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ABSTRACT
Nanoparticles shows improved characteristics because their size, morphology and distribution, and are extensively used in
various scientific fields. Among metallic nanoparticles, Silver Nanoparticles (AgNPs) are very significant particularly
because of their physicochemical and antimicrobial properties which help in molecular diagnostics, therapies and devices
used for medical processes. A major adverse effect of chemical synthesis is that it involves the use of hazardous chemicals
and toxic by-products are obtained. Thus, there is a requirement for eco-friendly and economic methods to synthesize them
and the utilization of aqueous or alcoholic plant extract are quickly expanding and gaining significance. Various plant
extracts are used for the green synthesis of AgNPs, one among them is Hypericum perforatum. Hypericum perforatum
aqueous extract was used for the synthesis of AgNPs and its antifungal action was proved. This article explains about their
main physical chemical properties of synthesized AgNPs and some of their medical applications.
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INTRODUCTION

In recent times, the Nanoparticles (NP) from noble metals 
have been the target of several researches regarding their 
unique optical, chemical, electronic, mechanical and 
magnetic properties [1]. Their particular effects are 
distinct because of their size and dimension of their 
specific surface. They are applied in various fields 
comprising catalysing few reactions, in the electronic field, 
in textile industry, in photonics, in photography, in 
cosmetics industry, technical medical products, in dye 
industry, in the diagnosis field, in the treatment of various 
chronic and acute disorders such as cancer, malaria, 
hepatitis and AIDS and as vectors for some drugs [2]. It is 
also been reported that plants act as a better platform for 
NP synthesis as it exhibits greater affinity towards sulphur

or phosphorus containing biomolecule present in the
plant cells [3].
The biosynthesis of transition metal nanoparticles is
gaining significance because of their low toxicity,
biocompatibility and environmentally friendly nature.
Among nanoparticles, silver nanoparticles have potential
applications in the area of life sciences, especially in food
chemistry, agriculture and forensic science [4]. Antifungal
effect of ionic or nanoparticle silver has a great
prospective for use in controlling spore producing fungal
plant pathogens. Silver is least toxic to humans and
animals when compare with synthetic fungicides. Different
modes of action showing a wide range of biological
pathways of microbes gives a vital benefit for avoiding the
resistance progression, which has been enhancing vital in
terms of current issues for the chemical management of
many plant fungal diseases. Since the efficiency of silver is
greatly influenced by application timing, preventative
applications of silver particles and nanoparticles
work way better before spores enter and
colonize inside the plant tissue [5].
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New innovative methods are being practiced because of 
the escalating demand in the manufacture of green NP to 
combat physical and chemical methods. The most 
significant benefit of the green synthesis approach of 
NPs, it reduces the production of hazardous by-products 
and it is important to follow fundamental principles of 
green chemistry to implement these sustainable 
processes [6]. Green synthesis explores unexploited plant 
sources in the progression of AgNPs. The major particles 
move towards the AgNPs green synthesis which is 
biocompatible, cost effective and environmentally safe. 
The decrease of silver ions occurs when the silver nitrate 
solution reacts with aqueous extract of plant extract at 
60°C [7].
The probability of finding novel active antifungal 
compounds for pathogenic fungal species has been 
discussed these days [8]. Hypericum perforatum extracts 
were proved for its antifungal action. The action of 
hypericin mediated photodynamic antimicrobial 
properties on pathogenic fungi is known. The main active 
component of H. perforatum is hypericin 
the concentration of active compounds in the 
different regions of the plant varies depending on 
the soil's characteristics and climatic conditions 
[9]. Hence, considering the advantages of plant extract, 
the present study was done to examine the 
synthesis of silver nanoparticles and to assess the 
antifungal action of silver nanoparticles from Hypericum 
perforatum plant extracts.

MATERIALS AND METHODS

Preparation of aqueous extract

Fresh plant materials of Hypericum perforatum were 
collected from the local market and the aqueous extract 
of the sample was prepared using the freshly collected 
leaves (10 g), were washed in running tap water and then 
in distilled water, boiled in 100 ml of distilled water, at 
60°C for 5 minutes. The extract is filtered through gauge 
cloth and used for further experiments.

