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diameter 21.02nm and zeta potential analysis. The efficiency of CuO
NPs on human colorectal carcinoma cell lines (HCT-116) and HFF as
normal cell lines was studied. Different concentrations of copper
oxide nanoparticles (10, 50, 100, 250 ,500) pg/ml at 24 hours were
selected. Results indicated that the impact of nanoparticles is
dependent on the concentration. As the concentration of
nanoparticles increases, the percent of cell viability decreases. It was
found that concentration of CuO NPs at 250 pg/ml gave the cell

viability percent (30.08%) after 24 hours. The nanoparticles also
showed antibacterial effects against gram-positive and gram-negative
bacteria in different concentrations. At a concentration of 1024
(ug/ml), CuO NPs showed a strong antibacterial effect against all four
kinds of bacteria.

Mobile: +9647736914970

Introduction:

Cancer is one of the contributors to the rise in mortality rate in many countries, and it is
also viewed as a dangerous health threat to mankind worldwide, It is the cause of death
worldwide, accounting for nearly 10 million deaths in 2020, as per the World Cancer Report
from World Health Organization[1].

several side effects when using available cancer treatments like alkylating agents,

antimetabolites and other different cancer therapy methods due to the incapability of

differentiation between the normal cell and cancer-causing cells, which leads to toxicity [2].
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The employing of nanomaterials in cancer treatment has been found in a modern medication
due to their nanoscale-sized property, which provide increased drug efficacy and sustained
release of drug material[3, 4].

Numerous metallic nanoparticles such as gold, silver, cobalt ,selenium and others have
been investigated for their potential anticancer effects [5-9]. However, copper NPs have
become increasingly applicable due to their cytotoxic potency against cells of cancer at low
doses and high stability period compared to Au and Ag NPs. Moreover, in contrast to gold
NPs, they possess a tunable absorption, based on the particle size, which can be formulated
below 20 nm, ensuring near-infrared absorption, improved pharmacokinetic properties and
efficient elimination from the body when their size is below 6 nm[10].

Copper oxide is a p-type semiconductor used in industries such as gas sensing, solar
energy conversion, batteries, magnetic storage media and field emission devices [11].
Biomedical applications of copper oxide nanoparticles involved anti-microbial targeted drug
delivery,antifouling, antibiotics and antioxidant [12].

The green synthesis of nanoparticles provides an environmentally friendly, quick, easy,
simple, and cost-effective method. You may find an abundance of terpenoids, carbohydrates,
phenols, and flavonoids in the plant's many components, including its seeds, flowers, leaves,
fruits and stems. These phenolic phytochemicals possess hydroxyl and ketone groups, which
may act as stabilizing and reducing agents. Nonetheless, there is still a lot of debate on how
plants may be used in green synthesis. [13]

Imperata cylindrica, often called cogon grass, lalang, or halfa in Iraq and the Middle East, a
plant species belonging to the Poaceae family. As shown in Figure 1.

—— —_

Fig.1 Imperata cylindrical

Cogon grass, a highly invasive warm-season perennial grass, is widely recognized as
problematic and listed among the most troublesome weeds globally. It adversely affects
agriculture and ecosystem health by outcompeting other plants, resulting in stunted growth,
decreased crop yields, and delayed harvests. Furthermore, animals refrain from masticating
the mature leaves that possess sharp edges.[14] .

However, the existing research on using Imperata cylindrica in biological and
environmental applications is scarce. This plant was said to possess therapeutic properties.
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The medicinal properties of this plant were subsequently validated based on the presence of
several phytochemicals such as tannins, alkaloids, saponins, and flavonoids. [15]
Traditionally, some cultures have used this substance in folk treatments to treat cancer, colds,
diarrhea, dysentery, gonorrhea, myalgia, night sweats, rheumatism, and tumors.[16].

A limited number of studies that describe the biosynthesis process of nanoparticles from
aqueous extract of Imperata cylindrical.[17, 18].

The phyto- chemical constituents of plant extract have ability to reducing and capping
agent to convert the bulk metallic into nano scale. [19]

The objective of the current research was to biosynthesize CuO nanoparticles from
Imperata cylindrica for evaluating their effectiveness in inhibiting a human colorectal
carcinoma cell line (HCT-116) and Antibacterial Activity.

