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 Synthesis of silver nanoparticles (AgNPs) and evaluate the biological potential 
using Mallotus philippensis (M. philippensis) leaf extract. The Ultra Violet (UV) Visible 
spectroscopy showed the high peak of absorption band at 420nm. Based on X-Ray 
Diffraction (XRD) spectrum, the AgNPs was face centered cubic structure and average 
was around 16nm. Fourier Transform Infrared (FTIR) spectroscopy analysis revealed the 
seventeen functional groups. The morphology of AgNPs was spherical, oval shapes and 
diameter of the particle size ranges found to be 10 to 30nm was measured using High 
Resolution Transmission Electron Microscopy (HRTEM). The biosynthesis of AgNPs 
with leaf aqueous extract of M. philippensis  expressed a good source for the antibacterial 
activity against pathogens. Since, the biosynthesized AgNPs were proved to exhibit an 
excellent cytotoxic effect against MCF-7 cell lines. 
KEYWORDS : Mallotus philippensis, Silver Nanoparticles, Surface Plasmon 
Resonance, Antibacterial Activity, Cytotoxicity 

Introduction  

 Nanotechnology involves synthesis, characterization, production and application 
of structures, devices and systems by controlled manipulation of size and shape at the 
nanometer scale (NPs) [Krumov et al., 2009; Yang et al., 2009; Shah et al., 2010]. It has 
become a highly diverse and multidisciplinary field, which involves the physics, 
chemistry and biological fields of inventions at nano level [Mohanpuria et al., 2008] & 
[Parashar et al., 2009]. Metal as silver ion is being used as a great potent antimicrobial 
agent against various human pathogenic organisms from ancient period [Sadhasivam et 
al., 2010]. From the last decades, the silver nanoparticles are being used in the field of 
medicine in different forms. Synthesis of AgNPs by chemical and physical methods often 
unstable, expensive, utilizes toxic chemicals and is comparatively complicated. Both 
methods are not eco-friendly and hence cleaner, cheaper, green synthesis has emerged 
that do not employ any toxic chemicals for the synthesis of NPs have to be devised. 
Therefore, there is a need for developing various conventional methods includes 
biosynthesis (or) green synthesis of AgNPs [Krutayokav et al., 2008] using plant 
diversity. Antibacterial activity of plant extract showed different inhibitory activity 
against the isolated opportunistic bacterial pathogen [Hanan et al., 2012; Muhammad et 
al., 2013; Gudrun et al., 2013; Sohail Zafar et al., 2014]. Mallotus philippensis 
(Euphorbiaceae) is an ethanomedicinal plant and it is widely used for parasitic infections, 
aphrodisiac, skin infections and wound healing. Phytochemical of the plant is used to 
treat diarrhea, mouth inflammation and injured skins [Idris et al., 2009] &[ Srivastava et 
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al., 2010], Emerging multi drug resistant (MDR) bacteria has elevated a demand for the 
immediate need to identify novel antibacterial agents. The silver nanoparticles are having 
strong antimicrobial activity against a broad spectrum of bacteria, viruses and fungi 
[Sastry et al., 2003]. The advantages of biosynthesized nanoparticles by using plant 
material is that plant sources are easily available, safe to handle, posses a broad 
variability of metabolites and bioactive compounds that may aid in suppression of agents. 
They may suppress microorganisms by interacting with their enzymes, proteins or nucleic 
acids by inhibiting the cell proliferation [Rao and Savithramma, 2012]. Furthermore, the 
antibacterial activity of silver nanoparticles has been authenticated in the recent years. 
Bio-synthesized AgNPs was performed the cytotoxic effect against MCF-7 cell lines 
[Saxena, 2010] & [Song, 2009]. Hence, the present study has aimed to synthesis and 
evaluate the bioavailability of biosynthesized AgNPs using M.philippensis leaf extract.  

