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ABSTRACT 

Nanoparticle research is currently an area of intense scientific research, 

due to a wide variety of potential applications in biomedical, optical, 

and electronic fields. There is a growing demand to develop eco-

friendly techniques for Silver Nanoparticles (Ag-NPs). The aim of this 

study was to develop low cost methodology for silver nanoparticles to 

meet their demand for their wide applications. Further to characterize 

them and evaluate their properties as bioactive agents. The leaf extract 

of Azadirachta indica was used for reduction of silver ions using silver 

nitrate as reducing agent. The biosynthesized Ag-NPs were 

characterized by UV-VIS Spectrophotometer, FTIR, XRD, SEM and 

TEM. These were tested in-vitro for their antibacterial activity against 

multi drug resistant bacteria and cytotoxic effect on acute 

lymphoblastic leukemia (ALL) cells. XRD, SEM and TEM analysis 

confirmed that that most of the Ag nanoparticles were spherical in 

shape with crystalline structure and had the size in the range of 2 to 50 nm. The FTIR spectra 

revealed the presence of functional groups  
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which are responsible for the capping and stabilization of the synthesized silver 

nanoparticles. Ag-NPs were active against leukemia cells in MTT assay as well as effective 

against super bugs like ESBL and MBL producers as well as MRSA. Ag-NPs may prove as 

an alternative in manufacturing pharmaceutical products and medical devices that may help 

to prevent the transmission of multi drug-resistant pathogens and combat some types of 

cancers. But toxicological limitations for eukaryotic cells should be taken in account since 

nanosilver is not a target specific antibacterial/antileukemic agent. 

 

KEYWORDS: Silver Nanoparticles, TEM, Multi Drug Resistant Bacteria, Acute 

Lymphoblast Leukemia, ESBL, MRSA. 

 

INTRODUCTION 

The field of Nanotechnology has emerged to offer new solutions for the transformation of bio 

systems and to provide a broad technological platform for industrial applications; which 

include bioprocess engineering, molecular medicine, environmental improvement, food 

conservation, and several other applications to improve human performance with 

nanoelectronics or nanostructured materials. Pure silver among all metals has the best thermal 

conductivity; silver (Nano quantities) has been used by traditional practitioners for the last 

100 years for treatment of bacterial, fungal and several other diseases. 

 

Various methods are used for the synthesis of Silver Nanoparticles (Ag-NPs) such as 

chemical, electro- and photochemical reduction, sonoelectrochemical, microwave irradiations 

etc.
[1]

 These methods use harmful chemicals, low material conversions, high energy 

requirements and wasteful purification. Therefore, there is a growing demand to develop eco-

friendly techniques for silver nanoparticles without using hazardous chemicals. Biological 

methods using plant leaf extract
[2, 3]

 for metal nanoparticles synthesis have been suggested as 

valuable alternatives to chemical methods. 

 

Silver nanoparticles are used in diverse fields because of their unique physical, chemical as 

well as their anti cancerous and antimicrobial property.
[4, 5]

 Silver Nanoparticles displays a 

synergistic effect and also a cytotoxic effect on cell viability which have a chief role in 

antitumor and anticancer effect.
[6, 7]

 Silver nanoparticles aid in gathering and transporting 

drug into the cancer cells and they also obstruct with metabolism of cancer and tumor 

proliferation.
[4, 6]
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Acute lymphoblastic leukemia (ALL) is an acute form of cancer of the white blood cells. In 

persons with ALL, lymphoblasts are overproduced in the bone marrow and continuously 

multiply, causing damage and death by inhibiting the production of normal cells (such as red 

and white blood cells and platelets) in the bone marrow and circulating in the blood, which 

can spread to other organs. ALL is most common pediatric cancer, with a peak incidence at 

2–5 years of age and another peak in old age.
 
About 6,000 cases are reported in the United 

States every year. Cure is a realistic goal and is achieved in more than 80% of affected 

children, although only 20-40% of adults are cured.
[8] 

 

During the past decade the increase of antibiotic resistance in enterobacteriaceae has become 

a major concern worldwide. Extended Spectrum β-Lactamase (ESBL) –producing bacteria 

has developed resistance to β-lactam and several other conventional antibiotics.
[9]

 The wide 

spread use of carbapenems, the only agents reliably active against ESBL producers, resulted 

in the emergence of  Carbapenem resistance the number of bacteria that produce metallo- β-

lactamase (MBL) is on the rise.
[10]

 Methicillin Resistant Staphylococcus aureus (MRSA) 

infections are difficult to treat because of their resistance to many of the commonly used 

antibiotics.
 [11]

 The WHO has acknowledged the need to identify new antibiotics and/or new 

approaches to overcome the growing problems associated with such infectious agents. 