EXPERIMENTAL SECTION
Materials
Imperata cylindrica was obtained in December from a village in Diyala Governorate,
Iraq. Copper nitrate (99% purity, BHD, Germany), sodium hydroxide(97% purity Sigma-
Aldrich,USA), Ethanol 99% purity Sigma-Aldrich,USA),Dimethyl sulphoxide (DMSO) (99%
purity Sigma-Aldrich,USA), and sulforhodamine B (SRB) were bought from Sigma-Aldrich. The
Dulbecco's Modified Eagle's Medium (DMEM), trypsin-EDTA, penicillin-streptomycin, and
fetal bovine serum (FBS) (Welgene, a company, South Korea). The Mito Tracker Red, Hoechst
33252, and 2, 7'-Dichlorofluorescin diacetate (DCFH-DA) (Santa Cruz Biotechnology,
Inc.USA).
Instrumentation
The characterization of the prepared nanoparticles and detection of cell proliferation in
MTT Assay were examined in different techniques as presented in Table (1).

Tablel: The characterization of CuO NPs and detection of cell proliferation in MTT Assay

Instrument used The manufacturer and the model

UV-visible spectroscopy SHEMADZU 2601,Japan
Fourier transform infra-red(FTIR) SHIMADZU 8400S, Japan
energy dispersive X-ray analyses(XRD) XRD, XD-3, persee, China
Scanning electron microscopy (SEM) SEM,tescan -MIRA3, USA
Atomic force microscopy (AFM) Nanosurf AG, Switzerland
Zeta potentiometer Malvern, Zetasizer 7.11, England
Cell viability and proliferation Elisa plate reader (Model 50, Bio-
measurment in MTT test ata wavelength ~ Rad Corp, Hercules, California, CA)
of 570 nm

Procedure

2.1. Aqueous Extraction of Imperata Cylindrica

The green reducing agents were obtained by collecting the leaves of I. cylindrical in
February, which were washed extensively with tap water, followed by distilled water, and left
to air dry for one week. The desiccated fragments were pulverized using an electric grinder. A
quantity of 5 grams of finely ground powder was introduced into 100 millilitres of distilled
water and subjected to heating at a temperature of 70 degrees Celsius for 30 minutes. The
extract was cooled and passed through a Whatman filter paper to remove impurities. The
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resulting liquid, known as the filtrate, was collected and stored at a temperature of 4 °C for
future use[20].

2.2. Synthesis of CuO NPs

CuONP nanoparticles were synthesized according to the following method using a
technique similar to that reported in earlier works, with some alterations. [21-24]
A 0.10 M Copper(II) nitrate solution was created by dissolving 2.416 g of solid Cu(NO3)2.3H20
in 100 mL of pure water. Following complete dissolution, the solution underwent filtration to
eliminate all impurities. The aqueous extract of Imperata cylindrica was combined with a
solution of 0.10 M Cu(NO3)2.3H20 at a ratio of 4:1 by volume. The mixture was added gently
over 15 minutes at room temperature while continuously stirring. The solution underwent a
colour transformation following the addition, shifting from a blue colour to a green light. The
observed change in colour signifies a reduction in copper nanoparticles. Subsequently, a
NaOH (0.1 M) solution was incrementally added until the pH reached 9.0 to 10. The mixture
was constantly agitated for 15 minutes while being heated to a temperature of 70°C[25]. The
light green copper oxide (CuOH:) exhibited significant precipitation in the beaker, making
them readily collectable. The copper particles' precipitate was gathered using centrifugation
and promptly washed many times with distilled water and ethanol to eliminate any remaining
unreacted particles. The Cu-NPs nanoparticles were subjected to overnight drying and
calcination at 350 °C for two hours, developing black precipitate CuO NPs. Subsequently, they
were finely crushed into a powder. As shown in Figure (2) .

leaves of Imperata Cylindrica Powder form Aqueous Extraction 0.1 M Copper(ll)
nitrate

\
Bio reduction ' = I \\/ Calcination at \\_/

pH=9-10 at 70° C 350°C ,2 hours

CuOH,

Dry form Cu. NP

Fig. 2 mechanism of green synthesis copper oxide nanoparticle's

2.3. Cell culture of human colon cancer cell lines.

The synthesized compounds were tested for their cytotoxicity against human cancer cells,
namely HCT116, using the MTT colourimetric assay. The experiment used culture media as
the negative control and cell lines as the positive control. In summary, 104 cells were placed
onto a 96-well microplate and kept in a controlled environment with 5% CO2 and 95% air at
37°C until they reached 70-90% confluence.

