J. Bio. & Env. Sci. | 2024

Journal of Biodiversity and Environmental Sciences (JBES)
ISSN: 2220-6663 (Print) 2222-3045 (Online)
Vol. 24, No. 2, p. 135-144, 2024

http://www.innspub.net

INNSPUB

RESEARCH PAPER OPEN ACCES

Anticarcinogenic and antimicrobial assessment of copper oxide
nanoparticles derived from the leaf extract of Catharanthus

roseus

Selvanayakam Sumitha, Esakiappan Subramanian, Kalaiyar Swarnalatha®
Photochemustry Research Laboratory, Department of Chemistry,
Manonmaniam Sundaranar University, Abishekapatti, Tirunelvelr, Tamil Nadu, India

Article published on February 18, 2024

Key words: Copper oxide nanopartiles, Leaf extract, Antibacterial, Antifungal, Antioxidant, Anticancer activity

Abstract

This study focuses on the biological examination of copper oxide nanoparticles (CuO NPs) synthesized using
Catharanthus roseus leaf extract, which served both as reducing and stabilizing agents. The formation of
these biogenic CuO NPs was analyzed through UV-visible, Fourier transform infrared spectroscopy (FTIR), X-
ray diffraction (XRD), and scanning electron microscopy (SEM). The UV-visible spectral analysis revealed a
peak at 273 nm, while FTIR provided insight into the functional groups associated with the NPs. Antibacterial
testing showed inhibition zones (ZOI) and Minimum Inhibitory Concentration (MIC) against eight pathogenic
bacterial strains, both positive and negative. Antifungal testing exhibited ZOI against four pathogenic fungal
organisms. Furthermore, the nanoparticles displayed antioxidant potential, with an ICs, value of 58.55 pg/ml,
indicating the scavenging ability. The in-vitro assessment of anticancer activity was carried out against the

HT29 cell line, revealing an ICso value of 37.99 ug/ml.
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Introduction
Nanoparticles have indeed revolutionized various
fields due to their unique properties and applications.
In pharmaceuticals, NPs are used to enhance drug
delivery by improving solubility, bioavailability, and
targeting specific areas in the body (Bajwa et al.,
2023). Nanoparticles come in various forms metallic
(like gold, silver, iron) and non-metallic (like carbon-
based or polymer-based). Their size and properties
can be finely tuned for specific applications, making
them versatile tool across scientific disciplines (Sajid
and Plotka-Wasylka, 2020; Jabarkhil et al., 2023;
Saleh and Hassan, 2023). For the past two decades,
numerous researchers have explored the synthesis of
metallic nanoparticles utilizing various metals such as
iron, silver, gold, manganese, copper, zinc and more
(Gahlawat and Choudhury, 2019; Darroudi et al.,
2011). Similarly, Sardar et al. and Thambidurai et al.
reported the

biological and physicochemical

properties of green metal and metal oxide
nanoparticles using conventional methods (Sardar et
al., 2022; Thambidurai et al., 2020). Among these,
copper oxide nanoparticles (CuO NPs) have piqued
researchers' interest due to their potential
applications in cellular targeting and drug delivery,
due to their excellent magnetic properties (Rajagopal

et al., 2021).

In recent times, copper oxide nanoparticles (CuO
NPs) have been widespread utilization across a
spectrum of items, including personal care products,
food storage containers, household appliances,
paints, textiles, batteries, catalysis, gas sensors, and
tools for electrical, optical and solar energy
applications (Siddiquee et al., 2021). The creation of
nanoparticles through chemical means is expensive,
showcasing only moderate anti-cancer capabilities
while potentially affecting healthy cells. In contrast,
using biosynthesized nanomaterials for cancer
treatment has resulted in minimal side effects and
toxicity, leading to enhanced targeted cell therapy.
Metal and metal oxide nanoparticles have emerged as
promising agents for combating various types of
cancer cells

effectively (Manimaran et al,

2023). Many researchers covered various aspects of
CuO nanoparticles, including synthetic methods,
characterization, applications in different fields, and
their effects in areas like antibacterial activity and
water treatment (Jadhav et al., 2011; Chakraborty et
al., 2022; Bhavyasree and Xavier, 2022; Alahdal et
al., 2023).

