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ABSTRACT

Nanotechnology offers unique revolutionary impact on biology and medicine because of size dependent physical and
chemical properties. The physicochemical properties of the metal NPs are totally different to that of the pure substances
due to their high surface to volume ratio which alters the mechanical, thermal and catalytic properties of the material.
Spirulina is gaining more attention in the field of medical science because of its nutritional and pharmaceutical
importance. It has been demonstrated that small amounts of Spirulina reduced HIV-1 replication while higher
concentration totally stopped its reproduction. Thus, the Spirulina mediated synthesis of CuO and bimetallic
nanoparticles communicated in this work gains its importance in its medical application. Synthesis of copper
nanoparticles by the strain of S. platensis was carried out by the modified method of Mahdieh et al. S. platensis strain were
isolated and purified repeatedly through liquid subculture method. In the characterization of copper nanoparticles
using FTIR analysis copper nanoparticles shown the peaks characters O-H stretch of carboxylic acid (3291.89cm-1),C-H
stretch alkyls (2920.66cm-1), C-H stretch of alkanes (2187.84cm-1) and C=C stretch of alkenes (1656.55cm-1).In the UV
spectrum analysis, to study characters of nanoparticle based on intensity of light: CuO nanoparticles formed in the
reaction media has absorbance peak at 440 nm and broadening of peak indicated that the particles are polydispersed,
the indicative of relatively small, monodisperse.XRD pattern showed a small peak indicating the crystalline nature of the
reduced copper nanoparticles. In vitro antibacterial activity of CuO nanoparticles was tested against pathogenic
Salmonella typhi, using agar well diffusion technique. The inhibition of bacterial growth at various applied
concentrations of the test solutions are significant indicating that CuO nanoparticles exhibits good biocidal activity.

INTRODUCTION
Nanoscience is currently a fast growing niche and nano-
technology is at the cutting edge of this rapidly evolving area
(Mandal et al., 2006). Nano-technology collectively describes
technology and science involving nano-scale particles
(nanoparticles) that increases the scope of investigating and
regulating the interplay at cell level between synthetic
materials and biological systems (Du et al., 2007). It can be
employed as an efficient tool to explore the finest process in
biological processes (Sondi & Salopak, Sondi, 2004) and
biomedical sciences (Hutten et al., 2004). One of the major
developments in nanotechnology is the production and
application of nano particles in biology. New methods to
produce nanoparticles are constantly being studied and
developed.The enormous interest in the bio-synthesis of NPs
is due to their unusual optical (Krotiknowska et al., 2003),
chemical (Kumar et al., 2003), Photochemical
(Chandrasekharan et al., 2000), electronic (Peto et al., 2002)
and magnetic (Watson et al., 1999), properties, NPS are either
newly created via nanotechnology or are present naturally
over the earths crust or in the environment caused by
weathering of Au deposits. The metal formed by evaporation
is coupled with minerals and been deposited rapidly from
saline ground water. Nanotechnology has been defined as a
technology that mainly consist of the process of separation,
consolidation and deformation of materials by one atom or
molecule (Taniguchi, 1974).Silver is a non toxic safe inorganic
antibacterial agent used for centuries and is capable of killing
about 650 types of diseases causing micro-organisms (Jeorg
et al., 2008). Copper has been described or being
“oligodynamic” because of its ability to exert a bactericidal
effect at minute concentrations (Percivala et al., 2005). Among
the biological materials, microorganisms (Reddy et al. 2010;
Kumar and Mamidyala 2011 ; Otari et al. 2012; Gaidhani et al.
2013), plants (Aravinthan et al. 2015 ; Sengottaiyan et al.2016b
; Senthilkumar et al. 2016) and green algae (Mahdieh et al.
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2012;Sinha et al. 2015) have been reported the synthesis of Cu
NPs. Several studies revealed S.platensis or its extract could
show physiological benefits as antioxidants, anti-microbial,
antiinflammatory, antiviral or anti-fungal (Carreri et al., 2001,
Mendes et al., 2003, Pinero, 2001, Subhashim et al., 2004). The
problem of microbial resistance is growing and the outlook
for the use of antimicrobial drugs in the future is still
uncertain.The majority of clinically used anti-microbial drugs
have various draw back in terms of toxicity, efficacy, cost and
their frequent use has led to the emergence of resistant
strains. The use of nanoparticles derived from noble metals
has spread too many areas including jewelry, medical fields,
electronics, water treatment and sport utilities thus improving
the longevity and comfort in human life. The application of
nanoparticles as delivery vehicles for bactericidal agents
represents a new paradigm in the design of antibacterial
therapeutics. (Vijayaraghavan and Nalini, 2010). Major
consumer goods manufactures like LG and Samsung already
produce household items that silver nanoparticles. These
products include nano-silver lined refrigerators air
conditioners and washing machines (www.azom.com, 2011).
The recent years infections caused by bacteria resistant to
multiple antibiotics have been a significant problem.
Salmonella is a genus of rod- shaped (bacillus) Gram negative
bacteria of the family Enterobacteriaceae. Salmonella typhi
(S. typhi) are bacteria which infect the intestinal tract and the
blood.The disease is referred to as typhoid fever. S. paratyphi
A, B and C bacteria cause a similar illness which is included
under the typhoid heading. However, paratyphoid fever is
generally milder and shorter in duration than typhoid fever.In
the present study, attempts were made to utilize the potential
of cell-free extracts of S. platensis as a bio-factory for the Cu
NP synthesis. The objective of this study was the bactericidal
effect of CuO NPs using pathogenis bacterial strain,
Salmonella typhi. The antimicrobial activity was enumerated
based on the zone of inhibition measured in agar well
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diffusion tests conducted in plates.

