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INTRODUCTION

Today nanotechnology is one of the emerging multidis-
ciplinary fields in the modern research and deals with the synth-
esis of materials in nanoscale (1-100 nm) dimension. These
nanoparticles gained more attention because of their unique
properties such as their extremely small size, large surface to
volume ratio, catalytic activity, thermal conductivity, electrical
properties, non-linear optical performance, stability, etc. [1-3].
The metal oxide nanoparticles have distinctive chemical and
physical properties attributable to their size and high density
of corner surfaces and are utilized in sensors, fuel cells and
coatings [4,5].

There are different methods available for the synthesis of
metal oxide nanoparticles, which includes the physical method,
chemical method and green synthesis [6-8]. Synthesis of nano-
particles using plant extract received much more attention due
to its cost effectiveness, eco-friendly nature and these mostly
used in the medicinal fields for curing diseases [9]. Green medi-
ated silver nanoparticles (AgNPs) have a number of advantages
over other metal nanoparticles, including being easily accessi-
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ble, low-cost, environmental friendly and having less toxicity.
Moreover, AgNPs produced biologically exhibit unique charac-
teristics, such as hydrophilicity, large surface area and improved
stability [10].

The synthesis of silver nanoparticles using extract of diffe-
rent parts such as leaf, roots, seed, fruits and stem, etc. of the
medicinal plants have been widely reported in the literature
[11-14]. The green synthesis utilizes the extracts as sources of
capping and reducing agents in the synthesis of AgNPs, and
suggested that the biomolecules, especially secondary meta-
bolites present in these extracts, could reduce the Ag ions [15].
In current years, the free radical chemistry attained more atten-
tion in the field of medicinal research. In nature, many plants
have natural antioxidants, which contain active anthocyanins,
phenolic compounds and flavonoids [16,17]. Similarly, nano-
particles present a promising option for facilitating drug passage
across the blood-brain barrier (BBB), potentially enhancing
treatment efficacy and reducing adverse effects [18].

 Pseuderanthemum reticulatum is an ornamental plant and
used in traditional medicine to take care of fever, headache,
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cold and back pain [19] and this plant is cultivated in different
parts of the world to increase the aesthetic value of the gardens.
Thus, in present study, a biosynthesis approach is adopted for
the synthesis of AgNPs using leaves of P. reticulatum. The
synthesized Ag-NPs were characterized through UV-visible,
FT-IR, EDAX, XRD, SEM, TEM, zeta potential analysis and
particle size analyzing techniques. Moreover, the synthesized
nanoparticles were also evaluated for their antibacterial, anti-
oxidant and anti-aging potency.

EXPERIMENTAL

Collection of leaves: Fresh leaves of Pseuderanthemum
reticulatum plant was collected from the garden of the premises
of college and authenticated by the Department of Botany,
Holy Cross College, Tiruchirappalli, India. With the help of a
sterile medical blade, the fresh leaves were cut into the little
pieces and then rinsed thoroughly with distilled water to remove
dust and other foreign materials before drying in shade. The
well-dried leaves were ground at 25 ºC for aqueous extraction.
Around 30 g of fine powder plant material was added to 500
mL flasks with distilled water to generate 200 mL of aqueous
solution. Flasks were sonicated for 10 min and shaken at 200
rpm in a 37 ºC incubator for 24 h. The extract was filtered with
Whattman filter paper to eliminate remaining particles.

Green synthesis of silver nanoparticles: The silver nano-
particles were synthesized using the aqueous extract of derived
from the leaves of P. reticulatum  and AgNO3 solution (2 mM)
by bioreduction method. The synthesis was optimized using
UV-visible spectrophotometer with respect to salt to precursor
ratio, reaction time, pH and temperature to maximize the silver
nanoparticles yield. The optimization was performed in
triplicate for better reproducibility.

Optimization of salt to precursor ratio: To optimize the
salt to precursor ratio, AgNO3 solution and plant extract (AEPR)
in different ratios (1:1, 1:4, 2:3, 3:2, 4:1) were investigated. In
order to determine the optimal ratio for achieving optimum
synthesis of AgNPs, the spectrophotometer was used to examine
the UV absorption spectra of the solutions at various ratios.

Optimization of time: The UV absorption peaks of the
reacting solutions were measured using UV-visible spectro-
photometer at different in travels of time. The UV spectrum
plot was drawn and compared to find the optimum time required
for completion of the reaction (30 to 150 min).

Optimization of pH: The optimization of pH of the
solution for the synthesis of AgNPs was carried out by varying
pH (from 1 to 13) of the solution by fixing the salt to precursor
ratio and time. The pH of the solutions was adjusted with HCl
and/or liquid ammonia using pH meter.

