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ABSTRACT
Colloidal Copper nanoparticles are one of most effective inorganic materials with effective anti microbial
(bacterial and fungal) and anticancer activities. This investigation deals with the synthesis of Copper colloidal
nanoparticles (Cu Nps) by co-precipitation method using copper oxalate and Poly Vinyl Alcohol (PVA). The
colloidal solution was examined by UV-Visible spectroscopy (UV-Vis) and X-ray diffraction (XRD) which
confirms the presence of Cu Nps by shown the characteristic peaks. Antimicrobial efficacy of synthesized Cu
colloidal nanoparticle was tested against the various bacterial pathogens like Staphylococcus aeureus,
Pseudomonas and fungal pathogens like Aspergillus flavus and fusarium sp. In addition, the concentration ratio
of copper oxalate and PVA plays a significant role in antimicrobial and anti cancer activity. Effectiveness of
nanoparticles increases with increasing the concentration ratio of copper oxalate and PVA. Among the various
concentration ratios of these, anticancer activity is estimated for an optimized ratio (1:20) using MCF-7 breast
cancer cell lines. The synthesized Cu Nps has 70% of ICs, value against the MCF -7 cell lines.
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1. INTRODUCTION

Gaining interest in the research minds has attracted by the synthesis of metal nanoparticles due to its
solitary physical and chemical properties and also its significant application in the field of pharmaceutical science
(Mustafa Bicer, 2010; Fendler, 1987; Brust, 2002; Sinha, 2002). In recent years, a large number of chemical and
physical approaches are available to synthesize diverse types of metal nanoparticles. Plenty of fields like biomedical,
drug designing, drug delivery, agriculture, electrical and electronics, bio sensors and chemical industry have
considerable depend on the novel Metal nanoparticles (Kumar, 2012). Between numerous metal nanoparticles,
copper nanoparticles have concerned attention due to their mechanical and biological properties with up-to-date
technologies (He, 2007). In addition, they exhibit strong toxicity various microorganisms are well known and have
shown to be a promising antimicrobial material (Theivasanthi, 2011). The wide application of Cu Nps generally
known that they are cost effective, simple reaction conditions may produce higher percentage of yields and time
saving techniques were used when compared to other complex catalysts (Nguyen, 2011; Satlavati, 2008).

Additionally, Cu Nps were serviceable in pharmaceutical, medicinal and therapeutic fields due to their nano
size and surface to volume ratios (Maheshkumar, 2016; Zharov, 2015). The usages of harmful chemicals during the
synthesis of Cu Nps by using some physical and chemical methods were not environmentally benign (Sharma, 2015).
This is the current urge to make a move on synthesis of metal nanoparticles by means of simple, cost effective and
environmental friendly approaches has to be followed (Shah, 2015). A design of a green synthesis of Cu NPs by
which size, morphology and stability can be optimized for medicinal and pharmaceutical usage has played a
significant role in the current research (Vinod Kumar, 2016; Sangeetha, 2015; Mukherjee, 2001).

Worldwide the common health issue known as cancer has huge deadliness in our earth. Nowadays new
therapies and techniques have developed to treat cancer by utilizing nanomaterials. Wisely synthesized like bio
mediated nanoparticles are particularly encouraging as healing drug for cancer. Eco friendly synthesized nano
particles were used as a nano drug to control the cancer (Benelli, 2016). Cu Nps are preferably used as a nano drug
to cure cancer due to its binding capacity and conjugation with bio molecules like proteins, enzymes and also it
involves DNA cleavage process (Wang, 2015; Fang, 2010). In drug delivery system and molecular doping Cu Nps
play a vital role and it has a significantly control the growth of cancer cell lines (Pissuwan, 2010).

