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ABSTRACT
Background: In the modern scientific approach, green nanotechnology plays a vital role in the formulation of newer and
novel biomolecules which have wide biomedical applications. The applications and values of the synthesized
nanoparticles have its own action based on the mode of synthesis and the effect may differ according to the substrate.
The physical and chemical methods of nanoparticle synthesis are cumbersome in duration of synthesis, physicochemical modification and contaminations, expensive and environmentally toxic. But the biological mediated
nanoparticles synthesis has great advantages in its non-toxic nature and ability in large scale production. Objective: The
objective of the present study is to synthesize and characterize Azadirachta indica leaf powder mediated silver and
copper nanoparticles. Methods: The methodology was standardized according to the synergistic effect of metal solution
and test herbal plant that catabolized to form nanoparticles, thereby in vitro antibacterial activity is possible by
performing well cutting method. Results: The physico-chemical characterization of both the nanoparticles revealed that
the synthesized molecules are nano in size mainly by its color formation and size dependent phenomena. Both silver
and copper nanoparticles were highly effective against Escherichia coli, Proteus sp, Staphylococcus aureus and
Pseudomonas aeruginosa; moderate level of inhibition was observed against Enterococcus sp and Klebsiella
pneumoniae and low level of inhibition was observed against Micrococcus sp by copper nanoparticles whereas no
inhibition was recorded by silver nanoparticles. Conclusion: The green synthesized nanoparticles are having
acceptable level of bactericidal activity compared with the crude A. indica extract and metal solution controls.
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INTRODUCTION
Literally, antibacterial agents are the broad source
of substances which kill and/or disrupt the growth
and replication the pathogenic bacteria. Most of the
commercially available antibiotics are defined
based on the source as natural, chemically modified
and chemically mediated/ derived synthetic
compounds.[1,2] Due to misuse of antibiotics, the
target action on five modes including disturbing
cell wall synthesis, dysfunction of cytoplasmic
membrane, inhibition of protein synthesis,
modification in the functions of metabolic enzymes
and suppress the DNA replication get failed. This
leads to drug failure or emergence of antibiotic
resistance against these antimicrobial targets and
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developed physical, chemical, enzymatic and
biological modifications in the bacterial cells.[3,4]
These non-functional molecules and non-responded
cellular targets enhance the exploration of
resources through alternative sources for the
development of newer antibacterial agents with
molecular understanding for the successful
elimination of pathogens from the tissue or
environment.
Historically, India is one of the countries,
traditionally utilized the natural resources for
systemic and superficial ailments. After the
invasion of modern medicine, the targeted
antimicrobial agents of synthetic nature provide
smart and earliest treatment, and fast recovery; but
lot of adverse reactions like mild (rashes) to severe
(multiorgan dysfunction, multiorgan failure, cancer
etc.) that threat the life. Due to this unpleasant
environment, there is an urgent need of exploring
alternative drugs to overcome the infectious
diseases. Lot of studies defined the exploration of
medicinal herbs (green molecules) as new approach
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for targeting various diseases; but large scale
production and drug commercialization are not
possible due to ethical disturbances of not
permitting clinical trials, non-motivation of young
scientists, political interferences, poor drug
manufacturing policies and non-stepping of the
pharmaceutical companies.[1-3]
For a long period of time, the usage of metals in
our traditional medicine (bashpam, sooranam,
kashayam etc) and house hold practices in form of
metal vessels to store and prepare various food and
related materials that exhibit wide range of
antimicrobial properties. Due to urbanization and
modernization, some external pressure diverted our
previous generation for the usage of other metals
like stainless steel, aluminium etc. that are highly
carcinogenic. The negative advertisements pushed
the current generation to use the modular kitchen
materials from condensed environment to nonstick
metal vessels that are very high risk of forming
various organ specific cancers.[2,3]
The increase in the re-emergence of usage of
metals as solid materials in households, temples
and restaurants are become modernized that give a
positive sign of re-entering into our traditional
system of living. To observe such socio-functional
changes, the usage of metal nanoparticles became
an alternative and attractive bio-material to act
against pathogens that are multi-resistant. The size,
charges, drug delivery nature and specific targets
are the major characteristic features of the metal
based nanoparticles that exhibiting microbicidal
nature.[5] The specific mode of action of
nanoparticles is still unknown due to its visceral
antimicrobial targets on pathogens and broad
spectrum nature.[4,6] Nanoparticles are synthesized
by various methods including physical, chemical
and biological or biological mediated methods;
while biological synthesis using microbes or
medicinal herbs is cost effective, simple and
reliable method.[7-9]
Herbal mediated metal nanoparticle synthesis
provide more biocompatible than the chemical and
physical synthesis; may have a chance to disturb
the size and avail the residues of toxic chemicals
respectively. Herbal mediated nanoparticles are
produced using numerous plants of Pelargonium
graveolens, Medicago sativa, Azadirachta indica,
Lemongrass, Aloevera, Cinnamomum, Camphor
etc.[10,11] The metal based nanoparticles are less
toxic to human beings and highly effective against
virus,
bacteria
and
several
eukaryotic
microorganisms at very low concentrations.[12,13]
The test herbal plant Azadirachta indica (Neem) is
an aromatic herb contains alkaloids, glycosides,
tannins, saponins and minerals like Ca, Ma, Cu, Zn,
P, K, Na and Mg which is the major source of bioreduction and also act as a stabilizer for the
synthesis of metal nanoparticles. Over thousand
years, neem leaves were used for healing because

