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Biofabrication of Copper Nanoparticles:
A Next-generation Antibacterial Agent Against
Wound-associated Pathogens

Bakir Nanopartikdillerin Biyofabrikasyonu: Yara ile iliskili Patojenlere Karsi
Yeni Nesil Antibakteriyel Ajan

® Pallavi Singh CHAUHAN, @ Vikas SHRIVASTAVA*, ® Rajesh Singh TOMAR*

Amity University, Amity Institute of Biotechnology, Madhya Pradesh, India

ABSTRACT

Objectives: Impaired wound healing is a major complication. A few factors such as blood glucose level, poor circulation, immune system deficiency,
and infection are the root causes of impaired wound healing. The aim of the present study was to bio-synthesize copper nanoparticles with
potential antibacterial activity against wound-associated pathogens.

Materials and Methods: Copper nanoparticles were fabricated using the sol-gel method with the mixing of Syzigium cumini leaf extract in metal
salt solution. The particles were then later characterized using UV spectroscopy, SEM, TEM, FTIR, and XRD, and evaluated for their antibacterial
activity and its MIC against four wound-associated pathogens.

Results: The results obtained from TEM, SEM, and XRD characterization showed that the particle size was below 100 nm and of spherical shape.
FTIR analysis showed the possibility of various biomolecules, which have a role in capping and stabilizing copper nanoparticles. The particles
synthesized showed antibacterial activity against four wound-associated pathogens (P. mirabilis, S. saprophyticus, S. pyogenes, and P. aeruginosa).
Conclusion: The biosynthesized copper nanoparticles showed potent antimicrobial activity, thus the antibacterial activity of the synthesized copper
nanoparticles could be used in several biomedical applications. Additionally, they can be exploited as a better therapeutic agent for treating infection
seen in impaired diabetic wounds. The particles synthesized by the biological route are eco-friendly, less toxic, feasible, and cost effective.

Key words: Nanoparticles, sol-gel process, biosynthesis, characterization, wound-associated pathogens, biomedical applications

(OZ |

Amag: Duzgln olmayan yara iyilesmesi 6nemli bir komplikasyondur. Kan glukoz dizeyi, zayif dolasim, bagisiklik sistemi eksikligi ve enfeksiyon gibi
birkag faktoér duzgin seyretmeyen iyilesmenin temel nedenleridir. Bu galismanin amaci, yara ile iliskili patojenlere karsi potansiyel antibakteriyel
aktivitesi olan bakir nanopartikillerin biyosentetik olarak tretilmesidir.

Gereg ve Yontemler: Bakir nanopartikilleri, Syzigium cumini yaprak ekstresinin metal tuzu gozeltisi ile karistiriimasiyla sol-jel yontemi kullanilarak
Uretildi. Pargaciklar daha sonra UV spektroskopisi, SEM, TEM, FTIR ve XRD kullanilarak karakterize edildi ve antibakteriyel aktiviteleri yara ile iliskili
olan dort patojene karsi MIC degerleri belirlenerek arastirildi.

Bulgular: TEM, SEM ve XRD karakterizasyonlarindan elde edilen sonuglar, pargacik boyutunun 100 nm’nin altinda ve kiresel sekilde oldugunu
gostermistir. FTIR analizi, bakir nanopartikillerin kapatilmasinda ve stabilize edilmesinde rol oynayan gesitli biyomolekllerin olasiligini géstermistir.
Sentezlenen pargaciklar, yara ile iliskili dort patojene karsi (P. mirabilis, S. saprophyticus, S. pyogenes ve P. aeruginosa) antibakteriyel aktivite
gbstermistir.

Sonug: Biyosentezlenmis bakir nanopartikiller gigld antimikrobiyal aktivite gdstermistir, bu nedenle sentezlenmis bakir nanopartikulleri
antibakteriyel aktiviteleri igin gesitli biyomedikal uygulamalarda kullanilabilir. Bununla birlikte, iyilesmeyen diyabetik yaralarda gorilen enfeksiyonu
tedavi etmek igin daha iyi bir terapétik ajan olarak kullanilabilirler. Biyolojik yolla sentezlenen pargaciklar gevre dostu, daha az toksik, uygulanabilir
ve uygun maliyetlidir.

