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ABSTRACT

Development of nanotechnology, nanoparticles based product and its application is generating
interest of many researchers due to its promising biological achievement. However, it is well known
that inorganic nanomaterials are good antimicrobial agents. Among the various nanoparticles, metal
nanoparticles as copper assume special importance due to its low cost and easy availability. In this study,
the green synthesis method as eco-friendly approach is used to produce biologically copper
oxide nanoparticles from Ficus carica leaf extract, stable CuO NPs were formed. The synthesized
nanoparticles is characterized through the UV-Vis Spectrophotometer as it found to be 437 nm,
Transmission Electron microscopy (TEM) investigated particle sizes in the range 51-62 nm and
typical XRD patterns of the formed CuO NPs with high phase purity were obtained. Chitosan
stabilizer as naturally occurring polymers was added to the prepared copper nanoparticles in
different amounts to obtain Chitosan-CuO with different CuO percentage for long-term stability,
for prevention the agglomeration of nanoparticles and enhancing their antibacterial efficacy.
FTIR spectroscopy analysis was performed to copperoxide nanoparticle, chitosan, copperoxide
chitosan composite to confirm that CuO nanoparticle was mixed with polymer. The antibacterial
efficacy of chitosan, copper nanoparticles alone was studied against 22 bacterial pathogen like
Coaggulase +ve S. aureus, methicillin-resistant Coaggulase -ve S. aureus, Klebsiella pneumonia as
gram positive bacteria, Escherichia coli, e.coli o157 Salmonella typhi, Pseudomonas aeruginosa
as gram negative bacteria that showed antibacterial activity against Gram positive as well as
Gram negative bacteria. Antimicrobial activities of polymer/metal composites (Co oxide-chitosan
nanoparticle) is studied against the same bacterial pathogen. The effect of the prepared Chitosan-
CuO composite on ultrastructure of bacterial cells were evaluated by scanning electron microscopy
(SEM), it was found that the antibacterial activity of Cu-chitosan nanoparticle composite is more
greater than antibacterial activity of copper nanoparticles and chitosan alone that indicate the
addition of chitosan stabilizer enhance at great extent the antimicrobial activity of CuO NPs.

Keywords: Copper oxide nanoparticle, Copper oxide —Chitosan nano particle composite,
Ficus Carica leaf extract, Anti-microbial activity.
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INTRODUCTION

