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ABSTRACT

Casuarina equisetifolia is a widely cultivated tree species, for its quality fuel wood, that also serves as a rich source for potential
phytoconstituent. The present study has demonstrated the bioinspiered synthesis of silver nanoparticle, using aqueous root extract
of Casuarina equisetifolia, as a reducing agent. The biosynthesized Silver nanoparticles (AgNP’s) were optimized for various
parameters like temperature, pH, time and stability. Characterization of the optimized AgNP’s, for its structural and morphological
properties were carried out using UV-Vis spectroscopy, FTIR spectroscopic technique, TEM analysis and X-Ray diffraction (XRD). The
UV wavelength of AgNP’s was between 415-430 nm, optimized temperature lies between 60°C to 80°'C, pH was neutral and time
required for incubation was 30 mins, for the synthesis of an effective silver nanoparticles using aqueous root extract of Casuarina
equisetifolia as a reducing agent and the synthesized nanoparticles was found to be stable without addition of any stabilizing agent.
TEM analysis revealed that AgNP’s synthesized were spherical in shape with an average particle size of 25nm. The FTIR study,
supports the presence of certain biomolecules in the root extract which could be responsible for the stabilization of the synthesized
silver nanoparticles. The average crystalline size was found to be 44 A using XRD pattern. Further, these biosynthesized AgNP’s were
found to be highly effective antibacterial agent against, multi drug resistant pathogens Pseudomonas aeruginosa, Staphylococcus
aureus, Proteus vulgaris. Maximum antibacterial activity was obtained compared to the standard, Gentamycin. Thus, the study
reveals that silver nanoparticles synthesized using aqueous root extract of Casuarina equisetifolia serves as an effective

bioreductant for synthesis and also alternative for therapeutic approach in medical field.
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INTRODUCTION

anotechnology is a technology that has the

potential to revolutionize and transform multiple

technologies at industrial level including
agriculture, medicine, biotechnology energy services etc
(National Nanotechnology initiative). Among the noble
metals, silver is widely used in the synthesis of
nanoparticles involving biological system, medicine and
living organism.

The unique property, which is Surface Plasmon
Resonance (SPR) occurs upon irradiating silver
nanoparticles with light, that results in the oscillation of
free electrons in the conduction band of nanoparticles,
which is based on the size and shape of the particle
synthesized.

Thus these properties allow silver nanoparticles to be
employed in various fields for various application.

Researchers have developed potential silver
nanoparticles, synthesized using aqueous leaf extract of
Aerva lanatal, leaf ethanol extract of Pisonia grandisz,
Pimenta diociaa, Ocimum leaf extract4, where in all these
cases plant materials served as potential reducing agent.

Casuarina equisetifolia, an evergreen tree species,
containing wider range of potential biomolecules, which
still lacks scientific validation.

But the history of folk medicine reports that beefwood

was used to treat various ailments like beri-beri, colic,
cough, diarrhea, dysentery, headache, nerve problem,
swelling and toothache.

Since this tree species is rich in several potential
phytochemicals like alkaloids, flavonoids, triterpenoids,
carbohydrates, tannins, phenols, gumss, systematic
investigations were done to evaluate antimicrobial,
antioxidant and haemolytic activity of extracts of
Casuarina equisetifolia in recent days.6

The current study explores the role of aqueous root
extract of Casuarina equisetifolia in the novel in vitro
synthesis of Silver nanoparticles.

The synthesized nanoparticles were optimized for various
parameters like temperature, time, pH and stability.

On optimizing, the conditions required for the synthesis
were standardized, the silver nanoparticles were analyzed
for UV-Vis Spectroscopy, FTIR spectrum study, TEM
micrograph and XRD to characterize the synthesized
particles.

These biologically synthesized AgNP’s were found to
produce effective antibacterial activity against multi-drug
resistant pathogens.

MATERIALS AND METHODS
Collection of Plant Material

Root samples of Casuarina equisetifolia were collected
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from, Pudhucherry Union territory, India. Collected root
materials were made free from adhering soil matters and
then surface sterilized using 1% Sodium hypochlorite,
followed by shade drying. The dried materials were finely
powdered and stored at 4°-C for further investigations.

Preparation of Aqueous Root Extract

Extract was prepared using the finely powdered root
material. Powdered root material and distilled water was
taken in the ratio 1:10 and boiled for 20 mins. The extract
was then filtered using whatman No 1 filter paper and
then centrifuged at 5000 rpm for 15 mins. Supernatant
was stored at 4'C for further analysis.