Anahtar kelimeler: Nanopartikdller, sol-jel streci, biyosentez, karakterizasyon, yara iliskili patojenler, biyomedikal uygulamalar
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INTRODUCTION

Impaired or delayed wound healing is a major complication seen
in various patients, especially in patients with diabetes!? There
are several factors responsible for impaired wound healing,
such as poor circulation,® diabetic neuropathy.“® immune system
deficiency,®” infection, and stiffness of the arteries,® which
lowers the supply of blood, nutrients, and oxygen to tissues
and ultimately lowers the efficiency of white blood cells to fight
against infection.? These factors may lead to impaired wound
healing,°" thus close monitoring is very essential’? The poor
replication of immune cells is a sign of infection development,
which ultimately lowers rate of wound healing.®

Since ancient times, metals have been known to have good
antimicrobial activity, thus in daily life metals have been used
for disinfecting water, preservation of victuals.!® During World
War 2, the Japanese dropped metal coins into water and milk to
treat dysentery.®

In India, nanobiotechnology is providing an incipient insight
in employing Indian greeneries, which is a great source of
various plant products used in Ayurveda for the synthesis
of eco-friendly and non-hazardous nanoparticles.” Particles
smaller than 100 nm are considered as nanoparticles, which
have unique particle size along with advanced physical,
chemical, and biochemical properties’® Both physical and
chemical methods are a commercial way of synthesizing metal
nanoparticles, which are hazardous to the environment, thus
it is imperative to develop an economically and commercially
feasible as well environmentally sustainable route for
synthesizing metal nanoparticles to meet demand.” These phyto
fabrications of metal nanoparticles undergo a highly controlled
single-step protocol with green principles.?® Phytoconstituents
present in plant extracts can be used to synthesize metal
nanoparticles in a single step.?’ Studies have shown that a few
metal nanoparticles have consequential wound rejuvenating
activity.?? Thus, this study may provide insight into methods for
nanoparticles synthesis and a direction for future research in
impaired wound treatment.

MATERIALS AND METHODS

Material requirement

Copper sulfate metal salt was purchased from Fisher-Scientific.
Nutrient agar and nutrient broth was purchased from HiMedia
Ltd. P. aeruginosa (MTCC No. 3542), S. saprophyticus (MTCC NO.
6155), S. pyogenes (MTCC No. 5969) and P. mirabilis (MTCC No.
3310) were the standard cultures, which were procured from
the Institute of Microbial Technology, Chandigarh, India.

Materials used for bioreduction of metal nanoparticles are
Syzigium cumini leaf extract, double-distilled water, ethanol,
magnetic beads, conical flask, and test tubes etc.

The study were approved by the Institutional Animal Ethics
Committee Jiwaji University (protocol number: EAC/JU/27,
date: 28/01/17).

Method

Preparation of leaf extract and phytochemical profiling
Syzigium cumini plant leaves were used for the study, which

were collected, air dried, and then coarsely powdered. Extraction
was performed using ethanol as a solvent in a soxhlet extractor.
The extract was than concentrated. The phytochemical profiling
of the plant leaf extract was performed using an alkaloids test
(Mayer's test), flavonoids test, glycosides test, steroids test
(Salkowski's test), cardiac glycosides test (Keller-Killiani's test),
saponins test, resins test, phenols test (ferric chloride test),
tannins test (FeCl./lead acetate test), and a terpenoid test.?

Biosynthesis of copper nanoparticles

0.01 M of copper sulphate was prepared and then mixed
properly by placing it on magnetic stirrer. Syzigium cumini leaf
extract was used for the purpose of reduction, where plant
phytochemicals may themselves act as capping agents. The
solution was then sanctioned for mixing on magnetic stirrer
at a temperature of 60-70°C. After 2 hours, the sample was
accumulated and sanctioned to centrifuge at 14,000 rpm.
Pellets were collected and then washed three times by means
of ethanol and then kept for drying on a dry bath. Samples were
then collected and sanctioned for further characterization.

Characterization of copper nanoparticles

The synthesized nanoparticles were characterized using
ultraviolet (UV)-visible spectrophotometry, a Fourier-transform
infrared (FTIR) spectrophotometer Model RZX (Perkin Elmer),
scanning electron microscope (SEM) Model JSM6100 (Joel) with
image analyzer, an X-ray diffractometer (XRD) (powder method),
and transmission electron microscope (TEM) Hitachi (H-7500).

Antimicrobial activity of copper nanoparticles

Antimicrobial susceptibility testing of bio-synthesized copper
nanoparticles was performed using the Kirby-Bauer well
diffusion method,®?> where Mueller-Hinton Agar was taken
as a medium, the well diameter was 5 mm and the amount of
material used was 30 pL. McFarland standard (0.5)% was used.
P. mirabilis, S. saprophyticus, S. pyogenes, and P. aeruginosa were
the four different wound-associated pathogens against which
the antimicrobial potential of copper nanoparticles was tested.
A solvent blank was used as a negative control. Pre-existing
drug (povidone iodine), metal salt solution, and Syzigium cumini
plant leaf extract were used as positive controls.