Resistance of microorganisms to antibiotics
have been increased, so many attempts have
been demonstrated for synthesis of resistant
antimicrobial compounds against many pathogenic
microorganisms which cause dangerous threat to
health'. Nanotechnology is an important research field
concerning with the manipulation and design of small
particles, in the range of 100 nm or less called nano
particles®* that showed a wide range of properties
which differ from its bulk material as electrical,
optical, magnetic, catalytic and biological activity as
they exhibit a wide range of anti-microbial activity
against different species of Gram-negative, Gram-
positive bacteria and fungi®’. Metal nano particles
(NPs) as (NiO, CuO, Sb,0, and ZnO,) have been
subjected of research interest in the last few years
especially CuO NPs which gained great attention of
researchers due to its potential industrial uses as
catalytic process, gas sensors, solar cells and super
conductors'®, also its application in wound dressings
and biocidal properties®. Its well-known that copper
is greatly toxic to microorganisms such as bacteria
(Pseudomonas aeruginosa, Staphylococcus aureus,
E.coli,) to be considered an effective bactericidal can
be used in water treatment and food packages'. The
synthesis of stable uniformly-shaped CuO NPs has
showed great difficulty due to presence of some toxic
chemicals formed by Chemical synthesis methods
absorbed on the surface to cause harmful effects
in medical applications. The development of
eco-friendly methods for the preperation of these
nano materials as new inexpensive acceptable
methodology of low cost production and less time
required have been considered from the most
important aspects today, scientists used plant
extracts for greens ynthesis of different nanoparticles
such as Euphorbia tirucalli*®, neem', Cinnamomum
camphora's, Emblica officinalis'®, tamarind'”, lemon
grass'® and alfalfa'®2°. Polymer nanocomposites
which consists of metal nanostructures and
polymers are of special prac-tical interest today. The
communication of biology with nanotechnology
gives the chance for the development of nanoscale
materials can be used in several applications at
biological science and clinical medicine?'22. The post-
synthesis stability of metal nanoparticles in relation to
its shape and size is very crucial as nanoparticles
of weakly aggregation or dispersed in suspension
different from those of strongly aggregated nano
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particles at their reactivity and its rates of surface
reactions®*24, so the immobilization of colloidal metal
nano particles with naturally occurring polymers is
very important for prevention the aggregation and
create a great positional stability to the nano particles
to be used in a wide range of application, as well
as such alternation in chemicophysical properties
may enhance minimum bactericidal concentration
(MBC)/minimum inhibitory concen-tration (MIC),
antibacterial activity values®. Chitosan is the second
naturally occurring biopolymer, it is composed of
N-acetylglucosamine and glucosamine units, it is a
nontoxic bio-degradable and biocompatible polymer
have many applications in the biomedical and
pharmaceutical fields?. It is recorded that chitosan
of lower molecular weight has been showed strong
bacterial and superior biological activities than high
molecular weight. It has been recorded that chitosan
act as antibacterial and anti-fungal substance?. As
chitosan disrupting the cell membrane by binding
to the bacterial cell surface of the negative charge,
changing its permeability that leading to come out
of material inside the bacterial cells causes its
death?. Chitosan has antibacterial activity only in
an acidic medium as its not soluble above pH 6.5.
There are many factors affect the antibacterial activity
of chitosan as degree of polymerization, pH of the
solution and chitin type?’. Chitosan exhibits greater
antibacterial activity against Gram-positive than
Gram-negative bacteria, as cell wall in Gram-positive
bacterium, is composed of one layer of peptide
polyglycogen with large numbers of pores that
allow foreign materials to enter into the cell easily
in contrast to gram-negative bacterium of peptide
polyglycogen thin cell wall membrane and bilayer
outer membrane from of lipopolysaccharide,
phospholipids and lipoprotein , that actas a barrier
against foreign materials®3°%', In this paper, CuO
NPs were prepared from plant extract of Ficus carica.
The obtained product was charac-terized with the aid
of PXRD, UV—-visible, and TEM. Further, chitosan was
prepared and added by different concentration to the
synthesized nanoparticles to produce copperoxide
chitosan nanocomposite finally CuO Nps, chitosan
and copperoxide chitosan nanocomposite was
evaluated for antibacterial activities by employing,
Coaggulase +ve S. aureus, methicillin-resistant
Coaggulase -ve S. aureus as Gram positive bacteria,
Escherichia coli 0157, Pseudomonas aeruginosa,
Salmonella typhi and Klebsiella pneumonia as Gram
negative bacteria using agar disc diffusion method
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MATERIAL AND METHODS

Preparation of plant leaf extract

The powder of Ficus carica was purchased,
weighed 5 g and dissolved in 100mL of distilled water
and boiled for 20 min. at 50 °C. The extract is filtered
by Whatmann Nof filter Paper before centrifuging at
1200 rpm for 2 min. to remove biomaterials .Then
the filtrate is stored in a tight seal pack under 4 °C
for further use.

Synthesis of copper oxide (CuO) nanoparticles
using Ficus carica extracts

20 mL solution of Ficus carica extract
was introduced drop wise into 80 mL of 1mM (1mM)
solution of copper sulphate(CuSO,.5H,0) in a 250
ml Erlenmeyer flask under continuous stirring . After
the complete addition of extract, the flask was then
kept stirring for overnight at room temperature. Within
a particular time ,the colour solution was changed
into straw yellow, which indicates the formation of
copper oxide nanoparticles as seen in Fig.(1). CuO
nano particles solution was purified by repeated
centrifugation at 12,000 rpm for 15 min. followed
by re-dispersion of the pellet in deionized water to
remove any unwanted biological materials. Then
the CuO nano particles were dried in oven at 80°C.
The obtained products of CuO nano particles were
stored in air tight container for further analysis.

