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ABSTRACT

Objective: In this present work, we have synthesized Copper oxide nanoparticles using Desmodium gangeticum root extracts and explored its

biological activity.

Methods: The Copper oxide nanoparticles were synthesized by the reduction process. Copper oxide nanoparticles were purified and dried.
Scanning electron micrograph analysis showed evenly distributed Copper oxide nanoparticles and was confirmed by UV visible spectroscopy.
Characterization of Copper oxide nanoparticles was done with Fourier Transform Infra-Red spectroscopy (FTIR) and Thermo Gravimetric Analysis
(TGA). Gram negative and gram positive, bacteria were used to evaluate its antibacterial activity.

Results: Reducing potential and free radical scavenging ability of Copper oxide nanoparticles was measured and found to be high. Indeed,
toxicological evaluation in LLC-PK1 cell line suggests that Copper oxide nanoparticles were safer for biomedical applications.

Conclusion: Biologically synthesized copper oxide nanoparticles show significant antioxidant effect and found to be less toxic as compared to the
precursor thereby can be used as potential candidate species for various biomedical applications.

Keywords: Copper oxide nanoparticles, Desmodium gangeticum, Antioxidant, LLC-PK1 cell line.

INTRODUCTION

Nanotechnology is an emerging field nowadays attracted by many
investigators and being targeted for its unparalleled programme.
Modified metallic nanoparticles with various chemicals fabricated for
conjugating antibodies, ligands, drugs, enable to have a wide range of
uses in biological research and applications. Recently it has been used for
therapeutic drug delivery and the treatments of various diseases and
disorders, as well. Among the engineered nanoparticles, copper oxide
nanoparticles play a significant role in different biological application.

Due to its unique optical [1], catalytic [2], mechanical and thermal
[3] conduction properties copper oxide nanoparticles are widely
used as compared to other metal nanoparticles. Chemical reduction [4-
8], thermal decomposition [9], polyol [10, 11], laser ablation [12, 13],
electron beam irradiation [14]are some of the widely used methods to
synthesize copper nanoparticles. Due to the simplicity and economy,
chemical reduction is the most preferred, but these methods do have
limitations such as expensive, the generation of hazardous toxic
chemicals. Hence need for further study to develop safe, eco-friendly
alternative approaches in the synthesis of nanoparticles are
warranted. Recently silver nanoparticles were synthesized using olive
leaf extracts with good antibacterial activity [15].

In this manuscript, we focused on the green synthesis of copper
nanoparticles using aqueous root extract of Desmodium gangeticum
as it has potent reducing activity and also widely used as a drug [16].
Desmodium gangeticum is a small perennial herb belongs to
Fabaceae family found in India, China, Africa and Australia.
Desmodium gangeticum contains several flavonoid, glycosides,
pterocarpenoids, lipids, glycolipid, amino glucosyl glycerolipid and
alkaloids [17, 18]. It is an important plant used in the indigenous
system of Indian Medicine of Ayurveda to treat various conditions
such as snakebite, ulcer, ischemia reperfusion injury [19],
myocardial infarction [20] and diabetes mellitus [21, 22] and also
used as anti leishmanial [23], anti inflammatory [24] and as an
cardio protective drug. The aqueous extract of plant root also
contains hypo cholesterolemic and antioxidant activities as well.

The aim of the present study is to synthesize and characterize copper
nanoparticles by using Desmodium gangeticum root extracts, followed by
evaluating its biological activities like antimicrobial and antioxidant.

Experimental section
Materials and reagents

Copper sulfate (CuSO4) purchased from Sigma Aldrich, DPPH, nitro
blue tetrazolium, riboflavin, hydrogen peroxide, sodium
nitroprusside, Griess reagent, Folin-ciocalteu reagent, sodium
carbonate and potassium hexacyano ferrate were purchased from
Sigma Aldrich; Muller Hinton agar and Agar agar from HI-MEDIA;
LLC-PK1 cell line (NCCS Pune, India) were used.

Methodology
Preparation of aqueous Desmodium gangeticum root extract

Desmodium gangeticum roots were collected from the botanical garden
of St. Berchmann's college Kerala authenticated by HOD, Botany
Department, SB college (voucher of the specimen was kept for
reference). Dried roots were washed thoroughly with tap water and
dried in the shade. Roots were cut into small pieces and ground coarsely
using pulverizer. Soxhlet extraction was then performed to obtain crude
aqueous extract, which is stored in the refrigerator for further use.

