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Abstract Biosynthesis of silver nanoparticles (Ag Nps)
was carried out using methanol leaves extract of L. reticu-
lata. Ag Nps were characterized based on the observations
of UV-visible spectroscopy, transmission electron micros-
copy, and X-ray diffraction (XRD) analysis. These Ag Nps
were tested for antimicrobial activity by agar well diffusion
method against different pathogenic microorganisms and
antioxidant activity was performed using DPPH assay.
Further, the in vitro cytotoxic effects of Ag Nps were
screened against HCT15 cancer cell line and viability of
tumor cells was confirmed using MTT ((3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide, a yellow
tetrazole)) assay. The nuclear condensation was studied
using the propidium iodide-staining method. The color
change from green to dark brown and the absorbance peak
at about 420 nm indicated the formation of nanoparticles.
XRD pattern showed characteristic peaks indexed to the
crystalline planes (111), (200) and (220) of face-centered
cubic silver. The nanoparticles were of spherical shape with
varying sizes ranging from 50 to 70 nm. Biosynthesized Ag
Nps showed potent antibacterial activity and effective rad-
ical scavenging activity. MTT assay revealed a dose-
dependent decrease in cell viability. Microscopic observa-
tions showed distinct cellular morphological changes indi-
cating unhealthy cells, whereas the control appeared
normal. Increase in the number of propidium iodide positive
cells were observed in maximum concentration. Methanolic
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leaf extract of L. reticulata acts as an excellent capping
agent for the formation of silver nanoparticles and demon-
strates immense biological activities. Hence, these Ag NPs
can be used as antibacterial, antioxidant as well as cytotoxic
agent in treating many medical complications.
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Introduction

In this era, nanotechnology is one of the most interesting
areas which are used to describe the creation and utilization
of materials with structural features between those of atoms
and bulk materials with at least one dimension in the nano
range. Nanoparticles are atomic or molecular aggregates
with at least one dimension between 1 and 100 nm that can
drastically modify their physico-chemical properties com-
pared to the bulk material. It is worth noting that nanopar-
ticles can be made from a full variety of bulk materials and
that they can explicate their actions depending on both the
chemical composition and on the size and/or shape of the
particles (Brunner et al. 2006). Nanoparticles have been
known to be used for numerous physical, biological, and
pharmaceutical applications (Rai et al. 2009). Processes
used for nanoparticles synthesis are chemical, physical, and
a recently developed biological method. Chemical methods
have various drawbacks including the use of toxic solvents,
generation of hazardous by-products, and high energy con-
sumption, which pose potential risks to human health and to
the environment. Therefore, the biological method has an
advantage over chemical and physical methods of nano-
particle synthesis, as it is cost-effective and environmentally
friendly (Nabhikha et al. 2009). However, these methods
o
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also have the drawback of being rather slow (Balaji et al.
2009). The major biological systems involved in this are
bacteria, fungi, and plant extracts (Prabhu and Poulose
2012). In recent years, the biosynthesis of nanoparticles
using plant extracts has gained more importance. The syn-
thesis and applications of silver nanoparticles from several
plants have been studied by many researchers (Ankamwar
et al. 2005; Kumar et al. 2010; Saxena et al. 2010; Ahmad
et al. 2010). In most of the therapeutic applications, it is the
antimicrobial property that is being majorly explored,
though anti-inflammatory property, cytotoxicity and anti-
oxidants have their fair share of applications.

Leptadenia reticulata (Retz) Wight & Arn. belonging to
family Asclepiadaceae is an important endangered medic-
inal plant. In India it is found in Gujarat, Punjab, Hima-
layan ranges, Konkon, Nilgiris, and Southern part of India
(Sudipta et al. 2011). The various reports on its multiple
uses in curing several diseases such as hematopoiesis,
emaciation, cough, dyspnoea, fever, burning sensation, and
night blindness draw the attention for utilization of this
plant as drugs. It is regarded as good cure for tuberculosis
and effectively used for several ear and nose problems.
50 % methanolic extract of this plant is having antibacte-
rial activity and is used for the treatment of skin infection
and wounds (Sivarajan and Balachandran 1994). Anjaria in
1967 tried Leptaden tablets (a formulation from Leptadenia
reticulata) on some clinical cases and reported its benefi-
cial use as galactogogue for increasing milk (Anjaria and
Gupta 1967). Hence in this study, for the first time we
evaluated the synthesis and biological activities of Ag NPs
using leaf extract of L. reticulata.

