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ABSTRACT  

 Bio-inspired, highly stable silver nanoparticles were synthesized through 

green route by using Methanolic Leaf Extract of Justicia genderussa (MLE of 

JG) leaves as reducing as well as capping agent. Washed leaves, air-dried at 

room temperature, were coarsely powdered and extracted with absolute 

methanol for 20 hours. The resulting extract was filtered and the properties of 

the phyto chemical fraction were analyzed. The total phenols and flavonoids 

contents and the DPPH scavenging activity of phytochemical fractions were 

measured. Phytochemical fraction added about 1mg/ml to 1mM of AgNO3 

solution changed from colorless aqueous silver ions (Ag+) to yellowish red color. 

The UV/Vis spectrophotomer exhibits an absorbance peak of 480nm 

characteristic of silver nanoparticles. Scanning Electron Microscope (SEM) 

analysis reveals that the biosynthesized silver nanoparticles are predominantly 

spherical and of 482 nm size. In Dynamic light scattering (DLS)-silver 

nanoparticles were distributed from 11-20nm with average size of 16nm.X-Ray 

Diffraction (XRD) patterns revealed the crystalline nature of silver nanoparticles 

with FCC cubic structure. Fourier Transform Infrared Spectroscopy (FTIR) 
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showed the capping of the Au nanoparticles.Atomic Force Microscope (AFM) 

micrograph shows size of silver nanoparticle is 10-15 nm. This green route 

appears to be an eco-friendly, benign and cost effective method of synthesizing 

silver (Au) nanoparticles that finds biocompatible medical applications.  

1.  INTRODUCTION 

 The field of nanoscience has emerged over the last decade and the need for 

nanotechnology will keep increasing as miniaturization becomes more important 

in areas such as computing, optical spectroscopy, nanophotonics, chemical 

sensors and biomedical applications [1]. In recent years, noble metal 

nanoparticles have been the subjects of focused researches due to their unique 

electronic, optical, mechanical, magnetic and chemical properties that are 

significantly different from those of bulk materials. Among the different metal 

particles, silver nanoparticles have received considerable attention because of 

their unusual properties and potential applications in diverse fields because, 

these nanoparticles can serve as a bridge between homogeneous and 

heterogeneous catalysis and bring new opportunities [2]. Of the three metals 

(silver, gold, copper) that display plasmon resonance in the visible spectrum, 

silver exhibits the highest efficiency of   plasmon excitation. Silver is the only 

material whose plasmon resonance can be tuned to any wavelength in the visible 

spectrum [3].A single silver nanoparticle can interact with light more efficiently 

than a particle of same dimension of any kown organic or inorganic 

chromophore [4].  

 Silver nanoparticles have attracted extensive research interest because it has 

made a remarkable comeback as a potential antimicrobial agent as well. The 

mechanism of antibacterial effect of silver nanoparticle has been reported in 

literature [5] which suggests the particles are bactericidal.  Antibacterial activity 

of the silver-containing nanomaterials can be used, for example, in medicine to 

reduce infections as well as to prevent bacteria colonization right from 
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prostheses, catheters, vascular grafts, dental materials, stainless steel materials 

and human skin to silver based dressings, silver coated medicinal devices, such 

as nanogels, nanolotions etc [6]. 

 Synthetic and chemical methods of Ag nanoparticle synthesis offers limited 

flexibility in the size of nanoparticle produced [7].The shape control issue 

remains the latest demand in addition to the requirement to  develop 

environmentally benign processes and methods in place of synthetic protocols 

involving toxic ingredients.  

