPs) with the
possibility for use as a therapeutic agent in can-
cer therapy.[1] In biomimetics research, biolog-
ical sources are used for eco-friendly, reliable
metal nanoparticles synthesis.[2] Over the past
decade, the use of biological systems such as
yeast, fungi, bacteria, and plants has been re-
ported for their nanoparticles synthesis. Some of
the well-known examples are extracellular syn-
thesis of AgNPs by a silver-tolerant yeast strain
MKY3[3] and biosynthesis of silver-based crys-
talline nanoparticles from Pseudomonas stutzery
AG259 isolated from silver mines.[4] Eukary-
otic organisms such as fungi have also been
used to grow nanoparticles.[5] Though the syn-
thesis of metal nanoparticles from microorgan-
isms continues to be investigated, the use of
plants is an exciting possibility that is unex-
plored and underexploited. Biocompatible syn-
thesis of NPs by plants would be advantageous
over other processes by eliminating the elabo-
rate cell cultures.[6] The era of green-synthesized
NPs such as gold and silver from plants was first
reported by Gardea-Torresdey et al.[7] Conse-
quently, the synthesis of AgNPs from natural
products such as black tea,[8] Aloe vera plant
extract,[9] lemon grass,[10] neem leaf extract,[11]

green tea,[12] etc., is well established.
Since the fourth century, Areca catechu

(Areca nut), commonly known as betel nut,

has been a popular masticatory throughout the
world.[13] The nuts, husks, young shoots, buds,
and leaves have been used in various medici-
nal preparations and the nut possesses curative
abilities against many diseases such as obesity,
leprosy, anemia, and leukoderma.[14] The pres-
ence of total phenolics and tannins in the Areca
nut is well documented and reflects their poten-
tial antioxidant properties.[15] To date no reports
have been documented for A. catechu–derived
AgNPs synthesis and the study of antitumor ac-
tivity of biosynthesized AgNPs is in evolution-
ary phase. Hence, the present study highlights
the synthesis of AgNPs from A. catechu nut and
antitumor activity against Dalton’s ascites lym-
phoma (DAL)-induced mice model.

RESULTS AND DISCUSSION

Environmentally friendly methodologies
have been gradually implemented due to their
feasibility in the synthesis of nanostructures.[16]

We focused on the biosynthesis of AgNPs using
A. catechu aqueous extract and its antitumor
activity was studied against a DAL-induced
mice model. Applying the principle of green
chemistry, the bioreduction of silver nitrate with
aqueous extract of A. catechu at various temper-
atures (30, 60, 90, 95◦C) for an incubation time
of 10 min resulted in the formation of AgNPs at
an ambient temperature of 95◦C.

Confirmation of AgNPs Synthesis

Formation of yellowish brown color at an am-
bient temperature of 95◦C confirmed the syn-
thesis of AgNPs (Figure 1A). A color change
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R. Sukirtha et al. 3

FIGURE 1. (a) Color intensity of A. catechu–derived colloidal AgNPs. (b) UV-Vis spectrum of
biosynthesized AgNPs with a specific plasmonic resonance at 428 nm 95◦C. (Color figure available
online.)
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4 Areca catechu Linn. derived Silver Nanoparticles

arose due to the excitation of surface plas-
mon vibration in the synthesized nanoparticles.
With this color intensity evident, it was con-
firmed that more than 90% formation of AgNPs
was achieved at 95◦C compared to the other
temperatures. A notorious color change indi-
cated the synthesis of AgNPs at 95◦C and sim-
ilar results were observed by Shankar et al.[17]