Characterization of copper oxide nanoparticles

The synthesized copper Nanoparticles
were characterized through UV-Vis spectro-
photometer HITACHI U2300. The reduction of
copper Nanoparticles was Monitored by UV-
spectrophotometer range of absorbance from 250-
480nm. The Morphology and mean particle size
of Copper oxide nanoparticles synthesized by this
green method were determined by transmission
electronic microscopy( SEM) and (TEM). The SEM
analysis was established by using Supra Zeiss with
1 nm resolution at 30 kV with 20 mm Oxford EDS
detector. The elemental composition in the reaction
mixture was determined by EDX analysis ,where the
TEM images were obtained by (JEM-1230-electron
microscopy operated at 60 KV). Before taking a TEM
image the sample was diluted at least 10 times by
water. A drop of well dispersed diluted sample was
placed onto a copper grid (200 mesh and covered
with a carbon membrane) and dried at ambient
temperature. A drop of phosphotungestic acid (0.4%)
as a stain was deposited over the dried sample.
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The crystal structure was characterized by X-ray
diffractometer, (XRD-6000, Shimadzu) equipped
with CuKa. radiation source (A =0.154056 nm) using
Ni as filter at a setting of 30 kV/30mA. All XRD data
were collected under the experimental conditions
in the angular range 3°< 20 <80°. FT-IR analysis
is used to identify and get an approximate ides of
the possible biomolecules that are responsible for
capping and stabilization of the CuO-NPs with the
Ficus carica leaf extract.

Preparation of chitosan-CuO nanocomposite:

Different amounts of the prepared CuO
were sonicated in chitosan solution for 20 min. and
then stirred at room temperature for 8 h and washed
with ultra pure water by ultracentrifugation to remove
unbound Chitosan, then collected and dried at room
temperature to obtain Chitosan-CuO with different
CuO percentage.

Characterization of the formed nano composite
by fourier transforms infra red spectroscopy

FTIR spectra chitosan nanocomposites
were recorded on a FTIR spectrophotometer
(Thermo Nicolet, NEXUS, TM) in the range of
4000—400 cm" using KBr pellets.

Evaluation of antibacterial activity In Vitro
materials

Twenty two bacterial strains from
microbiology and immunology department, National
Research Center, Cairo, Egypt were isolated. They
include Coaggulase +ve S. aureus, methicillin-
resistant Coaggulase -ve S. aureusas Gram-positive
bacteria and Escherichia coli, E.coli 0157, Klebsiella
pneumoniae, Salmonella typhi, Pseudomonas
aeruginosa, etc as Gram-negative bacteria. The
most frequent and abundant bacteria in many
disease infection represent Gram positive and
Gram negative bacteria, respectively were selected.
Fresh inoculants for antibacterial assessment were
prepared on nutrient broth at 37°C for 24 hours.

Test method

The antibacterial spectrum of copper oxide
nanoparticles, chitosan, Cu-chitosan nanoparticle
composite samples were determined against the test
bacteria by disc well - diffusion method on an agar
plate?®. Briefly incubated cultures of bacteria were
swabbed uniformly on the individual plates using
sterile cotton swabs on the Muller Hinton Agar, 50
ul of copper oxide nanoparticles, chitosan and Cu-
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chitosan nanoparticle composite samples with different
concentration of 1,2,3,5 %were loaded in sterile discs,
Plates were incubated at 37°C for 24 hours. The inhibition
effect was verified by the presence of inhibition zones
around the discs where the solution was deposited and
sized for analysis and comparison.

Morphological analysis by scanning electron
microscope

Bacterial cultures of E. coliO157:H7, E.coli
0157:H7, methicillin-resistant Coaggulase -ve S.
aureus were reated with 2 mg/ml copper oxide
nano particles for 8 hours. Aliquots of 1 mL samples
were centrifuged for 2 min. at 4000 rpm and the
cell pellets were resuspended in 0.1 mL MH broth.
Subsequently, 20 ul of each concentrated sample
was deposited and spread onto a glass coverslip
pre-washed with acetone and ethanol. After drying
the slips for 15 min. at 37°C, the bacterial cells were
subjected to fixation, dehydration, and critical point
drying for SEM analysis as described previously®.

RESULTS

Synthesis of copper oxide nanoparticles (visual
inspection)

After 28 h of reaction, The reaction mixture
colour change from Light to dark colour, that can be
given by below (Fig.1) the reduction of Cu* ions it
show the dark brown colour as the Surface Plasmon
vibration was the excited in a metal nano particles.

Characterization of copper oxide nanoparticles
UV-spectrophotometer

The reduction of Cu+ ions was monitored
by UV-Vis Spectrophotometer at range( 250-500)
for the metal ions stability. The peak was obtained
at 437nm as showed in Figure. 2.