Synthesis of Silver Nanoparticle

For the present study, 1ImM of AgNO; aqueous solution
was prepared. For the synthesis of silver nanoparticles,
root extract and 1mM AgNO; aqueous solution was mixed
in the ratio 1:9, followed by incubation in dark condition
for 24 hours. Formation of brown or wine red colour
confirms the reduction of aqueous silver ions by aqueous
root extract7, to form silver nanoparticles.

Optimization of the Silver Nanoparticles
Temperature

The process of Bio reduction of metal ions, by the
biomolecules in the extract is dependent on temperature
at which the reaction takes place. To standardize an
optimum temperature for the formation of silver
nanoparticles 20°C, 40°C, 60°C, 80°C, 100°C was fixed, as
the temperature ranges, for the reaction trial. The
absorbance was monitored using UV-Vis
spectrophotometer from which the result was observed.

Time

Incubation time plays a crucial role in the formation of
nanoparticles. The optimization of time was studied at
different time interval viz. 10 mins, 20 mins, and 30 mins.
Absorbance was measured spectrophotmetrically.

pH

The shape of the silver nanoparticles synthesized mainly
depends on the pH value of the reaction solution.

Thus pH of the reaction was set as 4, 7 and 9 for the trial.
pH was adjusted using NaOH solution (0.1N) and HCI
solution (0.1N).

The results were read using UV-Vis spectrophotometer.
Stability

The stability of the synthesized nanoparticles at the
optimized condition, was checked periodically at regular
time interval for 30 days.

Characterization of Silver Nanoparticles
UV-Vis Spectrophotometer

Optical absorption spectra of silver nanoparticles present
in the suspension were analyzed using Double beam UV-
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Vis spectroscopy at wavelength range 350 nm-500nm and
the peaks were recorded.

FT-IR Spectroscopy

The synthesized silver nanoparticles were mixed with
Potassium bromide in the ratio of 1:100 and the pellet
was prepared.

This was taken for spectrum analysis and recorded on
Shimazdu IR Affinity 1, Japan equipped with DLATGS
detector with a mirror speed of 2.8mm/sec and with
Diffuse Reflectance mode (DRS) as attachment operating
at resolution of 4cm™ was used.

The measurement range was 400-4000 cm™.

This study was done basically to know the fundamental
vibration of the functional groups.

Transmission Electron Microscope

The dark wine red silver nanoparticles were centrifuged
at 20,000 rpm for 15 mins and the pellet of Ag NP’s was
formed.

This was washed thoroughly to remove the attachment of
residual Silver nitrate particles.

The pellet thus obtained was air dried and suspended in
ethanol. This was observed in Transmission Electron
Microscope Techai 10 Philips and photographed.

X-Ray Diffraction (XRD)

The powdered silver nanoparticles, were deposited on a
microscopic slide and air dried overnight at room
temperature using Cu-Kalradiation source in powder
diffractometer (XRD — Rich siefert 300 diffractometer).

X-ray diffraction (XRD) measurements were carried out
with a Bruker D8 A vance diffract meter using Ni-filtered
Cu Ka radiation (A = 0.154 nm).

XRD patterns were recorded in the 29 range 10-70" at a
scan speed of 10° min™ at room temperature.

The XRD analysis was done to determine and confirm the
structure of silver nanoparticles.

Antibacterial Activity

In vitro antibacterial activity of the silver nanoparticles

synthesized using the root extract of Casuarina
equisetifolia were studied.
Three pathogens viz.,, Pseudomonas aeruginosa,

Staphylococcus aureus and Proteus vulgaris, that are
multiple drug resistant bacterial strains were used for
antibacterial studies, obtained from the Department of
Microbiology, Ethiraj college for women, Chennai.
Bacterial test organisms were grown in nutrient broth for
24 hours.

These cultures were used to prepare bacterial lawn on
the Muller Hinton Agar medium used for plating. Four
wells of diameter 8mm were made on each bacterium
inoculated plate.
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Well A, B and C was loaded with 10ul, each with the
concentration of 25ug, 50ug and 100 pg of silver
nanoparticles synthesized using aqueous root extract of
Casuarina equisetifolia, respectively.