in aqueous neem leaf broth. The biosynthesized
AgNPs were confirmed by their plasmonic res-
onance peak at 428 nm in ultraviolet-visible
(UV-Vis) spectroscopic analysis (Figure 1B). In
UV-Vis analysis, a maximum peak at 428 nm
revealed a positive correlation between temper-
ature and AgNPs synthesis. In addition, AgNPs
synthesis is directly proportionate to reaction
temperature.[18,19] Further, the size and shape of
nanoparticles was studied by UV-Vis spectro-
scopic analysis. In the present study, spherical-
shaped AgNPs were obtained at ambient tem-
perature. Wiley et al.[20] reported that the peak at
∼430 nm could be assigned to the plane dipole
resonance of AgNPs, indicating the presence of
spherical particles with small diameters. The op-
tical absorption spectrum of AgNPs was domi-
nated by the surface plasmon resonance (SPR)
band, which exhibits a shift toward the red or
blue end depending upon the particle size, shape,
state of aggregation, and surrounding dielec-
tric medium.[21] Thus, in our study the synthe-
sis of spherical-shaped AgNPs with a blue shift
was initially confirmed with the UV-Vis spectral
results.

Characterization of Biosynthesized AgNPs

According to the results observed in UV-Vis
spectroscopy, the temperature at which max-
imum synthesis was obtained was passable
for further structural characterization and par-
ticle size determination using scanning elec-
tron microscopy (SEM) and transmission elec-
tron microscopy (TEM) analysis, respectively.
The nanoparticles were uniformly distributed
and most of the particles were spherical
in shape (Figure 2A). In the present study,
SEM observation showed polydispersed Ag-
NPs with a spherical shape, which was highly
similar to the topological reports of Song
et al.[19] The images showed a broad size

distribution of particles ranging from 20 to
150 nm, with an average around 80 nm (Figure
2B). TEM results confirmed the average particle
size and these obtained results showed a similar
outcome as that in Mukherjee et al.[22] A sim-
ilar trend was also noticed in the TEM images
of gold nanoparticles obtained from 5% persim-
mon leaf broth and 1 mM HAuCl4 solution at
various temperatures.[19] Therefore, the temper-
ature was found to be the baseline to determine
the synthesis rate and size of the AgNPs.

Characterization of Associated Molecules

Energy-dispersive X-ray (EDX) analysis re-
vealed strong signal in the silver region 3 keV
confirming the presence of elemental silver (Fig-
ure 3A). This compositional analysis of biosyn-
thesized AgNPs showed the presence of carbon,
oxygen, and hydrogen counts along with AgNPs.
An optical absorption band peak was observed
in the range of 3–4 keV, which is typical for
the absorption of silver nanocrystallites. Simi-
larly, a sharp band at 3 KeV observed in this
study confirmed the presence of elemental sil-
ver. In contrast, the weak signals present along
with the silver revealed the presence of carbon,
oxygen, and hydrogen elements, which reflect
the intensity of active biomolecules along with
the biosynthesized AgNPs. It has also been re-
ported that biosynthesized nanoparticles using
plant extracts are bounded by a thin layer of
some capping organic material obtained from
the plant leaf broth.[23,24]

Further, the bioactive compounds in aqueous
extract of A. catechu responsible for bioreduc-
tion of silver nitrate into AgNPs were confirmed
with their by their Fourier transform infrared
(FTIR) band peaks. The presence of polyphe-
nolics such as terpenoids, flavonoids, and tan-
nic acid was confirmed with their corresponding
band peaks at 3580 and 3314 cm−1.The pres-
ence of proteins was confirmed with the amide
bond stretch of C-O and C-N groups with peaks
at 1634 and 1352 cm−1 (Figure 3B). It was ev-
idenced that biomolecules such as flavans and
tannins were present in a remarkable content in
aqueous extract of A. catechu.[25] In addition,
the presence of polyphenolics was confirmed
by band peaks at 3580 and 3314 cm−1, which
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R. Sukirtha et al. 5

FIGURE 2. (a) Topographical appearance of biosynthesized AgNPs in SEM analysis. (b) TEM
image of biosynthesized AgNPs showing average particle size of 80 nm.
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6 Areca catechu Linn. derived Silver Nanoparticles

FIGURE 3. (a) Strong signal of elemental silver at 3 KeV in EDX analysis. (b) FTIR spectra of
phytochemicals-coated colloidal AgNPs. (Color figure available online.)