The importance of copper colloidal nanoparticles is not much investigated due to the complexity in
preparation and characterization. The present research reveals to explore the formation and its biological applications
of copper colloidal nanoparticles by chemical reduction method from copper oxalate as a precursor. Copper oxalate
complex were prepared by Copper (Il) sulfate and oxalic acid and were identified by XRD. In the Cu Nps the
copper ion has reduced to copper by using Oxalic acid. Glycerin has been used as a stabilizing agent to prevent the
aggregation of colloidal copper nanoparticles. Poly vinyl alcohol has been acting as a capping agent. Antimicrobial
properties of copper nanoparticles were evaluated in vitro against strains of Staphylococcus aureus, Pseudomonas
aeruginosa, Aspergillus flavus and Fusarium sp. The observed results showed significant inhibitory effect against
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these highly multidrug-resistant bacterial and fungal strains. In addition that anticancer activity of synthesized
colloidal solution of copper nanoparticles was determined against cancer cell lines of MCF-7 (Breast carcinomas).
Based on result and analysis, colloidal copper nanoparticles have effective anticancer activity.

2. EXPERIMENTAL METHODS

Materials: Copper Sulfate pentahydrate (CuSO4.5H20), Oxalic acid, Milipore Water, Polyvinyl Alcohol (PVA)
and Glycerin are the required chemicals to carry out the experimental part of this work. All the chemical reagents
in the experiments were used as received without further purification. (99%, AR-China) (Merck, 99%).
Synthesis of Copper oxalate precursor: 2 m.mol of CuSO4.5H,0 and the equal amount of oxalic acid both were
dissolved into 50 ml of deionized water to prepare a homogeneous solution separately. The solution of oxalic acid
was added drop wise into copper sulphate solution under magnetic stirring. After 15 min of constant stirring the
resultant residual solution has centrifuged to obtain a blue precipitate. It was purified by washing thrice with ethanol.
To remove the unwanted impurities the obtained precipitate was dried at 70°C. The synthesized copper oxalate was
examined by UV-Vis spectroscopy and XRD.

Synthesis of colloidal Cu nanoparticles: Poly vinyl alcohol acting as a capping agent was dissolved in glycerin
and heated (180-200°C with stirring (rpm) in an oil bath Copper Oxalate (CuC,0,) was then added into the hot
reaction medium and was heated until the appearance of change in color of this solution. The saffron color
appearance confirms the occurrence of copper colloidal nanoparticles. It was confirmed by power XRD.
Antimicrobial activity: The test organisms used were clinical isolates viz., Staphylococcus aeureus, Pseudomonas
aerugenousa. The human fungal pathogens like Aspergillus flavus, Fusarium sp are obtained from Department of
Microbiology, Hindusthan College of arts and science Coimbatore. The bacterial and the fungal cultures were
maintained on nutrient agar medium and potato dextrose agar (PDA) medium respectively. 20 ul of the Medicament
was loaded in the sterile antibiotic disc. The perti dishes were incubated at 37°c for 24h. After the culture the zone
of inhibition (mm) were measured. Kanamycin (5ug) was loaded as the positive control.

MTT ASSAY for Colloidal Copper nanoparticles (Cu:PVA, 1:20): MCF — 7 cell lines were collected from
Pondicherry centre for biological sciences (Pondicherry).

The cell lines were maintained in growth medium by using MTT (3-[4, 5-dimethylthiazol-2-yl] 2, 5-diphenyl
tetrazolium bromide): 0.5 mg MTT/ml of serum-free DMEM medium. It was maintained by the addition of 10%
Phosphate buffered saline (PBS) and 1% of Dimethyl sulfoxide.

The cell lines were allowed to grown with the concentration of (1 x 105 cells/well). After two days of cell
culturing the cell were cleaned thrice with 50 pl of serum-free medium and famished for one hour at 36°C, in added
that the cells were employed with optimized concentration of synthesized Cu-PVA (1:20) for one day. Finally the
results confirm the synthesized Cu Nps has 70% inhibitory concentration value (IC50) against the MCF -7 Breast
cancer cell lines.