Minimum inhibitory concentration (MIC) of copper nanoparticles
The MIC of the bio-synthesized copper nanoparticles was then
calculated at different concentrations (0.1 mg/mL, 0.3 mg/mL,
0.5 mg/mL, 0.7 mg/mL, and 0.9 mg/mL) against P. mirabilis, S.
saprophyticus, S. pyogenes, and P. aeruginosa using the broth
dilution method in nutrient broth. The concentration of culture
was adjusted to 0.2 at 568 nm (1x10® CFU/mL, 0.5 McFarland's
standard). Positive and negative controls were used as
standard. MICs were denoted by analyzing the turbidity of the
tubes. A small aliquot of the sample (approx. 50 pL) from the
culture tubes showing the least or no turbidity was taken and
poured on an agar plate for 24 h at the optimum temperature for
bacterial growth and was examined for growth. The experiment
was performed in triplicate.?’?8
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RESULTS AND DISCUSSION

Availability of phyto chemicals in Syzigium cumini leaf extract
The qualitative estimation of plant extract was performed and
the results showed the availability of various phyto chemicals,
which are presented in Table 1.

Nanoparticles synthesis and visible observation changes
There are three main phases of metal nanoparticle synthesis
using plant extracts i.e. the activation phase, which includes
metal ion reduction and then their nucleation, the second
is the growth phase, which involves coalescence of small
nanoparticles, and the last is the termination phase, which
provides the final shape to the nanoparticles. Various studies
have shown that in the bio-reduction, when the metal salt
(copper sulfate) is dissolved in distilled water, it soon gets
dissociated into its ionic form i.e. Cu®* and SO,*. After
mixing the plant extract into the metal salt solution, there
is a possibility that the chemical functional groups present
within the plant extract interact with metal ions (Cu?") and
reduce it to its zerovalent state (Cu®, thus leading to the
formation of metallic copper nuclei followed by the growth
phase, leaving the rest of the components as by-product.?’

Thus, the addition of plant extract converts the bulk of the
copper to copper nanoparticles, leaving the by-product
aside, and ultimately changes the color of the solution. After
integration of the plant extract to the metal salt solution, the
color of the copper sulfate salt solution turns from bluish-
greenish to brownish-reddish, which can be seen in Figure
1A and 1B. Bio-reduction and bio-sorption are the two major
steps required for nanoparticle synthesis, by using various
phyto products such as plant phytochemicals, carboxylic
and amino groups, proteins, and carbohydrates.®*® The

Table 1. The qualitative estimation of phytoconstituents in

Syzigium cumini leaf extract

S.No.  Phytoconstituents Availability in ethanol

extract
1. Flavonoids +
2. Alkaloids +
3. Glycosides +
4. Steroids +
5. Phenols +
6. Terpenoid +
T. Saponins -
8. Resins +
0. Tannins +
10. Cardiac glycosides -
1. Phytosterols and triterpenoids +
12. Carbohydrates +

13. Fixed oils and fats -

colorimetric changes given by nanoparticles are due to the
property of quantum confinement, which is a size-dependent
property of nanoparticles that affects the optical properties
of the nanoparticles.®** The resulting color change may
be due to the quantum confinement property of copper
nanoparticles.

UV spectroscopy

Applied electromagnetic fields cause the excitation of
surface plasmons on the periphery of nanoparticles, which
leads to the occurrence of the phenomena called surface
plasmon resonance3 The UV absorption apex range of
copper nanoparticles is 573-600 nm.*3¢ The result obtained
from UV-Vis spectra (Figure 2) showed the absorption peak
approximately at 582 nm, indicating the formation of copper
nanoparticles. An additional peak of 558 nm was also obtained.
A broad absorption peak at 582 nm is due to the surface
plasmon resonance absorption band along with free electronic
vibrations of copper nanoparticles in resonance with a light
wave.*’

FTIR spectroscopy

FTIR is a characterization technique that is used to quantify
the vibration frequencies (Table 2) of bonds in the molecule,
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Figure 1. A) Visible observation of copper sulfate salt solution before
adding plant leaf extract. B) Visible observation of copper sulfate salt
solution after adding plant leaf extract
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which can be seen in (Figure 3). FTIR analysis is performed
to understand the vibrational kinetics of atoms or molecules,
and to identify the possible phytoconstituents responsible
for the reduction, as well as capping of reduced copper
nanoparticles along with the nature of surface adsorbents 3840
The alternate modification by such adsorbents (functional
groups) may generate different properties. The FTIR spectra
due to such adsorbents over the surface of the nanoparticles
thus show a number of absorption peaks, each peak
designating the availability of particular functional groups
present in the plant extract.' It is thus possible to understand
the oxidation levels of synthesized nanoparticles prepared
at different partial oxygen pressures. From FTIR data, it
is possible to study the oxidation levels of nanoparticles
prepared at different partial oxygen pressures.®?