 

In the present paper, the emphasis is on a simple, rapid, cost effective and greener synthesis 

of Ag-NPs using an extract from the leaves of Azadirachta indica. The leaves of Azadirachta 

indica (Neem) are well known for multi medicinal properties.  Medicinal property of the 

extract and nano-silver could play synergistic role in treatment of many diseases. The aim of 

this study was to biosynthesize silver nanoparticles and  characterizes them  and to check for 

their antibacterial activity against multi drug resistant bacteria and cytotoxic effect on acute 

lymphoblastic leukemia (ALL) cells. 

 

MATERIALS AND METHODS 

Preparation of Nanosilver Solution 

Standard soxlet extraction procedure was employed wherein freshly dried  leaves of the 

medicinal plant  Azadirachta indica  collected from the Hyderabad area were first washed 

with water to remove the dust particles and then sun dried to remove the residual moisture 

and grinded to form powder. Then plant extract was prepared by adding 20 gms of powder to 

300 ml of deionized water and boiled up to 80⁰C for 30 minutes, for extraction. After cooling 

the solution was subjected to centrifugation for 15 minutes with 7000 rpm. The supernatant 

https://en.wikipedia.org/wiki/Acute_%28medicine%29
https://en.wikipedia.org/wiki/Hematological_malignancy
https://en.wikipedia.org/wiki/Bone_marrow
https://en.wikipedia.org/wiki/Red_blood_cell
https://en.wikipedia.org/wiki/White_blood_cell
https://en.wikipedia.org/wiki/Platelets
https://en.wikipedia.org/wiki/United_States
https://en.wikipedia.org/wiki/United_States
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was separated and filtered with Whatman filter paper no.1. The extract was stored at -20⁰ C 

for further use. This solution was used for the reduction of silver ions (Ag+) to Ag⁰ silver 

nanoparticles using a reducing agent like silver nitrate. The leaf extract (1ml) was added to 99 

ml of 1mM AgNO3 aqueous solution and kept in water bath at room temperature. After 5 

minutes the color of the solution changed from colorless to yellow indicating the formation of 

silver nanoparticles (Ag NPs). 

 

Characterization of Silver Nanoparticles (Ag NPs) 

To check the Ag NPs preparation we used UV-VIS  absorption spectra (Shimadzu UV-1601 

spectrophotometer) ;to record the change in color at  different time intervals to determine the  

nanoparticle preparation. The crystalline nature of silver nanoparticles was confirmed from 

the X-ray diffraction analysis. A thin film of the silver nanoparticles was made by dipping a 

glass plate in the solution and carried out the X-ray studies. The diffraction pattern was 

recorded by Cu Kα1 radiation with a wavelength of 1.78 Å. The scanning was done in the 

region of 20⁰ to 90⁰ for 2θ at 0.02⁰/min and the time constant was 2 s. 

 

In order to determine the functional groups in the synthesized silver nanoparticles,  Fourier 

Transmission Infra Red (FTIR )spectroscopic analysis was carried out in the range of 400 – 

4000 cm-
1
. For FTIR measurements, the Ag nanoparticles solution was centrifuged at 10,000 

rpm for 30 min. The pellet was washed three times with 20 ml of de-ionized water to get rid 

of the free proteins/ enzymes that were not capping the silver nanoparticles. The samples 

were dried and grinded with KBr pellets and analyzed on Spectrum one – Perkin Elmer 

(USA) spectroscopy in the diffuse reflectance mode. 

 

Scanning electron microscopy (ZEISS- EVO 18) analysis was performed to study the shape 

and size of the prepared Ag nanoparticles, thin films of the silver nanoparticles were mounted 

on a metallic stub and an ultrathin coating of gold is deposited by low vacuum sputter 

coating. This was done to prevent the accumulation of static electric fields at the specimen 

due to the electron irradiation during imaging and to improve contrast. The SEM technique 

produced high resolution images of the sample surface. 