The current research aimed to evaluate the
antimicrobial, antioxidant, and anticancer potential
of CuO NPs synthesized through green methods using
Catharanthus roseus leaf extract. These nanoparticles
were tested against pathogenic bacteria and human

colon cancer cells in laboratory conditions.

Materials and methods

Materials required

Catharanthus roseus leaves were collected from our
University campus, Tirunelveli. Cupric chloride (99%)
procured from Merck, Mumbai. All solutions were
prepared by using distilled water. Bacillus cereus,
Streptococcus pyogenes, Pseudomonas aeruginosa,
Staphylococcus aureus, Propionibacterium acnes,
Actinomycetes israelii, Streptococcus faecalis,
Enterococcus faecalis were purchased from MTCC,
Chandigarh,

antibiotic solution, Potato dextrose agar medium,

India. Nutrient broth, Gentamicin

Amphotericin B antimycotic solution, 1X PBS were
purchased from Himedia, India. DMEM medium,
Fetal Bovine Serum (FBS) and antibiotic solution
were from Gibco (USA), DMSO (Dimethyl sulfoxide)
and MTT (3-4,5 dimethylthiazol-2yl-2,5-diphenyl
tetrazolium bromide) were procured from Sigma,
USA. HT-29 (human colon cancer cell line) were
purchased from NCCS, Pune. Microplate reader was
purchased from Thermo Fisher Scientific, USA and all

solutions were prepared by using distilled water.

Preparation of leaf extract

The fresh leaves (50-100 no’s) of Catharanthus
roseus were washed with distilled water. The washed
leaves were heated to boil and the leaf extract was
obtained as yellowish green colour. The extract was

collected in a 100 mL beaker for further use.
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Synthesis of CuO NPs

About 0.17 gm of CuCl..2H-O precursor was added
with the 25 mL of leaf extract in a 250 mL Erlenmeyer
flask. It is heated to about 60°C-80°C and continuous
stirring for 30 mins. The colour of the solution
changes to pale yellowish green upon the addition of
leaf extract to the precursor. The continuous heating
and stirring to the above solution led to the colour
change from pale yellowish green to dark green colour
and subsequently the colour changes to blackish
brown colour. The above colour change of the
solution indicates the formation of CuO NPs. The
formed CuO NPs were filtered and dried at 8°Cfor 30
minutes. The dried yield was stored in an air tight

container for further experiments.

Characterization
Ultraviolet — Visible (UV-Vis) spectrum of AuNPs was
Perkin

Spectrophotometer in 200 — 800 nm range. Fourier

recorded by Elmer Lambda 25
Transform Infrared (FT-IR) spectral measurements
JASCO FTIR 410
spectrophotometer in 4000-500 cm™ range using KBr

technique. =~ SEM

were  performed on

pellet (Scanning  Electron
Microscope) images of the samples were obtained
with EVO18 (CARL ZEISS) microscope. EDX (Energy
Dispersive X-ray-Spectrometer) elements present in
the sample analysed with Quantax 200 with X

Flash® 6130.

Antibacterial study

The antibacterial efficacy of the CuO nanoparticles
synthesized through green method was evaluated
using the Agar-well diffusion technique against a

range of pathogenic gram-positive and gram-negative

bacteria  strains such as Bacillus cereus,
Actinomycetes israelii, Proteus vulgaris,
Streptococcus pyogenes, Corynebacterium

diphtheria, Pseudomonas aeruginosa, Aeromonas
hydrophila, Propionibacterium acnes, Enterococcus
faecalis, and Staphylococcus aureus. Indentations
varying
concentrations of CuO NPs (500, 250, 100, and 50

(wells ~1omm) were made, and

pg/ml) were introduced into these wells.

Subsequently, the plates were incubated at 37°C for

24 hours. The antibacterial effectiveness was assessed
by gauging the diameter of the inhibition zone
encircling the wells (Bauer et al., 1959). The positive
control involved the utilization of the gentamicin

antibiotic in this study.

Antifungal study

The synthesized copper oxide nanoparticles were
subjected to antifungal assessment by adopting the
very same procedure as in antibacterial study. The
fungal species used in this study includes Candida
albicans, Aspergillus flavus, Aspergillus niger and
Aspergillus fumigatus. Subsequently, the plates were
incubated at 28°C for 72 hours. The assessment of the
anti-fungal activity was conducted by measuring the
width of the zone of inhibition that formed around the
wells (Magaldi et al., 1997; Clinical and Laboratory
Standards Institute, 2008). Amphotericin B was

employed as a positive control in this experiment.