 Biological and Biosynthetic methods of synthesizing nanoparticles has 

drawn much research attention, being simple and viable alternative to toxic 

chemical procedures and physical methods [8].Several biological systems 

including bacteria, fungi and algae have been used for the synthesis of silver 

nanoparticles [9]. Aspergillus fumigatus and Phanerochaete chrysosporium 

produced stable silver nanoparticles when challenged with silver nitrate in 

aqueous medium [10].Silver nanoparticles are prepared using soluble starch 

acting as both the reducing and stabilizing agents .Bioreduction of gold and 

silver ions to yield metal nanoparticles using leaf plants, geranium leaf broth, 

Neem leaf broth, Lemon grass and Aloevera plant extracts have been reported 

[11].In the present study, the synthesis of silver particles using Justicia 

gerundussa  was done owing to its rich medicinal properties. The Methanolic 

Leaf Extract of Justicia gerundussa (MLE of JG) acts as both reducing and 

capping agent. 

2. MATERIALS AND METHODS  

 The Justicia gendarussa collected from Kanjicode hills, Kerala, India, were 

used for the extraction.  
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2.1 Preparation of phytochemical fractions (PFs) 

 Leaves of Justicia gerundussa were washed with distilled water and shade 

dried at room temperature. The dried leaves were coarsely powdered and 

extracted with absolute methanol by soxhlet apparatus for 20 h. The resulting 

extract was concentrated and equal volume of double distilled water was added 

and incubated for 24 h. After the incubation period chlorophylls were 

precipitated and removed by filtration and the resulting filtrate was evaporated in 

a rotary evaporator at a maximum temperature of 45°C. The residue was stored 

in a refrigerator at 4-5oC, until use.  

 Methanolic extract (30 g) from Justicia gerundussa, was dissolved in 300ml 

hot distilled water and then fractionated successively with three equal volumes 

(300ml) of Diethyl ether (Et2O), Chloroform (CHCl4) and ethyl acetate (EtOAc) 

by liquid–liquid extraction method. All these fractions were separately 

concentrated under reduced pressure to yield 5.12 g (17.06%) of Et2O 

phytochemical fraction, 6.31 g (21.03%) of CHCl3 phytochemical fraction and 

3.71 (13.36%) g of EtOAc phytochemical fraction. 

2.2 Quantitative estimation of total phenols and flavonoids   

 The total phenols and flavonoids contents in phytochemical fractions were 

determined by Folin-Ciocalteu’s assay and aluminum chloride calorimetric assay 

respectively [12].The DPPH (2,2-diphenyl-1-picrylhydrazyl )free radical 

scavenging activity of phytochemical fractions was measured by simple UV 

spectroscopic method. The absorbance of 0.004% DPPH was recorded at 514nm 

with or without phytochemical fractions [13].The percentage of scavenging 

activity of phytochemical fractions was calculated by using following formula. 

   

        Where, A0 is the absorbance of the control and A1 is the absorbance of sample. 
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2.3 Silver nitrate reduction capacity of Phytochemical fractions  

 The formation silver nanoparticles from Ag+ measured by UV/Vis 

spectrophotometer after 24 h incubation of 1mM silver nitrate (10ml) with 

1.5mg/ml of individual photochemical fractions. 

2.4 Characterization of Et2O-PF mediated silver nanoparticles  

• UV-Vis-Spectroscopy  

 The bioreduced silver nanoparticles were analyzed for particle size by UV–

VIS spectral analysis, performed on USB-ISS-UV/VIS spectrophotometer.  

• Dynamic light scattering  

 The green synthesized silver nanoparticles were analyzed for Dynamic light 

scattering to determine the size distribution profile of the biosynthesized silver 

nanoparticles. 

• Fourier Transform Spectroscopy (FTIR) 

 FTIR analysis was performed by reducing the thickness of the silver 

nanoparticles  to a few millimeters. The IR spectra of the silver nanoparticles 

were recorded with FTIR 8201 Shimadzu spectrophotometer. 

• X-ray diffraction (XRD):   

 The structural  analysis of the dry silver nanoparticle powder was recorded 

in the 2Ө range, 20-80°, with step size 0.05° using Siemens D5005 X- ray 

diffractometer with Cu K radiation. 