Synthesis of copper oxide nanoparticles

Copper oxide nanoparticles were synthesized using CuSO4 (10 mM)
as the precursor and was then treated with aqueous DG root extract,
it was in the ratio 1:4 and heated @ 80 °C. Color change from brown
to black was used to confirm the formation of copper oxide
nanoparticles. The obtained nanoparticles were dried and stored.

Characterization of copper oxide nanoparticles
UV-Visible spectroscopy

UV visible spectrophotometer was used to carry out the preliminary
characterization of copper oxide nanoparticles to confirm its
presence. UV spectral measurement was done in a range of
wavelength between 300-800 nm.

Scanning electron microscopy

The size and morphology of copper oxide nanoparticles were
studied using scanning electron microscopy (SEM-JEOL F-6400). The
copper oxide nanoparticle powder was dissolved in a suitable



Kurian et al.

solvent and a thin film is prepared on the carbon coated copper grid.
Excess solvent was removed by blotting paper then allowed the
sample to stand for 5 min. The SEM images were recorded at 40, 000
X magnification operating at 20 kV.

XRD analysis

X-ray diffraction (XRD) can be used to estimate the size of the
particles and the crystalline structure. XRD gives a diffraction
pattern of the sample and this was compared to the reference
peak/pattern (JCPDS). XRD measurement of Copper oxide
nanoparticles was carried out in a wide range of Bragg angles (6) at
a scanning rate of 2 °min-1, using RIGAKU instrument at an operating
voltage of 40 kV and current of 30 mA with Cu-Ka radiation (1.5405
A) as an x-ray source. The scanning has been done in the region of 2
hrs from 200 to 800 at 0.020/min, and the time constant was 2
seconds. Line broadening from the XRD pattern is used to calculate
the crystal size using Debye Scherrer formula as given in equation I
and this result was indeed be compared with SEM results.

= e -eqn |

Where, A (lambda) is the wavelength of X-ray source (0.1541 nm), 8
is FWHM (full width at half maximum), 0 is the diffraction angle and
D is particle diameter size.

Fourier transform infrared spectroscopy

To determine the functional group present in the copper oxide
nanoparticles FTIR analysis was performed. For FTIR analysis, the
dried copper nanoparticles were ground with KBr pellet and
analyzed on a Perkin Elmer FTIR system in a diffuse reflection mode,
operating at a resolution of 4 cm. The spectrum was recorded in
the range between 4000 and 400 cm™.

Thermo gravimetric analysis

To determine the thermal stability of the synthesized copper oxide
nanoparticles, Thermo gravimetric analysis (TGA) was carried out, and
weight loss was recorded using SDT-Q600 model, TA instrument USA.
Measurement was made under a nitrogen atmosphere at a heating
rate 10 °C/min with the temperature ranging from 25 °C-1000 °C.

Biological evaluation
Free radical scavenging activity-DPPH assay

DPPH [1, 1-diphenyl-2-picrylhydrazyl], is a stable free radical with
purple color, whose intensity was measured spectrophotometrically
at 510 nm. Antioxidant reduces DPPH to 1, 1-diphenyl-2-picryl
hydrazine, a colorless compound. DPPH assay was carried out
according to Solver-Rivas et al. (2000) protocol, with a slight
modification. 20 pl of synthesized copper oxide nanoparticle was
taken and added to 0.5 ml of an ethanolic DPPH solution (0.3 mM)
followed by the addition of 0.48 ml of ethanol. The mixture was kept
undisturbed for 30 min incubation at room temperature in dark.
After 30 min the absorbance was measured at 518 nm. The
scavenging of DDPH was calculated as follows:

% Inhibition = 100 — 22Ot 44 ()...eceqn 11

ODcontrol

Where ODcontrol is the absorbance of the DPPH in ethanol, ODtest is
the absorbance of the test compound along with DPPH [25, 26].

Total phenol determination

The Folin-Ciocalteu assay is used for the determination of total phenolic
compounds. 1 ml of copper oxide nanoparticle (mg/ml) was taken and
added to 1 ml of 1:10 diluted Folin-Ciocalteu reagent. The mixture was
incubated at room temperature for 5 min. After incubation, 4 ml of 1M
Na,CO; was added and left undisturbed for 15 min. Later, the
absorbance was measured at 765 nm. Ascorbic acid was used as a
standard and assayed as that of the test sample with serially diluted
concentration and the calibration curve was plot [26].