Optimization of temperature: The optimum temperature
for the synthesis of AgNPs was performed at different tempera-
tures viz. 40 ºC, 50 ºC, 60 ºC and 70 ºC, respectively. For each
temperature, the UV absorption spectrum was observed.

Characterization: The synthesized silver nanoparticles
using AEPR was optimized with the parameters such as salt to
precursor ratio (1:4), temperature (40 ºC), pH 7 and time (30
min). Then it was subjected to the following characterization.
The UV-visible absorption spectrum of the synthesized AgNPs

was analyzed using UV-visible spectrometer (Shimadzu UV-
2700). The FT-IR spectrum was recorded using a Fourier-transform
infrared (FTIR) spectrometer (Spectrum One System, Perkin-
Elmer, Waltham) to identify the potential bioactive functional
groups present in the extract, which are responsible for the
reduction and capping of the silver nanoparticles. JEOL-JEM
2100 (Tokyo, Japan) instrument was used for the elemental
analysis and chemical characterization. The scanning electron
microscopy (SEM) analysis of synthesized AgNPs was carried
out using a Hitachi S-4500 SEM machine, while the size and
shape were confirmed by transmission electron microscopy
(TEM) using Gatan Ultrascan 4000 digital camera attached to
a JEOL 2010 transmission electron microscope running at 20
kV. The crystalline nature of the synthesized nanoparticles was
analyzed using the X-ray diffraction technique (XRD), which
was recorded using XRD, D8 Advance (Bruker, Germany),
operated at 40 kV, 40 mA, with CuKα radiation, at a scanning
rate of 6º/min, step size 0.02, over the 2θ range of 20-80º.  The
particle size distribution and zeta potential were analyzed using
zetasizer Nano-ZS90 (Malvern Instruments, UK).

In vitro antioxidant activity by DPPH method: A 300
µL of synthesized AgNPs at varying concentrations were mixed
with 100 µL of DPPH (2,2-diphenyl-1-picrylhydrazyl) solution
of 0.1 mM concentration. The solutions were vigorously shaken
and left at room temperature for 30 min. Subsequently, the
absorbance of each solution was measured at 517 nm using a
UV-vis spectrophotometer and ascorbic acid used as a reference.
The DPPH radical scavenging ability of the synthesized AgNPs
was calculated using the following formula [20]:

s

c

DPPH radical scavenging act
A

1 100
A

ivity (%)
 

= − × 
 

where As is the absorbance of sample solution containing
AgNPs; Ac is the absorbance of the control solution without
AgNPs (containing only DPPH and solvent).

In vitro antianti-aging activity by collagenase inhibition
assay: The assay was performed in 50 mM tricine buffer (pH
7.5 with 400 mM NaCl and 10 mM CaCl2). Collagenase from
Actinomyces israelii (ChC, EC.3.4.23.3) was purchased from
MTCC, Chandigarh, India. The synthetic substrate N-[3-(2-
furyl)acryloyl]-Leu-Gly-Pro-Ala (FALGPA) was dissolved in
tricine buffer (2 mM). The test samples were incubated with
the enzyme in buffer for 15 min before adding substrate to
start the reaction. The final reaction mixture (150 µL total
volume) contained tricine buffer, 0.8 mM FALGPA, 0.1 units
ChC and 25 µg test extracts. Negative controls were performed
with water. The absorbance was measured at 335 nm immedi-
ately after adding substrate using a microplate reader in a 96
well microtiter plates. The inhibition percentage was calculated
according to the following formula:

abs abs

abs abs

S Sb
Collagenase inhibition activity (%) 1 100

C Cb

 −= − × − 
where S = sample test absorbance; Sb = sample blank absor-
bance, C = positive control absorbance; and  Cb = negative
control absorbance.
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RESULTS AND DISCUSSION

The silver nanoparticles (AgNPs) were synthesized using
aqueous extract derived from the leaves of Pseuderanthemum
reticulatum (AEPR) by bioreduction method. The formation
of AgNPs was observed by change in the colour change of the
solution after the addition of AEPR to AgNO3 solution. The
colour change of the solution is due to the reduction of silver
ions. The progress of reduction of was evaluated by UV-visible
spectra using the colloidal solution of AgNPs.

Optimization of synthesis of AgNPs: The UV-visible
absorption spectrum of various material to precursor ratio were
recorded and overlay was plotted (Fig. 1). The optimal concen-
tration ratio for the material to precursor ratio was found to be
1:4, whih is due to the fact that a higher precursor concentration
(AEPR) induces a higher concentration of secondary metabo-
lites including alkaloids, flavonoids, anthocyanins and tannins,
all of which readily reduce the silver ions [21]. The reaction
time for the synthesis of AgNPs was optimized by increasing
the reaction time from 30 to 180 min and the corresponding
UV-visible absorption spectrum of the AgNPs formed in the

reaction medium was recorded (Fig. 1b). From the optimization
overlay plot, it was observed that by increasing the reaction
time, the UV-visible peak absorption also increases. It was
shown that the optimum time for the synthesis of AgNPs was
found to be 60 min and after that the stability of AgNPs was
decreased therefore, the absorption peak also decrease due to
the forma-tion of colloidal solution.