Well D was loaded with 10 pl of freshly prepared 1 mM
silver nitrate solution. The plates were incubated for 24
hours at 37°C. Gentamycin (100 pg) was used as a
standard.

RESULTS AND DISCUSSION
Synthesis of Silver Nanoparticles

The synthesis of silver nanoparticles can be confirmed
both visually by colour change and also spectrometrically
with the help of UV —Vis Spectrophotometer. On addition
of Root extract to Silver nitrate solution, reddish wine
colour was formed, which is the characteristic feature of
formation of silver nitrate particles (Fig 1). The formation
of AgNP’s was confirmed spectrometrically, by the SPR
(Surface Plasma Resonance Band). In the current study
absorbance peak was recorded at 425nm (Fig 2). This
confirmed the formation of Silver nanoparticles, since,
the characteristic SPR absorption band for the silver
nanoparticles lies in the range of 400nm-475nm.%

Figure 1: Synthesized AgNP’s using Aqueous Bark
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Figure 2: UV-Vis Spectra of Silver
Root Extract of Casuarina equisetifolia Nanoparticles
Optimization of Temperature

Increase in the temperature of the reaction mixture was
followed by increase in the absorbance value. Fig 3
reveals a very small shift in the SPR value for temperature
ranging at 60°°C and 80 °C as 424nm and 425 nm
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respectively. Thus for our present study, temperature
between 60°°C and 80 °C (Fig 3) proves to be effective in
the formation of silver nanoparticles, using aqueous root
extract of Casuarina equisetifolia.

Increase in the temperature of the reaction, results in
rapid reduction of Ag" ions and also Silver nanoparticles
of smaller size are synthesized due to homogenous
nucleation of silver nuclei.’

In the study conducted in optimizing the temperature for
the synthesis of silver nanoparticles from aqueous leaf
extract of Garcinia mangosl‘ana10 and Hippophae
rhamnoides Linn'' maximum absorbance was observed at
75°C, which is in close agreement with our study.
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Figure 3: Uv-Visible Spectra of AgNP’s showing effect of
different reaction temperature

Optimisation of Time

Generally increase in incubation time is marked by the
increase in absorbance value for the synthesis of silver
nanoparticles. In the present study, the intensity of SPR
and absorbance has increased with the increase in time
period.11 Thus, from the current investigation, the
optimum time period for the incubation of synthesis of
silver nanoparticles (at temperature range between 60°°C
and 80 °C, using aqueous root extract of Casuarina
equisetifolia was standardized as 30 mins (Fig 4). Similar
results were obtained during the formation of silver
nanoparticles using aqueous leaf extract of Acalypha
indica™ and Prunus armeniaca®™ where the synthesis was
achieved with the incubation period of 30 mins.
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Figure 4: Uv-Visible Spectra of AgNP’s showing effect of
different reaction time
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Optimization of pH

The effect of pH in the formation of silver nanoparticles,
using aqueous root extract of Casuarina equisetifolia
were investigated with the pH ranges of 4.0, 7.0 and 9.0.
Maximum absorbance was recorded at neutral pH (433
nm) at the temperature range between 60°°C and 80 °C
and an incubation period of 30 mins. The study in the
biosynthesis of silver nanoparticles using Mangosteen
leaf extracts, also supports neutral pH as the optimized
condition for the efficient synthesis of AgNP’s.'® The
particles size is expected to be larger in acidic medium
compared to that of basic pH (Fig 5). Many studies have
reported that size and shape of the bio synthesized

nanoparticles can be altered by varying the pH of the
reaction mixture.’
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Figure 5: Uv-Visible Spectra of AgNP’s showing effect of
different pH

Stability

The AgNP’s synthesized at temperature range between
60°°C and 80 °C, an incubation period of 30 mins and pH 7
was found to be stable upto the period of 30 days
without the addition of any stabilizing agent, after which
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it leads to reduction in stability due to agglomeration of
the nanoparticles.