Materials and methods
Chemicals

The chemical silver nitrate (AgNOj3), Mueller—Hinton agar
(MHA), and Sabouraud dextrose agar (SDA) were pur-
chased from Hi Media Laboratories Mumbai, India. Tissue
culture plastic wares were obtained from Tarsons Products
Pvt. Ltd., India. All organic solvents used were of HPLC
grade. RPMI 1640, fetal bovine serum (FBS), and MTT (3-
(4, 5-dimethyl-thiazol-2-yl)-2, 5-diphenyltetrazolium bro-
mide) were purchased from Sigma Aldrich, India.

Collection of plant material

Healthy, disease-free leaves of Leptadenia reticulata were
collected during the month of April in 2013 from in and
around the Padmahree Campus, Kommagatta, Sulikeri post
of Bangalore, India. The collected leaves were washed
thoroughly in tap water and then in detergent water and
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were finally rinsed with distilled water until no foreign
material remained. The freshly cleaned leaves were left to
dry in sun light for approximately 10 days.

Preparation of the plant extract

The leaves (20 g) were washed twice in tap water and
rinsed thrice in distilled water. Then they were surface
sterilized by HgCl, (0.1 %) for 1 min, cut into small pie-
ces, dried in the micro-oven, and ground into powder using
an electronic blender. About 100 g of leaf powder material
was uniformly packed into a thimble and run in soxhlet
extractor. It was extracted with methanol for the period of
about 5-6 cycles. After that extracts were filtered with the
help of Whatman No. 1 filter paper. The filtrates were then
evaporated under reduced pressure and dried using a rotary
evaporator at 55 °C. Then the extract was kept in refrig-
erator at 4 °C for future experiments.

Synthesis of silver nanoparticles (Ag NPs)

For reduction of silver ions, 10 ml of collected filtrate was
treated with 90 ml of silver nitrate aqueous solution (21.2 g
of AgNO; powder in 125 ml of Milli Q water) and incu-
bated at room temperature for 10 min, resulting in the
formation of yellowish to bright yellow and to dark brown
color indicating the synthesis of silver nanoparticles
(Parashar et al. 2009). After 8 h of incubation, the solution
was centrifuged with 12,000 rpm for 20 min, and their
pellets were redispersed in sterile distilled water. The
centrifugation and redispersion were repeated three times
to ensure the complete separation of nanoparticles. After
drying, purified nanoparticles were resuspended in deion-
ized water and stored in a freezer for further study.

Characterization of nanoparticles
UV-Vis spectroscopy

About 1 ml (diluted with 1:20 V/V Milli Q water) of plant-
part-synthesised silver nanoparticle solution was monitored
in UV-Vis spectrophotometer (Elico, India) (between 300
and 700 nm) with different time intervals (15 and 30 min;
4, 6, and 8 h).

Transmission electron microscopy (TEM)

Transmission electron microscope (TEM) analysis was
done using JEM-1200EX electron microscope (JEOL,
Japan). Thin films of sample were prepared on a carbon-
coated copper grid by just dropping a very small amount of
sample on the grid, extra solution was removed using a
blotting paper, and then the film on the TEM grid were
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allowed to dry by putting it under incubator. In this tech-
nique, whereby a beam of electronics is transmitted
through an ultra-thin specimen, interacting with the spec-
imen as it passes through. An image is formed from the
interaction of the electrons transmitted through the speci-
men. The image is magnified and focused on to an imaging
device.

X-ray diffraction analysis (XRD)

XRD measurements of the silver nanoparticle solution
drop-coated on glass were done on a XRD-6000 X-ray
diffractometer model (Shimadzu, Japan) with 40 kV,
30 mA with Cu k « radiation at 26 angle.

