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Abstract 

In the present study, an aqueous extract of fresh leaves of Azadirachta indica (Neem) was used for the 

synthesis of silver nanoparticles. The formation of silver nanoparticles was confirmed using different methods 

of characterization such as UV-Visible spectroscopy (UV-Vis), transmission electron microscopy(TEM), 

Dynamic light scattering (DLS) and zeta potential. The antibacterial effect of biosynthesized AgNPs and 

aqueous leaf extract was performed against Gentamycin(Control) using different concentrations (10µg/ml, 

20µg/ml and 40µg/ml) against Gram -ve ( E.coli and P.aeruginosa) and Gram +ve (B.subtilis and S. aureus) 

bacterial strains that are sensitive to a large number of antibiotics. The biosynthesized AgNPs showed 

maximum zone of inhibition against all the four bacterial strains that were tested while the control and the 

aqueous leaf extract did not exhibit any zone of inhibition. However, maximum zone of inhibition was observed 

in Gram-ve bacteria when compared to Gram +ve bacteria. Further, the zone of inhibition increased with 

increased concentrations. 

The results of the present study indicates that Neem leaf extract can be effectively used in the synthesis of 

silver nanoparticles and serve as potential antibacterial agent. 
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Introduction: 

Over the last decades, nanotechnology emerged as one of the active field of research in material science. The 

nanoparticles (NPs) exhibit unique properties owing to their specific characteristics such as size, distribution, 

and morphology that leads themselves to wide variety of applications (Tolaymat et al, 2010). AS a result, they 

possess enormous potential to serve all facets of life. Nanoparticles are basically clusters of atoms ranging 

between 1 and 100 nm in size. The word ‘nano’ is used to indicate one billionth of a meter (Brigger et al, 

2002; Rai et al, 2009; Sudarenkov, 2013). Among the metal nanoparticles, the silver nanoparticles (AgNPs) 

possess wide area of interest varied applications in different fields such as clothing, dentistry, catalysis, 

mirrors, optics, photograph, electronics, food industry etc. They have immense significance in biological 

sciences and its role in different areas of biological research including medical and biotechnology has a great 

contribution towards the development of newer areas in the field of medicine. AgNPs show different physical 

and chemical properties to that of metallic silver due to their size(Nordberg et al; Marcone, GP, 2011). 
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It has been reported that silver is effective against more than 650 pathogens possessing broad spectrum of 

activity. The use of silver in the form of nanoparticles enhances this property thus allowing its use in wide 

range of applications (Yoon et al, 2007; Dastjerdi and Montazer, 2010). Hence nano-silver is considered as 

one of the most important and viable alternative to antibiotics because of its high potential to solve the problem 

of multidrug resistance which is generally observed in several bacterial strains(Rai et al, 2012; Franci et al, 

2015; Salomoni et al, 2015). 

 

Silver is known to possess inhibitory effect towards commonly present in medical and industrial 

processes(Jiang et al, 2004). Because of their antimicrobial properties, silver nanoparticles have been used in 

health, medicine, textile coatings, food storage, due reduction, dressing of wounds, antiseptic creams and 

varied number of environmental applications( Gao et al, 2014). They possess broad applications especially in 

skin ointments and creams to avoid infection of burns and open wounds . A number of studies have 

demonstrated the effective use of AgNPs as dressings for covering the burns to surgical devices and also for 

bone prostheses. AgNPs are always incorporated into clothing  with the purpose of producing antibacterial 

effect (Lansdown, 2006; Chen et al, 2006; Cohen et al, 2007; Lee et al, 2007). 

 

Elemental silver and its compounds were used since ancient times as microbial agents and were used in the 

form of silver coins/silver vessels to preserve water (Padalia et al, 2014, Devi and Joshi, 2015). 

 

Various techniques are available for the synthesis of AgNPs that are capable to control the size of AgNPs. The 

AgNPs with small size and without bulking between the particles is highly favourable (Rai et al, 2009). Several 

physical and chemical routes and green synthesis are known for the preparation of metal nanoparticles. 

However, most of these methods are costly and toxic (Nanda, 2009; Sathish Kumar, 2016). On the other hand, 

the biological method was reported to be clean, non-toxic and environmentally acceptable route (Njagi, 2011; 

Muthukrishnan, 2015) as it utilizes non-toxic chemicals, ecofriendly solvent and renewable materials. The use 

of plants and its extracts as reducing agents for the synthesis of AgNPs is very feasible, cost- effective and 

eco-friendly (Mervat et al, 2012). The various biochemicals such as protein, phenols and flavonoids present 

in plants not only play an important role in reducing the ions to nano-size, but also help in capping of 

nanoparticles (Kuppuswamy et al, 2015). The present study was thus performed to evaluate the antibacterial 

activity of biosynthesized AgNPs and aqueous leaf extract using different concentrations (10 µg/ml, 20 µg/ml 

and 40 µg/ml) on both Gram-negative bacteria (E. coli and P. aeruginosa) and Gram-positive bacteria (B. 

subtilis and S. aureus) against Gentamycin (Control). 