Before exposing the cells to the particles, the particles were dispersed in cell culture

media and subjected to sonication for 10 minutes to create a stock solution with a
50



concentration of 2 mg/mL. Subsequently, 150 pl of dispersion nanoparticles were introduced
into each well to achieve varying concentrations of CuO NPs derived from Imperata cylindrica
(cogon grass) (10, 50, 100, 250, and 500 pg mL-1) correspondingly. The cancer cells were then
subjected to this treatment after 24 hours.

The medium was extracted from each well and then rinsed twice for 2-3 minutes with 150
ul of phosphate-buffered saline (PBS). Next, 25 pl of the MTT (3- (4,5 Dimethylthiazole-2-yl)-
2,5-diphenyl tetrazolium, Sigma-Aldrich, USA) stock solution was added to each well. The
samples were then placed in a humidified environment containing 5% CO2 and 95% air and
kept at 37° C for 4 hours. During this phase, the tetrazolium ring is formed by the specific
breakdown of mitochondrial dehydrogenases in living cells, producing blue/purple formazan
crystals. To facilitate the dissolution of the formazan crystals, 100 pl of dimethyl sulfoxide
(DMSO) was given to each well. The solution's optical absorbance (OD) was measured at a
wavelength of 570 nm using an Elisa plate reader. The trials were conducted three times each.
The cell viability was determined by calculating the percentage of the mean optical density
values of each sample relative to the optical density values of the positive control using the
formula provided below.[26] equation (1):

(OD sample - OD blank)
(OD control - 0D blank) i

where OD sample, OD control are the optical density values for experimental cells and control cells
, respectively. OD piank is the absorbance of the cell counting Kit solution.

Viability Percentage = 100 Eq.(1)

2.4. Antibacterial activity

The antimicrobial efficacy of copper oxide nanoparticles was assessed against two strains
of Gram-negative bacteria (Pseudomonas aeruginosa and Escherichia coli) and two strains of
Gram-positive bacteria (Staphylococcus aureus and Streptococcus) using the agar healthy
diffusion technique[27].

The bacterial isolates were cultivated in nutritional broth and subjected to incubation at a
temperature of 37 2C for 18-24 hours. After incubation, 0.1 ml of each bacterial suspension
was evenly distributed over the nutrient agar surface. The agar plates were then kept at 37 ¢C
for 24 hours. A single colony was introduced into a test tube containing 5 mL of normal saline,
resulting in a bacterial suspension with a moderate cloudiness level comparable to the
standard turbidity solution, which is approximately equivalent to 1.5x108 CFU/mL. A sterile
cotton swab was used to carefully carry a portion of bacterial suspension and evenly
distribute it over a Mueller-Hinton agar medium. The media was then kept undisturbed for 10
minutes. The previous agar layer was punctured with wells of five millimetres in diameter
(four wells per plate). The agar discs were extracted, and 50ul of Copper Oxide Nanoparticles
(CuO NPs) were added. Four concentrations (128, 256, 512, and 1024 pg/ml) were
introduced into each well using a micropipette, while the DMSO solvent was added to the
centre well as a control. The plates were placed in an incubator at a temperature of 37 2C for
18 hours. Subsequently, the diameter of the zones of inhibition was measured and recorded.

3. RESULTS AND DISCUSSION
3.1. Characterization of Cu NPs.
3.1. 1. UV-Visible Analysis of CuO NPs
The research examined the ultraviolet-visible spectra of copper oxide nanoparticles. The
UV-Vis spectrum of CuO nanoparticles synthesized by biosynthesis and the UV-Vis spectrum
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of the aqueous extract of Imperata cylindrical are shown in Figure (3-A). The area of
maximum absorbance for copper oxide nanoparticles was around 296.5 nm, mainly owing to
surface Plasmon absorption. To ascertain the band gap energy of nano-CuO. The primary
absorption, associated with the excitation of electrons from the valence band to the
conduction band, may be used to ascertain the optical band gap value.