 

Transmission Electron Microscopy (TEM) technique visualizes the size and shape of Ag 

nanoparticles. The 200 kV Ultra High Resolution Transmission Electron Microscope (JEOL-

2010) has been used. TEM is a premier tool for understanding the internal microstructure of 

materials at the nanometer level. This allowed us to obtain real-space images of  our material 
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with resolutions in the order of a few tenths to a few nanometers. TEM grids were prepared 

by placing a drop of the particle solution on a carbon-coated copper grid. The samples on the 

grids were allowed to dry under lamp and viewed under TEM and micrographs taken for our 

records. 

 

Studies on the biological properties of the prepared Ag NPs 

Anti-Cancer activity: MTT assay and Trypan Blue Dye exclusion assay 

Normal and Cancer Samples 

The blood samples (2ml each) of normal as well as ALL cancer patients were collected from 

MNJ Cancer Hospital, Hyderabad, India. 1.5 ml of blood was diluted in 6 ml of PBS buffer. 

7.5 ml of diluted blood was slowly added in the 15 ml centrifuge tube containing 2.5 ml of Hi 

Sep Media and   centrifuged at 400xg,  at 20⁰C for 30 min. The lymphocyte layer from the 

centrifuged tube was transferred to fresh eppendorf tube. An equal volume of PBS was then 

added to the eppendorf tube to wash the cells. Tube was then centrifuged at 260xg at 20⁰C for 

10 min. ALL cancer cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) 

supplemented with 2 mM L-glutamine adjusted with 1.5 g/L sodium bicarbonate and 90% 

fetal Bovine serum incubated at 37 °C 

 

Trypan Blue Dye exclusion assay: for cell viability- 15 μl of cell culture was mixed with 15 

μl of trypan blue. 15 μl of this mixture was laid on the haemocytometer with the cover slip. 

Viable cells were scored under phase contrast microscope. Viable cells were used for all 

experiments. 

 

MTT assay: Further cell viability was also quantified using the metabolic dye MTT, as 

previously described. 
[12, 13]

 Briefly, cells were seeded in a 96-well plate cultured for 12 hrs, 

and then treated with different concentration (0, 6.7, 12.5, 25 and 50 μg/ml) of synthesized 

silver nanoparticles for 24 hours at 37°C. At the end of exposure, the medium was removed 

and cells were incubated with 500 l/well of Locke's buffer solution containing 2 mg/ml 

MTT for 30 minutes. MTT was then removed and the reaction product was dissolved in 0.25 

ml DMSO/well. Absorbance was read at 570 nm using Multimode Plate reader, Lambda 

Scientific Ltd, Australia, and the results expressed as the percentage of viable cells relative to 

the DMSO exposed controls. Untreated controls and blanks were incubated in the same plates 

under same conditions. 
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Percentage of anticancer activity (Cell viability) = Control- Treated/control X 100. 

All experiments were preformed in triplicates. 

 

Antibacterial Activity 

Bacterial strains 

The pathogenic clinical isolates of ESBL and MBL producers of Escherichia coli and 

Klebsiella pneumoniae as well as MRSA were collected from registered microbiology 

laboratory of Medwin hospital, Hyderabad, India. E. coli, K. pneumoniae and Staphylococcus 

aureus are the medically important pathogens and commonly isolated from clinical samples. 

 

Bacterial susceptibility testing 

The antimicrobial activity of the Ag-NPs were determined by the well diffusion method. The 

cleaned glass wares, swabs and well cutter were sterilized in autoclave at 121°C for 15 min. 

Mueller-Hinton agar media sterilized and poured into a sterile Petri plate and allowed to 

solidify at room temperature. The inoculum of test organisms equivalent to 0.5 McFarland 

standard was spread evenly over the entire surface by swabbing in three directions using 

sterile cotton swab. Holes were made in the agar media by using 6 mm cork borer. Each hole 

was filled with 20 μl of the synthesized Ag-NPs. Sterile distilled water was added to the 

control well. Media was incubated in refrigerator for one hour for proper diffusion, and then 

incubated at 37°C for 24 hr-48hr.
[14]

 The antibacterial activity was evaluated by measuring 

the zone of inhibition around the well. The zone of inhibition was measured at 24 hours and 

later at 48 hours. Each experiment was performed in triplicate. 