3 RESULTS AND DISCUSSION

Optical and surface studies: The formation of colloidal copper Nps were identified by the visual observation of
change in color from colorless to saffron. It has achieved by means of surface plasma resonance vibrations (Guru
Prasad, 2013; Mathammal, 2015). The UV-Visible absorption spectra of copper oxalate precursor and colloidal Cu
Nps were shown in Figure.la & b, respectively. Figure.la, depicted that the UV—Visible absorption peak recorded
at 247 nm it has shown the copper oxalate formation. Figure.1b, described that the broad red shift from 247 nm to
598 nm confirms the formation colloidal Cu Nps (Nguyen, 2011).

Figure.2, represents the XRD pattern of CuC,O, precursor and it has XRD patterns which correspond to
monoclinic system as per the standard pattern. The 26 values were correlated with standard pattern. After the doping
of PVA the Copper colloidal solutions were coating on the glass of microscopy by spin coating and baked at 300°C.
Fig.3, shows the X-ray diffraction patterns which were corresponded to crystalline copper characteristic peaks at
20 value of 32.81, 38.84, 61.40 and 71.19. It indexed the lattice planes 110, 111, 022 and 311 of face-centered-
cubic structure of copper oxide nanoparticles with a monoclinic phase (ICSD- 087122).

Figure.4, shows the scanning electron microscopy (SEM) image of CuC,0,which has average particle
size around 150 nm. TEM images shown in Figure.5, described the spherical shapes of synthesized colloidal CuNPs
with a size around 3 to 9 nm. The thin layer of organic compound which was surrounded on Cu NPs was liable for
strengthening the stability of synthesized Cu NPs. It has also correlated with the lattice plane of (111) which
responsible for face-centered cubic (fcc) with monoclinic phase structure of Cu NPs.

Antimicrobial effect of Cu Nps: Antibacterial and antifungal effect of colloidal Cu Nps was achieved with three
different concentration of Cu with PVA ratios that is 1:10, 1:15 and 1:20. The entire analysis showed effective
antimicrobial activity of Cu Nps against both antibacterial and antifungal strains. For the above mentioned
concentrations the zone of inhibition has presented in Table (1a-3b). The outcome of the present analysis firmly
illustrated that the antimicrobial potential of colloidal Cu Nps against Staphylococcus aureus (11mm), Pseudomonas
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aeruginosa (11 mm), Aspergillus flavus (12 mm) and Fusarium sp.(09 mm) the highest zone of inhibition has
exhibited by the concentration of Cu with PVA was 1:20. In general the cell membranes of harmful human pathogens
were destroyed by the electrostatic forces from the metal nanoparticles against cell wall structure (Sankaranarayanan,
2016; Dibrov, 2002; Bankalgi, 2016). It was found that the inhibition zones were dose dependent with concentration
of Cu NPs.
Cytotoxicity effect (Cu:PVA, 1:20): There were bounded reports on the anticancer activity of colloidal Cu NPs
against various cancer cell lines. The MTT assay was percolated to determine the Cytotoxicity effect of Cu Nps
against MCF -7 Breast cancer cell lines. In the present study revealed that the sample with an Cu NPs concentration
of 10 pg/ml was not sure — enough active; then it was slightly increased by the addition of 100 pg/ml sample was
employed, and then there is a significant reduction in the cancer cell around 20 % viability at the concentration of
200 pg/ml sample. Cell inhibition of 50 % was observed by the addition 0f250 pg/ml concentration of Cu Nps. The
enhancing Cytotoxicity of Cu NPs was recorded for different concentration of Cu Nps and it was shown in
Figure.6(a-e). There were satisfied results in the cytotoxic effects of the green synthesized Cu NPs against MCF- 7
breast cancer cell lines obtained in this study.