The provided formula may be used to compute the optical band gap of CuO NPs
synthesized in this study based on their UV-Vis spectra.equation (2)[28]:

(ah)1' @ = A(hv — Eg) Eq. (2)

where a is the absorption coefficient, Eg is the optical band gap, hv is the incident photon
energy.

The tauc figure in Figure (3-B) illustrates the computation of the direct band gap for CuO
NPs, which falls within Eg=3.63 eV. This range exceeds the published value and the band gap
of bulk CuO (2.1 eV). The wider band gap in the produced nanoparticles may be attributed to
the size-dependent quantum confinement effect. Consequently, the band gap energy increases
as the size of particles falls, and the nanocrystals become smaller than the Bohr radius of the
excited electron-hole pair.[29].

Consequently, the surface atom exhibits a reduced coordination number and atomic
interaction, leading to a rise in the energy of the highest valence band and a reduction in the
power of the lowest unoccupied conduction band. As a result, there is an elevation in the
bandgap energy. This outcome is consistent with a prior investigation.[30] .
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Fig. 3 (A) UV-vis spectroscopy of CuO-NPs and aqueous extract of Imperata cylindrical .(B) the
Tauc plot for direct band gap calculation for CuO NP

3.1. 2. FTIR Chemical Analysis

FTIR analysis was utilized to determine the functional groups in the produced CuO NPs
and compared to the FTIR spectrum of the Aqueous extraction of Imperata Cylindric. The
Fourier-transform infrared (FTIR) spectra of CuO nanoparticles (NPs) exhibited distinct peaks
at certain wavenumbers: 422.41, 493.87, 594.08, 1014.56, 1338.86, 1456.26, 1506.41,
1554.63, 1649.14, and 3441.01 cm-1, as seen in Figure-3. A prominent and strong peak was
detected at around 3441.01 cm-1, indicating stretching vibrations of N-H and OH groups in
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alcohol/phenol compounds such as flavonoids or terpenoids. The band at 2904 cm-1
corresponds to the aliphatic bending vibration of the C-H group (C-H), whereas the peak at
1649.14 cm-1 is allocated to either the (C=C) group in alkenes or the carboxylic group. The
aromatic bending vibration of the C-H group was assigned to smaller peaks at 1338.86,
1456.26, 1506.41, and 1554.63 cm-L Significant peaks at 422.41 cm-1, 594.08 cm-1, and
493.87 cm~1 (Cu-0) suggest the synthesis of CuO NPs. As shown in Figure( 4).
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Fig.4 Fourier transform infrared spectroscopy (FTIR) of CuO nanoparticles and Aqueous
extraction of Imperata Cylindric .

3.1. 3. X-ray Diffraction (XRD)

The CuO nanostructured material's crystalline nature was investigated and analyzed
using X-ray diffraction (XRD). The Debye-Scherrer formula was used to determine the average
grain size of the material. equation (3)

D =KkA/f3 cos © eq.(3)

where D represents the crystallite size in nanometers, k is Scherrer's constant with a
value of 0.98, {3 is the full width at half maximum (FWHM), and © is the angle of diffraction are
shown in table (2) [31]

The determined mean size of the nanoparticles is 10.9 nm. The PXRD diffraction graph
(Figure 5) shows 11 distinct peaks corresponding to the monoclinic structure of CuO NPs at
angles of (32.6°), (35.7°), (38.8°), (49.08°), (53.3°), (58.1°), (61.7°), (65.9°), (68.3°), (72.7°),
and (75.6°). The peaks seen in the data correspond to the crystal planes (110), (-111), (200),
(-202), (020), (202), (-113), (022), (220), (311), and (-222), respectively. The diffraction data
obtained were found to be in good agreement with the standard JCPDS data card no. 00-041-
0254 .[32]
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Fig 5. XRD patterns of biosynthesized CuO nanoparticles