Reducing power assay

Reducing power of copper nanoparticles was determined by Oyaizu
method (1986) [27]. 0.75 ml of copper oxide nanoparticle was taken
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and added to 0.75 ml of 0.2 M (pH 6.6) phosphate buffer, followed by
the addition of 0.75 ml of 1% potassium hexacyanoferrate. The
mixture was incubated at 50 °C in a water bath for 20 min. 0.7 ml of
10% TCA solution was added to the mixture to stop the reaction. The
mixture was then centrifuged (1500 rpm) for 10 min and 1.5 ml of
supernatant was taken. To this, a mixture of 1.5 ml of distilled water
and 0.1 ml of 0.1% FeCl; was added and allowed for 10 min
incubation. The absorbance was measured at 700 nm.

Antimicrobial activity

Antimicrobial activity of copper oxide nanoparticles was determined
using the agar well diffusion method (Murray et. al 1995). 25 ml of
molten and cooled Muller Hinton agar was poured in sterilized Petri
dishes. The plates were left overnight at room temperature to check
for any contamination. All the bacterial test organisms were grown in
Mueller Hinton broth for 24 hrs. 100 pl nutrient broth cultures of each
bacterial organism were used to prepare bacterial lawns in petri
dishes. Agar wells (8 mm) were made with the help of a sterilized
stainless steel cork borer. The wells in each plate were loaded with
100 pl of synthesized copper nanoparticles, along with the precursor.
The inoculated plates were incubated at 37 °C. Ciprofloxacin was used
as a positive control while distilled water was used as a negative
control. The plates were kept for incubation and observed for the zone
of inhibition after 18 hours treatment [28].

Toxicology

LDH assay was used to measure the Cytotoxicity of copper oxide
nanoparticles. Cells (LLC-PK1) were cultured in 96 well plates. After
it had reached 80% confluency, copper oxide nanoparticles and its
precursor were added separately and incubated for 24 hours. After
incubation, 50 pl of culture medium from each well were collected
and incubated with the reaction mixture containing NAD+, lactate
and 0.2 M phosphate buffer (pH-7.4) with volume of 50 pl each. The
LDH activity was then calculated as follows:

Ar— Agsmi
LDH activity (IU/I) = % X 643

Where Ar is the absorbance at time ‘T’ [29].
Statistical analysis

For biological evaluation assays like DPPH, total phenol content, the
reducing power assay, LDH activity, data signify the meanszS. D of three
samples and are representative of three independent experiments. All
statistical analysis was performed using Graph Pad prism 5.

RESULTS AND DISCUSSION

Characterization of Copper nanoparticles prepared by
Desmodium gangeticum root extracts

Our major findings: i) Preparation of copper oxide nanoparticles of
size 28 nm by Desmodium gangeticum root extracts and characterized
the product through UV, XRD, FTIR, SEM and TGA ii) Copper oxide
nanoparticles were found to have significant antimicrobial activity
against Escherichia coli, Staphylococcus aureus and Bacillus subtilis
with good antioxidant activity and iii) Toxicological evaluation of
copper oxide nanoparticles in LLC-PK1 cell line suggests the non-toxic
nature of copper oxide nanoparticles. According to Iravani (2011),
nanoparticles synthesized by using plant and plant products seems
to be more stable and faster in synthesis, suitable for large scale
production. Using an aqueous extract of Desmodium gangeticum
root extracts we prepared copper oxide nanoparticles by reducing
copper sulfate substrate. The formation and stability of copper oxide
nanoparticle were initially analyzed by UV-Visible spectroscopy.

Fig. 1A shows the absorption spectra of the reaction mixture
containing copper sulfate (10 mm) and Desmodium gangeticum
aqueous root extract (2.5 mg/ml). The absorption spectra at 415 nm
suggest the formation of copper oxide nanoparticles. Gans
modification of Mie theory predicts that the shift in the surface
plasmon resonance occurs when the particles deviates from
spherical geometry. The single sharp SPR band in the absorption
spectra predicts the spherical nature of copper oxide nanoparticles
and was confirmed by UV-Visible spectroscopy.
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Fig. 1: Characterization of copper oxide nanoparticle by UV-Visible spectrum, X-Ray Diffractometry and Fourier Transform Infrared
Spectroscopy