The optimization of pH of the reaction medium was
carried out by varying the pH (1, 3, 5, 7, 9 and 11) under opti-
mized metal to precursor ratio (1:4) and time (60 min). The
UV-visible absorption spectrum obtained for each pH were
measured and are shown in Fig. 1c. The optimal condition for
the complete reduction of AgNPs was observed to be at pH =
5, which is slightly acidic medium. In literature, it was reported
that the synthesis AgNPs takes place in alkaline medium (pH
9) [22]. The stability of the nanoparticles is directly related to
the pH. Since all the nanoparticles are stable at or around their
isoelectric point, changes in pH can alter the double-layer char-
acteristics, increasing or decreasing the probability of floccu-
lation or coag-ulation. It is also reported that AgNPs exhibited
an effective charge change in aqueous conditions, from positive
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Fig. 1. Optimization of synthesis of P. reticulatum leaves mediated AgNPs
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(in low pH) to negative (at high pH), with an isoelectric point
between them [23]. Temperature is another important para-
meter because it controls the nucleation process in nanoparticle
synthesis [24]. The optimum temperature required for the
synthesis of AgNPs was studied by performing the AgNP syn-
thesis at different temperatures (40 ºC, 50 ºC, 60 ºC and 70 ºC)
by maintaining the other optimized parameters kept constant
and the corresponding UV absorbance was recorded (Fig. 1d).
The results show that the maximum absorbance observed for
the formation of AgNPs was occured at 50 ºC. Initially, the
temperature increases from 40 ºC to 50 ºC, the absorbance for
the formation of AgNPs also increases. The temperatures at
60 ºC and 70 ºC, a slight decrease in the absorption was observed,
which is due of the formation of crystal growth around the
nucleus [25].

 UV-visible spectral studies: The synthesized AgNPs
exhibit strong absorption in the visible region due to the surface
plasmon resonance. The UV-visible spectrum of AgNPs syn-
thesized using AEPR shows a characteristic absorbance peak
near 404 nm, which confirmed the formation of AgNPs [26].
The smaller wavelength of absorption indicates the formation
of smaller sized nanoparticles [27]. In the UV spectrum, the
other peaks around 500-600 nm are due to the presence of some
secondary metabolites present in the extract (anthocyanins 504
nm and 533 nm) (Fig. 2).
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Fig. 2. UV-visible spectrum of P. reticulatum leaves mediated AgNPs

FT-IR spectral studies: The synthesized AgNPs were
analyzed using FT-IR spectrophotometer to identify the possi-
ble interactions exist between the AgNPs and bioactive funct-
ional groups which are responsible for the reduction of silver
ions. This is also used to predict the capping materials present
in AgNPs [15]. The FT-IR spectrum of AgNPs synthesized using
AEPR is shown in Fig. 3, which revealed that the absorption
frequencies at 696.13, 600.28 and 556.91 cm-1 confirmed the
metal-oxygen bond of AgNPs. The strong carbonyl absorption
peaks at 1637.73 cm-1 indicates the participation of some flavo-
noid group of compounds (C-O stretching of aliphatic ether)
[28] involved in the synthesis of AgNPs.

100
90
80
70
60
50
40
30
20
10

0

Tr
an

sm
itt

an
ce

 (
%

)

4000 3500 3000 2500 2000 1500 1000 500 400

Wavenumber (cm )
–1

3292.29

2132.76

1637.73 1
31

8.
50

11
10

.7
4

69
6.

13 60
0.

2
8

556.90

461.56
426.52

Fig. 3. FT-IR spectrum of P. reticulatum leaves mediated AgNPs

Morphology studies: In the EDAX spectrum, the distinct
peaks were observed between 2.8-3.6 keV which corresponds
to silver, thus the strong signals observed in the EDAX spectrum
confirmed the formation of AgNPs [29]. In addition to silver,
peaks corresponding to carbon (C) and oxygen (O) were dete-
cted in the spectrum (Fig. 4), indicating the presence of metal-
oxygen bonds and other phytoconstituents involved in the
stability of AgNPs.
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Fig. 4. EDAX spectrum of P. reticulatum leaves mediated AgNPs

The SEM images of AgNPs synthesized using AEPR were
taken at 25,000X and 40,000X magnifications. The SEM
images (Fig. 5) show that the AgNPs are in spherical, round,
cuboidal and triangular shapes with smooth surface and the
size of the particles around 10-40 nm.