Previous studies have shown that terpenoids are often
associated with nanoparticles as analysed in FTIR

0.084 —
0.083 —
0.082 —
0.081 — A max =558nm

0.080 —

Absorbance

0.079 —
0.078 —
0.077 — A max = 582nm

0.076 —
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555 560 565 570 575 580 585 590
‘Wavelength (nm)

Figure 2. UV analysis of copper nanoparticles

Table 2. Vibrational frequencies of functional groups of possible

phytoconstituents obtained by FTIR analysis

S.no. Frequency (cm™) Possible functional groups

1. 3377.6 cm™ O-H stretch vibration of phenols
2. 163212 cm™ N-H bend of primary amines
3 151413 em-' N'—O asymmetric stretch vibration of
nitro compounds
4 1198.6 cm™,
' M7.3cm™, and  C-N stretch vibration of aliphatic amines
1107.3 cm™
5 86411 cm” N—H bond of primary and secondary
amines
80311 cm™,
6. 67610 cm™, and C-Cl stretch vibration of alkyl halides
626.8 cm™
7. 594.9 cm? Cu-O0 stretching vibration

FTIR: Fourier-transform infrared spectroscopy

spectroscopy results. Also, terpenoids have an essential role
in transforming metal ions into nanoparticles® by dissociating
eugenol OH-group protons, thus generating structures that
can be further oxidized, leading to the reduction of metal
ions, and ultimately the formation of nanoparticles.** The
flavonoid tautomeric shift, i.e. from enol to keto, results in
the release of reactive hydrogen, resulting in the reduction of
metal ions and nanoparticle formation.®> In plant sugars, by
means of the nucleophilic addition of OH-, oxidization of the
aldehyde group to a carboxyl group occurs, which leads to
metal ion reduction and nanoparticle synthesis. Similarly,
different functional groups have different mechanisms
for nanoparticle synthesis. The exact mechanism behind
nanoparticle synthesis is still unknown and this area thus
needs further exploration.

XRD analysis

X-ray diffraction patterns of copper nanoparticles were
recorded using an XRD (powder method), which can be
seen in Figure 4. Debye-Scherer's equation i.e. D=0.9
AP cosB, was habituated to calculate the size of copper
nanoparticles, where D represents crystalline size,
A represents wavelength of X-ray,  represents full width
at half maximum of the diffraction peak and 6 represents
Bragg's angle. At 26 values, a number of Bragg reflection
peaks were observed at 26.79, 32.4, 35.5, 36.4, 44, 48.7,
50.6, 58.3 and 75.6, which were indexed to (111), (110), (002),
(11, (200), (202), (200), (202) and (220) crystallographic
planes of face-centred cubic, (JCPDS, File No. 04-0836
and JCPDS No. 45-0937). Additional peaks obtained seen
during XRD analysis (35.09, 35.90 and 36.52) revealed the
availability of CuO nanoparticles and 47.49 revealed the
availability of Cu,O nanoparticles, which may have occurred
due to exposure of the nanoparticles to the surrounding
environment during characterization. The estimated particle
size was below 100 nm (calculated using Debye-Scherer’s
equation). The width of the peaks obtained in XRD pattern is
cognate to the crystallite size of the particle.”” The small size
of the nanoparticles synthesized thus increases their high
surface area, and surface area to volume ratio.*®
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Figure 3. FTIR analysis of copper nanoparticles
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TEM and SEM analysis

The synthesized nanoparticles had spherical or ellipsoidal
symmetry. The copper nanoparticles were smaller than 100 nm,
which can be seen in Figure 5. The obtained result supports
the result obtained in TEM analysis, which can be seen in
Figure 6. Both TEM and SEM confirmed the presence of copper
nanoparticles (i.e. size <100 nm).

Antimicrobial activity of copper nanoparticles

Antimicrobial activity of the copper nanoparticles revealed
that they had consequential antibacterial activity against
wound-associated pathogens as compared with the plant
extract and pre-subsisting drug (povidone iodine), which
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Figure 4. XRD analysis of copper nanoparticles
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Figure 5. TEM analysis of copper nanoparticles (below 100 nm)

can be seen in Figures 7TA-H. The biosynthesized copper
nanoparticles exhibited good antibacterial activity against P.
mirabilis, S. saprophyticus, S. pyogenes, and P. aeruginosa (i.e.
16 mm, 15 mm, 14 mm, and 12 mm, respectively).

(SR 4
500nm

R\
CuO NP’s +
Pivodine lodine

Metal Salt Solution

Antimicrobial activity against P. mirabilis

Figure 7. A) Antibacterial activity of copper nanoparticles against P.
mirabilis

CuO NP's +
Pivodine lodine

Antimicrobial activity against S. saprophyticus

Figure 7. B) Antibacterial activity of copper nanoparticles against S.
saprophyticus
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Figure 7. C) Antibacterial activity of copper nanoparticles against S.
pyogenes

B\

Antimicrobial activity against S. aeruginosa

Figure 7. D) Antibacterial activity of copper nanoparticles against P.
aeruginosa
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Leaf extract

| Pivodine lodine
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Antimicrobial activity of Syzgium cumini Leaf extract
and Pivodine lodine Solution against P. mirabilis

Figure 7. E) Antibacterial activity of plant leaf extract and povidone iodine
against P. mirabilis
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Antimicrobial activity of Syigium cumini Leaf extract
and Pivodine lodine Solution against S. saprophyticus