 

Determination of MIC and MBC 

The antimicrobial efficacy of silver nanoparticles was examined using the standard broth 

dilution method (CLSI M07-A8).
 [15]

 The MIC was determined in Mueller Hinton broth using 

serial two-fold dilutions of  1mM synthesized Ag-NPs in volumes ranging from 3.12  to 200 

µl with adjusted bacterial concentration (0.10 at 625 nm (1.10
8
 CFU/ml, 0.5 McFarland’s 

standard), incubated at 37⁰C for 24 hours. Additionally, two controls were maintained as 

antimicrobial control (the tube containing Ag-NPs and the growth medium without inoculum) 

and organism control (the tube containing the growth medium and the inoculum). The MIC is 

the lowest concentration of antimicrobial agents that visually inhibits 99% growth of 

microorganisms. The MIC was noted by the visual turbidity of the tubes both before and after 

incubation and it was done in triplicates. 
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After the MIC determination of the Ag-NPs, aliquots of 50 μl from all tubes which showed 

no visible bacterial growth were seeded in MH agar plates, which are not supplemented with 

Ag-NPs, were incubated for 24 h at 37⁰C. The MBC was observed for presence or absence of 

bacterial growth in agar plates both before and after incubation. The MBC endpoint is 

defined as the lowest concentration of antimicrobial agent that kills 99.9% of the initial 

bacterial population. 

 

RESULTS 

Silver nano particles were prepared from the neem leaf extract using AgNO3 as a reducing 

agent. We followed the reaction using UV-Visible Absorption Spectrophotometer. It was 

observed that the peak shifted in the absorption spectrum from 425 nm to 413 nm with 

increasing reaction time from 5minutes to 30 minutes and the peak centered at 413 nm for 10, 

15 and 30 minute samples [Fig. 1]. The reduction of silver ions and the formation of stable 

nanoparticles occurred rapidly within half an hour of reaction, making it one of the fastest 

bio-reducing methods to produce silver nanostructures. The intensity of absorption peak 

increased with increasing in time period. The reduction of the metal ions was fairly rapid and 

more than 90% of reduction of Ag+ ions was completed within 30 minutes after addition of 

the metal ions to the plant extract. The metal particles were observed to be stable in solution 

even four weeks after their synthesis. No variation in the optical properties of the 

nanoparticle solution was observed over time. 

 

 

Fig. 1: UV-Vis absorption Spectra recorded as a function of time of aqueous solution of 

1mM AgNO3 with Azadirachta indica leaf extract 5 (red color),10 (blue),15(black) and 

30 (green) min, 
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X-Ray Diffraction (XRD) Studies 

The silver particles formed in our experiments were in the form of nanocrystals, as evidenced 

by the peaks [Fig.2] X-ray diffraction was carried out to verify the crystalline nature of the 

particles, and the XRD pattern showed numbers of Braggs reflections that may be indexed on 

the basis of the face centered cubic structure of silver at 2θ values of  27.84, 32.19, 38.48 and 

46.23 corresponding to the (300), (111) and (222) facets of the face centered cubic crystal 

structures. XRD spectrum showed distinct diffraction peaks around 32°, which are indexed 

by the (111) of the cubic face-centered silver. 

 

 

Fig. 2: XRD pattern of as synthesized silver nanoparticles from Azadirachta indica leaf 

extracts. 

 

Fourier Transform Infrared Spectroscopy  (FTIR)  Studies 

Results of further characterization of the prepared Ag NPs from the  leaf extract were 

analyzed  by the FTIR spectra are shown in Fig.3.  The aqueous silver nanoparticles prepared 

from leaf extract peaks near 3600 cm
−1

 and near 3900cm
−1

 were assigned to O–H stretching. 

The weaker band at 1541 cm−1 corresponds to amide I, arising due to carbonyl stretch in 

proteins. The peak at 1033 cm−1 corresponds to C–N stretching vibrations of the amine. 
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Fig. 3: FT-IR spectrum recorded by making KBr disc with as synthesized silver 

nanoparticles prepared from the Azadirachta indica leaf extracts. 

 

Scanning Electron Microscopy (SEM) Studies 

SEM analysis revealed that synthesized nanoparticles were in the range of 15-40nm [Fig. 4]. 