TEM studies: The TEM images of AgNPs obtained using
AEPR is shown in Fig. 6. The utilization of plant extracts in
the synthesis not only enhances the pharmacological character-
istics of the AgNPs but also regulates their size and structure
[30]. The synthesized AgNPs mostly appear in spherical, trun-
cated triangles, cuboidal and decahedral shapes as evidenced
by the TEM images and the average size was found to be 17.83
nm.

XRD studies: The crystalline structure of nanoparticles
is often assessed by XRD analysis and the particle size can be
calculated using Scherrer’s formula based on the peak width
observed in the XRD data. The peaks observed in the XRD
spectrum (Fig. 7) are extremely sharp and four distinct diffra-
ction peaks at 35.94º, 47.24º, 62.60º and 67.68º with the 2θ
values correspond to the plane (1 1 1), (2 0 0), (2 2 0) and (3 1 1),
respectively [31] (JCPDS file no. 84-0713 and 04-0783) are
observed. These results indicate that synthesized AgNPs are
face centred cubic (fcc) and crystalline in nature.

Zeta potential and DLS particle size: The zeta potential
measured for the synthesized AgNPs is shown in Fig. 8 and
the zeta potential value -19.1 mV, signifying the presence of
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Fig. 5. SEM images of P. reticulatum leaves mediated AgNPs

Fig. 6. TEM images of P. reticulatum leaves mediated AgNPs
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Fig. 7. XRD spectrum of P. reticulatum leaves mediated AgNPs

repulsion among the synthesized nanoparticles, which further
increases the stability of the formulation. It is evident that the
AgNPs are polydisperse in nature, due to its high negative zeta
potential; thus, the electrostatic repulsive force between them
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Fig. 8. Zeta potential of P. reticulatum leaves mediated AgNPs

results in the prevention of agglomeration of the nanoparticles
and is also very much helpful for long-term stability in the
solution [32]. The particle sized distribution of the synthesized
AgNPs is in the range from 10 nm to 40 nm, and the median
diameter (taken as average particle diameter) is about 17.83
nm, being deduced from Fig. 9, which shows a relatively broad
size distribution.

In vitro antioxidant activity: The radical scavenging
capacity of in vitro antioxidant activity was evaluated using the
DPPH method, indicating remarkable antioxidant activity. At
500 mg/mL, the extract demonstrated a free radical scavenging
ability of 64.99%. The IC50 value, indicating the concentration
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Fig. 9. Particle size distribution of biosynthesized AgNPs

required to reduce the DPPH concentration by 50%, was deter-
mined to be 101.5 mg/mL. The free radical inhibition percen-
tage AEPR at different concentrations is shown in Fig. 10.
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Fig. 10. Percentage of inhibition of DPPH by biosynthesized AgNPs

Anti-aging activity of AgNPs by collagenase inhibition
assay: The anti-aging activity of biosynthesized AgNPs was
studied by collagenase inhibition assay. The result of anti-
collagenase activity is shown in Table-1 and the IC50 value
was found to be 67.36 mg/mL. The maximum inhibition of
AgNPs was observed at 500 mg/mL (42.53%, Fig. 11), which
shows the dose dependent inhibition of enzymes, attributing
the conformational change in collagenase induced by the syner-
gistic effect of phenolic compounds and flavonoids groups present
in the aqueous extract derived from the leaves of P. reticulatum.
Thus, the anti-collagenase activity results showed that the AEPR
is effective towards anti-ageing.

TABLE-1 
ANTI-COLLAGENASE ACTIVITY RESULTS ASSAY DATA OF 

BIOSYNTHESIZED AgNPs AT DIFFERENT CONCENTRATIONS  

Sample concentration 
(µg/mL) 

OD Value at 335 nm (in triplicates) 

Control 0.952 0.929 0.913 
500 0.533 0.546 0.526 
250 0.770 0.760 0.726 
100 0.886 0.828 0.815 
50 0.901 0.903 0.925 
10 0.994 1.342 1.542 

 
Conclusion

Silver nanoparticles (AgNPs) synthesized from the aqueous
extract of Pseuderanthemum reticulatum leaves (AEPR) through
bioreduction method was successfully accomplished. The UV-
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Fig. 11. Percentage of collagenase inhibition by biosynthesized AgNPs

vis, FT-IR, SEM, TEM, XRD, EDAX and particle size analysis
techniques revealed the formation of AgNPs with a average
particle size of 17.83 nm. The synthesized AgNPs showed good
antioxidant activity toward DPPH and also exhibited excellent
anti-ageing activity against collagenase enzyme. This investi-
gation provides evidence that AEPR-mediated AgNP synthesis
is environmentally benign, moreover, AEPR is anthocyanin
rich and contains anti-aging secondary metabolites such as
flavonoids and phenolic compounds, making it a potential cos-
meceutical ingredient in cosmetic product formulations.
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