Fig. 1B shows the XRD spectrum of biosynthesized copper oxide
nanoparticles. It clearly indicates the presence of two crystalline
phases’ viz.,, monoclinic cupric oxide (CuO) and cubic cuprous oxide
(Cuz20). The peaks observed in the spectrum with 20 Braggs angles of
30.26°, 36.45° and 62.56° are indexed as (110), (111) and (220) planes
that are in good agreement with those of powder Cu:0 from the
International Center of Diffraction Data card (JCPDS file no. 05-0667).
Peaks at 31.60, 39.2°, 46.23°, 49.7°, 53.3°, 60.97° and 68.3° are indexed
as (110), (111), (-112), (-202), (020), (-113) and (113) planes that are
in good agreement with the values of monoclinic cubic phase of CuO
(JCPDS file no. 45-0937). Peak with 26 = 74.18° matches to the JCPDS
pattern of copper nanoparticles (file no. 04-0836). This confirms the
presence of copper oxide nanoparticles with face centered cubic
structure [30, 31]. The average diameter of the particle was calculated
by using Scherrer formula (eqn I) and found to be 1.46 nm.

In order to understand the nature of capping agent and the presence of
different functional groups responsible for the synthesis of mono
dispersed copper oxide nanoparticles, FTIR measurement was carried
out. The interaction between different chemical species and changes in
the chemical environment of the sample was studied. The FTIR
spectrum of copper oxide nanoparticles is shown in Fig.1C absorption
is in the range of 400-4000 cm. The spectra show main frequency
band 617 cm! corresponds to Copper oxide in Cuz0 phase [32]. The
respecting wave number in the spectrum may provide information
about capping agent contributed by DG. The frequency band at 2928
cm! in DG IR spectra is shifted towards 2924 cm! and refers to alkyl
C-H stretching present in copper oxide nanoparticles. The other
frequencies observed at 3416 cm!, 2924 cm, 2854 cml, 1634 cm
1400 cm-Icorresponds to H-O-H stretching H bonded alcohols and
phenols, C-H alkyl stretching, C-H stretching, C-O stretching.

Fig.1D shows the FTIR results of DG extract. The spectra show
frequency bands 3746 cm!, 2928 cm?, 1400 cm! and 1079 cm'!
which is also present in the IR spectra of copper oxide nanoparticles
which confirm the presence of DG phyto-constituents in the
nanoparticles surface that may act as the capping agent.

Fig.1E shows thermo gravimetric spectrum of DG synthesized
copper oxide nanoparticles. From the spectra, we can identify the
physicochemical interaction between copper oxide nanoparticles
and phyto-compounds in DG. The existence of physicochemical
moisture either in the form of physical adsorption or in the
chemically bound hydroxyl group was determined.
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Fig. 2: Scanning electron micrograph of copper oxide
nanoparticles
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DG extract was observed to have a linear weight loss till 700 °C.
However, bound onto the copper oxide nanoparticle surface, DG exhibits
a delayed decomposition. At 700 °C, DG extracts shows 65% weight loss
while copper oxide nanoparticles showed a 40% weight loss. This weight
loss may be due to the decomposition of organic compounds present in
DG. The first phase of decomposition starts at 160 °C till 370 °C which
results in a 30 % weight loss. This may be due to the presence of
phytosterols such as stigmasterol, genistein [33] (3416 cm), gallic acid,
phenyl ethylamine, caffeic acid [34] in DG extract, confirmed by LCMS
and GCMS analysis (data not shown) [35]. The IR peaks of genistein and
caffeic acid in the nanoparticles indicates the interaction of DG with
nanoparticles. Contrary to DG extract copper oxide nanoparticles
showed 10.14% and 11.67% weight loss at 620 and 740 respectively.

Fig. 2 shows the SEM micrograph of DG synthesized copper oxide
nanoparticles and supports the crystalline nature. The morphology

. aureus
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of the copper oxide nanoparticles was observed by scanning
electron microscope JEOL F-6400. In SEM analysis, the synthesized
copper oxide nanoparticles of spherical shape show less aggregation
of particles with diameters ranging from 10 to 60 nm with an
average size of 28 nm.

Antimicrobial activity of DG synthesized copper nanoparticles

Gram positive bacteria namely Bacillus subtilis (MTCC-2413),
Staphylococcus aureus (E1 MTCC-3160) and Gram-negative bacteria
Escherichia coli (MTCC-574) were used to study antibacterial activity
of copper oxide nanoparticles. The results were compared with
ciprofloxacin, the positive control. It had been shown that copper
kills microbes by rupturing the membrane by direct interaction or
even by weakening the cell by increasing the membrane
permeability.