Scanning electron microscope (SEM) analysis

SEM images revealed that the synthesized
copper oxide nanoparticles are clustered and the
surfaces of the aggregates are rough. The SEM
images indicated that the size of crystalline CuO
nanoparticles particles from the SEM scale are
ranged between 51 to 62 nm Figure.3.

Fig.1. Formation Copper oxide nanoparticle
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Fig.2. UV-Vis absorption spectra of Copper oxide
nanoparticle materials synthesized with (1mM)
solution of copper sulphate(CuS04.5H20) and Ficus
carica extracts

TEM analysis of CuO nano particles

The shape and size of the synthesized
CuO-NPs were analysed by TEM analysis .Fig. 4
shows the TEM image of biosynthesized CuONPs.
The synthesized CuO-NPs have particle size in nano
range with spherical shape.

L3

Fig.3. SEM image of the synthesized CuO
nanoparticles

As seen in Fig. 5 shows the X-ray diffraction
(XRD) pattern of the CuO powder synthesized from
of copper sulphate(CuS0O4.5H20) in the presence
of Ficus carica extracts .The XRD pattern revealed
the orientation and crystalline nature of copper
oxide nano particles. The peak are indexed at
(110), (-111), (111), (-202), (020), (202), (-113),
(-311), (220), (311), and (004) planes with position
with 20 values of 32.48°, 35.48°, 38.95°, 48.74°,
53.44°, 58.33°, 61.53°, 65.78°, 66.24°, 72.42° and
75.04°. No another diffraction peaks of other phases
are detected, investigating the phase purity of
CuO-NPs. The average crystallite size of the
synthesized copper oxide nanoparticles was calculated
to be 14 nm using Debye-Scherrer equation (Klug
and Alexander, 1954): D=KA/Bcos6.Where D is
the crystallite size of copper oxide nanoparticles, A
represents wavelength of x-ray source 0.1541 nm)
used in XRD, B is the full width at half maximum of the
diffraction peak, K is the Scherrer constant with value
from 0.9 to 1 and 6 is the Bragg angle.
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Fig.5. XRD pattern of the synthesized copper
oxide nano particles Fourier transform infrared
spectroscopy analysis

Fourier Transform Infrared (FTIR) spectra
of CuO nano particles, Chitosan and chitosan-CuO
composite samples are shown in Fig. 6 fromiitis clear
that. A sharp peak at 3388 cm™ can be indicated
to hydrogen bonded O-H groups of alcohols and
phenols and also to the presence of amines N-H
of amide ,The major peak was observed to be 513
cm' should be a stretching of Cu-O, While the bands
at 1465 cm™ and the peak at 1319 cm', 1346 cm™’
assigned to C=0 stretching and N-H bending. While
FTIR of chitosan was showed that the intense and
wide band at 3220 cm-' is attributed to the vibration
of -OH group, the characteristic peaks at 1513 cm™’
and 1040 cm™ are due to the vibration of C=0 . In
chitosan-CuO composite spectra, the intense bands
at 3480 cm™ and 1040 cm™ are attributed to the

stretching vibration of N-H and Cu-O respectively.

Activity of copper oxide nanoparticles
Antimicrobial efficacy of CuO-NPs was
analyzed against 22 pathogenic bacterial isolates
represented grame negative, gram positive
bacteria as E.coli 0157, Pseudomonas aeruginosa,
Salmonella typhimurium, Klebsiella pneumoniae
subsp. Ozaenae, Aeromonas, coaggulase +ve
Staphylococcu saureus and methicillin-resistant
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Coaggulase -ve Staphylococcu saureus. Table. (1)
represents the antibacterial activity of CuO NPs
for various bacteria by the disc diffusion assay.
Results showed that CuO NPs demonstrated
excellent antimicrobial activity against wide range of
bacteria also CuO nanoparticles showed significant
antibacterial activity on Gram negative bacterial
strains than Gram positive one. According to zone
of inhibition copper nano particles strongly inhibited
the growth of Gram negative bacteria as the zone
of inhibition recorded for E.coli 0157 (6.6 mm),
Pseudomonas aeruginosa (6.3 mm), Salmonella
typhimurium, Klebsiella pneumoniae subsp. Ozaenae
(6.1mm), Aeromonas (6 mm). On the other hand these
nano particles showed a low inhibitory effect on the
growth of Coaggulase +ve Staphylococcu saureus
(8.1mm) and methicillin-resistant Coaggulase -ve
Staphylococcu saureus (3.7 mm).