Synthesis of silver nanoparticles

The chemical, AgNO3 was purchased from hi media 
laboratories Pvt. Limited, Mumbai, India and was used 
for the present study. For the synthesis of silver 
nanoparticle, 6 ml of the aqueous extract of Hypericum 
perforatum was added to 94 ml of 1 Mm (10-3 M) 
solution of silver nitrate in 250 ml Erlenmeyer flask. The 
reaction was performed in dark (to minimize photo 
activation of silver nitrate), at room temperature. The 
suitable controls were maintained throughout the 
conduct of experiments [10].

UV-visible spectra analysis

The bio-reduction of Ag+ in aqueous solution was 
monitored by periodic sampling of aliquots (0.2 ml) of 
the suspension, then diluting the samples with 2 ml of 
deionized water and subsequently measuring UV-visible 
spectra, at the wavelength of 200  to 700  nm in  Beckman

model no. DU 40 spectrophotometer at a resolution of 1 
nm [11].

Scanning electron microscope

This study was undertaken to know the size and shape of 
the silver nanoparticles biosynthesized using an aqueous 
extract of Hypericum perforatum [12]. After nanoparticle 
synthesis, the sample was filtered via Millipore filters of 
0.2 nm pore size to remove any contaminants interfering 
with the SEM images. About 25 µl of the sample was 
pipetted out and loaded on a ‘stub’ provided for SEM 
analysis. The cathode has a permanent magnet for 
creating an efficient glow discharge for sputtering. It is 
probable to set the chamber pressure in addition to the 
sputtering current. This keeps the uniformity of the 
coating to be controlled so that a shadow free coating can 
be attained. The photographs of nanoparticles were 
obtained in a scanning electron microscope (JEOL, Japan, 
model 6360, in the department of geology, UOM, guindy). 
The details concerning magnification used, applied 
voltage, and size of the contents of the images were fixed 
on the photographs themselves [11].

Recovery of silver nanoparticles by ultra-
centrifugation

For characterization of silver nanoparticles formed in the 
aqueous extract, about 1 litre of 1 mm silver nitrate 
solution containing 60 ml of aqueous leaf extract of 
Hypericum perforatum was prepared and incubated in 
dark. After bio-reduction, the solution consisting of 
hydrosols of silver nanoparticles and biomolecules from 
the aqueous extract of Hypericum perforatum was 
subjected to centrifugation at 10000 rpm for 10 minutes, 
washed twice and the pellet was air dried. Later the 
supernatant was subjected to centrifuge at 25900 rpm 
(75000x g), for 30 minutes. The pellet was dissolved in 
0.1 ml of deionized water and air dried. The differential 
centrifugation helped in getting rid of the larger particles 
and biomolecules.

XRD measurements

The air dried nanoparticles were coated onto an XRD grid 
and analysed for the formation of Ag nanoparticles by 
Philips x-ray diffract meter with generator operated at a 
voltage of 40 KV and a current of 30 mA with Cu Kα1 
radiation. The diffracted intensities were measured from 
30˚ to 80˚ 2θ angles [12].

Antifungal activity by well diffusion assay

Silver nanoparticles synthesized using aqueous leaf 
extract of Hypericum perforatum were tested for their 
potential antimicrobial activity against few 
phytopathogens. Fusarium oxysporum, Macrophomina 
phaseolina and botrytis sphere used as test organisms. 
The well, diffusion assay was performed with fungal 
culture inoculated on Potato Dextrose Agar (PDA) plates,
about 30 µl of 0.5 mg, 1 mg and 1.5 mg of AgNO3 and 
silver nanoparticles were loaded into each well and 
control well was maintained. In another set up 4 different
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wells were made into a PDA medium. 30 µl  of 
sterile water added into the initial well which acts as a 
control. 30 µl of plant extract added into 2nd well, 
30 µl contains 1 mg concentration of silver 
nitrate and silver nanoparticles were inoculated 
into 3rd  and 4th well respectively and incubated 
at room temperature for 3 to 5 days [13].

Poison plate method

Different concentrations of silver nanoparticles (10 mg, 
20 mg) were mixed into potato dextrose agar and poured 
into petri dishes. Fungus such as Fusarium oxysporum, 
Macrophomina phaseolina, and Botrytis sp. was 
inoculated and incubated at room temperature for 3 to 4 
days.