• Transmission Electron Microscopy (TEM) 

 A drop of the aqueous solution containing the   reduced silver nanoparticles 

was placed on carbon coated copper TEM grids to analyze the size. 
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• Scanning Electron Microscope (SEM) 

 Scanning electron microscopy and elemental shape analysis was performed 

on the silver nanoparticles synthesized by using a SEM (SEM-1200EX). 

• Atomic   Force Microscopy (AFM) 

 The micrographs of the nanoparticles of silver were obtained with a 

Nanosurf Easy Scan 2 AFM in air and in non contact mode. 

• Particle Size Distribution (CPS Disc Centrifuge) 

 The Particle Size distribution of the silver nanoparticles synthesized by 

methanolic leaf extract of Justicia leaves was analyzed by CPS Disc centrifuge. 

2.5 Stability of Silver nanoparticles 

 Stability at different time intervals of the synthesized silver nanoparticles 

was studied at different pH with UV Spectrophotometer. 

2.6 Cell viability assay of Et2O-PF 

 The effect of phytochemical fractions on RWA 564.7 cell viability were 

analyzed by MTT (3-4, 5 dimethylthiazol-2-yl-2, 5-diphenyltetrazolium 

bromide) colorimetric assay (manufacture instructions), where the cells were 

grown in 96-well micro titer plates. The formation of blue formazan products 

initiated by reduction of MTT by mitochondrial dehydrogenases present in the 

viable cells, which is measured in scanning multiwell spectrophotometer  

(Bio-Rad, Model 680, Japan) and is directly proportional to the viable cells. 

Prior to treatment, raw 264.7 cells were seeded at 1×104 cells per well and 

starved in DMEM with 0.5% serum for 5 h. To analyse, effect of Et2O-PF on 

cell viability, RAW 264.7 cells were treated with Et2O-PF (10-150 µg/ml) for  

24 h. At end of the treatment, MTT (10µl/ml) was added up in each well, and 

incubated for 4 hr (at 37°C). 100µl of dissolving buffer (provided in kit) was 
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added in each well and allowed stand for 24 hr and then read absorbance at 

595nm. All measurements were done in triplicate [14]. 

3. RESULTS AND DISCUSSION 

3.1 Phytochemical fraction of Methanolic Leaf Extract of JG  

 The Total phenolic content of the leaf extract of was estimated to be  

253.34 mg/g.  Fig 4.1 represents the total phenolic content of the Justicia leaf 

extract. The samples formed were repeatedly centrifuged and redispersed in 

sterile distilled water prior to XRD and TEM analysis, thus ruling out the 

presence of any free compound/protein that might independently crystallize that 

give rise to Bragg reflections. 

 

      

Figure 1 : Phenolic content of MLE of JG 
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3.2 Quantitative estimation of total phenols and flavonoids in PFs 

 The results of quantitatively estimated polyphenol (PF) and flavonoids in all 

phytochemical fractions are depicted in table1. The Et2O-PF contains 510±9.9 

and 213.3±11.9 µg/mg of polyphenols and flovonoids respectively, which are 

higher than CHCl3 and EtOAc phytochemical fractions. 

Table 1 : Total polyphenols and flavonoids contents in PFs 

PFs 
Polyphenols 

(µg/mg) 

Flavonoids 

(µg/mg) 

Et2O-PF 510±9.98 213±11.9 

CHCl3-PF 460±9.53 157±10.3 

EtOAc-PF 386±13.75 106±12 

 