Characterization of Silver Nanoparticles

UV-Vis Spectrophotometer

UV-Vis spectrophotometer analysis study was used to
confirm the formation and stability of the silver
nanoparticles synthesized using root extract of Casuarina
equisetifolia. Excitation of surface plasma resonance,
produced by the reaction mixture gives the characteristic
colour to the silver nanoparticles synthesized.” In the
current study, the SPR band lies between 420 nm-440nm,
that confirms the dispersed state of the synthesized nano

particles in the solution and also absence of clubbing of
the particles.7

FTIR Analysis

FTIR spectrum analysis helps us to characterize the
presence of various functional groups with respect to the
vibrational bands, present in the aqueous root extract of
Casuarina equisetifolia, that could be responsible for
capping and reduction of the reduced silver nanoparticles
(Fig 6). The broad peaks at 3452.73 cm-1 represent the
presence of NH, group of primary amine or amide. Sharp
peak at 1635.71 cm™ corresponds to the medium intense
band with stretching vibration of CO stretch. Absorbance
band at 1345.51 cm™ corresponds to the phenol or
tertiary alcohol OH bend. The band observed at 1012.67
and 1056.07 cm™ represents cyclohexane ring vibration.
The absorption band at 1056.07 em™ corresponds closely
to the C-O stretch. The vibrational bands that appear in
the IR spectrum of the aqueous root extract could be
observed in the IR spectra of the reduced AgNP’s.

Thus the FTIR analysis serves as an evidence for the
presence of potential biomolecules that was responsible
for the reduction of Ag ions and also for capping and
stabilization of synthesized silver nanoparticles using
aqueous root extract of Casuarina equisetifolia.
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Figure 6: FTIR spectrum of the Silver Nanoparticles synthesized using aqueous root extract of Casuarina equisetifolia
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ANTIBACTERIAL ACTIVITY
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Figure 7: TEM Micrograph
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Figure 8: XRD Analysis
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Figure 9: Antibacterial activity of the
synthesized nanoparticles
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Figure 10: Antibacterial activity of the synthesized nanoparticles

TEM Analysis

Figure 7 shows the TEM micrographs of the silver
nanoparticles synthesized. The micrograph shows
variation in the particle size. The average size of the
particles was 25nm (Fig 6). Few agglomerated silver
nanoparticles are seen that may be due to the process of
sedimentation.'°

XRD Analysis

To confirm and identify the crystalline nature of SNPs
using X-ray diffraction pattern were recorded from the 20
upto 10 to 80 degrees.

The figure shows, that the characteristic 20 values are
19.619, 31.892 and 32.772”. The average crystalline size
was found to be 44 A using Scherrer’s formula, d=0.9 A/
B cosb.

Antibacterial Activity

Antibacterial activity of synthesized silver nanoparticles
against Pseudomonas aeruginosa, S. aureus and Proteus
vulgaris, were studied and compared with the standard.
Pseudomonas aeruginosa, Proteus vulgaris was more
susceptible to synthesized Ag nano particles, whereas S.
aureus showed very minimal level of susceptibility even
at higher concentration. Proteus vulgaris showed
maximum zone of inhibition of 28mm + 0.7 at 100 pg
concentration (Fig 9 & 10).

Strong evidences are there since ages unknown, for its
dual activity that silver ions and silver based compounds
have effective antibacterial property, which intensified to
make use of Ag nanoparticles as an efficient antibacterial
agent, with the help of plant extract.”

The silver nanoparticles synthesized using plant extracts,
attaches to the surface of the bacterial cell membrane,
results in the disruption of the cell membrane to
penetrate the cell, which ultimately results in the death
of the bacterial cell® of multi drug resistant bacterial
strains.

CONCLUSION

It is clear from the above results, that aqueous root
extract of Casuarina equisetifolia can be employed in the
potential silver nanoparticles, using 1mM Silver nitrate
solution. Optimization of the processing condition is very
important to synthesize perfect sized and shaped
nanoparticles.3 Thus the optimized processing conditions
are: Temperature: 60°°C - 80°C; pH: neutral; Time:30
mins and was found to be stable for a period of 30 days.
Silver nanoparticles synthesized using optimized
conditions have been characterized by UV-Vis
Spectroscopy, FTIR spectrum study and TEM micrograph.
FTIR study revealed the presence of certain functional
groups that are in association with biomolecules like
phenols, flavonoids, tannin, alkaloids which would have
been the key factor for capping and stabilization for the
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synthesized silver nanoparticles. The average crystalline
size was found to be 44 A using XRD. The average size was
25 nm, which was interpreted using TEM micrograph. Our
current investigation showed a simple, economical and
rapid route to synthesis of silver nanoparticles, which
could be employed as a new range of antibacterial agent
in biomedical and pharmaceutical field, as well as bio

protectant in disease management of pests and
pathogens.
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