Table 2: X-ray diffraction peak list of CuO nanoparticles

. . Rel.
o Height FWHM d-spacin

POS-[ ZTh-] [thsg] Left[°2Th.] EAO] 8 %(1;(‘)(].
32.69 775.0908 0.1968 2.73775 7.44
35.75 10413.08 0.06 2.51544 100
38.81 9178.744 0.144 2.3204 88.15
49.08 1844.932 0.132 1.85444 17.72
53.39 372.0938 1.032 1.71392 3.57
61.21 1113.478 0.144 1.51296 10.69
61.78 1201.975 0.48 1.50225 11.54
65.91 1729.072 0.144 1.41677 16.6
68.37 949.1147 0.552 1.36547 2.88
72.77 299.731 0.984 1.30712 2.88
75.65 417.8657 0.672 1.25511 4.01

3.1. 4. Atomic Force Microscopy (AFM)

The Atomic Force Microscope (AFM) is a technique that provides high-resolution images
used for studying the topography and morphology of CuO nanoparticles. The two and three-
dimensional images, represented in figure (6-A), show that the CuO NPs in the 2D image
appear spherical-like in shape with a uniform distribution in the scanned area (11.3 x 11.3
um). There is some aggregation, which results in the collection of more than three particles.
The mean diameter of 315 particles in the desired area was determined using Mountains SPIP
software and found to be 21.02nm, as shown in Figure (6-B). The surface roughness was
determined by changes in the height and represented by parameters Sa (106.5nm) and Sq
(129.4nm). These results show that the smooth surface is small-sized[33, 34].
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Fig 6-A: AFM image of green synthesized CuO NPs. (6-B) particles analysis with diameter range
distribution

3.1. 5. Field-emission scanning electron microscopy and energy dispersive X-ray
spectroscopy (FESEM-EDX) analysis

Figure (7-A) displays the structural characteristics of CuO nanoparticles produced using
the Imperata cylindrica extract. The results indicate that the copper nanoparticles have a
spherical with size distribution ranging from 28.59 to 34.78 nm and relatively uniform shape,
with aggregation occurring due to hydrogen bonding and electrostatic interactions between
the bio-organic capping molecules of the plant extract.

In addition, Figure (7-B) displays the EDX analysis of significant signals for Cu(44.98%),
confirming the synthesis of CuNPs, in addition to a minor proportion of carbon(4.73%) and
silicon (7.27%) components attributed to the varying abundance and composition of capping
agents of the extract. The presence of oxygen(43.02%), either through oxidation on the
surface of the nanoparticles or through the polyphenol groups and other carbon-containing
biomolecules in Imperata cylindrica leaves extract, contributed to the reduction and
stabilization of CuNPs. [35]
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Fig 7-A. shows the FESEM of CuO NPs synthesized by the Imperata cylindrica extract. (7-B) EDX
analysis of CuO NPs

3.1. 6. Zeta Potential analysis

The zeta potential analysis was conducted to elucidate the electrostatic charges and
assess the stability of the nanoparticles. The zeta potential is a crucial characteristic that has a
notable impact on the stability of colloidal dispersions. Particles with zeta potential values
over +30 mV often form stable dispersions[36].

Figure (8) demonstrates that the produced CuO NPs had a mean Zeta Potential value of

+21.9 mV which quantifies the level of electrostatic repulsion between the particles that make
up the colloid and formation stable form of nanoparticles.

Zeta Potential Distribution
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Figure 8. Zeta potential of CuO NPs

3.2. Cytotoxicity of CuO nanoparticles from I. cylindrica (cogon grass )

The MTT test was used to investigate the cytotoxic effect of Imperata cylindrica-mediated
CuO NPs on the HCT-116 human colon cancer cell line. The cytotoxicity impact of CuO NPs on
a human colon cancer cell line was assessed using doses of 10, 50, 100, 250, and 500 pg mL-1,
as seen in figure (9-A). The produced copper oxide nanoparticles have demonstrated a
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substantial cytotoxic impact on a human colon cancer cell line, with an ICso value of 227.62
pg/ml. The cell viability percentage decreased when the concentration of nanoparticles

increased. It reached 30.08% when the concentration of CuO NPs gradually increased to 250
pug mL-1.