4000 3400 2800 2200 1600 1000 400

513

Wavenumber, cm’

Chitosan

50 L 1 A L A 1
4000 3000 2000 1000 400

Wavenumber, cm’

(b)

4000 3000 2000 1000 40
Wavenumber, cm’
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Fig. 6. FT-IR of synthesized (A) CuO-NPs, (B) Chitosan
and (C) chitosan-CuO composite samples. in Ficus,
leaf extract
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The result of antibacterial activity of chitosan

Chitosan was showed antibacterial activity
against gram negative, gram positive microor-ganisms
as shown in table.2, the zone of inhibition of the chitosan
vary from 2 to 3.9 mm depending on the strain of the
bacteria as it showed the maximum values against
Gram positive microorganism as Coaggulase +ve
Staphylococcu saureus 3.6 mm and 3.9 mm for
methicillin-resistant Coaggulase -ve Staphylococcu
saureus where diameter of zone of inhibition of the
gram negative microorganisms was ranged from 2 mm
for Shigella sonneito 2.9 mm for E.coli O157.

Antibacterial activity of chitosan with CuO
nanoparticles (mm.)

The antibacterial activity of the CuO
nanoparticles with chitosan were evaluated against
2 Gram positive and twenty Gram negative bacterial

Table. 1: Antibacterial activity of copper oxide

nanoparticles

No. Bacteria (mm)
CuO
nanoparticles %
1. E.coli0o157:H7 6.6+1mm
2. Shigella sonnei 5.9+1Tmm
3.  Shigella flexeneri 5+1mm
4.  Salmonella typhimurium 6.1x1mm
5.  S.enteritidis 3x1mm
6.  S.montevideo 3+1mm
7.  Pseudomonas aeruginosa 6.3x1Tmm
8.  Serratia liquefaciens 4+1mm
9.  Citrobacter freundii 5+1mm
10. Enterobacter intermedius 4.5+1mm
11. Proteus mirabilis 5+1mm
12. Enterobacter cloaca 4.5+1Tmm
13. Yersinia pseudotuberculosi 4.2+1mm
14. Proteus penneri 4.1+1mm
15. Aeromonas 6+x1mm
16. providencia stuartii 5.4+1mm
17. Proteus vulgaris 5+1mm
18. Erwinia cacticida 4.7+1mm
19. Serratia fonticola 4.2+1mm
20 Klebsiella pneumoniae subsp. 6.1x1mm
Ozaenae
21 Coaggulase +ve S. aureus 3.1x1Tmm

22  Methicillin-resistant Coaggulase 3.7+1mm
-ve S.aureus
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strains using disc well diffusion method. (Fig.7),
Table 3 shows the effect of CuO nanoparticles with
chitosan at different concentration 1%, 2%,3%,5%,
chitosan with CuO nanoparticles showed significant
antibacterial activity on Gram negative bacteria than
Gram positive one. CuO nanoparticles with chitosan
of concentration 3%, 5% strongly inhibited the growth
of bacteria as the zone of inhibition recorded from
4.9 mm for Serratia fonticola to 8 mm for E.coli 0157
at concentration 3% for CuO nanoparticles with
chitosan, while the zone of inhibition for the same
concentration ranged from 3.9 mm to 4.1 for the
Coaggulase +ve and methicillin-resistant Coaggulase
-ve S. aureus Gram positive bacteria. The zone of
inhibition for CuO nanoparticles with chitosan of
concentration 5% recorded from 5.2 mm for Serratia
fonticola to 8.5 mm for E.coli 0157 while the zone of
inhibition for the same concentration ranged from 4.2
mm to 4.3 for the Coaggulase +ve and methicillin-
resistant Coaggulase -ve S. aureus gram positive
bacteria. The zone of inhibition for CuO nanoparticles

