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Abstract: The paper reports a biogenic approach for the synthesis of gold nanoparticles
(GNPs) using in-vitro grown hypericin rich shoot cultures of Hypericum hookerianum plant.
The plant  extract  is  mixed with HAuCl4.3H2O, incubated and the synthesis of nanoparticles
was studied using UV-Vis spectroscopy. The nanoparticles obtained were characterised using
field emission scanning electron microscopy (FESEM) and X-ray diffraction (XRD) analyses.
The results showed that the plant extract of Hypericum hookerianum is a good bioreductant
for the synthesis of GNPs. The synthesised AgNPs were effective against different multidrug-
resistant human pathogens such as Staphylococcus aureus (Gram positive) and Pseudomonas
aeruginosa (Gram negative) species.
Keywords: Hypericum hookerianum, GNPs, Biogenic Synthesis.

1. Introduction

A new interest for gold have been found recently, when it is it is divided into miniscule grains, such as
gold nanoparticles. These gold nanoparticles are the subject of substantial research due to the unique optical,
electronic, and molecular-recognition properties exhibited1-4.  Among various methods adopted for synthesis of
nanoparticles, the green synthesis approach involving the reduction of Au (III) to Au(0) by plant extracts has
gained profound significance in recent years due to the non-toxic and renewable nature of plant extracts5. More
over in the green synthesis approach, plant extract itself acts as a stabilizer, and no capping agents or additional
stabilizers are needed6. The nanoparticles derived from green process are versatile enough and can be used in
many types of technological applications, from delicate electronics to revolutionary medical procedures7-13.

Using Green Synthesis approach, several plants and their parts have been used successfully for the
extracellular synthesis of metal nanoparticles14.  Extracts  of Cinnamomum camphora15, Medicago sativa16–18,
Pelargonium graveolens19, Avena sativa20, Azardirachta indica21, Tamarindus india22, Emblica offcinalis23,
Aloe vera24, Coriandrum sativum25, Carica papaya26, Parthenium hysterophorus27, Tritium vulgare28,
Acanthella elongata29, Sesuvivm potulacastrum30 were successfully used as reducing agents in the production of
metal nanoparticles like Ag and Au. However possibilities in plant-mediated biological synthesis of
nanomaterial have to be fully explored31.

Our previous work present a report on the synthesis of Ag nanoparticles using shoot cultures of
Hypericum hookerianum plant32. Hypericum hookerianum belongs to the family Hyperiaceae. It is a perennial
round-topped shrub distributed in Palni and Nilgiri hills of the Western Ghats in southern India. It is a well
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known medicinal plant and is pharmacologically confirmed to possess wound healing33, anti-bacterial33,
cytotoxic34 and anti-tumour35 properties. In our present work we report the synthesis of GNPs using shoot
cultures of Hypericum hookerianum and  the  anti-bacterial  activity  exhibited  by  the  synthesised  GNPs  was
investigated.

2. Experimental

The auxin-induced, hypericin-rich shoot cultures of Hypericum hookerianum were raised and
maintained in Murashige and Skoog (1962) medium36 supplemented with 1.0 mg/L kinetin (KIN) and 0.2 mg/L
naphthalene acetic acid (NAA) following the procedures described by Padmesh et al. 37.  These hypericin rich
shoot cultures were used for the experiment. All the chemicals were obtained from Sigma-Aldrich and Milli-Q
water was used throughout the experiments.

The shoot cultures obtained were thoroughly washed, shade dried and fine powdered. 10 gm of the
powdered mass was mixed with 100 mL water at 70oC for 15 minutes and was allowed to cool down to room
temperature. The extracts were filtered using Whatman number 1 filter paper. The filtered extract was collected
in a 250-mL Erlenmeyer flask and stored at 4oC for further studies.

2.1. Green Synthesis of GNPs

GNPs were synthesized by adding 0.5 ml of 1% aqueous HAuCl4 to 50 ml boiling H2O. Under vigorous
stirring, 2.5 ml of filtered Hypericum Hookerianum plant extract was added to the solution at 350 K. The
process was carried out for 10 min. The bioreduction of Au3+ ions to Au was evident by the slow colour change
of the solution, indicating the formation of colloids (S1). The nanoparticle suspension was cooled down slowly
to room temperature under constant stirring and the Au colloids (S1) obtained were stored in a dark bottle at 4oC
for future use. Similarly, the experiment was repeated at 400 K and the Au colloids (S2) were obtained and
stored. A slight colour change was noticed in the colloids (S2), indicating the increase in the rate of reduction
from S1 to S2.

2.2. Characterisation

UV-Vis absorption spectrophotometer (JASCO V-530) was used to monitor the bio-reduction of Au3+

ions. X-ray Diffraction (XRD) analysis has been carried out using an X-ray diffractometer (INEL) with Co-Ka
radiation. For XRD measurement, a thin film of the nanoparticles synthesized is prepared using Spin Coating
machine.  Field  Emission  Scanning  Electron  Microscope  (FESEM  –  LEO  SUPRA  55  –  CARL  ZEISS,
Germany) was used to examine the morphology of the synthesized nanoparticles.