Materials and Methods  

1. The collection of plant material and Preparation for leaf extract. 
The plant leaves of M. philippensis was collected from Alagar hills, Madurai and 

identified with the Rabinet Herbarium, St. Joseph’s College, Trichy. The herbarium 
specimen is maintaining at Department of Botany, J. J. College of Arts and Science, 
Pudukkottai. The leaves were washed in running water and rinsed with double distilled 
water to remove the exogenous materials and shade-dried at room temperature for 10 
days. The fully dried leaves were powdered with a sterile electric blender. The powdered 
samples were preserved in an airtight container and away from the sunlight for further 
use. Qualitative phytochemical screening of the plant aqueous leaf extracts was 
performed [Abou El-Nour, 2010] Two grams of leaf powdered was mixed with 100ml of 
de-ionized sterile water. The mixture was heat upto 100°C for 30mins and the mixture 
was filtered by Whatman No.1 filter paper, finally the residue was re-extracted using 
vacuum pumps.  

2. Synthesis of AgNPs using M.phillippensis leaf extract 

Silver Nitrate (AgNO3) stock solution was prepared by dissolving 6.299gm of 
AgNO3 in 100ml of de-ionized water. 2ml of leaf extract was mixed with 20 ml of 
AgNO3 solution and kept at room temperature [Song, 2009].    

3. Characterization of AgNPs 

Nanoparticle synthesis was read by absorption spectrum of the reaction mixture at 
room temperature with different time intervals using UV-Vis spectrophotometer (Hitachi-
U-2001) from 300-800nm at 1nm resolution. The residue containing silver nanoparticles 
solution was dispersed in sterile de-ionized water to remove the biological impurities. 
The pure residue was dried in oven at 70°C overnight. For study of functional groups of 
synthesized nanoparticles was performed using Fourier Transform Infrared (FTIR) 
spectroscopy measurement. The sample was prepared by freeze-dried and diluted with 
potassium bromide in the ratio of 1:100 and recorded in Perkin –Elmer instrument, 
resolution of 4cm-1 in the transmission mode of 4000-400cm-1. For the XRD pattern, the 
silver nanoparticles solution was dropped on glass on XPERT-PRO, D-8, with 30kv, 
40mA with Cu kα radians at 2θ angle and used for phase identification of a crystalline 
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material and can provide information on unit-cell dimensions. The crystallite size was 
calculated from the width of the XRD peaks and using the Scherrer’s formula, D= 
Kλ/βcosθ. Where D is the particle diameter size, K is  a constant equal to 1, λ is X-ray 
wavelength (0.1541nm), β is full width half maximum (FWHM) and θ is the diffraction 
angle. The size distribution and shape of NPs was estimated based on HRTEM 
micrographs. HRTEM was performed by Tecnai G2 F30 S-Twin (FEI) machine, operated 
at an accelerated voltage of 300 kV. These images were taken by drop coating AgNPs on 
a carbon-coated copper grid with a thin layer of platinum in an auto fine coater.  

4. Antibacterial activity of AgNPs 
 The antibacterial activity of green synthesised AgNPs was investigated against  
human pathogenic bacteria like Staphylococcus aureus, Pseudomonas aeruginosa, 
Bacillus subtilis, E.coli, Klebsiella pneumonia and Candida albicans using by Kirby-
Bauer disk diffusion method [Bauer, 1966]. The pure cultures were collected from the 
Raja Muthiah Medicial College, Annamalai Nage, Tamil nadu and subcultured on 
Muller-Hinton Agar. The pathogens were swabbed uniformly onto culture plates by using 
sterile cotton swabs. To evaluate the antibacterial activity of the AgNPs, 100, 50 and 25µl 
of nanoparticles solutions were dropped over the disc. All petri plates contain organism 
and antibacterial agents were incubated at 37°C for 24hr, the diameter of zone inhibition 
was measured in millimeter and recorded as Mean±SD of the triplicate experiments. If 
the nanoparticle compounds are having any effect against pathogenic bacteria in certain 
concentration then no organism will grow and particular concentration in agar is greater 
than or equal to the effective concentration. This clear and absence of  growth is called 
the zone of inhibition. The diameter size of the zone of inhibition measures the efficacy 
of the NPs active compounds; a more effective compound produces a clear region around 
the disk.  
5. MTT assay 