Figure 7. F) Antibacterial activity of plant leaf extract and povidone iodine
against S. saprophyticus
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Antimicrobial activity of Syzgium cumini Leaf extract
and Pivodine lodine Solution against S. pyogenes

Figure 7. G) Antibacterial activity of plant leaf extract and povidone iodine
against S. pyogenes

Syzgium cumini Pivodine lodine|
Leaf extract Solution

/

Antimicrobial activity of Syzgium cumini Leaf extract
and Pivodine lodine Solution against P. aeruginosa

Figure 7. H) Antibacterial activity of Plant leaf extract and povidone iodine
against P. aeruginosa
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Table 3. Bacterial growth at different concentration of copper nanoparticles

Bacterial growth at different concentrations of copper nanoparticles

Dilution for same bacterial concentration Sets 09 ma/mL 07 ma/mL 05 mafmL 03 ma/mL o1 ma/mL
Set 1 - - - + +
P. mirabilis Set 2 - - - ¥ +
Set 3 - - - ¥ +
Set 1 - - + " .
S. saprophyticus Set 2 - - - ¥ +
Set 3 - - - + +
Set 1 - - - + +
S. pyogenes Set 2 - - - + +
Set 3 - - + + +
Set 1 - - - n .
P. aeruginosa Set 2 - - + + +
Set 3 - - + + +

+: Turbidity due to microbial growth, -: No turbidity

The biosynthesized copper nanoparticles + pre-subsisting
drug (povidone iodine) also exhibited good antibacterial
activity against P. mirabilis, S. saprophyticus, S. pyogenes, and
P. aeruginosa (20 mm, 17 mm, 18 mm, and 14 mm, respectively).
Integration with povidone iodine exhibited less activity against
P. mirabilis, S. saprophyticus, and S. pyogenes (11 mm, 8 mm,
8 mm), but no activity against P. aeruginosa. Moreover, the
metal salt solution exhibited less activity against P. mirabilis
and S. saprophyticus (10 mm, 9 mm) and no activity against S.
pyogenes and P. aeruginosa.

MIC and minimum bacterial
nanoparticles

The MIC and minimum bacterial concentration of copper
nanoparticles was evaluated analysing the turbidity of the culture
tubes. Culture tubes containing nanoparticles ranging from 0.1
mg/mL to 0.5 mg/mL showed bacterial growth, whereas no
growth was seen in culture tubes containing nanoparticles 0.7
mg/mL and 0.9 mg/mL. A small aliquot of the sample poured
on an agar plate showed no bacterial growth when allowed to
grow for 24 hours in optimum temperature conditions, showing a
bactericidal property of the copper nanoparticles at this particular
concentration. Thus, it can be concluded that both the MIC (Table
3) and minimum bacterial concentration (Table 4) of the copper
nanoparticles were effective at a concentration of 0.7 mg/mL.

concentration of copper

The antibacterial activity results revealed that copper
nanoparticles and copper nanoparticles + pre-existing drug
acted as potent antibacterial agents against wound-associated
pathogens when compared with pre-subsisting drug (povidone
iodine), copper sulfate salt solution, and plant extract used for
nanoparticle synthesis. The potential antimicrobial activity of
the synthesized copper nanoparticles may be due to the grain
size of the nanoparticles having a high surface to volume ratio.

Table 4. Minimum bactericidal concentrations of copper
nanoparticles

Different concentration of
Sets copper nanoparticles

0.9 mg/mL 0.7 mg/mL

Dilution of copper
nanoparticles

Set 1 - -

P. mirabilis Set 2 - -

Set3 - -

Set 1 - -

S. saprophyticus Set 2 - -

Set 3 - -

Set 1 - -

S. pyogenes Set 2 - -

Set 3 - -

Set 1 - -

P. aeruginosa Set 2 - -

Set 3 - -

+: Bacterial growth, -: No bacterial growth

Nanoparticles are known to have bactericidal activity the
ability to reduce flora without affecting surrounding tissue.”’
Antimicrobial agents have two modes of action, they are either
bactericidal or bacteriostatic.®® The antibacterial properties
of such agents can be used to fight infectious diseases by
reducing bacterial load. There is a significant difference
between strains of bacteria, thus the use of antibacterial
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agents should also be specific to the respective strains.
Nanoparticles thus exert toxic effects against bacteria.”
There are several factors that affect the antimicrobial activity
of nanoparticles against various microbial species, some of
which are discussed below.