3.2 Free radical scavenging activity of PFs 

 The EC50 (amount of PFs needed for 50% reduction of 0.004% 

DPPH/30mM H2O2) values of DPPH scavenging ability of Et2O, CHCl3 and 

EtOAc phytochemical fraction are 12.88±1.87, and 16.89±1.6 and 22.25±2.7 

µg/ml respectively. The EC50 values of H2O2 scavenging activity of Et2O, CHCl3 

and EtOAc phytochemical fraction are 108.9±12.52, 173.49±12.4 and 264.4±7.5 

µg/ml respectively. Et2O–PF has more scavenging capacity compared to than 

other Phytochemical fractions. The increased scavenging capacity Et2O-PF due 

to the presence of high level of polyphenols and flavonoids compositions. The 

Free radical scavenging activity of MLE of JG was found to be 25.35mg/ml.  
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Figure 2 : Free radical scavenging activity of MLE of JG 

3.3 Silver nitrate reduction 

 The analyzed Methanolic Leaf Extract of Justicia Gendarussa(MLE-JG) was 

used to reduce the silver nitrate to silver nanoparticles .The resulting reaction 

mixture turned into yellowish red colour, which is initial indication for synthesis 

of silver nanoparticles. The colorless aqueous silver ions (Ag+) turned into 

yellowish red color when accepting electron from phytochemical fractions.The 

phytochemical constituent of diethyl ether fraction reduced the silver ions as 

well as were absorbed on these nanoparticles. 

                        



 

 

Figure 3 : Silver   nanoparticle synthesized by MLE of JG 

3.4 Characterization of Et2O-PF mediated silver nanoparticles  

• UV-Vis-Spectroscopy 

 The silver nanoparticles reduced by various phytochemical fractions 

displayed well-defined peaks, known to be the plasmon resonance with the 

maximum at 480nm established by the silver nanoparticles reduced by EtOAc 

phytochemical fraction. 

 

 

Figure 4 : Silver nitrate reduction capacity of Phytochemical fractions 
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 The maximum reduction potential was characterized for ethyl acetate 

(EtOAc) fraction of methanolic leaf extract, reduced silver nanoparticles, hence 

this fraction was studied for further characteristic studies. 

• Dynamic light scattering  

 The ethyl acetate (EtOAc) reduced silver nanoparticles were distributed 

from 11-20 nm with average size of 16 nm. 

 

Figure 5: Dynamic light scattering (DLS) of (EtOAc) fraction of 

methanolic leaf extract, reduced silver nanoparticles 

• Fourier Transform Infra red Spectroscopy (FTIR) 

 FTIR measurements were carried out to identify the possible biomolecules 

responsible for the reduction of the Ag ions and capping of the bioreduced silver 

nanoparticles synthesized by the leaf extract of EtOAc phytofraction of Justicia 

genderussa. The representative spectra of nanoparticles obtained manifests 

absorption peaks located at about 1692, 1628, 1345 and 1275 cm-1. The 

absorption peaks of methanolic extract can be assigned at around 2850 cm-1 of  

–C-0-C- or –C-O- which are the polyols. The peak at 2950 cm-1 is assigned to 



M. Chinna &  P. Hema Prabha 

 

50

the polyphenlic groups of the leaf extract, that act as the capping ligands of the 

silver nanoparticles. 

 

 

Figure 6 :  FTIR spectra of (EtOAc) fraction of methanolic leaf extract, 

reduced silver NPs       

• X-ray diffraction (XRD)   

 The biosynthesised silver nanostructure by employing Methanolic leaf 

extract was further demonstrated and confirmed by the characteristic peaks 

observed in the XRD image, FIG.6. The typical XRD pattern reveled that the 

sample contains a mixed phase (cubic and hexagonal) crystalline structures of 

silver nanoparticles. The XRD pattern showed Four  intense peaks in the whole 

spectrum with 2Ө values of 40.89º,45.14º, 66.34º and 77.52º sets of lattice 

pattern thus clearly observed which may be indexed to the (111), (200),(220) 

and (311) facets of silver respectively.  
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Figure 7 : FTIR spectra of (EtOAc) fraction of methanolic leaf extract, 

reduced silver nanoparticles 

• Transmission Electron Microscopy (TEM) 

 TEM analysis reveals that the biosynthesized silver nanoparticles are 

predominantly spherical. These nanoparticles appear to have assembled into 

very open, quasi linear super structures rather than a dense closely packed 

assembly. Size of the silver nanoparticle around 50 nm, which was confirmed by 

particle size distribution data, of TEM.  