of its phytonutrients and essential oils thus have an
antibacterial and germicidal activity.[14] Thus the
present study aims to compare the physicochemical characterization and antibacterial activity
of the Azadirachta indica mediated silver and
copper nanoparticles.

MATERIALS AND METHODS
Collection and preliminary processing of plant
The leaves of Azadirachta indica were collected
and cleaned. Then it was allowed to shade dried to
remove the moisture thoroughly. The dried leaves
are grind to make a powder. Then it was stored in
the air tight container for future use.
Bacterial gallery for bactericidal analysis
The pathogenic bacterial species isolated from
wounds
and
characterized
by
standard
bacteriological procedures were included in this
study
including
Staphylococcus
aureus,
Escherichia coli, Pseudomonas aeruginosa,
Proteus sp, Klebsiella pneumoniae, Enterococcus
sp and Micrococcus sp. The overnight incubated
bacterial broth cultures were used for further
analysis.
Synthesis of copper and silver nanoparticles
For the synthesis of Copper (Cu) and Silver (Ag)
nanoparticles, 100ml of 4% copper sulphate and
10-3mM silver nitrate solution was added to 5g of
A. indica leaves powder. The mixture was agitated
thoroughly without forming bubbles and was kept
for incubation at dark condition for the synthesis of
herbal mediated metal nanoparticles.
Characterization of synthesized nanoparticles
The initial physical analysis (color change) was
noted manually from 0 time to 72 hours by
analyzing every doubling hours. The color change
from light (pale green) to dark (brown to black)
indicated nanoparticle synthesis. Then the pH was
assessed again from 0 time to 72 hours; thus the
increase in the pH by time increases denoted
nanoparticle synthesis.[15]
The spectrophotometric assessment for analyzing
the increase in optical density (OD) value was
carried out. Additionally nitrate reductase assay
and sulphate reductase assay were performed in
order to cross check the bioreduction from nitrate
to nitrite and sulphate to sulphite respectively.[16-18]
All the mixture flasks were allowed to filter
separately through Whatman No.1 filter paper
aseptically and the filtrate was centrifuged at
6000rpm for 20 minutes to separate the pellet from
the solution. The size dependent phenomena of the
synthesized nanoparticles were done by scanning
electron imaging (SEI). The pellets were further
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diluted accordingly and used for the analysis of in
vitro antibacterial activity.
Antibacterial assay
Muller Hinton Agar – Well cutting method was
used to determine the antibacterial wound isolated
pathogens against the synthesized herbal mediated
metal nanoparticles. Each bacterial pathogen was
seeded separately on to the surface of the agar
plates and 2mm diameter wells were punched and
add various concentrations (1 - 5%) of A. indica
mediated silver and copper nanoparticles
separately. Then all the plates were allowed to
incubate at 37oC for 24 hours and assessed for
determining zone of inhibition (the marker of
antibacterial assay).

RESULTS
Color change
The color change from pale to dark color indicated
the formation of nanoparticles. At the initial the
addition of A. indica leaves powder with the copper
and silver solution are observed as pale color
[Figure 1a]; later after incubation time, the mixture
gets darker in color [Figure 1b], thus indicated the
reduction of sulphate and nitrate in solution.