D
ow

nl
oa

de
d 

by
 [

sh
an

m
ug

am
 a

ch
ir

am
an

] 
at

 1
0:

57
 2

7 
Ju

ly
 2

01
1 



R. Sukirtha et al. 7

arose due to the sharp and free O-H bond. The
biomolecules responsible for the reduction of sil-
ver ions may be the presence of flavanoids and
terpenoids.[17] The band peaks at 1634 and 1352
cm−1 developed for C-C and C-N stretching, re-
spectively, reflect the presence of proteins. In
the current study the presence of C=O stretch-
ing mode indicated the presence of a –COOH
group in the material bound to AgNPs. Similar
findings the presence of proteins as ligands for
AgNPs and a factor for increasing the stability
of AgNPs.[26] Thus, the FTIR bands at 1634 and
1352 cm−1 indicated the possibility of AgNPs
bound to proteins through free amine groups.

The obtained results showed the potential of
these biomolecules as dependable for efficient
stabilization of AgNPs synthesized using A. cat-
echu. The cytotoxic and antitumor properties of
the biosynthesized AgNPs might have a syner-
getic effect along with the bound compounds
such as flavans and proteins, which possess an-
titumor activity.[27]

In Vivo Anti Tumor Activity of
Biosynthesized AgNPs

In vivo study of AgNPs against DAL tu-
mor cells resulted in a significant decrease in

FIGURE 4. (a) Histogram of significantly decreased tumor volume in AgNPs treated groups com-
pared to tumor group. Results are represented as a mean with bars showing the standard deviation.
(b) Histogram representation of significant increase in life span of experimental groups compared
to tumor group. Results are represented as a mean with bars showing the standard deviation. (c)
Histogram representation of revival of normal body weight in the experimental groups compared
to the tumor group. Results are represented as a mean with bars showing the standard deviation.
(Color figure available online.)

D
ow

nl
oa

de
d 

by
 [

sh
an

m
ug

am
 a

ch
ir

am
an

] 
at

 1
0:

57
 2

7 
Ju

ly
 2

01
1 



8 Areca catechu Linn. derived Silver Nanoparticles

tumor volume; however, the impact was greater
in the AgNPs-treated group compared to the
aqueous extract–treated and untreated tumor
groups (Figure 4A). Supporting the above re-
sults, Badami et al.[28] stated that DAL tumor
mice had increased ascites tumor volume. Re-
duction in tumor volume reflects the direct effi-
cacy of chemotherapy and immunotherapy with
the indications of natural immune response.[29]

A significant increase in the life span of DAL
model mice confirmed the antitumor activity of
biosynthesized AgNPs (Figure 4B). To conclude
the overall therapeutic response we also moni-

tored body weight as a preliminary indicator for
all experimental groups throughout the entire pe-
riod of treatment. In our results, AgNPs treated
DAL bearing mice exhibited a significant reduc-
tion in body weight than the control and aqueous-
treated groups (Figure 4C). These results were
consistent with previous reports of Chanda et
al.[29] The nanoparticles are potential indicators
for antitumor activity and could act specifically
on the biomarkers present in the cancer cells.[30]

Biosynthesized AgNPs using aqueous extract of
A. catechu resulted in an average particle size
of ∼80 nm. There are reports suggesting that

FIGURE 5. (a) Viable DAL cells exhibiting uniform green fluorescence. (b) Early apoptosis in DAL
cells treated with A. catechu extract exhibiting orange fluorescence. (c)–(e) Prominent membrane
blebbing and nuclear condensation with apoptotic bodies exhibiting orange to red fluorescence in
AgNPs-treated DAL cells. (Color figure available online.)
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R. Sukirtha et al. 9

FIGURE 6. DNA laddering assay. L1: marker; L2: DAL-induced tumor cells DNA; L3: tumor cells
DNA treated with 600 µg AgNPs; L4: tumor cells treated with 800 µg AgNPs; L5: tumor cells treated
with 1000 µg AgNPs; L6: tumor cells treated with aqueous extract of A. catechu.

particle size of 85 nm is sufficient to invade tu-
mor cells.[29] Consequently, the particle size of
∼85 nm is sufficient to invade the tumor cells.[29]

The therapeutic efficacy of biosynthesized Ag-
NPs was significantly different (p < 0.05) com-
pared to the aqueous extract–treated group and
control group.