Antioxidant study
The assessment of in vitro antioxidant activity of CuO
nanoparticles synthesized using leaf extract of
involved DPPH

scavenging assay. The experiment utilized CuO NPs

Catharanthus roseus radical
with standard concentrations of 100, 75, 50, 25, and
10 g/mL. To prevent nanoparticle aggregation, the
CuO NPs are sonicated at room temperature for 30
minutes. Absorbance measurement was performed
using spectrophotometry, comparing the results with
corresponding blank solutions (Manzocco 1998). The
percentage of inhibition was calculated using the
following formula:

Scavenging effect (% inhibition) = {(Abs of control-

Abs of reaction mix)/ (Abs of control)} x100 (1)

In vitro cytotoxicity

The CuO nanoparticles' cytotoxicity assessment
utilized the (MTT) assay by Mosmann (1983). HT-29
human colon cancer cells were cultured in Dulbecco's
Minimal Essential Medium (DMEM) supplemented
with 10% FBS and 1% penicillin-streptomycin
solution. Cells (1x 105 cells per well in 200 uL) were
placed in 96-well plates and incubated at 37°C with
5% CO- for 24 to 48 hours.

137 | Sumitha et al.



J. Bio. & Env. Sci. | 2024

Then, they were treated with various CuO NPs
concentrations (10 to 500 pug/mL) for a specific time.
MTT solution (10 puL at 5 mg/ml) was added, and
after 2-4 hours, distinct purple precipitates were
observed and the experiment was carried out in
triplicate. After removing the medium and MTT, wells
were washed with 1X PBS and formazan crystals
obtained was dissolved in 100 pL of DMSO.
Absorbance at 570 nm was measured using a
microplate reader (Mosmann, 1983; Marshall et al.,
1995). The calculation of cell viability percentage was
performed using equation (2).

Cell viability % = {(mean OD of individual test
group)/ (mean OD of control group)} x100 (2)

Results and discussion

CuO NPs were synthesized by simple green method in
which leaf extract of Catharanthus roseus is utilized.
The phytoconstituents present in the leaf extract
serves as both reducing and stabilizing agent for the
formation of CuO NPs. The as-prepared metal oxide
NPs were characterized by various spectral and
analytical tools. A single literature source focused on
generating copper oxide nanoparticles at room
temperature through Catharanthus roseus leaf
extract induces as to work on this (Begum et al,
2019). Our study emphasizes on the synthesis of Nps
using the leaf extract differently by heating and
stirring it with a precursor which led to nanoparticle
formation within 5 minutes. This method proves to be
uncomplicated and saves time compared to other
methods for preparing CuO NPs. The prepared CuO
nanoparticles are evaluated for their possible

applications in antimicrobial, antioxidant and

anticancer investigations.

Spectral features

Absorption studies

The optical absorption characteristic features of CuO
nanoparticles were explored at room temperature
using UV - visible spectroscopy. The CuO NPs were
dissolved in water, underwent analysis via UV-—
Visible spectroscopy, revealing an absorbance peak at
238 nm, attributed to the Surface Plasmon Resonance
(SPR) effect of CuO NPs (Fig. 1). Typically, CuO NPs

exhibit UV-visible absorption within the 200 to 400
nm range, affirming the formation of CuO NPs in this
study. In semiconductors, when photons with energy
surpassing the semiconductor's gap are absorbed, an
electron moves from the valence band to the
conduction band (Sathish Kumar et al., 2021,

Turakhia et al., 2020).
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Fig. 1. UV — Vis absorption spectrum of CuO NPs
synthesised by using Catharanthus roseus leaf extract

in aqueous medium
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Fig. 4. EDX spectrum of CuO NPs
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Fig. 6. Antibacterial activity of CuO NPs against

gram (+) ve and gram (-ve) strains

(a) Pseudomonas aeruginosa (b) Staphylococcus
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Fig. 7. Zone of inhibition of synthesised CuO NPs

against various microorganisms
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Fig. 8. Microscopic images of Antifungal activity
(a) Aspergillus fumigatus (b) Aspergillus niger (c)
Candida albicans (d) Aspergillus flavus