Conversely, the cell viability gradually increased to 32.84% when the concentration dose
was 500 pg mL-1 in the human colon cancer cell line. The MTT findings of HFF cells
demonstrated little toxicity of CuO NPs towards normal cells. According to the findings, when
HFF normal cells were treated with a concentration of 500 pg/ml of CuO NPs for 24 hours, the
cell viability was determined to be 83.6% (Figure 9-B). Consequently, the human colon cancer
cell line exhibited much higher susceptibility to the biogenic CuO NPs than HFF normal cells.

[37] Figure (10) displays the morphological alterations seen in both control and treated HCT -
116 cells when exposed to varying concentrations of CuO NPs .
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Fig 9-A. MTT assay graph for anticancer activity of green synthesized CuO nanoparticles from
Imperata cylindrica (cogon grass )
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Fig 9-B. MTT assay graph for anticancer activity of HFF cell lines viability
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Control 10 pg /mL

50 ng /mL 100 pg /mL

250 pg /mL 500 pg /mL

Fig 10. Morphological changes in control and treated HCT-116 cells in different concentration of
CuO NPs.

3.3. Antibacterial Activity of CuO NPs

Numerous studies have indicated that copper oxide nanoparticles have significant
antibacterial efficacy against pathogenic bacteria from Gram-positive and Gram-negative
genera. [38-40]

Figure 11. The zone of inhibition of Escherichia coli and Pseudomonas aeruginosa, both
Gram-negative bacteria, as well as Staphylococcus aureus and Streptococcus, both Gram-
positive bacteria, was assessed in response to treatment with varied concentrations of
produced CuO NPs.

The recorded diameters of the inhibition zones (in mm) surrounding the discs were
compiled for various concentrations of Cu NPs, as presented in Table 3.

The width of the zone of inhibition provides insight into the extent of sensitivity of
microorganisms. Copper nanoparticles exhibited significant antibacterial efficacy against all
four species of bacteria at high concentrations. While the effectiveness of Cu NPs in low
concentration (128 pg/ml) to eliminate microorganisms decreases, the inhibitory zone of
microorganisms is either reduced in Escherichia coli or completely disappears in other kinds.
figure(12).
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Various recognized pathways exist for the antibacterial effects of metal nanoparticles. [41,
42]The predominant mechanism that has been identified involves the formation of reactive
oxygen species (ROS). Copper nanoparticles (Cu NPs) significantly increase the cellular level
of reactive oxygen species (ROS), affecting lipid peroxidation, protein oxidation, and DNA
damage, ultimately leading to the death of microorganism cells. The ROS consist of reactive
chemicals such as hydroxyl ions (OH-), superoxide radicals (0%-), and hydrogen peroxide
(H202), which effectively eliminate microorganisms. [43, 44]

Fig 11. Zone of inhibition of A- Escherichia coli B- Pseudomonas aeruginosa C-Staphylococci
aureus D- Streptococcus in response to treatment with the synthesized CuO NPs in different
concentration.

Table 3: The results of antibacterial activity of CuO NPs in relation to NPs concentrations and
bacterial isolates

oncentrations of

CuO NPs 128
1024(pg/ml) 512(pg/ml) 256(pg/ml)

] (ng/ml)
Bacterial Isolate
Escherichia coli 15 12 12 10
Pseudomonas 17 15 12 Zero
aeruginosa
Staphyl i
apryfococct 22 17 17 Zero
aureus
Streptococcus 20 17 7ero 7ero
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Fig 12. graphical representation of zone of inhibition values at different concentration of Cu NPs

Conclusions

Imperata cylindrical is recognized as problematic and adversely affects agriculture and
ecosystem health by outcompeting other plants; the study revealed that CuNPs were
successfully synthesized and characterized by the green route. As confirmed FT-IR studies,
the flavonoid and other phenolic compounds in Imperata cylindrica extract reduce Cu?* ions
into Cu NPs.

It is used as an anticancer on human colon cancer cell lines (HCT-116) and as an
antibacterial against gram-positive and gram-negative bacteria in different concentrations.
The results showed that the nanoparticles' effect is directly proportional to the increase in
concentration of CuNPs against Toxicology Evaluation.
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