Table. 2: Antibacterial activity of chitosan

No. Bacteria (mm)
(chitosan)
1. E.colio157:H7 2.9x1mm
2. Shigella sonnei 2+1mm
3. Shigella flexeneri 2.4+1mm
4. Salmonella typhimurium 2.7+1mm
5. S.enteritidis 2.4+1mm
6. S.montevideo 2.2+1mm
7. Pseudomonas aeruginosa 2.8x1Tmm
8. Serratia liquefaciens 2.5x1Tmm
9. Citrobacter freundii 2.5x1mm
10.  Enterobacter intermedius 2.3x1mm
11.  Proteus mirabilis 2.3x1mm
12.  Enterobacter cloaca 21x1mm
13.  Yersinia pseudotuberculosis 2.8x1Tmm
14.  Proteus penneri 2.6x1mm
15. Aeromonas 2.7+1mm
16.  providencia stuartii 2.3 x1mm
17.  Proteus vulgaris 2.2+1mm
18.  Erwinia cacticida 2.3+1mm
19.  Serratia fonticola 2.2+1mm
20  Klebsiella pneumoniae 2.5x1Tmm
subsp. Ozaenae
21 Coaggulase +ve S. aureus 3.6x1Tmm
22 methicillin-resistant Coaggulase 3.9+1mm

-ve S. aureus
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with chitosan at concentration 1% vary from 4.2
mm to 6.6 mm on Gram negative bacteria, 3.3 mm
to 3.8 mm on Gram positive bacteria, at the same
time the zone of inhibition for CuO nanoparticles
with chitosan at concentration 2% ranged from 4.5
mm to7 mm on Gram negative bacteria, 3.6 mm to
3.9 mm on Gram positive bacteria.
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Scanning electron microscope for detection of
morphological changes in bacteria by copper
oxidnanoparticle

As seen in Fig.8 SEM analysis showed
distribution an great changes in the cell morphology
of E.coli O157:H7 (A,B), methicillin-resistant
Coaggulase -ve S. aureus (C,D) bacteria treated
with Copper oxide nanoparticles.

Table. 3: Antibacterial activity of chitosan with CuO nanoparticles (mm.)

No. Bacteria Chitosan with CuO nanoparticles (mm.)
1% 2% 3% 5%
1. E.colio157:H7 6.6x1mm 7+1mm 8+1mm 8.5+1Tmm
2. Shigella sonnei 6.2+1Tmm 6.5+1Tmm 7+1mm 8+1mm
3. Shigella flexeneri 5.3+1mm 6+1mm 6.5+1mm 7+1mm
4. Salmonella typhimurium 6.4+x1mm 7+1mm 7.5£1mm 8+1mm
5. s.enteritidis 4+1mm 4.3x1Tmm 4.8+1mm 5+1mm
6. s.montevideo 5+1mm 5.5+1Tmm 5.7+1mm 5.9+1mm
7. Pseudomonas aeruginosa 6.5+1Tmm 6.8+1mm 7+1mm 7.3x1Tmm
8. Serratia liquefaciens 4.2+1mm 4.5+1mm 4.9+1mm 5.1x1mm
9. Citrobacter freundii 5.1+1mm 5.6+1mm 5.9+1mm 6.2+1mm
10. Enterobacter intermedius 4.8+1mm 5+1mm 5.3t1mm 5.8+1Tmm
11. Proteus mirabilis 5.1+x1mm 5.3x1Tmm 5.8+1mm 6+x1mm
12. Enterobacter cloaca 4.7+1mm 4.9+1mm 5.3t1mm 5.8+1Tmm
13. Yersinia pseudotuberculosis 5+1mm 5.5+1mm 6+x1mm 6.3x1mm
14. Proteus penneri 4.61mm 4.9+1mm 5+1mm 5.3x1mm
15. Aeromonas 6+x1mm 6.4+1mm 6.7£1mm 6.9+1Tmm
16. providencia stuartii 5.8+1mm 6+x1mm 6.4+1mm 6.8+1mm
17. Proteus vulgaris 6+x1mm 6.3x1Tmm 6.5£1mm 6.9+1Tmm
18. Erwinia cacticida 4.9+1mm 5+1mm 5.4+1mm 5.8+1Tmm
19. Serratia fonticola 4.4+1mm 4.7+1mm 4.9+1mm 5.2+1mm
20 Klebsiella pneumoniae 6.3x1mm 6.6x1mm 6.9+1mm 7.1x1mm
subsp. Ozaenae
21 Coaggulase +ve S. aureus 3.3+x1mm 3.6+1mm 3.9+1mm 4.2+1mm
22 Methicillin-resistant Coaggulase 3.8+1mm 3.9+1Tmm 41+x1mm 4.3+1Tmm
-ve S. aureus
DISCUSSION that the amino acids, enzymes and abundance of