The shape of the silver nanoparticles was spherical with few exceptions as ellipsoidal. The 

bigger size silver particles could be due to the aggregation of the smaller ones, due to the 

SEM measurements. 

  

Fig. 4: SEM images of bio- synthesized Silver Nanoparticles 

 

Transmission Electron Microscopy (TEM) Analysis 

Using TEM analysis we observed that most of the Ag-NPs were spherical in shape with 

crystalline structure. Few representative TEM micrographs of the synthesized silver 

nanoparticles at different magnifications are shown in Fig. 5 A few agglomerated Ag-NPs 

were also observed in some places, thereby indicating possible sedimentation at a later time. 

Fig. 6 (left) corresponds to high resolution lattice image form one such particle. The lattice 

spacing confirms the Ag (111) planes. Fig. 6 (right) shows the histogram taken from a large 
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number of micrographs. It is evident that there is variation in particle sizes and the average 

size estimated was 9 nm and the particles size ranged from 2 nm to 50 nm. 

 

  

  

 

 
 

Fig. 5: A typical bright field TEM image of bio-reduced silver Nanoparticles 

 

  

Fig. 6: Left-High Resolution diffraction image                          Right- Histogram 

 

Anti-Cancer activity 

The anti-cancer activity of biosynthesized Ag-NPs on ALL (Acute lymphoblastic leukemia) 

cancer cells were studied using MTT assay [Fig. 7]. It was found that the anti-cancer activity 
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is concentration dependent as it increased with the concentration of Ag-NPs. A minimum of 

6.7 µg/ml of concentration was found to be sufficient to induce about 80% of the cell 

mortality. 

 

The result of this study demonstrates that the silver nanoparticles could inhibit the cell 

viability of ALL cancer cells. But this is a preliminary result and may need further 

confirmation. 

 

 

Fig. 7: The cell viability studies with ALL Cancer Cell lines treated with Ag NP’s with 

different concentrations. 

 

Anti-bacterial activity 

The antimicrobial activity of Ag-NPs against multi drug resistant super bugs by well 

diffusion method are presented in Fig.8. The MIC and MBC values are displayed in the Fig.9.  

The MBL producers found to be more resistant than ESBL producers by well diffusion 

method and Klebsiella pneumoniae strains found to be more resistant than E. coli strains by 

broth dilution method. There is a difference of 1 mm in the zone of inhibition of two strains 

of E. coli (ESBL & MBL producers) but their MIC (6.25) was similar. There might be a little 

difference even in their MIC that could be in between   >3.125 to 6.25 µl.  Similarly for two 

strains of Klebsiella pneumoniae, there was a difference of 1mm in the zone of inhibition but 

their MIC was same. 

 

MBC of all the tested organisms were found to be at 12.5 µl of 1 mM solution of Ag-NPs. 

Even MBC might differ between > 6.25 -12.5µl for different strains of organisms tested. 
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Fig. 8: Graphic representation of antibacterial activity of silver nanoparticles against 

multi drug resistant bacteria (X-axis) by well diffusion method. Sizes of zone of 

inhibitions (ZOI) in mm depicted on Y axis. 

 

 

Fig. 9: MIC & MBC of 1 mM silver nanoparticles (Y-axis) against multi drug resistant 

bacteria (X-axis) 

 

DISCUSSION 

We have used the biological method for the synthesis of  silver nanoparticles. Reduction of 

silver ions into silver nanoparticles during exposure to neem plant extracts was observed as a 

result of the color change. The color change was due to the Surface Plasmon Resonance 

phenomenon. The UV-Vis spectroscopic study shows the Plasmon resonance property, 

confirmed the reduction of silver ion and formation of Ag-NPs with plasma resonance peak at 

413 nm. 
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The sharp Braggs peaks might have resulted due to capping agent stabilizing the nanoparticle. 

Independent crystallization of the capping agents was ruled out due to the process of 

centrifugation and redispersion of the pellet in millipore water after nanoparticles formation 

as a part of purification process. The X-ray diffraction results clearly show that the silver 

nanoparticles formed by the reduction of Ag+ ions by the neem leaves extract are crystalline 

in nature.  Generally, the broadening of peaks in the XRD patterns of solids is attributed to 

particle size effects. Broader peaks signify smaller particle size and reflect the effects due to 

experimental conditions on the nucleation and growth of the crystal nuclei. 