32 hours
64 hours

0.40
0.38

0.89
0.87

UV-Vis Spectrophotometer
The UV-Vis spectra recorded from the test herbal
mediated metal nanoparticles at different times of
reaction is presented in [Figure 2a and 2b]. The
strong surface plasmon resonance centered at 420
nm clearly increases in intensity with time. The
solution was extremely stable, with no evidence of
flocculation of the particles even several weeks
after reaction.
The spectra in low wavelength region recorded
from the reaction medium exhibited absorption and
it was attributed to aromatic amino acids of
proteins. This observation indicated the release of
proteins into solution by test herb and suggested a
possible mechanism for the reduction of the metal
ions of both silver and copper present in the
solution.

Figure 2a and 2b: UV-Vis Spectra recorded as a
function of time of reaction of aqueous Solution of
10-3 mMAgNO3 and CuSo4 with the AI biomass
(07SD) at 420nm

Figure 1a: Silver and copper control Figure 1b: Silver
and copper solution with test herb

pH value
The pH of the solution is important while the
synthesis of nanoparticles, because of the reduction
of copper sulphate and silver nitrate with the A.
indica solution, the value get reduced. Initial and
final pH of the each solution was recorded [Figure
3].

Calorimetric assay
The OD value using simple calorimetric assay of
copper and silver solution alone was recorded,
before the addition of A. indica powder. After the
addition of leaves to the silver nitrate and copper
sulphate solution, the initial and final OD value
was recorded [Table 1].
Table 1: OD value of test herb with copper sulphate
and silver nitrate solution (AI- Ag: Azadirachta indica
with silver nitrate solution & AI-Cu: A. indica with
copper sulphate solution)
Time Duration

Optical Density (OD) value
AI-Ag solution
AI-Cu solution

Distilled water
Metal solution alone
0time
1 hour
2 hours
4 hours
8 hours
16 hours

0.00
0.02
0.61
0.60
0.57
0.52
0.48
0.45

0.00
1.69
1.64
1.62
1.12
1.04
0.99
0.92

Figure 3: Reduction of pH value of copper and silver
herbal mixture

Nitrate reductase assay
The nitrate reductase assay provides the
confirmation of the presence of nitrate reductase,
thereby we confirm the reduction of nitrate to
nitrite. The maximum OD with 0.10 and 0.12 was
observed among Ag and Cu herbal solution
respectively [Table 2]. The major peaks of the
calorimetric intensity at 460 nm corresponding the
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intensity maximum of 2,3-diaminonapthotriazole.
This may be further preceded to analyze the
antimicrobial activity of the compounds obtained
which having the characteristic features of azole
groups. The [Table 2] showed the nitrate reductase
through the reaction of nitrite with 2,3 –
diaminophthalene.
Table 2: Calorimetric assay of nitrate reductase assay
by AI-Ag and AI-Cu solution
Time duration

Optical density at 460nm
AI-Ag solution
AI-Cu solution

0
30 mins
1 hour
2 hours
4 hours
8 hours
16 hours
24 hours

0.2
0.2
0.4
0.5
0.6
0.7
0.8
0.10

size dependent phenomena of the synthesized
nanoparticles. The herbal mediated silver solution
showed the size of 54nm at 500 X magnification
whereas copper solution supported with 30nm at
500X [Figure 5a and 5b]. This showed that the
synthesized solution is in nanosize and are named
and considered as nanoparticles. Thus from this
section onwards, the solution is described as AIAG Nps and AI-Cu Nps.

0.3
0.4
0.5
0.6
0.7
0.8
0.10
0.12

Sulphate reductase activity
It was observed that there is a reasonable reduction
affinity for magnesium ions which are essential for
assay of sulphate reductase activity. There is no
significant difference was seen between the metals
mediated herbal nanoparticle but observable
reduction in the percentages was recorded when
incubated at 30°C for upto 90 minutes before assay
for residual sulphate reductase activity. By
comparing the assay reaction time, there is no
further reduction in percentage observed after 60
minutes in both the solutions [Figure 4]. No loss of
activity was observed while the test was performed
in the room temperature. Further optimization
studies may be useful to understand the
enhancement of activity in various temperatures
and pH ranges of the solution in vitro. No
significant improvements were seen upon inclusion
of these agents during cell disruption or the assay
of enzyme specifically to sulphate reduction
activity.