Now day the field of nanotechnology and
its based product of nanoparticles applications
are increased due to its many great biological
effectiveness. In the present investigation, the
green synthesis method is used to synthesize
the Copper oxide nanoparticles using aqueous
leaf extract of Ficus carica which is eco-friendly
cost effective approach when compared to other
reported several method used for preparing copper
oxide nanoparticles®, as it has been reported

carboxylate and hydroxyl groups present in plants
might play an important role at the formation
of copper hydroxide which hydrolyzed later into
nanocrystalline CuO®. It is well known that copper
oxide nanoparticles optical properties are strongly
dependent on their size, shape and the structure
of the nanoparticles that can be studied by using
the UV/Vis spectra. The typical UV/Vis spectra of
the Copper oxide nanoparticles synthesized are
shown in Fig.2. The nanoparticles exhibited one
characteristic absorbance peak at 437 nm ,however
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the electromagnetic radiation formed the surface
plasmon absorption in copper oxide nanoparticles
through excitation of collective oscillation free
electron conduction band, this type of resonance
occur when the wavelength of the incident light far
exceeds the particle diameter®. Surface plasmon
absorption band with a maximum at 437 nm reported
the formation of copper oxide nanoparticles®.
Fig. 3 and 4 show the typical SEM and TEM images
of the CuO-NPs, respectively that showed the
particles are nearly spherical in nature with rough
agglomeration of average diameter around 51-62
nm. The highly agglomeration of the nanoparticles
synthesis by this method may be explained by
the increase in the catalytic activity of the surface
nanoparticles®, that can illustrate the higher
antibacterial activity of the CuO-NPs. The XRD
pattern in Fig.5 revealed the orientation and
crystalline nature of copper oxide nanoparticles that
agreement with the International Center of Diffraction
Data card (JCPDS-80-1916) to confirm the formation
of a crystalline monoclinic structure® also sharp
peaks structures in XRD patterns and crystallite
size less than 100 nm indicated the nanocrystalline
nature of CuO-NPs as the highest peak observed
in XRD pattern represented crystallite size of 14
nm using Debye-Scherrer equation as described.
FT-IR analysis in Fig.6 is used to determine an
approximate ides possible biomolecules that are
responsible for stabilized and capping the formed
CuO-NPs with Ficus carica leaf extract. The FTIR
analysis of CUONPs Fig. 6(A) investigated that they
might surround by the any of these organic molecules
such as alkaloids, terpenoids, fatty acids and
polyphenols which have reducing, capping capacity
and have a big role in the reduction of copper ions
to copper nanoparticles that results agreement
with Kalainila et al., who reported the same type
of results®. Chitosan-CuO composite FTIR spectra
as seen in Fig. (6)C displayed the characteristic
bands of both Chitosan and CuO. The band at 400
cm™' was ascribed to the stretching mode of Cu-O*.
When compared to the pure chitosan FTIR spectrain
Fig. (6)B ,the bands represented the amide, amino
and hydroxyl groups were shifted. The shift of FTIR
bands confirmed that the CuO nanoparticle was
mixed with polymer. The antibacterial activity of the
CuO nanoparticles, chitosan and CuO nanoparticles
with chitosan composite at different concentration
were evaluated against two Gram positive and
twenty Gram negative bacterial strains using disc
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well diffusion method. CuO nanoparticles showed
significant antibacterial activity against all bacterial
strains as seen in Table 1 and agree with previous
results of Hassan et al., and Vinod et al., who
demonstrated that Copper oxide (CuO) nanoparticles
synthesized from leaf extracts acts as an effective
antimicrobial agent against game positive infectious
organisms such as Staphylococcus aureus, Bacillus
subtilis and grame negative organisms as E. coli,
Vibrio cholerae and Pseudomonas aeruginosa®**1.
The bactericidal effects observed in this study as
a result of Cu2+ ions released in solution by the
NPs that binding to the bacterial cell surface of the
negative charge, changing its permeability that
leading to come out of material inside the bacterial
cells causes its death . The mechanism investigated
by Azam et al and Stochs et al., reported that the
copper ion causes disorders of the cellular proteins,
lipids and helical structure of DNA molecules through
crosslinking between and within the nucleic acid
strands and destroy the biochemical process,
also the reaction of copper with sulfthydryl (-S-H)
groups and oxygen on the cell wall forms R-S-S-R
bonds that blocks respiration centers of the cell and
cause its damage*?*3. The diameter of inhibition
zone indicated susceptibility of microbes,the
susceptible strains to CuO-NPs showed larger zone
of inhibition, while resistant strains showed smaller
zone of inhibition. According to zone of inhibition the
CuO-NPs as seen in Table 1 exhibited more
inhibitory activity towards gram negative than
gram positive bacteria as seen in (Fig.7, Table
1) because there is a difference in structure of
the bacterial cell wall as gram negative cell wall
consists of single peptidoglycan layer while gram
positive cell wall have several peptidoglycan
layers'?, in contrast to J. Emima Jeronsia et al.,
who observed that the Grampositive bacterial
strains have higher sensitivity to CuO-NPs than
Gramnegative*. In our research we demonstrated
the antibacterial activity of chitosan towards
Gram positive and gram-negative bacteria as
recorded in Table.2 and agreed with many
investigation recorded that chitosan shows
antibacterial activity towards both gram-negative
and Gram positive bacteria due to the nature of
chitosan surface of as polycation of high charge
density which tightly attached and absorbed onto
the surface of bacterial membrane to disrupt the
cell membrane, thus kill bacterial cells?”284546, Also
Chitosan can form various chemical bonds with
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metal particles and prevents agglomeration, thus
increasing the stability of the NPs?.