The cell wall protects the cell from damage and rupture
because it provides stability, protection, rigidity, and shape to
the cell. Tolerance as well as susceptibility is dependent on
the structure of the cell wall, and there are several factors that
affect the tolerability as well as susceptibility to nanoparticles
such as bacterial growth rate and biofilm formation.®

The bacterial growth rate is another factor that affects the
tolerance of bacteria against nanoparticles. Susceptibility of
fast-growing bacteria is more for nanoparticles and antibiotics
as compared with slow-growing bacteria (in relation to the
expression of stress-response genes).>

The formation of biofilm (adhesion of microbial species to a
solid surface together with matrix secretion covering them) by
bacteria is a major drawback for antibacterial drugs as well
as for nanoparticles to fight against bacteria. The interaction
of biofilm as well as nanoparticles is dependent on their
electrostatic properties.>

CONCLUSIONS

The plant leaf extract we used showed great capability to
synthesis copper nanoparticles at optimum temperature
conditions. The UV absorption peak at 582.00 nm designates
the synthesis of copper nanoparticles. The SEM and TEM
studies were used with the aim at deciphering the morphology
and size of the particle. FTIR studies showed the bio fabrication
of the copper nanoparticles by the action of different
phytochemicals with its different functional groups present in
the extract solution. The XRD patterns showed the purity, phase
composition, and nature of the synthesised nanoparticles. The
following study justified the synthesis of stable nanoparticles,
which could be due to the presence of capping and stabilizing
materials such as flavonoids and terpenoids within the plant
extract.

Additionally, the bio-synthesized copper nanoparticles
showed potential antimicrobial activity against four different
wound-associated pathogens as compared with the pre-
subsisting drug povidone iodine. Thus the present work
focuses on highlighting approaches of bio reduction
approaches to synthesize copper nanoparticles using plant
extract and antibacterial activity of synthesized nanoparticles.
Various studies have already reported the synthesis of metal
nanoparticles using physical and chemical methods, but
the methods generally employed rigorous chemicals and
stringent protocols, which are hazardous to the environment.
Thus it is important to develop a protocol that is simple, cost-
effective, eco-friendly, with the ability for scale up. The exact
mechanism of metal nanoparticles synthesis using plant
products is still not clear, but there are several studies which
somehow focus on the possible mechanisms behind it. Bio-
reduction and bio-sorption are two major steps required for

nanoparticles synthesis, governed by the use of various phyto
products such as plant phytochemicals, carboxylic and amino
groups, proteins and carbohydrates. Accordingly, the present
study may support proper wound management with special
reference to antimicrobial activity of bio-fabricated copper
nanoparticles.

Conflict of Interest: No conflict of interest was declared by the
authors.

REFERENCES

1. Williams DRR. The economics of diabetes cre: a global perspective. In:
International textbook of diabetes mellitus. Wiley Blackwell; Chichester,
UK; 2015.

2. Simon RR, Marks V, Leeds, AR, Anderson JW. A comprehensive review
of oral glucosamine use and effects on glucose metabolism in normal
and diabetic individuals. Diabetes Metab Res Rev. 2011;27:14-27.

3. Cade WT. Diabetes-related microvascular and macrovascular diseases
in the physical therapy setting. Phys Ther. 2008;88:1322-1335.

4. Callaghan BC, Cheng HT, Stables CL, Smith AL, Feldman EL. Diabetic
neuropathy: clinical manifestations and current treatments. Lancet
Neurol. 2012;11:521-534.

5. Bansal V, Kalita J, Misra UK. Diabetic neuropathy. Postgrad Med J.
2006;964:95-100.

6. Geerlings SE, Hoepelman Al. Immune dysfunction in patients with
diabetes mellitus (DM). FEMS Immunol Med Microbiol. 1999;26:259-
265.

7. Restrepo BI, Camerlin AJ, Rahbar MH, Wang W, Restrepo MA, Zarate
I, Mora-Guzmén F, Crespo-Solis JG, Briggs J, McCormick JB, Fisher-
Hoch SP. Cross-sectional assessment reveals high diabetes prevalence
among newly-diagnosed tuberculosis cases. Bull World Health Organ.
2011;89:352-359.

8. LinLY, Liao YC, Lin HF, Lee YS, Lin RT, Hsu CY, Juo SH. Determinants of
arterial stiffness progression in a Han-Chinese population in Taiwan: a
4-year longitudinal follow-up. BMC Cardiovasc Disord. 2015;15:100.

9. Jiang H, Yan WH, Li CJ, Wang AP, Dou JT, Mu YM. Elevated White
Blood Cell Count Is Associated with Higher risk of glucose metabolism
disorders in middle-aged and elderly Chinese people. Int J Environ Res
Public Health. 2014;11:5497-5509.

10. Guo S, DiPietro LA. Factors Affecting Wound Healing. J Dent Res.
2010;89:219-229.

11. Said G. Diabetic neuropathy. Handbook Clin Neurol. 2013;115:579-589.

12. Yazdanpanah L, Nasiri M, Adarvishi S. Literature review on the
management of diabetic foot ulcer. World J Diabetes. 2015;6:37-53.

13. Casqueiro J, Casquerio J, Alves C. Infections in patients with diabetes
mellitus: A review of pathogenesis. Indian J Endocrinol Metab.
2012;16(Suppl 1:27-36.

14. Gehrke I, Geiser A, Somborn-Schulz A. Innovations in nanotechnology
for water treatment. Nanotechnol Sci Appl. 2015;8:1-17.