FT-IR characterization

The FT-IR spectrum was recorded in the form of KBr
pellet in the region of 4000 — 400 cm™. Fig. 2a shows
the FT-IR spectrum of pure CuO bands appeared at
460, 607, (Subramanian &
Subbulekshmi, 2016). The spectra of CuO NPs in the

region of 3350 cm?, the high frequency region

and 673 cm™

indicates -OH stretching in Fig. 2a. The vibrational
stretching frequency at 764 cm™ is assigned for C—H
bend of alkenes. The strong band at 1627 cm~ was
assigned to N-H bending of primary and secondary
groups of amines and amides. The band at 1434 cm™!
was assigned to —OH bending of carboxylic acid. The
red shift was observed from 1017 to 1247 cm~! which
occurred due to oxidation of >C=0 groups of the
extract components (Begum et al., 2019). A medium
band at 1362 cm™ due to O-H bending of phenol.
Similarly, a weak band was observed at 806 cm~! due
to C=C bending of tri substituted alkane. The
prominent absorption peak in leaf extract (Fig. 2b) at
3269 cm™ is linked to the presence of hydroxyl (-OH)
functional groups commonly present in alcohols and
phenolic compounds. Two medium bands observed at
601and 661 cm~ due to C-Cl stretching of halo
compounds present in extract. In the region of 1000
to 1300 cm™!, strong bands due to C-O stretching of
alcohols, esters, carboxylic acids, anhydrides are
present in leaf extract as observed at 1024, 1072 and
1247 cm~. A strong band at 1391 cm~ due to S=0
stretching of sulfonyl chloride groups and N-H
bending vibration spectra observed at 1585 cm. In
the region 3000-2840 cm~ two bands present at
2847 and 2926 cm~! due to C-H stretching of alkanes
in Fig. 2b (Amin et al., 2021).

SEM

The SEM image of CuO depicts irregularly shaped
particles highly agglomerated together, showcasing
nano-spheres, square forms, and clustered structures
on the surface. Conversely, the SEM image of CuO
NPs in Fig. 3 displays larger, irregularly shaped,
spongy-like particles. A closer examination at high
magnification (200 nm) reveals the presence of nano
clusters covering the entire surface area (Zahrah,

2022).
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Table 1. Elemental composition of CuO NPs SEM

EDX analysis
Element Atomic Wt (%)
C 58.3
(0] 38.6
Al 0.3
Si 0.7
Cl 0.2
P 0.1
Fe 0.2
Cu 1.6
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Fig. 9. DPPH radical scavenging activity of CuO NPs

of OD value at 517 nm

Inhibition (%)

”y—

& & & & &
s & & & ¢

g
F S S $ s s

S ~ S
< Concentration (ug/ml)

Fig. 10. Inhibition percentage of sample and
standard by DPPH
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Fig. 11. Absorbance at 570 nm with different

concentration of HT-29 Cell lines

EDX

The SEM EDX analysis, (detailed in Table 1) distinctly
reveals the elemental composition present in the NPs.
The EDX spectrum shown in (Fig. 4) confirms the
existence of all components within the CuO NPs.
Specifically, the ratio of Cu to O is measured at 1.6%
and 38.6%, respectively.

Antibacterial activity of CuO NPs

The antibacterial assessment of copper oxide
nanoparticles involved eight different bacterial
species, encompassing both gram-positive (+ve) and
gram-negative (-ve) types: Staphylococcus aureus,
Streptococcus faecalis, Streptococcus pyogenes,
Propionibacterium acnes, Pseudomonas aeruginosa,
Bacillus cereus, Aeromonas hydrophila, and
Actinomycetes israelii. Fig. 5 illustrates the zone of
inhibition for CuO NPs against these strains. At 500
pg/ml concentration, the maximum zone of inhibition
was observed, measuring 21.5, 19.5, 18.5, 19.5, 21.5,
17.5, 17.5, and 16.5mm, respectively, across the
bacterial strains. Notably, Pseudomonas aeruginosa
displayed higher activity with CuO NPs across all
concentrations compared to other bacteria (Al-
Jassani & Raheem, 2017; Dadi et al., 2019). Fig. 6
showcases images of the zone of inhibition around the
wells for both the antibacterial strains and the
synthesized CuO NPs. The results were tabulated and
compared with a standard, Gentamicin positive

control as depicted in Table 2.