Cytotoxicity of Biosynthesized AgNPs

In acridine orange/ethidium bromide
(AO/EB) staining, untreated DAL cells exhib-
ited green fluorescence, which reflected their
percentage of viability (Figure 5A). A visible
nuclear condensation with yellowish orange
fluorescence was noticed due to the formation
of more apoptotic bodies in the AgNPs-treated
DAL cells (Figures 5C, 5D, and 5E) than in the
aqueous extract–treated DAL cells (Figure 5B).
The formation of blebbing and nuclear conden-

sation was observed in the AgNPs-treated DAL
cells exhibiting a reddish orange fluorescence.
Our results are in relation to the findings of Yen
et al.[31] who predicted that AgNPs are cytotoxic
in murine macrophages and fibroblasts.[32] In
the present study, AgNPs provoked apoptotic
body formation in DAL tumor cells, which is
an indispensable indicator of the induction cell
death. In addition, DNA fragmentation was
observed in AgNPs treated DAL tumor cells
in a dose-dependent manner (Figure 6) than
the control (lane 2) and aqueous-treated group
(lane 6). In the present study, DNA fragments
that formed around 100–150 bp revealed
that the biosynthesized AgNPs stimulated
mitochondrial-mediated apoptosis in DAL cell
lines. The previous findings of Yen et al.[31]

and Kalishwaralal et al.[33] added sustaining
evidence that the formation of a DNA ladder
was due to the positive impact of AgNPs.
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10 Areca catechu Linn. derived Silver Nanoparticles

CONCLUSION

Thus, we concluded that A. catechu–derived
AgNPs are a novel, cost-effective, potent antitu-
mor agent. The presence of significant polyphe-
nolic content in A. catechu was reflected in the
efficacy of AgNPs synthesis and its antitumor
activity against a DAL mice model. The abun-
dant polyphenolics such as tannins and arecol-
ine (alkaloid) in aqueous extract of A. catechu
along with the biosynthesized AgNPs confers
the synergetic antitumor activity against DAL-
induced mice. However, a meticulous study is
needed to unravel the molecular mechanism of
AgNPs.

EXPERIMENTAL

Materials and Methods

A. catechu Linn. nuts were collected from lo-
cal surroundings and confirmed by taxonomists.
Silver nitrate, acridine orange, ethidium bro-
mide, and agarose were obtained from Sigma
(Sigma Aldrich, Bangalore). All other reagents
and solvents were analytical grade.

Preparation of Aqueous Extract from A. cat-
echu Nut

The nuts were powdered and aqueous solution
was prepared by mixing 5 g of nuts with 100 mL
of Milli-Q water in a 300 mL Erlenmeyer flask
and then boiling the mixture for 10 min. The
solutions were filtered and stored at 4◦C for one
week.

Green Synthesis of AgNPs

Biological synthesis of AgNPs was carried
out following Song et al.[19] Typically, 10 mL of
aqueous extract was added to 190 mL of 1 mM
aqueous silver nitrate solution for the reduction
of Ag+ ions. The effects of temperature on the
synthesis rate of the AgNPs were studied by
carrying out the reaction at 30–95◦C for 10 min.
The AgNPs solution thus obtained was purified
by repeating the centrifugation thrice at 7000
rpm for 20 min at 4◦C followed by redispersion
of the pellet in Milli-Q water.

Characterization of AgNPs

UV-visible spectra were recorded as a func-
tion of the reaction time on a UV-1650CP spec-
trophotometer (Shimadzu, Japan) operated at a
resolution of 1 nm. The freeze-dried AgNPs’
shape and structure were analyzed by SEM
(Hitachi Model S3000H). Average particle size
of synthesized AgNPs was confirmed by TEM.
Briefly, the samples for TEM analysis were pre-
pared by drop-coating AgNPs solutions onto
carbon-coated copper TEM grids. The films on
the TEM grids were allowed to stand for 2
min, following which the excess solution was
removed using blotting paper and the grid was
allowed to dry prior to measurement. TEM mea-
surements were performed on a Technai in-
strument (Technai FE12 Model, Phillips, Cal-
ifornia) operated at an accelerating voltage at
120 kV. Compositional analysis of the synthe-
sized AgNPs was done by EDX analysis (EDX
Thermo Electron Corporation, Massachusetts,
USA). The purified AgNPs were examined for
the presence of biomolecules using FTIR analy-
sis. The spectrum obtained from the dried sam-
ple was recorded on a Spectrum RX 1-One
instrument (Perkin-Elmer, USA) in the diffuse
reflectance mode at a resolution of 4 cm−1 in
KBr pellets.