Figure 5a: Scanning Electron imaging of AI-Ag Nps
at 500X and Figure 5b: AI-Cu Nps at 500X

Antibacterial assay
The results of disc diffusion assay to determine the
antibacterial activity of neem mediated silver and
copper nanoparticles against wound pathogens
were well analyzed thereby neem mediated silver
nanoparticles showed maximum inhibition to
Pseudomonas aeruginosa (39mm) followed by
Micrococcus sp (38mm) and Enterococcus sp
(31mm). Others also showed observation inhibition
(Table 3). In this study, it was recorded that there is
a better bactericidal action of neem mediated
copper nanoparticles compared to silver. The
highest inhibitory zone of 40mm (Proteus sp and
Micrococcus sp) and lowest zone of 10mm was
observed in Enterococcus sp. While comparing the
bactericidal nature among the substrates, the
inhibition rate of silver herbal nanoparticles is
better among Staphylococcus aureus, Pseudomonas
aeruginosa,
Klebsiella
pneumoniae
and
Enterococcus sp, whereas copper herbal
nanoparticles inhibited Escherichia coli, Proteus sp
and Micrococcus sp better [Table 3].
Table 3: Comparative bactericidal nature of neem
mediated silver and copper nanoparticles
S. No.
Bacterial pathogens

Figure 4: Residual sulphate reduction activity

Scanning Electron imaging
By imaging the nanoparticles by scanning electron
principles, we obtain the figures of certainty to
analyze the size of the nanoparticles to prove the

Zone of growth
inhibition in mm
AI-Ag
AI-Cu
Nps
Nps

1

Escherichia coli

22

32

2

Staphylococcus aureus

30

28

3

Pseudomonas aeruginosa

39

30

4

Proteus sp

22

40

5

Klebsiella pneumoniae

30

27

6

Enterococcus sp

31

10

7

Micrococcus sp

38

40
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form should be measured by scanning or
transmission electron microscopy that should not
exceeding 100nm and are considered as
nanomaterials. This study also supported the same
by measuring 54 and 30nm sized particles in Ai-Ag
and Ai-Cu complex. Thus we strongly found and
recorded that the synthesized neem mediated silver
and copper particles are nano in size and may have
potent antimicrobial activity to kill microparticles.
Various studies depicted that the scanning electron
imaging are the incredible source of determining
particle size in solute.[28-31]
It is instrumental that the step down particle size
will kill and deteriorate the higher particle size due
to the adhesive invasion. This is proved in this
study by which the synthesized and characterized
nanoparticles inhibit the growth in the culture
plates of the test bacterial pathogens in vitro.
Previous demonstrations also supported that the
nanoparticles with synergistic combination
including herbal mediated metal nanoparticles. This
study showed the better inhibitory action of neem
leaves mediated copper nanoparticles against
wound infection causing bacterial pathogens. The
silver nanoparticles also have certain bactericidal
activity. Few studies described the importance of
the sharing and synergizing the molecules among
the substrates like herb and metal that are having
more
anti-infective
characters.[32]
Further
exploration of such biomolecules in specific to
chemistry, morphology, biochemical and biological
interventions may provide the possible clue for the
synthesis of nano sized particles and its
antimicrobial efficiency.
.

DISCUSSION
In this study, it was recorded that the color change
from pale color to intermittent and subsequent dark
in color in the stipulated period of time indicated
the formation of silver and copper nanoparticles.
This color change highlighted that there is drastic
changes in the shape and size of the particles from
high molecular weight to lower and lowest.[19,20]
Further, more studies suggested the importance of
observing color changes from pale to dark for the
indication of nanoparticle synthesis.[5,13,21,22]
The calorimetric assay of the synthesized particles
showed mild to drastic reduction in their OD value
indicated that the particle size and shape get
reduced; thus the metals in solution catabolized by
medicinal herb – neem consequently for the
indication of monodispersion of nanoparticles.[23]
Further this assay should be confirmed by uv
double beam spectrophotometry.
From this investigation, we observed the UV
spectra of the silver and copper nanoparticles in the
range of 420nm which showed well defined
Plasmon bands. The increase in maximum
absorbance is due to the particle density which
strongly depends on the amount of metal reduction
at the surface of the medium. It is known that the
color of metal particles is caused by the sum of the
effects of absorption and scattering of visible light.
In this study, multiple bands were recorded and
closely justify the Mie’s theory of confirming the
single band for nanocrystals and multibands for
nanoparticles.[24,25]
The analysis of pH explicitly depicts there is a
gradual shift towards lowering the pH of the metal
solution. It is noted that the sizes of the particles
decrease when pH changed from highly acidic to
neutral (3 to 7), indicated the size of the particles
get reduced. If further the pH increased, then
agglomeration of the particles was happened leads
to non-determination of particle size exactly.[20] But
in this study, the pH is maintained for first three
hours, further reduced pH was observed; but no
disturbances found in the nanosize formation that is
confirmed by scanning electron imaging.
The sensitive determination of the best substrate for
the analysis of nitrate reduction has the maximum
activity. Numerous methods have been adopted to
determine the nitrate reduction in the solution, but
very few methods can be implemented and
followed for the determination of reductase activity
that have been optimized in order to confirm the
enzymatic action and increase the nanoparticle
synthesis. The principle behind these procedures
was correlated highly in this study by determining
the reduction of nitrate and sulphate.[26,27]
The size dependent phenomena are the central
dogma for the determination of nanotechnological
studies thereby the size of the particles or any other