Evaluation of antibacterial activity

The silver nanoparticles (Ag NPs) synthesized using L.
reticulata leaves extract were tested for antimicrobial
activity by agar well diffusion method against different
pathogenic microorganisms Escherichia coli (E. coli),
Klebsiella pneumoniae (K. pneumoniae) (Gram negative),
Streptococcus pneumoniae (S. pneumoniae), Micrococcus
luteus (M. luteus), and Bacillus subtilis (B. subtilis) (Gram
positive). The pure cultures of bacteria were subcultured on
MHA. Each strain was swabbed uniformly onto the indi-
vidual plates using sterile cotton swabs. Wells of 8 mm
diameter were made on nutrient agar plates using gel
puncture. Using a micropipette, different concentrations
(25, 50, 75, 100, 150 pg/ml) of nanoparticle solution was
poured onto each well on all plates. After incubation at
37 °C for 24 h, the diameter of zone inhibition was mea-
sured in millimeter, and was recorded as mean + SD of the
triplicate experiments.

Studies on antioxidant activity
DPPH free radical scavenging assay

The DPPH free radical scavenging assay was conducted
based on the method of (Chang et al. 2002; Dipankar and
Murugan 2012). One milliliter of 0.1 mM DPPH (in eth-
anol) was added to different concentrations (100, 200, 300,
400, and 500 pg/ml) of methanolic leaf extract of L. re-
ticulata and its Ag NPs. The reaction mixture was shaken
and incubated in the dark for 30 min. The absorbance at
517 nm was measured against a blank (ethanol). Ascorbic
acid was used as the standard and the control was prepared
as described above without a sample. The lower absor-
bance of the reaction mixture indicated a higher percentage
of scavenging activity. The percentage of inhibition or
scavenging of free radicals was determined by the fol-
lowing formula:

control OD — sample OD x 100

% Inhibition = control OD

Cytotoxity test of biosynthesized Ag NPs on human
colon cancer cell line HTC15

Cell viability assay

HCTIS cell line was purchased from National Centre for
Cell Science (NCCS), Pune, India. The cell line was
grown in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 2 mM L-glutamine, 100 U/ml penicil-
lin, 100 g/ml streptomycin, and 10 % fetal bovine serum
(FBS). Cells were cultured in 75 cm? cell culture flasks at
37°C in a 5 % CO, atmosphere. HCT15 cells were
cultured and seeded into 96-well plates approximately as
5 x 104 cells in each well and incubated for 48 h.
HCT15 cells were treated with different concentrations of
synthesized Ag NPs (10, 20, 50, 70, 100 g/ml). After
treatment, the plates were incubated for 24-48 h to per-
form cytotoxic analysis using MTT assay. MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a
yellow tetrazole) was prepared at a concentration of
5 mg/ml, and 10 ml of MTT was added to each well and
incubated for 4 h. Purple color formazone crystals that
formed were then dissolved in 100 ml of dimethyl
sulphoxide (DMSO). These crystals were observed at
570 nm in a multi well ELISA plate reader. Optical
density value was subjected to percentage of viability
using the following formula:

% of cell viability
__OD value of experimental sample (Ag NPs) x 100
~ OD value of experimental control (untreated)

Cytomorphology observation

The cells were seeded at 1 x 105 cells/well into a six-well
chamber plate and incubated overnight. Later, the medium
was replaced with maintenance medium DMEM without
FBS containing 20 g/ml Ag NPs incubated for 48 h. The
cytomorphology was examined under Nikon inverted
microscope.

Propidium iodide staining

HCTI1S5 cells were plated at 5 x 104 cells/well into a six-
well chamber plate. At >90 % confluence, the cells were
treated with Ag NPs for 48 h. The cells were washed with
PBS fixed in methanol: acetic acid (3:1, v/v) for 10 min
and stained with 50 g/ml Propidium iodide for 20 min.
Nuclear morphology of apoptotic cells with condensed/
fragmented nuclei was examined under Confocal
microscope.
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Fig. 1 Silver nitrate (1), plant extract (2), Ag NPs solution (3)

Statistical analysis

The grouped data were statistically evaluated using
Microsoft excel worksheet. Values are presented as the
mean = SD of the three replicates of each experiment.