15. Malhotra B, Keshwani A, Kharkwal H. Antimicrobial food packaging:
potential and pitfalls. Front Microbiol. 2015;6:611.

16. Lemire JA, Harrison JJ, Turner RJ. Antimicrobial activity of metals:
mechanisms, molecular targets and applications. Nat Rev Microbiol.
2013;11:371-384.




246

CHAUHAN et al. Biofabrication of Copper Nanoparticles

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

Ahmed S, Ahmad M, Swami BL, lkram S. A review on plants extract
mediated synthesis of silver nanoparticles for antimicrobial applications:
A green expertise. J Adv Res. 2016;7:17-28.

The Royal Society and The Royal Academy of Engineering. Nanoscience
and nanotechnologies: opportunities and uncertainties. London; UK,
2004.

Chung IM, Park I, Seung-Hyun K, Thiruvengadam M, Rajakumar G.
Plant-mediated synthesis of silver nanoparticles: Their characteristic
properties and therapeutic applications. Nanoscale Res Lett.
2016;11:40.

He Y, Du Z, Lv H, Jia Q, Tang Z, Zheng X, Zhang K, Zhao F. Green
synthesis of silver nanoparticles by Chrysanthemum morifolium Ramat.
extract and their application in clinical ultrasound gel. Int J Nanomedicine.
2013;8:1809-1815.

Koga H, Kitaoka T. One-step synthesis of gold nanocatalysts on a
microstructured paper matrix for the reduction of 4-nitrophenol. Chem
Eng J. 2011;168:420-425.

Loomba L, Scarabelli T. Metallic nanoparticles and their medicinal
potential. Part Il: aluminosilicates, nanobiomagnets, quantum dots and
cochleates. Ther Deliv. 2013;4:1179-1196.

Senguttuvan J, Paulsamy S, Karthika K. Phytochemical analysis and
evaluation of leaf and root parts of the medicinal herb, Hypochaeris
radicata L. for in vitro antioxidant activities. Asian Pac J Trop Biomed.
2014;4(Suppl 1):359-367.

Durédn N, Nakazato G, Seabra AB. Antimicrobial activity of biogenic
silver nanoparticles, and silver chloride nanoparticles: an overview and
comments. Appl Microbiol Biotechnol. 2016;100:6555-6570.

Bhatia D, Mittal A, Malik DK. Antimicrobial activity of PVP coated
silver nanoparticles synthesized by Lysinibacillus varians. 3 Biotech.
2016;6:196.

Omara st. MIC and MBC of Honey and Gold Nanoparticles against
methicillin-resistant (MRSA) and vancomycin-resistant (VRSA) coagulase-
positive S. aureus isolated from contagious bovine clinical mastitis. Journal
of Genetic Engineering and Biotechnology. 2017;15:219-230.

Krishnan R, Arumugam V, Vasaviah SK. The MIC and MBC of silver
nanoparticles against Enterococcus faecalis - A Facultative Anaerobe.
J Nanomed Nanotechnol. 2015;6:285.

Cavassin ED, de Figueiredo LF, Otoch JP, Seckler MM, de Oliveira RA,
Franco FF, Marangoni VS, Zucolotto V, Levin AS, Costa SF. Comparison
of methods to detect the in vitro activity of silver nanoparticles (AgNP)
against multidrug resistant bacteria. J Nanobiotechnology. 2015;13:64.

Cerda JS, Gémez HB, Nufiezc GA, Riveroa IA, Poncea YG, Lopez LZ. A
green synthesis of copper nanoparticles using native cyclodextrins as
stabilizing agents. Journal of Saudi Chemical Society. 2017;21:341-348.

Makarov VV, Love AJ, Sinitsyna, OV, Makarova SS, Yaminsky [V,
Taliansky ME, Kalinina NO. “Green” Nanotechnologies: Synthesis of
Metal Nanoparticles Using Plants. Acta Naturae. 2014;6:35-44.

Bhumi G, Linga Rao M, Savithramma N. Green synthesis of silver
nanoparticles from the leaf extract of adhatoda vasica nees. And
assessment of its antibacterial activity. Asian journal of Pharmaceutical
and Clinical Research. 2015;8:62-67.

Banerjee P, Nath D. A phytochemical approach to synthesize silver
nanoparticles for non-toxic biomedical application and study on their
antibacterial efficacy. Nanosci Technol. 2015;2:1-14.

33

34.

35.

36.

37.

38.

3.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Smith AM, Nie S. Semiconductor nanocrystals: Structure, properties,
and band gap engineering. Acc Chem Res. 2010;43:190-200.

Vaidyanathan R, Kalishwaralal K, Gopalram S, Gurunathan S. Nanosilver--
the burgeoning therapeutic molecule and its green synthesis. Biotechnol
Adv. 2009;27:924-937.