MCF-7 cells were purchased from National Centre for Cell Science(NCCS), 
Pune, India. The cell viability was estimated using the MTT calorimetric technique. Cells 
were cultured in 96 well plate for 6h at 37ºC and kept in CO2 incubator. 100µL of MTT 
solution (3-(4,5-dimethlthiazoyl-2)-2,5-diphenyltetrazolium bromide, a yellow tetrazole) 
without phenol red (5mg/mL) in phosphate buffer solution was added to each well and 
incubated for 5h at 37ºC, for the reduction of MTT by metabolically active cells, in part 
by the action of dehydrogenase enzymes to generate reducing equivalents like NADH 
and NADPH. Purple color formazone crystals formed and then dissolved with 100 µL of 
isopropanol or dimethyl sulphoxide (DMSO). After treatment, these crystals were 
observed at 520nm absorbance which is directly proportional to the number of living 
cells in culture. The percentage of viability was calculated by using the following formula 
[Sukirtha, 2012],                   

                         Sample absorbance (AgNPs) 
Percentage of viability =  -------------------------------------------× 100 

                          Control absorbance (untreated) 
Results and discussion  

1. UV spectroscopic study 
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The phytochemical investigation revealed that the terpenoids, saponins, tannins, 
phenols, flavonoids and glycosides were available and the alkaloid was not present in leaf 
aqueous extract. The silver nitrate (AgNO3) solution was mixed with M. philippensis leaf 
extract the colour of the reaction solution changed from colorless to dark brown in colour 
which understood the formation of nanoparticles. This color change was due to excitation 
of the surface plasmon resonance (SPR) at 420nm (Figure 1) [Benakashania, 2016].  

2. XRD study 

The XRD pattern clearly indicated the crystalline nature of synthesized AgNPs. The 
spectrum peak 2θ values (35.89°, 40.30°, 64.52° and 76.09°) were corresponding with the 
plane values (100), (102), (220) and (114) respectively. So, based on the pattern of the 
particles were face centered cubic crystal structure. The highest degree of crystallinity 
was observed at 64.52º (Figure 2) and the results also supported by Shameli et al. 2011 
and Sanjenbam et al 2014. The size of the particles ranged between 9.35 to 23.57nm and 
average size of the particle was found to be around 16nm using Debye-Scherrer’s 
formula.  

3. FTIR study 

FTIR spectrum was done to identify the possible biomolecules responsible for 
reducing and capping of bioreduced AgNPs. The major peaks in the FTIR spectrum of 
AgNPs (Figure 3) were observed at 3777.15cm-1 (medium N-H Stretching), 3170.26cm-1 

(medium bond, O-H stretching, carboxylic acids group), 2829.15cm-1 (medium bond H-
C=O; C-H stretching alkanes group),  2616.71cm-1 (very strong bond, C=N stretching, 
nitriles group), 2123.19cm-1 (weak bond, -C=C- stretching, alkanes group), 1408.86cm-1 

(medium bond, C-C stretching, aromatics group) [Awwad, 2013], 1608.13cm-1 (medium 
bond, N-H bending, amines group), 1517.95cm-1 (strong bond, N-O assymmtric 
stretching, nitrocompounds group), 1331.24cm-1 (strong bond, C-N stretching, aromatic 
amines group) [Abdullah, 2015], 1112.59cm-1,  1031.25cm-1 (medium bond, C-N 
stretching, aliphatic amines group) [Selvi, 2012], 895.86 cm-1 (strong N-H wag, amines 
group), 775.21cm-1 (medium bond, C-Cl stretching, alkyl halides group),  695.76cm-1 

(strong C-H bending, alkynes group),  606.77cm-1 (medium bond, C-Br stretching, alkyl 
halides group) and 503.86cm-1 (strong COO- stretching) [Devaraj, 2013] respectively.  