Results and discussion

The present study was carried out to bio synthesize Ag
NPs using leaf extract of L. reticulata and to study their
biological properties. Nanoparticles are generally char-
acterized by their size, shape, surface area, and disper-
sity. Homogeneity of these properties is important in
many applications (Jiang et al. 2009). When the leaf
extract was mixed with AgNO; and incubated at room
temperature, within 1 h of the reaction, its color changed
from green to dark brown (Fig. 1), indicating the for-
mation of Ag NPs. It is an efficient and rapid method,
which was very well explained by other researchers who
worked with different plant systems (Chandran et al.
2006; Li et al. 2007; Shankar et al. 2004). Change in
color was due to the excitation of surface plasmon
vibrations in the metal nanoparticles (Ahmad et al.
2003). Our results are in conformity with Bonde et al.
(2012), who reported the formation of Ag NPs within
1 h of incubation. However, Dipankar and Murugan
(2012) reported color change after 2-3 days indicating
the slow reduction of the AgNO3 by the aqueous leaf
extract of Iresine herbstii. An extract of Ocimum sanc-
tum leaves was reported to reduce silver ions to nano-
particles within 8 min (Mallikarjun et al. 2011). The
dissimilarity in the rates of bio-reduction observed may
be due to the differences in the activities of the enzymes
present in the plant leaf extracts.

It is generally recognized that UV-Vis spectroscopy
could be used to examine size- and shape-controlled
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Fig. 2 UV-Vis spectral analysis of Ag NPs using leaf extracts of the
L. reticulata
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Fig. 3 The XRD pattern of Ag NPs

Fig. 4 The TEM image of Ag NPs

nanoparticles in aqueous suspensions. In order to verify the
synthesis of Ag NPs, the test samples were subjected to
UV-Vis spectrophotometric analysis (Fig. 2). This analysis
showed the sharp absorbance at around 450 nm (Fig. 2),
which was specific for Ag NPs. The UV—Vis absorption
band in the current visible light region (425-460 nm) is an
evidence of the presence of surface plasmon resonance
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Fig. 5 Antibacterial activity of
different concentrations of
biosynthesized Ag NPs against
S. pneumonia (a) and K.
pneumonia (b) (1, 2, 3, 4 and 5
represents 25, 50, 75, 100 and
150 pg/ml of Ag NPs)

Table 1 In vitro antibacterial potential of biosynthesized Ag NPs using L. reticulata leaf extract

Ag NPs Conc. (pg/ml) Zone of inhibition (mm)

E. coli K. pneumoniae S. pneumoniae M. luteus B. subtilis
25 11.2 £ 0.5 9.6 £ 0.6 112+ 1.2 8.7+ 14 13.1 £ 0.8
50 14.0 + 2.1 103 £ 2.1 13.3 £ 09 11.0 £ 1.6 192+ 1.2
75 17.0 £ 0.9 124 £ 1.8 153 £ 0.6 14.0 £ 04 20.0 + 1.8
100 21.0 £ 1.2 17.6 £ 1.1 18.1 £ 0.5 17.1 £ 0.5 222 +03
150 24.0 +£ 0.4 20.7 £ 1.0 23.0+ 1.0 17.0 £ 1.5 243+ 13
Values £ SD indicates the replicates of three experiments
(SPR) of silver nanoparticles (Ankamwar et al. 2005; 120 4
Kumar et al. 2010; Saxena et al. 2010; Mallikarjun et al. y = 0.069x + 64.3
2011; Bonde et al. 2012). The reduction was ascribed to the 100 - R2=0.9156
phenolics, terpenoids, polysaccharides, and flavones com-
pounds present in the extract (Huang et al. 2007). The 80 - 0.071x + 302