5
s

s 4 -

A

Absorbance
Absorbance

024

nN

208 388 488 sE8  Gee  7es  Eee s 38 488 ses  ces T8 aee
Waveicugth (mm) W avelengthnm)

Figure.la. UV spectra of Copper Oxalate Figure.1lb. UV spectra of colloidal Copper NPs
o L1TT 10 Corn [

[Corem omaie =

00

T T T T T T T
e k) e

T
B £ 0 0 L k] 2 Ed Ed s
Paosition]*ZTheta] (Gomper (G Fosition [*ZTrets] (Capper (Cu)

Figure.2. XRD pattern of Copper Oxalate Figure.3. XRD pattern of colloidal Copper Nps
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Table.1la. antibacterial studies of 1:10 ratio sample
Zone of inhibition in mm
Acetone (Concentration in pl) | Antibiotic Streptomycin
Clinical strains 25 [50 |75 [100 (100 pl)
1:10
Staphylococcus aeureus 6.6 6.9 7.4 10.8 9.8
Pseudomonas aerugenousa | 6.5 6.8 7.2 10.5 9.5

er Nps
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Table.1b. antifungal of 1:10 ratio sample

Zone of inhibition in mm

Acetone (Concentration in pl) | Antibiotic Streptomycin
Clinical strains |25 [50 [75 100 (100 pl)

1:10
Aspergillus flavus | 5 5.2 5.4 5.7 9
Fusarium sp - - - 0.8 -

Table.2a. antibacterial studies of 1:15 ratio sample

Zone of inhibition in mm

Acetone (Concentration in pl) | Antibiotic Streptomycin
Clinical strains 25 [50 [75 [100 (100 ply

1:15
Staphylococcus aeureus 6 6 6.8 10.0 9.8
Pseudomonas aerugenousa | 1 5.2 6.5 10.0 9.5

Table.2b. antifungal of 1:15 ratio sample

Zone of inhibition in mm

Acetone (Concentration in pl) | Antibiotic Streptomycin
Clinical strains |25 [50 |75 | 100 (100 pl)

1:15
Aspergillus flavus | 4.8 6 6 11 9
Fusarium sp 15 2.0 2.0 3.5 -
Table.3a. antibacterial studies of 1:20 ratio sample
Zone of inhibition (mm)

S.No | Pathogenic bacteria 50ul | 75ul | 100 yl | Standard (Chloramphenicol)
1. Staphylococcus aeureus 03 10 11 08
2. Pseudomonas aerugenousa | 04 10 11 08

Table.3b. antifungal of 1:20 ratio sample
Zone of inhibition (mm)
S.No | Pathogenic fungus | 50 ul | 75l | 100 pl | Standard (Chloramphenicol)
1. Aspergillus flavus | 02 09 12 10
2. Fusarium sp 06 08 09 08
4. CONCLUSION
The present study reveals the synthesis of colloidal Cu Nps by using green solvent which does not produce
any harmful effect to the environment. The synthesized Cu Nps exhibits UV absorption peak at 598 nm. The
formation was confirmed with face centered cubic (fcc) crystal structure of Cu Nps. The agglomeration of Cu Nps
was minimized by using Glycerin as a stabilization agent. The SEM and TEM reports were described that the
synthesized Cu Nps were around 150 nm in the form of copper oxalate and around 3-9 nm in the form of colloidal
Cu Nps. The potential antimicrobial activity was achieved and estimated the zone of inhibition is greater for the
concentration of 1:20 ratio of Cu and PVA. The outcome of the present analysis firmly illustrated that the
antimicrobial potential of colloidal Cu Nps against Staphylococcus aureus (11mm), Pseudomonas aeruginosa
(11 mm), Aspergillus flavus (12 mm) and Fusarium sp.(09 mm), when compared with standard drugs like Kanamycin
and Chloramphenicol. The MTT assay was percolated to determine the Cytotoxicity effect of Cu Nps against
MCEF -7 Breast cancer cell lines. Among the various concentration ratios of these, anticancer activity is estimated
for an optimized ratio (1:20) using MCF-7 breast cancer cell lines. The synthesized Cu Nps has 70% of 1Cso value
against the MCF -7 cell lines.
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