 

FTIR study confirmed that the carbonyl group from amino acid residues and proteins have 

the stronger ability to bind metal indicating that the proteins could possibly form a layer 

covering the metal nanoparticles (i.e., capping of silver nanoparticles) to prevent 

agglomeration and thereby stabilize the medium. This suggests that the biological molecules 

could possibly perform dual functions of reduction and stabilization of silver nanoparticles in 

the aqueous medium. 

 

TEM was used to study the size, shape and structure of the silver nanoparticles. It is known 

that spherical as well as non-spherical nanoparticles exhibits better physical properties if they 

are produced small in size, as the therapeutic properties of silver nanoparticles are size 

dependent.
[16] 

 

All the characterization studies using XRD, SEM and TEM analysis confirmed that that most 

of the silver nanoparticles were spherical in shape with crystalline structure and have size in 

the range of 2 to 50 nm. The FTIR spectra revealed the presence of functional groups which 

are responsible for the capping and stabilization of the synthesized silver nanoparticles. 

 

The cytotoxic effect of Silver nanoparticles because of the nano size, surface area and surface 

fictionalization are chief factors that control bio - kinetics and thus toxicity leading to lesser 

cell viability.  Several investigators have reported that Ag-NPs induced the cytotoxic effect 

against leukemic cells, such as THP-1, Jurkat and K562 cells, a possible mechanism of 

toxicity is projected which involves disruption of the mitochondrial respiratory chain by Ag-

nanoparticles leading to creation of Reactive Oxygen Species and disturbance of ATP 

synthesis, which in turn leads to DNA damage. It is estimated that DNA damage is increased 

by deposition, followed by interactions of Ag-nanoparticles to the DNA leading to cell cycle 
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arrest in the G2/M phase. These nano particles could also display a synergistic effect against 

leukemic cells with chemotherapeutic drugs, such as cyclophosphamide or busulfan.
 [17-19]

 

 

However, future development of silver nanoparticles based as therapeutic agents will require 

more work to optimize physicochemical properties and to understand the medicinal 

properties. The generated data of this study may provide some basic information for future 

studies. 

 

The biologic effects of silver are believed to be closely related to silver ions.
 [20]

 In an 

aqueous microenvironment, Ag-NPs continuously release silver ions.
 [21]

 It is well known that 

smaller silver nanoparticles show stronger and better bactericidal effect than larger particles 

because they have a larger surface area for interaction.
 [22]

 Binding to essential cellular 

structural elements like enzymes and other proteins, 
[23]

 particularly to their SH-groups 
[24]

 

and interfering with the integrity of the bacterial cell. 
[25]

 These are the main reasons for 

bactericidal properties of silver ions. 

 

Several studies have been conducted to test the efficacy of silver nanoparticles against 

clinical and non-clinical strains of bacteria. But this study is of its own kind which has only 

tested the multi drug resistant organisms or rather super bugs. 

 

In the present scenario of emergence of multidrug resistance of human pathogenic bacteria, it 

has become utmost importance to search for new antimicrobial substances from alternative 

sources such as plants, India is the greatest source for medicinal plants. So an invention of 

super drugs will be very imperative for killing superbugs (multi drug resistant organisms) 

using colloidal silver. 

 

CONCLUSION 

This study has demonstrated an easy, simple, and environmentally friendly approach to the 

synthesis of Silver Nanoparticles  using the leaf extract of Azadirachta indica. The phyto-

molecules of the extract were not only responsible for the reduction of AgNO3 but also 

function as capping agents to the surfaces of the Ag-NPs. The findings of this study are 

significant as it showed the bioactive principle of silver nanoparticles against leukemia cells 

in MTT assay as well as effective bactericidal agents against super bugs like ESBL and MBL 

producers as well as MRSA regardless of the resistance mechanisms that confer importance 

to these bacteria as an emergent pathogen. Further Ag nanoparticles could be synthesized in a 



www.wjpps.com                                 Vol 5, Issue 2, 2016.                                            

            

 

691 

Rasheed et al.                               World Journal of Pharmacy and Pharmaceutical Sciences 

cost effective manner and can be used  in  pharmaceutical products that may help to prevent 

the transmission of multi drug-resistant pathogens and combat cancer, but toxicological 

limitations for eukaryotic cells should be taken in account since nanosilver is not a target 

specific antibacterial /antileukemic agent. 
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