 

Materials and Methods: 

Analytical grade silver nitrate was purchased from Merck (Mumbai, India).All  the other chemicals were of 

analytical grade and  were used without any purification. Whatman filter paper no-42 were purchased from 

Eppendorf, India. The microorganisms were collected from the National Chemical Laboratory, Pune, India. 

Double distilled(deionised) water was used for the experiment. Fresh leaves of Azadirachta indica (Neem) 

were collected from a greenhouse facility in Hyderabad, Telangana, India. 
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Preparation of Plant Extract: 

Azadirachta indica (Neem) leaf extract was used to prepare the silver nanoparticles. Fresh neem leaves were 

collected and the surfaces of the leaves were cleaned with running tap water to remove the debris and other 

contaminated organic contents followed by washing with deionized water and drying at room temperature. 

About 15gm of finely cut leaves were taken in a 250ml Erlenmeyer flask containing 50ml deionized water 

and boiled for 25 minutes at 60°C in a water bath. Then the extract was cooled to room temperature, filtered 

using Whatman filter paper no-42 under vacuum and stored at 4°C for further use. 

 

Synthesis of Silver Nanoparticles: 

About 100mL of 1mM  solution of silver nitrate (AgNO3) was prepared in an Erlenmeyer flask. The silver 

nanoparticles (AgNPs) were synthesized by adding 10mL of the A. indica (Neem) leaf extract to 50mL of 

1mM aqueous AgNO3 solution by stirring continuously for 20 minutes at room temperature. The mixture thus 

obtained was incubated in a dark chamber at room temperature to prevent auto-oxidation of silver nitrate. The 

reduction of  silver ions to silver nanoparticles was confirmed by the colour change from reddish to dark 

brown solution indicating the synthesis of AgNPs. The formation of AgNPs was also confirmed using UV-

visible spectroscopy. 

 

Characterization of Biosynthesized Silver nanoparticles (AgNPs): 

The  UV-Visible Spectrophotometric analysis of the biosynthesized Ag-NPs was carried out at room 

temperature using V-670, UV-visible spectrophotometer( JASCO) with a resolution of 0.5 nm. The 

absorbance of the sample was read at wavelengths ranging between 200 to 700nm. Subsequently one millilitre 

of the sample was pipetted into a test tube and analysed at room temperature. The chemical structure of the 

biosynthesized AgNPs was determined using Transmission Electron Microscopy (TEM) and Dynamic Light 

Scattering (DLS). The TEM measurements were done using a field emission JOEL-JEM-2100F TEM, 

operating at 200 KV (JEOL, Tokyo,Japan). DLS and zeta potential measurements were performed using a 

Zetasizer (Malvern, Worcestershire, UK). 

 

Antimicrobial Activity: 

The antimicrobial activities of the biosynthesized AgNPs  and aqueous leaf extract was determined using 

Gram -ve( E. coli and P. aeruginosa) and Gram +ve( B. subtilis and S. aureus) following disc diffusion method 

(Kurby bauer,1966). The  bacteria were cultured in Muller Hinton broth at 35oC ± 2oC on an orbital shaking 

incubator at 160rpm. Then a lawn of bacterial culture was prepared by spreading 100µL of broth culture 

having each test organism on a solid nutrient agar plate. The plates were left overnight at room temperature to 

allow the culture for absorption or to dry. About 8mm size wells were punched into the agar with sterile 

micropipette tips and then 100 µL of different concentrations ((10 µg/ml, 20 µg/ml and 40 µg/ml) of 

biosynthesized AgNPs and aqueous leaf extract were poured into each of the wells on all inoculated agar 

plates and incubated at 37oC for 24 hours.A solvent blank was used as a negative control while the antibiotic 

i.e, Gentamycin (10 µg/ml) was used as a positive control. The antibacterial activity was measured based on 

the inhibition zone around the disc impregnated with the biosynthesized AgNPs and aqueous leaf extract. 
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Results and Discussion: 

The formation of silver nanoparticles was indicated by a colour change from yellowish to reddish-brown upon 

addition of aqueous Azadirachta indica (neem) leaf extract to AgNO3 solution. The biosynthesized AgNPs 

were characterized using UV-Visible Spectroscopy. (Figure-1) shows the UV-Vis Spectrum which confirms 

the formation of AgNPs. It was observed that the plasmon resonance band of biosynthesized AgNPs appeared 

at 412nm which corroborates with the findings as reported by several authors where the bands were mostly 

shown in the range of 400-450nm which was indicative of silver nanoparticle formation. Thus the visual 

observation and the UV-Vis spectra revealed the formation of silver nanoparticles. 