CONCLUSION
This study was initiated to identify the natural
biomolecule from the synergistic action of herb and
metal solution in condensed conditions. Further, it
was characterized for the formation of biomaterials
and to confirm the synthesis of nanomolecules.
This study is an eye opener for research to include
nitrate and sulphate reduction assay as a novel
characterization
to
substantiate
enzymatic
catabolism of the bio to nanomaterials.

REFERENCES
1.

2.

3.

4.

Nussbaum FV, Brands M, Hinzen B, Habich D.
Antibacterial natural products in medicinal chemistryexodus or revival?. Angew Chem Int Ed Engl.
2006;45:5072-5129.
Hajipour MJ, Fromm KM, Ashkarran AA, Aberasturi DJ,
Larromendi, Rojo T, et al. Antibacterial properties of
nanoparticles. Cell press. 2012;30:499-511.
Jayaraman R. Antibiotic resistance: an overview of
mechanism and a paradigm shift. Curr Sci India.
2009;98:1475-1484.
Wang L, Hu C, Shao L. The antimicrobial activity of
nanoparticles: present situation and prospects for the future.
Nanomed J. 2018;5:102-110.

Annals of International Medical and Dental Research, Vol (4), Issue (6)

Page 5

Section: Microbiology

Pramila et al; Characterization of Azadirachta Indica Mediated Copper and Silver
Nanoparticles

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

Raghunath A, Perumal E. Metal oxide nanoparticles as
antimicrobial agent: a promise for the future. Int J Antimicro
agents. 2017;49:1137-1152.
Romero D, Aguilar C, Losick R, Kolter R. Amyloid fibers
provide structural integrity to Bacillus subtilis biofilms. Proc
Natl Acad Sci U. S. A. 2010;107:2223-2230.
Iravani S, Koberkandi H, Mirmohammadi SV, Zolfaghari B.
Synthesis of silver nanoparticles: chemical, physical and
biological methods. Res Pharma Sci. 2014;9:385-406.
Sravanthi M, Munikumar D, Ravichandran M, Vasu G,
Hemalatha KPJ. Green synthesis and characterization of iron
nanoparticles using Wrightia tinctoria leaf extracts and their
antibacterial studies. Int J Curr Aca Rev. 2013;4:30-44.
Pramila M, Meenakshisundaram M. Biosynthesis of iron
(Fe) nanoparticles and its inhibitory effect on Pseudomonas
aeruginosa biofilm. Ind J Appl Res. 2017;7:251-254.
Makarov VV, Love AJ, Sinitsyna OV, Makarova SS,
Yaminsky IV, Taliansky ME, et al. Green nanotechnologies:
synthesis of metal nanoparticles using plants. Acta Naturae.
2014;6:35-44.
Verma A, Mehata MS. Controllable synthesis of silver
nanoparticles using neem leaves and their antimicrobial
activity. J Radi Res Appl Sci. 2016;9:109-115.
Jeong SH, Yeo SY, Yi SC. The effect of filter particle size
on the antibacterial properties of compounded polymer/
silver fibers. J Mat Sci. 2005;40:5407-5411.
Gavhane AJ, Padmanabhan P, Kamble SP, Jangle SN.
Synthesis of silver nanoparticles using extract of neem leaf
and tripala and evaluation of their antimicrobial activities.
Int J Pharm Bio Sci. 2012;3:88-100.
Nascimento GGF, Locatelli J, Freitas PC, Silva GL.
Antibacterial activity of plant extracts and phytochemicals
on antibiotic – resistant bacteria. Braz J Microbiol.
2000;31:247-256.
Revathi N, Prabhu N. Fungal - Silver nanoparticles:
Preparation and its pH characterization. Trendz in Biotech.
2009;4:27-29.
Ottow JCG, Klopotek VA. Enzymatic reduction of iron
oxide by fungi. Appl Microbiol. 1969;18:41-43.
Misko TP, Schilling RJ, Salvemini D, Moore WM, Currie
MG. A fluorometric assay for the measurement of nitrite in
biological samples. Anal Biochem. 1993;214:11-16.
Jiranek, V, Langridge P, Henschke PA. Determination of
sulphite reductase activity and its response to assimilable
nitrogen status in a commercial Saccharomyces cerevisiae
wine yeast. J Appl Bacteriol. 1996;81:329-336.
Shankar SS, Rai A, Ahmad A, Sastry M. Rapid synthesis of
Au, Ag, and bimetallic Au core–Ag shell nanoparticles using
neem (Azadirachta indica) leaf broth. J Colloid Interface Sci.
2004;274:496–502.
Singh AK, Srivastava ON. One step green synthesis of gold
nanoparticles using black cardamom and effect of pH on its
synthesis. Nanoscale Research Letters. 2015;10:353-364.
Prabhusaran N, Susethira AR, Radhakrishna L, Revathi P,
Jeyaseelan ST, Joseph PID. Extracellular biosynthesis of
silver nanoparticles using bacterial sources and its
pathogenicity inhibition assay. Int J of Pharma Res Hlth Sci.
2016a;4:1080-1085.
Prabhusaran N, Jeyaseelan ST, Susethira AR, Revathi P,
Radhakrishna L, Joseph PID. Exploration of herbal bismuth
nanoparticles using Eclipta alba and in vitro antimicrobial
activity against pathogenic bacterial strains. Int J Pharm
Pharma Res. 2016b;6:129-139.
Nghia DN, Tuan VN, Anh DC, Hoang VT, Luyen TT,
Chinh DH. A label free calorimetric sensor based on silver
nanoparticles directed to hydrogen peroxide and glucose.
Arab J Chem. 2018(in press).
He R, Qian X, Yin Y, Zhu Z. Preparation of polychrome
silver nanoparticles in different solvents. J Mater Chem.
2002;12:3783-3786.