2.3. Anti-bacterial activity

The anti-bacterial activity of the synthesized GNPs was tested by using Pseudomonas aeruginosa
(Gram negative) and Staphylococcus aureus (Gram positive) bacterial species. On nutrient agar medium in
petridishes, the pure cultures of Pseudomonas aeruginosa bacteria were sub-cultured. Three wells of 6 mm
diameter were dug on nutrient agar plates using gel puncture technique, as shown in Figure 4(a). In each well,
30 μL of filtered shoot extract, colloidal sample S1 and colloidal sample S2 were poured as indicated in Figure
4. Shoot extract was added as reference. The petri dish was incubated at 37oC for 24 hours and clear zones of
inhibition were noticed. The experiment was repeated with Staphylococcus aureus bacterial species and clear
zones of inhibition were noticed.

3. Results and Discussions

3.1. Optical absorption

UV-VIS absorption spectra of the Au colloid S1 synthesied at 350 K is recorded in the 350-750 nm
wavelength regions. Figure 1 shows UV-Vis spectra of the Au colloid S1.  Optical properties of noble metal
nanoparticles depend on their morphology. When the dimensions of the nanoparticles become smaller than the
wavelength of the incident light, energy can be confined in small regions through the excitation of surface
plasmon resonance (SPR), which is the origin of observed colour of colloids38-39.  In  the  present  work,  the
absorption maximum is at about 540 nm as shown in Figure 1. Since the concentrations of all the reagents are



Manoj L et al /Int.J. ChemTech Res. 2015,8(11),pp 194-199. 196

constant in colloids (S1, S2) prepared at different temperatures, increase in the temperature increases the reaction
kinetics and is expected to facilitate the nucleation process at higher temperature.

Figure 1. UV–Vis spectra of Au colloid (S1).

3.2. FESEM studies

FESEM images of synthesised GNPs S1 and S2 are shown in Figure 2(a) and 2(b). Morphology of the
colloids S1 are distorted spherical shape with size ranging within 10–70 nm was observed. In colloids S2, the
particle size ranging within 10–50 nm was observed. There was a slight decrease in the size and increase in the
production of GNPs from colloids S1 to S2 due to increase in temperature, which is a well known phenomena40.

Figure 2. (a) FESEM image of colloid S1. (b) FESEM image of colloid S2.

3.3. XRD analysis

X-ray diffraction (XRD) analysis was performed to confirm the crystalline nature of GNPs. Sample for
XRD analysis was prepared by drop coating the GNPs solution onto a glass slide. The study was performed
using INEL X-ray diffractometer. The diffraction pattern was recorded by Co-Kα1 radiation with λ of 1.78 Å in
the region of 2θ ranging within 40o–100o at 0.02/min and the time constant was 2s.

Figure 3 shows the XRD pattern of the colloid S1. X-ray diffraction pattern showed different peaks
corresponding to the (111), (200), (220), (311) and (222) planes, which are consistent with face centered cubic
(FCC) structure of the Au (JCPDS File: 04-0784). The average particle size is estimated by using Debye–
Scherrer formula as 40 nm and it was done by using the width of the (111) Bragg’s reflection which was in
consonance with the size of the particle calculated from FESEM analysis. From the broadening of XRD peaks,
it can be said that nanosized particles are getting formed. As the temperature increases, there was no change in
the size of the particles.
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Figure 3. XRD pattern of Au nanoparticles obtained from colloid S1.

3.4. Anti-bacterial study

The study is focused on testing the effect of anti-bacterial activity exhibited by synthesised GNPs. The
colloids S1 and S2 exhibited good anti-bacterial activity against Pseudomonas aeruginosa (Gram negative) and
Staphylococcus aureus (Gram  positive)  bacterial  species.  The  synthesised  GNPs  restricted  bacterial  growth,
which can be evidenced by the formation of clear zone with restricted bacterial growth around the cavity as
shown in Figure 4(a) and 4(b). The results show that both the colloids S1 and S2 exhibited greater anti-bacterial
activity with Staphylococcus aureus (Gram positive) bacterial species than Pseudomonas aeruginosa (Gram
negative), which can be evidenced from the increase in the diameter of zone of inhibition.

Figure  4.  Appearance  of  inhibitory  zones  on  agar  plates  with  Au  colloids  S1 and  S2 against (a)
Pseudomonas aeruginosa; (b) Staphylococcus aureus.

4. Conclusion

GNPs have been synthesised by reduction method using hypericin rich shoot cultures of Hypericum
hookerianum as reducing agent. UV/ Vis study gives an absorption peak at 540 nm due to SPR. FESEM images
show that the GNPs synthesised are in distorted spherical shape with size ranging from 10-70 nm. XRD study
confirms the FCC structure of prepared nanoparticles. The synthesised GNPs were found to exhibit good anti-
bacterial activity with both Gram positive and Gram negative bacterial species. The anti-bacterial activity
exhibited was more in Gram positive than that of Gram negative bacterial species.
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