 

 

 

 

 

 

 

 

 

 

Figure-1: UV-Visible Spectra of Biosynthesized Silver nanoparticles. 

 

Transmission electron microscopy was used to identify the size, shape and morphology of the nanoparticles. 

The results showed that the silver nanoparticles are well dispersed, homogenous and are predominantly 

spherical in shape as shown in (Figure-2). The results from DLS showed agglomeration of the  biosynthesized 

AgNPs and the zeta potential value was shown to be -33.2 mV, revealing that the synthesized AgNPs are 

highly stable (Figure-3A&3B). The particle size agrees with that calculated from DLS with an average 

diameter of 38.5 nm(86.4%) and at least 6.5nm diameter(13.6%). 

 

Figure-2: TEM Image of Biosynthesized Silver nanoparticles 
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Figure-3A: DLS of Biosynthesized Silver nanoparticles 

 

Figure-3B: Zeta potential of Biosynthesized Silver nanoparticles 

The antibacterial effect of biosynthesized AgNPs using different concentrations(10 µg/ml, 20 µg/ml and 40 

µg/ml ) and the  aqueous leaf extract was investigated against both Gram +ve (B.subtilis and S. aureus) and 

Gram -ve (E.coli and P.aeruginosa) bacterial strains. In the present study, AgNPs showed significant 

antibacterial activity on all the four bacterial strains that were tested, while the control and the aqueous leaf 

extract did not exhibit any bacterial activity. Though it is suggested that the leaf extract possess antibacterial 

activity and should reflect greater inhibition zone, but it alone shows very low activity due to its medium of 

extraction and lower concentration during experimentation. Moreover, the AgNPs  exhibited maximum zone 

of inhibition against the Gram-ve (E.coli and P.aeruginosa) bacteria compared to the Gram+ve  (B.subtilis and 

S. aureus) bacteria. Furthermore, maximum zone of inhibition was observed with increased concentrations as 

shown in Table-1. 
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Table:1 

 Antibacterial activity of Biosynthesized AgNPs against the bacterial strains. 

S.No Bacterial strain Concentration(µg/ml) Zone of Inhibition(mm) 

1. E.coli(Gram-ve) 10 

20 

40 

13 

15 

17 

2. P.aeruginosa(Gram-ve) 10 

20 

40 

12 

15 

18 

3. B.subtilis(Gram+ve) 10 

20 

40 

7 

9 

10 

4. S.aureus( Gram+ve) 10 

20 

40 

6 

8 

9 

 

Bankar, et al (2010) reported similar results on the antibacterial activity of AgNPs using E.coli, E. 

aerogenes, Klebsiella sp and Shigella sp. Similar results are reported by Salari, et al and Anandalakshmi, et al 

(2016) using Prosopis farcta fruit extract and Pedalium murex leaf extract respectively. Further, 

Saravanakumar, et al (2015) also reported higher antibacterial activity by Cassia tora  against Gram -ve 

bacteria compared to Gram +ve bacteria which corroborates with the findings of the present study. Several 

authors suggest that AgNPs attach to the surface of the cell membrane thereby disturbing the permeability and 

respiratory functions of the cell.It has also been indicated that AgNPs not only interact with the surface of the 

cell membrane but may also penetrate the bacteria. Thus higher antibacterial activity of AgNPs against Gram 

-ve bacteria may be due to its thinner peptidoglycan layer which can easily enter into the cell wall to denature 

or kill the bacteria as reported by Asmathunisha, et al (2010). Based on the zone of inhibition evaluated from 

the disc diffusion method, the biosynthesized AgNPs showed efficient antimicrobial property in the present 

study when compared to the control and aqueous leaf extract . This may be due to their large surface area 

which provide better contact with the bacterial cell wall as suggested by Ibrahim (2015). 

 

Conclusion: The results of the present study indicate that neem leaf extract can be effectively used for 

synthesis of AgNPs as the green synthesis method is eco-friendly, of low cost, capable of producing at room 

temperature and serve as a potential antibacterial agent. 
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