 

Figure 8 :  TEM image of (EtOAc) fraction of methanolic leaf extract, 

reduced silver nanoparticles 
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• Scanning Electron Microscope (SEM) 

 SEM analysis reveals that the green synthesized silver nanoparticles are 

polydispersed and ranged in size from 10-50 nm with calculated average size of 

50 nm. The images also reveal the presence of the secondary capping agent 

around the silver nanoparticles, which is assigned to the polyphenolic 

compounds present in the phenolic leaf extract of Justicia gendarrusa.  Silver 

nanoparticle were stable for minimum 5 month because of plant compound act 

as capping agents. 

 

Figure 9 : SEM image of (EtOAc) fraction of methanolic leaf extract, 

reduced silver nanoparticles 

• Atomic   Force Microscopy (AFM) 

 The micrographs of the Green synthesized silver were obtained with a 

Nanosurf EasyScan 2 AFM in air and in noncontact mode. AFM micrograph 

shows size of silver nanoparticle is 10-15 nm. 



 

      

    

Figure 9 : AFM of (EtOAc) fraction of methanolic leaf extract, reduced 

silver nanoparticles 

• Particle Size Distribution (CPS Disc Centrifuge) 

 The sedimentation is stabilized by a slight density gradient within the liquid.  

The change in light intensity is continuously recorded, and converted by the 

operating software into a particle size distribution. The data given in Table 2 

gives the details regarding the particle size of the so obtained silver 

nanoparticles. The operating parameters for CPS Disc Centrifuge were disc 

speed at 8808 RPM with a total analysis time of 59.39 minutes. 

 



M. Chinna &  P. Hema Prabha 

 

54

Table 2 : Particle size distribution of Ag nanoparticles synthesized by 

MLE of JG  at λ - 480 nm 

S.No Parameters 
Silver nanoparticles 

(λ – 480nm) 

1)  Particle density 10.49 

2)  Particle Absorption 2.918 

3)  Refractive index 0.13 

4)  Particle Non-sphericity 1.2 
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Figure 10 :  Particle size distribution of Ag nanoparticles synthesized by   

MLE of JG  at λ – 480 nm 

3.5 Stability of  silver nanoparticles 

 Stability at different time intervals of the synthesized silver nanoparticles 

revealed that the silver nanoparticles remained constant, as shown in Fig.11. At 
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different pH values the UV Spectrum demonstrated almost constant absorbance 

at a wavelength of 480 nm, as shown in Fig.11,12. 

 

Figure 11 : Stability of Ag NPs at time intervals 

 

Figure 12 : Stability of Ag NPs at different pH 

CONCLUSIONS 

 The silver nanoparticles synthesized from Justicia gendarussa leaf extract 

was studied for the methanolic extract content which was 253.34 mg/g extract 
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.The Free radical scavenging activity of MLE of JG was found to be 25.35 µg/ml 

of extract .The silver nanoparticles reduced by the leaf extract was obtained as a 

reddish brown dispersion. The UV absorption studies revealed the absorption 

band at 480nm.The SEM micrograph showed the presence of spherical Ag 

nanoparticles with an average of 50nm particle size. The FTIR, peak at 2950 cm-

1 is assigned to the polyphenlic groups of the leaf extract,  act as the capping 

ligands of the silver nanoparticles. The XRD results indicate that the silver 

nanoparticles formed were crystalline. Size of the silver nanoparticle around 50 

nm, which was confirmed by particle size distribution data, of TEM. Further, the 

synthesized silver nanoparticles via green route has a great potential in 

biomedical applications, food packaging and wound healing applications. 
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