Antifungal activity of CuO NPs

The biosynthesized CuO NPs underwent antifungal
assessment using the agar well diffusion method
against various pathogens, including two gram-
positive fungal species Candida albicans and
Aspergillus flavus and two gram-negative fungal
species Aspergillus niger and Aspergillus fumigatus.
The results indicated that the maximum zone of
inhibition across all strains at 500 ug/mL of CuO
NPs, measuring 20.52, 19.5, 14.5, and 16.5 mm,
respectively.  Notably, Aspergillus fumigatus
displayed high inhibition zones across concentrations
of 500, 250, 100, and 50 pg/mL, as shown in Fig. 7.
The disk diffusion method validated the antifungal
activity of CuO NPs, illustrated by images of the
inhibition zones around the wells in Fig. 8. The
activity against Candida albicans surpassed that of
the reference standard, Amphotericin B positive
control. The detailed results about the zone of

inhibition were tabulated in Table 3.
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Fig. 12. Cell viability % of HT-29 cell lines

CuONPs treated with HT-29 cell line at different concentration
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Fig. 13. Cytotoxicity study of CuO NPs of HT-29 cell

line

Antioxidant activity of Copper nanoparticles

The radical scavenging capability of the synthesized
copper oxide nanoparticles was assessed through the
in vitro DPPH assay. Table 4 and Fig. 9 depict the
optical density of the synthesized CuO NPs alongside
the control (Ascorbic acid) values. These results were
then tabulated in Table 5, where the free radical
scavenging activity at various nanoparticle
concentrations was compared, revealing an ICso value

of 58.55 pg/mL. The results in Table 4 and 5

highlighted the potent inhibition of DPPH by CuO
nanoparticles. Furthermore, Fig. 10 illustrates the
dose-dependent percentage inhibition response of
CuO-NPs and ascorbic acid against the DPPH radical.

In vitro cytotoxicity

The in vitro assessment of the synthesized copper
oxide nanoparticles targeted the HT-29 human colon
cancer cell line through the MTT assay for anticancer
activity. Triplicate tests with different concentrations
(10, 20, 40, 60, 80, 100, 200, 300, 400, and 500
pg/mL) of CuO nanoparticles were conducted over 48
hours. The obtained optical density values at 570 nm
against the control were tabulated in Table 6 and
plotted in Fig. 11. Cell viability was concentration-
dependent, declining as the sample concentration
increased (Table 7). The concentration-dependent
curves of CuO nanoparticles revealed significant
cytotoxicity, exhibiting an ICso value of 37.99 pug/mL
against the tested cancer cell line. Notably, lower
concentrations of CuO NPs showed higher -cell
viability percentages and optical density values. Fig.
12 demonstrates the considerable cytotoxicity of cell
viability percentages at concentrations of 10, 20 and
40 pg/mL of synthesized CuO NPs—measuring 86%,
76%, and 69%, respectively. Moreover, Fig. 13
illustrates the microscopic images exhibiting the
anticancer activity of CuO NPs against the HT-29

human colon cancer cell line.

Table 2. Different concentration of sample zone of inhibition

SL  Name of the organism

Zone of inhibition (mm), Mean+SD

500 pg/ml 250 pg/ml 100 pg/ml 50 pg/ml PC
1. Pseudomonas aeruginosa 21.5+0.707 21.25+0.35 18.25+0.30 15.2540.3  23.5+0.707
2. Staphylococcus aureus 19.5+0.70 17.25+0.35 10.25+0.30 7.2540.3  20.25+0.35
3. Bacillus cereus 18.5+0.707 16. 25+0.35 13.25+0.3 0.25+0.3  19.5+0.707
4. Streptococcus faecalis 19.5+0.707 17.25+0.35 16.25+0.35 6.25+0.3 21.5+0.7
5. Streptococcus pyogenes 21.5+0.707 19.25+0.35 10.25+0.3 0 15.25+0.35
6. Actinomycetes israelii 17.540.7071 15.25+0.35 11.2540.3 9.25+0.3  18.5+0.7071
7. Aeromonas hydrophila, 17.5+0.707 13.25+0.3 11.25+0.3 10.25+0.30 17.5+0.707
8. Propionibacterium acnes 16.5+0.70 12.25+0.35 10.25+0.30 6.25+0.30 15.25+0.35
*PC is Gentamicin
Table 3. Antifungal activity of CuO NPs
SL  Name of the test organism Zone of inhibition (mm), SD + Mean