Fig.7. Antibacterial activity of Chitosan with CuO
nanoparticles at concentration 2, 3, 5%, negative
control © : Zone of inhibition against (a) Salmonella
typhimurium, (b) methicillin-resistant Coaggulase
-ve S. aureus and (c) E.coli 0157 bacteria.

The chitosan medium increase the efficiency
of the antimicrobial activity of copper oxide nanoparticles
against Gram negative, Gram positive organisms
that indicated by the zones of inhibition as shown in
Table.3, it was observed that zones of inhibition against
Gram negative and gram positive bacteria for CuO
nanoparticles with Chitosan at concentration 1%,
2%, 3%, and 5% respectively was higher than zones
of inhibition of CuO nanoparticles or chitosan alone,
that agreement with study demonstrated that copper
oxide nanoparticles embedded within polypropylene
exhibiting stronger antimicrobial activity than metal
copper nanoparticles*” as coatings based on copper
/ polymer which called ex situ, the matrix is act as
dispersion medium and the polymer incorporated
into the synthesized cupper nanoparticles to
develop antimicrobial activity*®“°. The mechanisms
for the antimicrobial behavior of metal/polymer
nanocomposites based on thermoplastic matrices
explained by the adsorption of bacteria on the
polymer surface that cause water to be diffused
through the polymer matrix leading to corrosion
processes and release of metal ions and water
that dissolved in oxygen to the metal/polymer
nanocomposite surface causing destroy bacterial
membrane?®5°4751.30, The morphological changes
and disruption of the bacterial cell membrane of
copper oxide nanoparticlen treated bacteria was
supported by SEM analysis as seen in Fig.8, the
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tested bacteria strains coli O157:H7, and methicillin-
resistant Coaggulase -ve S. aureus, as it find the way
into the bacterial cells causing great lipid bilayer and
membrane protein damage as reported in previous
StudieS 9,10,11,24, 52,53,54_

Fig. 8. Scanning electron micrographs of E.coli 0157:H7
(A) and methicillin-resistant Coaggulase —ve S. aureus
(C) . SEM images were taken from the bacterial cells coli
0157:H7 (B), and methicillin-resistant Coaggulase -ve
S. aureus (D) treated with 2 mg/ml CuO nanoparticles
for 8 h.The control cells were incubated under the
same conditions without nanoparticles

CONCLUSION

we have demonstrated a simple biological
approach to fabricate highly stable copperoxide
nanoparticles embedded in a natural polymer by
green method from Ficus carica plant extract .The
antibacterial properties of copper oxide nanoparticle,
chitosan and Copper oxide chitosan nanoparticle
composite were investigated against two Gram-
positive and twenty Gram-negative bacteria. The
results investigated that Addition of polymers to
metal-based particles enhanced to great extent
antimicrobial properties. Although there are many
research investigated copper oxide nanoparticle
embedded into different polymer matrices forming
composite, further research is very important to
support the development of bioactive polymeric
materials can be easily fabricated into fiber and film
for producing promise biocide materials for further
extension of applications can be used as in bed
lining, cotton ban-dages, wound dressing as well as
for medical in hospital equipment or in prostheses
and food applications.
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