. . . . =U. X .
X-ray diffraction pa.ttern of .the .blosynthesmed Ag NPs é é Y R? = 0.9932
from the leaf extract is shown in Fig. 3. XRD pattern of the 2 60-
biosynthesized Ag NPs showed characteristic peaks E
indexed to the crystalline planes (111), (200) and (220) of ©
C . 40 4 y =0.072x + 14.06

face-centered cubic silver. The values were in agreement R? = 0.9999
with the findings of Joint Committee on powder diffraction 20 ’
(JCPD, standard file no. 04-0783). The sharpness of the
peak clearly indicates that the particles are in the nanore-

: : . 0 T T T T T )
gime. XRIl) p?ttel‘n dth.us I:.learly 111ustratis that the s11veir 0 100 200 300 400 500 600
ganqpamc es formed in this present synthesis are c.rysta - Concentration (ug/ml)
line in nature (Harekrishna et al. 2009). The applications of o

<& Ascorbic acid M Plant extract AgNPs

silver nanoparticles are dependent on their size and shape
(Sivaraman et al. 2009). To get more evidence the s shape
and size of Ag NPs were analyzed after 24 h of incubation
using TEM (Fig. 4). In general, the nanoparticles were in
spherical shape with varying sizes ranging from 50 to
70 nm. One should note that TEM images were made by
attaching a single drop of the nanoparticle solution onto a
carbon film. Hence the single drop used for each sample
cannot fully represent the entire solution. Also the use of
the electron beam in acquiring the TEM image may

Fig. 6 DPPH assay of biosynthesized Ag NPs and ascorbic acid

somewhat alter the arrangement of the nanoparticles (Po-
pov et al. 2006). In our study, TEM images were verified
with multiple trials and evidenced that there is variation in
particle sizes. However, we found very little variations in
the sizes of the nanoparticles (50-70 nm). It is observed
that most of the Ag NPs were of various spherical shapes,
which fall closer to many of the silver nanoparticles
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Fig. 7 The cytotoxicity assay of biosynthesized Ag NPs

produced by other plant materials (Shankar et al. 2004;
Huang et al. 2007; Ali et al. 2011).

The present study clearly suggests the potential anti-
bacterial activities of Ag NPs synthesized by methanol
leaves extract of L. reticulata (Fig. 5). The results showed
that antibacterial activity was dose dependant (Table 1).
The maximum zone of inhibition with the B. subtilis

(24.3 = 1.3 mm), followed by E. coli (20.0 & 0.4 mm),
was noticed at 150 pg/ml concentration of Ag NPs. The
lowest zone of inhibition was observed with the M. luteus
(08.7 £ 1.4 mm) at 25 pug/ml concentration of Ag NPs.
Irrespective of the microbes tested, zone of inhibition
increased with increased concentration of Ag NPs. Simi-
larly, Dipankar and Murugan (2012) have reported dose-
dependant inhibition by Ag NPs synthesized from Iresine
herbstii leaf aqueous extracts. This might be due to dena-
turation of bacterial cell wall, blocking bacterial respira-
tion, destabilization of outer membrane, and depletion of
intracellular ATP (Maliszewska and Sadowski 2009). Ag
NPs were more effective against Gram-positive bacterial
strains than the Gram-negative bacteria strains. Further, the
variation of the sensitivity between Gram-positive and
Gram-negative bacterial isolates might be attributed by the
membrane permeability (Ravikumar et al. 2010).
Antioxidants are compounds that protect cells against
damaging effects of reactive oxygen species which can
neutralize free radicals before they can do harm and undo
some damage already caused to specific cells. Many
medicinal plants are known to possess free radical scav-
enging molecules, such as phenolic compounds,

Fig. 8 Morphology of control and Ag NPs treated HCT15 colon cancer cells (40x magnification) a control; b ICs, concentration (20 pg/ml);

¢ maximum concentration (100 pg/ml)
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Fig. 9 Propidium iodide staining of HCT15 cells in both control and treated with Ag NPs (20x magnification) a control; b ICsq concentration