Fig. 3: Antibacterial assay of copper oxide nanoparticles

The Enhanced antimicrobial activity of CuO nanoparticles
obtained in our study suggests the significance of nano size in
mediating some of the biological activities as compared to its
macro size. The results are shown in fig.3 and table: 1 where the

significantly higher as compared to DG extract and copper
sulfate with Gram positive bacteria. On the other hand, treated
with Gram negative bacteria, the extent of inhibition was less
compared to the precursor but significantly higher when

zone of inhibition of copper oxide nanoparticles was compared to the DG extract.
Table 1: Zone of inhibition obtained by well diffusion method
Strain Zone of inhibition diameter(mm)
Positive control DG Precursor Cu Nanoparticles
Escherichia coli (MTCC-574) 24.072 11.730 31.906 31.768
Bacillus subtilis (MTCC-2413) 23.876 nil 13.37 21.792
Staphylococcus aureus E1 (MTCC-3160) isolate 3 23.6 12.625 28.530 32.034

Total phenol determination

Phenolic compounds are a diverse group of secondary metabolites
known for its ubiquitous bioactivity and are universally present in
higher plants. The Folin-Ciocalteu phenol reagent is commonly used
to estimate the amount of phenolic compounds present in the
extract. However, the assay has been shown nonspecific not only to
polyphenols but to any of another substance that could be oxidized

by the Folin reagent as reported by various researchers. The low
correlation between total polyphenol contents and the antioxidant
activity of copper oxide nanoparticles suggest that the antioxidant
potential of copper oxide nanoparticles may be because of the
presence of non-phenolic compounds to as well. The concentration
of total phenolic compounds in DG was found to be 1.505 mg/g
ascorbic acid whereas in copper oxide nanoparticles, it was found to
be 0.20875 mg/g ascorbic acid (fig. 4A).

Reducing Power Assay

Reducing Potential (%)
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Fig. 4: Total phenolic assay and reducing power assay of copper oxide nanoparticles
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Reducing power assay

Reducing power is one of the indexes to assess the antioxidant
potential of any compound. The reducing power of copper sulfate
(precursor) was low when compared to of DG extract. However, the
copper oxide nanoparticles prepared from them showed
significantly high reducing potential than its precursor (fig. 4B).

Antioxidant potential of DG synthesized copper oxide nanoparticles

Inhibiting the free radical production or scavenging those molecules
will be one of the modality for the treatment of numerous diseases.
In order to assess the antioxidant potential of copper oxide
nanoparticles, we used DPPH assay.

B
=3

DPPH Scavenging Assay

=

&; prel stauegging £

CuMNPs CuMNPs CuNPs CuNPs CulNPs CuNPs Cu2504 DG(1) Ascorbic
(1) (0.5) {0.25) (0.125) (0.0625)(0.03125) (1) acid (1)
Concentration (mg/mL)

Fig. 5: DPPH scavenging assay of copper oxide nanoparticles

DPPH assay

DPPH [1, 1-diphenyl-2-picryl hydrazyl] is a stable free radical by virtue
of the delocalization of the spare electron over the molecule as a whole
with purple color, the intensity of which is measured
spectrophotometrically at 510 nm. Antioxidants reduce DPPH to 1, 1-
diphenyl-2-picryl hydrazine, a colorless compound. Copper oxide
nanoparticles showed a dose dependent scavenging of free radical that
confirming its antioxidant nature. While DG extract showed 80% DPPH
scavenging effect. On the other hand, copper sulfate shows less DPPH
scavenging activity compared to copper oxide nanoparticles. Hence, the
enhanced DPPH scavenging ability of copper oxide nanoparticles may be
due to the presence of the phyto-compounds present in DG (fig. 5)

Toxicology

Cytotoxicity study was performed in LLC-PK1 epithelial cell lines
using the LDH assay. The toxic effect of copper oxide nanoparticles
was found to be less as compared to DG aqueous root extracts and
the precursor (CuSO4), copper oxide nanoparticles. (fig. 6)
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Fig. 6: Toxicological evaluation of copper oxide nanoparticles-
LDH assay
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CONCLUSION

In conclusion, the above results suggest that Desmodium gangeticum
root extract can synthesize copper oxide nanoparticles in economical
and eco-friendly manner. The XRD analysis confirms that copper
nanoparticles are crystalline in nature with cubic structure and the
average crystalline diameter was found to be 1.46 nm. Copper oxide
nanoparticles were thermally stable and can act as good antibacterial
agent. Biologically synthesized copper oxide nanoparticles show
significant antioxidant effect and found to be less toxic as compared to
the precursor and DG extract, thereby can be used as potential
candidate species for various biomedical applications.
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