Rahimi P, Hashemipour H, Zadeh Me, Ghader S. Experimental
investigation on the synthesis and size control of copper nanoparticle
via chemical reduction method. Int J Nanosci. 2010;6:144-149.

Rama BP, Prajna PS, Vinita PM, Pavithra S. Antimicrobial activities of
soap and detergents. Adv Biores. 2011;2:52-56.

Ukiya M, Akihisa T, Yasukawa K, Kasahara Y, Kimura Y, Koike K, Nikaido
T, Takido M. Constituents of Compositae Plants. 2. Triterpene diols,
triols, and their 3-O-fatty acid esters from edible Chrysanthemum
flower extract and their anti-inflammatory effects. J Agric Food Chem.
2001;49:3187-3197.

Mukherjee B, Santra K, Pattnaik G, Ghosh S. Preparation, characterization
and in vitro evaluation of sustained release protein-loaded nanoparticles
based on biodegradable polymers. Int J Nanomedicine. 2008;3:487-496.

Prathna TC, Chandrasekaran N, Raichur AM, Mukherjee A. Biomimetic
synthesis of silver nanoparticles by Citrus limon (lemon) aqueous extract
and theoretical prediction of particle size. Colloid Surf B Biointerfaces.
2011;82:152-159.

Cunha-Filho MS, Martinez-Pacheco R, Landin M. Compatibility of the
antitumoral beta-lapachone with different solid dosage forms excipients.
J Pharm Biomed Anal. 2007;45:590-598.

Baharara J, Ramezani T, Divsalar A, Mousavi M, Seyedarabi A. Induction
of apoptosis by green synthesized gold nanoparticles through activation
of Caspase-3 and 9 in human cervical cancer cell. Avicenna J Med
Biotechnol. 2016;8:75-83.

Yallapu MM, Othman SF, Curtis ET, Bauer NA, Chauhan N, Kumar D, Jaggi
M, Chauhan SC. Curcumin-loaded magnetic nanoparticles for breast
cancer therapeutics and imaging applications. Int J Nanomedicine.
2012;7:1761-1779.

Shankar SS, Ahmad A, Pasricha R, Sastry M. Bioreduction of
chloroaurate ions by geranium leaves and its endophytic fungus yields
gold nanoparticles of different shapes. Mater Chem. 2003;13:1822-1846.

Singh AK, Talat M, Singh DP, Srivastava ON. Biosynthesis of gold and
silver nanoparticles by natural precursor clove and their functionalization
with amine group. J Nanoparticle Res. 2010;12:1667-1675.

Ahmad N, Sharma S, Alam MK, Singh VN, Shamsi SF, Mehta BR, Fatma
A. Rapid synthesis of silver nanoparticles using dried medicinal plant of
basil. Colloids Surf B Biointerfaces. 2010;81:81-86.

Shiv Shankar S, Ahmad A, Pasricha R, Sastry MJ. Bioreduction of
chloroaurate ions by geranium leaves and its endophytic fungus yields
gold nanoparticles of different shapes. Mater Chem. 2003;13:1822-1846.

Sarma H, Sarma KC. X-ray Peak Broadening Analysis of ZnO
Nanoparticles Derived by Precipitation method. International Journal of
Scientific and Research Publications. 2014;4:1-7.

Venkateswarlu K, Sreekanth D, Sandhyarani M, Muthupandi V, Bose
AC, Rameshbabu N. X-ray peak profile analysis of nanostructured
hydroxyapatite and fluorapatite. International Journal of Bioscience,
Biochemistry and Bioinformatics. 2012;2:389-393.

McDonnell G, Russell AD. Antiseptics and disinfectants: Activity, action,
and resistance. Clin Microbiol Rev. 1999;12:147-179.



CHAUHAN et al. Biofabrication of Copper Nanoparticles 247

50.

51

52.

Pankey GA, Sabath LD. Clinical relevance of bacteriostatic versus
bactericidal mechanisms of action in the treatment of Gram-positive
bacterial infections. Clin Infect Dis. 2004;38:864-870.

Dorobantu L, Fallone C, Noble A, Veinot J, Guibin B, Ma G, Goss GG,
Burrell RE. Toxicity of silver nanoparticles against bacteria, yeast, and
algae. Journal of Nanoparticle Research. 2015;17:172.

Palanisamy NK, Ferina N, Amirulhusni AN, Mohd-Zain Z, Hussaini J,
Ping LJ, Durairaj R. Antibiofilm properties of chemically synthesized

53.

54.

silver found Pseudomonas

Nanobiotechnology. 2014;12:2.

nanoparticles against aeruginosa. J

Claudi B, Spréte P, Chirkova A, Personnic N, Zankl J, Schirmann N,
Schmidt A, Bumann D. Phenotypic variation of Salmonella in host tissues
delays eradication by antimicrobial chemotherapy. Cell. 2014;158:722-733.

Stewart PS. Mechanisms of antibiotic resistance in bacterial biofilms. Int
J Med Microbiol. 2002;292:107-113.