(20 pg/ml); ¢ maximum concentration (100 pg/ml)

terpenoids, vitamins, and some other endogenous metabo-
lites, that are rich in antioxidant activity (Koleva et al.
2002). In the present study, antioxidant activity of the
methanol extract of L. reticulata leaf and its Ag NPs were
investigated by DPPH scavenging assay. DPPH stable free
radical method is an easy, rapid and sensitive way to sur-
vey the antioxidant activity of a specific compound or plant
extracts (Koleva et al. 2002). The results revealed the
existence of effective radical scavenging activity of both
plant extract and biosynthesized Ag NPs when compared
with the standard, ascorbic acid (Fig. 6). The highest rad-
ical scavenging activity with 64.81 % was observed in Ag
NPs at 500 pg/ml. The DPPH radical scavenging activities
of plant extract and Ag NPs increased gradually in a dose-
dependent manner. Similar results are obtained by Dipan-
kar and Murugan (2012) in I. herbstii aqueous leaf extracts.
However, Ag NPs exhibited higher inhibition rate when
compared to leaf extract, suggesting the potential benefits
of Ag NPs as antioxidative agents.

The in vitro cytotoxic effects of silver nanoparticles were
screened against HCT15 cancer cell line and viability of
tumor cells was confirmed using MTT assay. The

biosynthesized Ag NPs from were evaluated for their effect
on cell viability against HCT15 cancer cell line at different
concentrations. The biosynthesized Ag NPs showed a dose-
dependent decrease in cell viability. Increasing the time of
incubation showed a further decrease in cell viability. The
results suggested that the synthesized Ag NPs were very
sensitive (Fig. 7). IC 50 value was found to be 20 pg/ml at
48 h of incubation. Microscopic observations were moni-
tored using Nikon light inverted microscope wherein trea-
ted cells showed distinct cellular morphological changes
indicating unhealthy cells, whereas the control appeared
normal (Fig. 8). Control cells were irregular confluent
aggregates with rounded and polygonal cells. Biosynthe-
sized Ag NPs treated cells appeared to shrink and became
spherical in shape, and cell spreading patterns were
restricted when compared to control. To confirm whether
the cytotoxic effect induced by Ag NPs biosynthesized from
leaves extract of L. reticulata involves apoptotic changes,
the nuclear condensation was studied by the propidium
iodide staining method. In the case of control cells, a very
negligible number of propidium iodide-positive cells were
present. The cells treated with 20 pg/ml of biosynthesized
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Ag NPs showed more number of propidium iodide-positive
cells (Fig. 9). The cytotoxic effects of silver are the result of
active physicochemical interaction of silver atoms with the
functional groups of intracellular proteins, as well as with
the nitrogen bases and phosphate groups in DNA (Moaddab
et al. 2011). There are only few studies on the cytotoxic
effect of plant-based Ag NPs against Hep 2 cell line, HeLa
cell line, HL 60 cell line (Rosarin et al. 2013; Sulaiman et al.
2013). However, our study is the first report on the use of
HCT15 cancer cell line. Hence, this study will help in
knowing about the potential benefits of L. reticulata Ag NPs
for treating cancer. However, further studies on the mech-
anisms of action of Ag NPs on cytotoxicity are required to
rate the risks and benefits of these plant-based
nanoparticles.

Conclusion

In conclusion, the leaf extract of L. reticulata can be used
efficiently to produce Ag NPs. This is a simple, eco-friendly
process and has potent applications in biomedical and
pharmaceutical applications. The bio-reduction observed
may be due to the activities various plant metabolites present
in the leaf extracts. XRD pattern thus clearly illustrates that
the silver nanoparticles formed in this present synthesis are
crystalline in nature. The nanoparticles were spherical in
shape with varying sizes ranging from 50 to 70 nm. The
biosynthesized Ag NPs demonstrated an excellent antibac-
terial activity, antioxidant activity, and cytotoXic activity.
Hence, Ag NPs can be explored as a new source of alter-
native medicine for treating many human ailments.

Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.
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