500 pg/ml 250 pg/ml 100 pug/ml 50 ug/ml PC
1. Aspergillus niger 20.5£0.70 14.25+0.35 10.25+0.30 8.25+0.3  27.5+0.707
2. Aspergillus fumigatus 19.54+0.707 18.25+0.35 12.25+0.3 9.25+0.3 25.5+0.70
3. Aspergillus flavus 14.5+0.70 11.25+0.35 10.25+0.3 9.25+0.3 17.5+0.707
4 Candida albicans 16.5+0.707 14.25+0.35 11.25+0.30 10.25+0.3 6.5+0.70

*PC is Amphotericin B
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Table 4. Different concentration of sample OD Value at 517 nm
SL Sample concentration (pg/ml) OD Value at 517 nm (in triplicate ) Mean
1 500 0.314 0.314 0.314 0.319
2 250 0.422 0.422 0.422 0.421
3 100 0.472 0.472 0.472 0.609
4 50 0.802 0.802 0.802 0.978
5 10 1.440 1.440 1.440 1.469
6 Control 1.564 1.564 1.564 1.595
Table 5. Percentage of inhibition of CuO NPs
SL Sample concentration (ug/ml) Percentage of inhibition (in triplicate) Mean
1. Ascorbic acid 94.98433 94.98433 94.98433 93.52142
2, 500 80.31348 80.31348 80.31348 79.9582
3. 250 73.54232 73.54232 73.54232 73.60502
4. 100 70.40752 70.40752 70.40752 61.83908
5. 50 49.71787 49.71787 49.71787 38.70428
6. 10 9.717868 9.717868 9.717868 7.920585
Table 6. Absorbance Value at 570 nm with different concentrations
SL Tested sample concentration (ug/ml) OD value at 570 nm (in triplicate) Mean
1 500 0.708 0.708 0.708 0.737
2 400 0.77 0.77 0.77 0.771
3 300 0.781 0.781 0.781 0.782
4 200 0.813 0.813 0.813 0.849
5 100 0.927 0.927 0.927 0.942
6 8o 0.99 0.99 0.99 0.995
7 60 1.06 1.06 1.06 1.07
8 40 1.212 1.212 1.212 1.271
9 20 1.373 1.373 1.373 1.390
10 10 1.521 1.521 1.521 1.574
11 Control 1.737 1.737 1.737 1.824
Table 7. Cell Viability (%) of HT-29 cell line
SL Tested sample concentration (ug/ml) Cell viability (%) (in triplicate) Mean (%)
1 500 40.7599 40.7599 40.7599 40.402231
2 400 44.3293 44.3293 44.3293 42.36001
3 300 44.9626 44.9626 44.9626 42.945746
4 200 46.8048 46.8048 46.8048 46.520236
5 100 53.3679 53.3679 53.3679 51.684592
6 80 56.9948 56.9948 56.9948 54.61429
7 60 61.0248 61.0248 61.0248 58.726324
8 40 69.7755 69.7755 69.7755 69.683741
9 20 79.0443 79.0443 79.0443 76.265166
10 10 87.5648 87.5648 87.5648 86.323426
11 Control 100 100 100 100
Conclusion They also displayed robust DPPH inhibition (ICso:

The study presents a cost-effective and efficient
synthesis of copper oxide nanoparticles using
Catharanthus roseus leaf extract. Various analyses
including UV-Vis spectroscopy, FTIR, SEM and EDX

validated the reduction of copper chloride to copper

oxide nanoparticles and revealed specific
characteristics. CuO NPs exhibited potent
antibacterial  activity = against = Pseudomonas

aeruginosa and impressive antifungal effect against

Candida albicans, surpassing Amphotericin B.

58.55 ug/mL), showcasing significant antioxidant
potential. The HT-29 cancer cell line showed reduced
viability ~ with CuO

concentrations, indicating the toxicity (ICso: 37.99

increasing nanoparticle

pg/mL).

This study demonstrates the vast potential of these

CuO nanoparticles as an ideal candidate for
antibacterial, antifungal, antioxidant and anticancer

applications.
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