METHODOLOGY

Algal strain and growth condition

The experimental organism S. platensis was cultivated in
Zarrouk's medium illuminated with white fluorescent lamps at
a light intensity of 2,000 lux. Conical flasks of 250 ml capacity
were prepared containing 100 ml S. platensis culture with
initial optical density 0.1.Cultures were shaken gently thrice a
day to avoid clumping and enhance the growth. Typically,5 g
(dry weight) S. platensis biomass was suspended in 100 ml of
double distilled sterile water for 15 min at 100 °C in an
Erlenmeyer flask. After boiling, the mixture was cooled and
centrifuged at 10,000 rpm for 15 min. Supernatant was
collected and was stored at 4 °C for further analysis.

Biosynthesis of Copper Oxide Nanoparticles

Synthesis of copper nanoparticles by the strain of S. platensis
was carried out by the modified method of Mahdieh et al. A
total of 5 mL of exponential growth phase culture of S. platensis
was transferred to the 250 mL Erlenmeyer flask with 100 mL of
1 mmol/L aqueous copper (II) acetate [Cu(CH3COO)2-H20]
solution (pH 7) for 24 hunder shaking condition at 28 °C.

Characterization

UV-vis spectral analysis was performed on a Shimadzu-1800
spectrophotometer. The biosynthesized copper
nanoparticles solution was centrifuged at 10000 r/min for 15
min and the suspension was redispersed in sterile distilled
water. Finally, dried samples were palletized with KBr for
Fourier transform infrared spectroscopy (FTIR)
measurements. The spectrum was recorded in the range of
4000-500 cm-1 using Bruker OpticGmbH Tensor 27. X-ray
diffraction (XRD) measurement of the copper nanoparticles
was carried out using Rigaku smart lab instrument operated
at a voltage of 40 kV and a current of 30 mA with Cu Kal
radiations Field emission scanning electron microscopy-
energy dispersive X-ray analysis (FESEM-EDAX) was
performed by Supra 55-Carl Zeiss, Germany.

Antibacterial activity

The antibacterial activity of coated dressing was tested
against S. typhi adopting agar diffusion assay. Copper
nanoparticles prepared by the reduction of copper ions
using spirulina as reductants as well as stabilizing agent was
placed on the Nutrient agar plates swabbed with respective
bacterial culture incubated at 37 °C for 24 h and the plates
were observed for zone of inhibition. After the incubation
period the diameter of the zone was recorded.

RESULTS AND DISCUSSION

Synthesis and characterization of silver nanoparticles

In the present study, copper nanoparticles were synthesized
from S.platensis and evaluation of antibacterial and has been
made. Reduction of copper ions into copper nanoparticles by
the algal culture was visually identified by colour change from
deep blue solution gradually became colourless and then
turned slowly to brick red which changed to dark brown after
vigorous stirring for 24 h. The colour change was observed.It
is well known that copper nanoparticles exhibit dark brown
color in aqueous solution due to excitation of surface plasmon
vibrations in copper Nanoparticles. UV-vis absorption
spectroscopy analysis reveals a broad surface plasmon
absorption maxima at 440 nm (Figure 1). Absorption spectra
of copper nanoparticles formed in the reaction media has
absorbance peak at 440 nm and broadening of peak
indicated that the particles are polydispersed, the indicative
of relatively small, monodisperse in the aqueous solution.
Characterization of synthesized copper nanoparticles by
scanning electron microscopy reveals spherical particles
with few rod shaped crystals with the size ranging 20+5 nm
(Figure 2).Some nanoparticles aggregated into large clusters
with no well-defined morphology were also observed. This
aggregation may be due to the presence of secondary