4. HRTEM study 

The morphology and size of the synthesized AgNPs were determined by Field 
Emission transmission electron microscopy (HRTEM) study. The TEM image Figure 
4(a-c) of AgNPs was spherical and oval in shape with an average particles size ranges 
found to be 10-30nm [Balashanmugam, 2015]. Figure 4(d) shows selected area electron 
diffraction pattern (SAED) of the AgNPs. The AgNPs are crystalline, as can be seen from 
the selected area diffraction pattern recorded from one of the nanoparticles in the 
aggregate. SAED spots that corresponded to the different crystallographic planes (100), 
(102), (220) and (114) of face-centered cubic (fcc) structure of AgNPs.  
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5. Antibacterial activity of AgNPs 
 Antibacterial activity of AgNPs was found to have a higher inhibitory effect when 
compared to aqueous leaf extract (Figure 5). The synthesized AgNPs shows higher 
inhibition zone against gram-negative bacteria (Salmonella typhi, Pseudomonas 
aeruginosa, Escherichia coli and Pseudomonas aeruginosa) compared to the gram-
positive bacteria (Staphylococcus aureus and Bacillus cereus). Here, the phenomenon is 
well understood that the particle surface area and size of green synthesized NPs played a 
vital role in their interaction with bacterial cells. Due to their large surface area and size 
of AgNPs produces an electric effect. This effect increased attaching strength of the NPs 
to the cell membrane and penetrated into the bacteria. Inhibitory effect differed cell wall 
structures between gram negative and positive of bacteria. According to Kaviya et al., 
2011 and  Muthuvel et al., 2014, the gram-negative bacteria exhibited higher antibacterial 
activity than a gram-positive bacteria because of their the cell wall texture. It contains a 
polypeptide thick layer and polysaccharide chain, form more complex structure lead to 
difficult to penetration of the AgNPs compared to gram-negative bacteria where the cell 
wall possessed thin layer of peptioglycon. 
6.  Cytotoxicity of AgNPs 

In vitro cytotoxic effect of AgNPs was screened against the MCF-7 cell lines. In the 
present study, the dose dependent cytotoxicity of AgNPs against MCF-7 cells using MTT 
assay was performed. The cell viability of MCF-7 cell lines was observed for 12h, 24h 
and 48h after treatment with M. philippensis  AgNPs. As shown in Table 1, increasing 
concentrations of M. philippensis AgNPs with decreasing cell viability of MCF-7 cell 
lines. After 12h of treatment, 50% of dead cells (IC50 value) of biosynthesized AgNPs 
against MCF-7 cells hold 200µg/mL concentration and 94% of dead cells reached after 
48h of incubation. However, the toxicity of synthesized AgNPs showed much activity 
than plant extract and AgNO3 at the same incubation period [Jannathul Firdhouse , 2015].  

 
Conclusions 
 We conclude that the biosynthesized AgNPs exhibits good antibacterial activity 
against human bacterial pathogens and cytotoxicity effect. Hence, this study reports that 
the biosynthesized AgNPs will create social awareness to the field of drug design. Further 
studies are required to fully characterize the cancer therapy of all pathological suffering 
human beings with biosynthesized AgNPs assay. 
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. Figure 1: UV-Vis spectrum of Ag NPs synthesized by M.phillippensis leaf extract 

 

              Figure 2: XRD pattern of synthesized AgNPs using M. philippensis leaf extract. 

 

  Figure 3: FTIR spectrum of green synthesized AgNPs using M. philippensis leaf extract. 
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Figure 4: (a-c) High and low magnifications of biosynthesized AgNPs and (d) SEAD 

Figure 5: Antibacterial activity of synthesized AgNPs using 
by disk diffusion method (A
50µl and 3- 100µl of AgNPs solution). 
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c) High and low magnifications of biosynthesized AgNPs and (d) SEAD 
pattern of AgNPs. 

Figure 5: Antibacterial activity of synthesized AgNPs using M. philippensis
by disk diffusion method (A- Commercial antibiotic; C- Control (AgNO

100µl of AgNPs solution).  
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Table 1: Percentage of Cells Viability on MCF-7 Cells was measured after treatment with 
biosynthesized AgNPs for 12, 24 and 48h by MTT assay. 

Treatment 

12h 24h 48h 

Dead (%) Viable 
(%) 

Dead (%) Viable 
(%) 

Dead (%) Viable 
(%) 

MCF-7 Cell + 
Plant leaf Extract 

25.00±0.10 75.00 36.00±0.03 64.00 46.12±0.02 54.00 

MCF-7 Cell + 
AgNO3 

18.01±0.91 82.00 24.02±0.12 76.00 28.21±0.17 72.32 

MCF-7 Cell + 
100µg/mL 

AgNPs 
35.10±0.09 65.21 45.21±0.39 55.20 65.21±0.21 35.02 

MCF-7 Cell + 
200µg/mL 

AgNPs 
50.01±0.21 50.00 74.20±0.15 26.00 94.00±0.06 6.00 

Mean ± S.D 
 