Investigation of Antitumor Activity of
Aqueous and Biosynthesized AgNPs

DAL cells were obtained courtesy of Amala
Cancer Research Center, Thrissur, Kerala, India.
They were maintained by intraperitoneal inocu-
lation of 1 × 106 cells per mouse (Swiss albino
male, 30 g body weight) in accordance with the
guidelines of animal care of the Institutional An-
imal Ethical Committee (IAEC), Bharathidasan
University, India.

Animal Maintenance

As per standard practice, the mice were quar-
antined for 15 days before commencement of
the experiment. The animals were randomized
into four experimental groups excluding nor-
mal and control groups (n = 6): group 1, nor-
mal mice; group 2, tumor-induced mice as con-
trol; group 3, tumor-induced mice treated with
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R. Sukirtha et al. 11

A. catechu aqueous extract (2.5 mg/kg BW);
group 4, tumor-induced mice treated with Ag-
NPs (600 µg/kg BW); group 5, tumor-induced
mice treated with AgNPs (800 µg/kg BW); and
group 6, tumor-induced mice treated with Ag-
NPs (1000 µg/kg BW). The antitumor effect of
AgNPs and aqueous extract was assessed by ob-
servational changes with respect to body weight,
tumor volume, and percentage increase in life
span. After 10 days of treatment, intraperitoneal
ascites fluid was collected from all groups except
the normal group and the cells were separated by
centrifuging at 3000 rpm for 10 min at 4◦C and
resuspended in ice-cold phosphate-buffered so-
lution (PBS; pH 7.2) for further studies.

Acridine Orange/Ethidium Bromide (AO/
EB) Staining

Tumor cells were collected and washed with
PBS and stained by adding 1 mL of AO/EB mix
(100 mg/mL AO and 100 mg/mL EB in PBS).
After 2 min incubation, cells were washed twice
with PBS (5 min each) and visualized under a
fluorescence microscope (Olympus 2000, Olym-
pus, Japan) at 400× magnification with an exci-
tation filter 480 nm.

DNA Laddering Assay

A DNA fragmentation assay was performed
to analyze the extent of cytotoxicity. Briefly,
mice bearing DAL tumor cells were treated
with aqueous extract of A. catechu and biosyn-
thesized AgNPs for a period of 10 days. The
tumor cells were harvested at the end of the
experiment and subjected to DNA damage anal-
ysis. The isolated cells were washed twice with
ice-cold PBS (pH 7.2) and resuspended in Tris-
EDTA buffer (20 mM Tris-Hcl at pH 8.0, 20
mM EDTA) containing 0.1% sodium dodecyl
sulfate (SDS) and 0.5 mg/mL proteinase K at
50◦C for 2 h and then treated with RNase A
(0.02 mg/mL) for 30 min at 37◦C. DNA was
extracted by using phenol/chloroform and pre-
cipitated with ethanol further dissolved in dis-
tilled water. It was then separated on 1% agarose
gel stained with ethidium bromide in which
a 100 bp DNA ladder was used as marker
(Biotools, Madrid, Spain). The resulting DNA
fragmentation was visualized under a UV tran-

silluminator (Medox UV transilluminator [MX
1286-01], India) followed by polarized photog-
raphy in a gel documentation unit (Model Gs-
670, Bio-Rad).

Statistical Analysis

Statistical analysis was done among the ex-
perimental groups with control and normal
groups using SPSS software version 16 (SPSS
Inc., Chicago, Illinois, USA). One-way analysis
of variance was performed to express the exper-
imental significance in the present study. Statis-
tical significance was accepted at a level of p <

0.05.
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