metabolites in the S. platensis extracts. Further,
characterization was carried out by FTIR(Figure 3). FTIR
spectrum of the synthesized Nanoparticles shows strong
peaks characters O-H stretch of carboxylic acid (3291.89cm-
1), C- H stretch alkyls (2920.66cm-1), C-H stretch of alkanes
(2187.84cm-1) and C=C stretch of alkenes (1656.55cm-1)
(Table 1).The formation of synthesized copper nanoparticles
was further supported by X-Ray Diffraction (XRD)
measurements. This method is used to elucidate crystallinity
and the lattice properties of the copper Nanoparticles.
Presence of distinct high diffraction peaks at 35.5 °, 35.6°,
38.7° and 38.9° respectively, indexing the Bragg's reflection
planes (6048), (6176), (6707) and (7264) confirmed the face
centered cubic structure of crystalline copper nanoparticles
(Figure 4). Energy Dispersive X-ray spectroscopy (EDX) was
performed to confirm the formation of AGNPs and CulNPs by
recording the strong signals of elemental silver. The results
indicated that reaction product was composed of best purity
AMPs from s. platensis extract 15% of metallic Cu along with
occurrence of carbon and on peaks reveal the presence of
covering organic moieties on the metallic nanoparticle
existence of carbon, oxygen and phosphorus may have
originated from me biomolecules bound to the surface of the
nanoparticle. The EDX pattern clearly shows that the Cu
nanoparticles were formed by the reduction of copper ions
using S. platensis extracts. There was a strong signal of
elemental CuNPs using EDX spectroscopy.

Antibacterial activity

strain was susceptible to the copper nanoparticles as dose
dependent manner (Table2). An increase in inhibitory zone
was recorded in high concentration (Figure). In the case of
Salmonella typhi, maximum zone of inhibition was recorded at
75 pg/mLwith 24.2 mm followed by 50 yg/mLwith 23.0 mm, 30
pg/mL with 21.2 mm, 10 pg/mL with 16.0 mm of zone of
inhibition. It can be seen that nanoparticles showed high
antibacterial efficacy.
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Figurel:UVvisible spectrometry of CuNPs

Figure2:SEM image of Cu NPs from $. platensis
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Figure4:XRD Analysis of Cu Nps

Tablel:Infrared spectrum analysis CuNPs

S. | Wave nufn.ber Comments
NO (cm”)

1 3291.89 O- H stretch (carboxylic acid)

2 2920.66 C-H stretch (alkyls)

3 2181.84 C-H stretch (alkanes)

4 1656.55 C=C stretch (alkenes)

5 1540.84 Assigned to C-C skeletal vibration
Stretching vibration for C-O from

6 1222.64 hydroxy?lavones and catechins

7 1391.38 -NO stretch in functional group

8 1035.58 C-F stretch (alkyl halides)

9 673.03 C-Br stretch in functional groups

Table2:Zone of inhibition of copper nanoparticles against
S. typhi

Concentration Zone of inhibition (mm)
(pg/mL) Plate 1 Plate 2
10 15.2 16.0
30 21.2 19.5
50 21.8 23.0
75 24.2 22.3
CONCLUSION

Nowadays, biological method of nanoparticles synthesis is a
vast growing technique in the field of nanotechnology. Algal
mediated synthesis of nanoparticles is now being extensively
carried out by researchers because of the high rate of
synthesis, efficacy and best compatibility. In the present work,
we report an eco-benign and convenient method for the
synthesis of CuO NPs using cell free aqueous extract of S.
platensis. The bioreduction of aqueous Cu” ions to copper
nanoparticles using S.platensis as bioreductants and
stabilizing agents have been carried out.The progress of Cu**
ions bioreduction was monitored, spectrophotometrically.
The FTIR spectra revealed that the reduction of copper ions
and stabilization of the resultant copper nanoparticles occur
|

through the participation of spirulina proteins. As-synthesized
copper nanoparticles exhibited antimicrobial activity against
pathogenic bacteria: gram-negative Salmonella typhi.
Therefore, Copper nanoparticles may be a prominent
product with potential application in medicine and hygiene.
Animportant potential benefit has numerous benefits i.e.non-
toxic, cost effective, rapid reduction, economic viability. This
biosynthesis method can be a promising method for the
preparation of other metals and metaloxide nanoparticles
and can be valuable in environmental, biotechnological,
pharmaceutical and medical applications. Future prospects
of this research would be to large scale production of CuO NPs
using S. platensis and to ascertain its efficacy against wide
spectrum of microbial population. Further investigations
would involved is covering the potency of S. platensis to
synthesize copper nanoparticles.
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