25. Krishnaraj S, Balamurugan V, Chandramohan S. UV visible
spectroscopic analysis of green synthesized silver
nanoparticles. Eur J Pharm Med Res. 2017;4:676-679.
26. Vaidyanathan R, Gopalram S, Kalishwaralal K, Deepak V,
Pandian SRK, Gurunathan S. Enhanced silver nanoparticle
synthesis by optimization of nitrate reductase activity
Colloids and Surfaces B. Bio interfaces. 2010;75:335–341.
27. Bahareh K. Nitrate reductase enzyme in Escherichia coli and
its relationship with the synthesis of silver nanoparticles.
UCT J Res Sci Eng Tech. 2015;3:26032.
28. Buhr E, Senftleben N, Klein T, Bergmann D, Gnieser D,
Frase CG, et al. Characterization of nanoparticles by
scanning electron microscopy in transmission mode. Meas
Sci Tech. 2009;20:084025.
29. Ponce A, Mejia RS, Jose YM. Scanning transmission
electron microscopy methods for the analysis of
nanoparticles. Methods Mol Biol. 2012;906:453-471.
30. Ai LK, Catherine MS, Sailaja E, Garry PN, Robert S.
Electron microscopy localization and characterization of
functionalized
composite
organic-inorganic
SERS
nanoparticles on leukemia cells. Ultramicroscopy.
2008;109:111-121.
31. Steffi R, Vasile DH, Tobias S, Thomas W, Pilar ML,
Roberto HL, et al. High resolution imaging with SEM/TSEM, EDX and SAM as a combined methodical approach
for morphological and elemental analyses of single
engineered nanoparticles. RSC Adv. 2014;4:49577-49587.
32. Siddhant J, Mohan SM. Medicinal plant leaf extract and
pure flavanoid mediated green synthesis of silver
nanoparticles and their enhanced antibacterial property. Sci
Reports. 2017;7:15867.

How to cite this article: Pramila M, Prabhusaran N,
Meenakshisundaram M, Lalithambigai R, Karthik P.
Characterization of Azadirachta indica Mediated Copper
and Silver Nanoparticles – A Comparative Approach. Ann.
Int. Med. Den. Res. 2018; 4(6): MB01-MB06.
Source of Support: Nil, Conflict of Interest: None declared

Annals of International Medical and Dental Research, Vol (4), Issue (6)

Page 6

Section: Microbiology

Pramila et al; Characterization of Azadirachta Indica Mediated Copper and Silver
Nanoparticles