RESULTS AND DISCUSSION

The optical properties of AgNP salter when particles 
aggregate and the conduction of electrons near every 
particle surface become delocalized and are shared 
among neighbouring particles. Un-aggregated silver 
nanoparticles have a yellow colour in solution whereas 
aggregated particles appear in grey colour [14]. The 
formation of silver nanoparticles in the solution of 1 mm 
silver nitrate and aqueous extract of the Hypericum 
perforatum plant sample was confirmed by a change in 
the colour to reddish brown, while the controls retained 
the original colour of the extract (Figure 1). The pale 
yellow colour appears immediately after the addition of 
the aqueous plant extract, and the reaction is completed 
in about 2 hours (Figure 1) [15].

Figure 1: Shows A) Aqueous silver nitrate solution
and B) Bio-reduced aqueous solution (silver nitrate
with plant leaf extract).

The kinetics of the decrease of aqueous silver nitrate in
the reaction was followed by UV-visible spectroscopy
(Figure 2) [16,17].

Figure 2: Shows the UV-visible spectra recorded from 
the aqueous silver nitrate and Hypericum 
perforatum broth. It is observed that the silver 
surface Plasmon band occurs at 390 nm.

Developments in Scanning Electron Microscopy (SEM) 
allow the high resolution imaging of single NPs with sizes 
below 10 nm. The SEM Examination in transmission 
Mode (T-SEM) of NPs on thin film bolsters has numerous 
benefits when compared to the analysis of NPs on bulk 
substrates [18]. The SEM studies confirmed the formation 
of silver particles in the size range of 20-100 nm  a clear 
indication of the formation of silver nanoparticles (Figure 
3).

Figure 3: Image of silver nanoparticles synthesized 
from Hypericum perforatum leaf extract.

X-ray diffraction depends on constructive interference of
monochromatic x-rays and a crystalline sample. The
nanoparticles synthesized in this method are
characterized using powder XRD to confirm the particles
as silver and to know the structural information [19].
XRD analysis showed three distinct diffraction peaks and
can be indexed 2θ values of 111, 200, 220 crystalline
planes of cubic Ag. The average grain size of the silver
nanoparticles formed in the bio-reduction process was
determined using scherr’s formula, d=(0.9λ*180˚)/β
cosθπ and is estimated to be 35 nm (Figure 4) [20].
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Figure 4: X-ray diffraction studies on silver 
nanoparticles.

Silver Nanoparticles (AgNPs) possess several 
applications, such as sensors, catalysts, anticancer agents 
and antimicrobial agents. AgNPs have exhibited 
inhibition activity against bacteria, fungi and viruses. 
In the current study AgNO3 and silver 
nanoparticles have potentially inhibited the growth of 
Fusarium oxysporum, Macrophomina phaseolina and 
Botrytis sp. with the increasing concentration. The zone 
of inhibition was viewed clearly with the increase in the
concentration of AgNO3 and silver nanoparticles in 
Figure 5 and 6.

Figure 5: Antifungal activity of silver nanoparticles
and silver nitrate against phytopathogens. Silver
nanoparticles: 1) Control, 2) 0.5 mg of silver
nanoparticles, 3) 1 mg of silver nanoparticles 4) 1.5
mg of silver nanoparticles. Silver nitrate: 1) Control,
2) 0.5 mg of AgNO3, 3) 1 mg of AgNO3, 4) 1.5 mg of
AgNO3.

Figure 6: Poison plate method. 1) Control; 2) 10 mg
conc. silver nano plate; 3) 20 mg conc. silver nano
plate.

In the poison plate method, the radial growth of test
pathogens was measured at 10 and 20 mg
concentrations. The radial growth of Fusarium
oxysporum, Macrophominaphaseolina and Botrytis sp. was
recorded as 1.4, 1.0, and 0.9 cm in H. perforatum AgNps
(10 mg) plate respectively Figure 6. However, silver
nanoparticles showed effective inhibitory action with
increasing concentration against Fusarium oxysporum
and Macrophominaphaseolin which is concordant with
the previous reports of AgNPs from H. perforatum
against Candida spp [21,22]. We have found that the silver
nanoparticles synthesized in our study effectively
inhibited the growth of phytopathogenic fungi like
Fusarium oxysporum, Macrophominaphaseolina and
Botrytis sp. Silver Nanoparticles (AgNPs) biosynthesized
by Hypericum perforatum have been recognized as
promising tools to combat parasitic fungi [23].

CONCLUSION

The silver nanoparticles synthesized from H. perforatum
effectively hindered the growth of phytopathogenic fungi.
Other biological potentialities, such as antibacterial and
anticancer activities of Hypericum perforatum mediated
nanoparticles could be also studied in the future.
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