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ABSTRACT

Background: Solenostemma argel (Del.) Hayne is a medicinal plant used in the
Egyptian folk medicine. It is rich with phytochemicals that could be used in the green
synthesis of copper oxide nanoparticles. Objectives: This article aims to greenly
synthesize copper nanoparticles (CuO-NPs) using S. argel aqueous extract, to
characterize CuO-NPs and to screen their antimicrobial, cytotoxic and antioxidant
activity. Methodology: The CuO-NPs were prepared and characterized using various
analytical techniques. The antimicrobial, cytotoxic and antioxidant activities were tested
using well diffusion, MTT and DPPH assays, respectively. Results and discussion: The
results confirmed the successful green synthesis of copper nanoparticles (CuO-NPs)
using S. argel extract that was source of reducing phytochemicals like phenolics and
flavonoids that were consumed in the synthesis process. The characterization techniques
for CuO-NPs confirmed their size, morphology, crystallinity and stability. The
antioxidant activity analysis showed IC50 values of 0.011 mg/mL for S. argel and of
0.478 mg/mL for the prepared nanocomposites that were valuable antioxidants. The
prepared CuO-NPs expressed broad antimicrobial spectrum against the pathogenic
bacterial strains Staphylococcus aureus, Staphylococcus epidermis, Bacillus cereus,
Escherichia coli, Salmonella typhimurium and Klebsiella pneumonia and the pathogenic
fungus Candida albicans. CuO-NPs showed potent anticancer potential against MDA-
MB-231 breast cancer and SKOVE cells using MTT assay. The CuO-NPs have a
significant cytotoxic effect (IC50) of 1184 pg/mL against MDA cells and IC50 of 911.1
png/mL against SKOV cells. Conclusion: The prepared CuO-NPs could be used as a
valuable alternative for antibiotics in addition to their potency as antioxidant and
anticancer drugs.

INTRODUCTION

Solenostemma  argel (Del.) Hayne (family
Apocynaceae) is a wild perennial plant native to North
Africa and the Arabian Peninsula. It can thrive arid and
semiarid habitats. It has erected stems. The leaves are
simple, entire, and often oval-shaped, with a smooth
texture. The flowers are small, starshaped and bloom in
clusters. It produces pod like fruits!2.

S. argel extracts have been potentially used for
synthesizing nanoparticles such as silver, gold and
selenium nanocomposites. Such nanocomposites have
shown promising results as anticancer, antidiabetic,
wound healing, and neurodegenerative disorders
treatments®. It has been reported that S. argel extracts
from leaves, bark, and stems exhibited antimicrobial

potential against various pathogenic bacterial strains
like Staphylococcus aureus [4].These extracts also
exhibited antioxidant activity attributed to the presence
of phenolics and flavonoids. Such these extracts have
shown potential free radical scavenging activity and
capable of protecting cells from oxidative stress during
invitro studies®. S. argel is rich in various
phytochemical constituents that contribute to its
medicinal properties including triterpenoids, tannins,
steroids, alkaloids, saponins, monoterpenes,
phytosterols®.

S. argel has variably used in folklore medicine. It is
traditionally used in remote areas for treatment of
kidney and liver disease, allergies, neuralgia, sciatica,
pain relief, wound healing, dysentery, loss of appetite,
asthma, bronchitis, coughs, reduction of inflammation
and rheumatic pain’.
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The previous studies illustrated that S. argel possess
a promising anticancer activity attributed to the
presence of compounds like 14,15-secopregnane
glycosides and 15-ketopregnane glycosides, which
contribute to their antiproliferative and apoptotic effects
on different cell lines such as the colon cancer cell line
(HCT-1161)%

This study aimed to environmentally synthesize
CuO-NPs using the water extract of S. argel, and to
evaluate their biological properties as antioxidant,
anticancer, and antimicrobial potential.

METHODOLOGY

Plant Material:

The leaves of S. argel were collected from Saint
Catherine Protectorate, South Sinai, Egypt and
taxonomically authenticated according to Boulos®. 10
grams of S. argel leaves were extracted using 100 ml
distilled water upon shaking for 30 minutes at 70°C,
filtered and kept for analysis at 4 °C*,

Phytochemical Analysis:

The total phenolics were quantified using Folin-
Ciocalteu assay developed by Wolfe et al.'! with the use
of gallic acid as a standard. The total flavonoids were
quantified using aluminum chloride assay developed by
Zhishen et al.'? with the use of catechin as a standard.
The total tannins were assessed using vanillin-
hydrochloride assay!®, with the use of tannic acid as
standard.

Preparation of CuO-NPs:

0.1 M copper sulphate was prepared and dropped
wisely to an equal volume of the prepared aqueous plant
extract under magnetic stirring for 2 h. The mixture was
subjected to UV irradiation (A= 254 nm) for 20 min415,
Structural Characterization of CuO-NPs:

Characterization of the prepared nanocomposites
was done using TEM, SEM, UV-visible spectroscopy,
FTIR spectroscopy, DLS, EDX and XRD Analysis.
Potential Biological Applications
Antimicrobial activity:

The antimicrobial potential of S. argel extract and
the prepared CuO-NPs composite were screened using
the agar well diffusion assay'® against six pathogenic
bacterial strains that are Salmonella typhimurium

(ATCC®14028™), Staphylococcus epidermidis
(ATCC®12228™), Staphylococcus aureus
(ATCC®6538™), Klebsiella pneumonia

(ATCC®10031™), Bacillus cereus (ATCC®11778™)
and Escherichia coli (ATCC®10536™) obtained from
the Unit of Genetic Engineering and Biotechnology,
Faculty of Science, Mansoura University. Gentamycin
was used as standard antibiotic.
Antioxidant activity:

The antioxidant activity was estimated following the
DPPHe method prescribed by Kitts et al.l”. Ascorbic
acid was used as a reference standard. The 1C50 values

were calculated as the concentration at which 50% of
DPPH scavenged. IC50 values are inversely
proportional to the antioxidant activity?e.

Cytotoxic activity:

MDA-MB-231 breast cancer and SKOVE cells were
seeded in a 96-well plate each has 5 x 10? cells, 100 pL
of complete media and incubated for 24 hours at 37°C in
a 5% CO, atmosphere for cell adherence. Discarded the
media, and 200 pL of fresh media was added to the
wells designated as control. A serial dilution of CuO-S.
argel nanocomposite was then applied for all duplicates,
starting with 2,000 pg/mL. After 48 hours of incubation,
discard the old media, and add 100 pL of prepared MTT
(3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium
bromide; Acros Organics, China, Cat. No. A0413402)
to each well. The plate was incubated for an additional 4
hours to allow for crystal formation. Following this, 100
pL of sodium dodecyl sulfate (SDS) was added, and the
plates were left overnight at 37°C at the exclusion of
light to ensure complete dissolution of the crystals and
release of color. The inhibition rate of MDA-MB-231
and SKOV cell proliferation was calculated using the
following equation®®:

Cell  Proliferation Inhibition
(OD)—Sample (0OD) /Control (OD)}x* 100

The half-maximal inhibitory concentration (IC50)
values for the tested nanocomposites on MDA-MB-231
cells and SKOV cells were estimated using GraphPad
Prism 6 Software (GraphPad Software, CA, USA).

(%)={Control

RESULTS

Nanocomposites Characterization:
UV-Visible Spectroscopy

The results obtained for the S. argel extract and
CuO-NPs composites showed different features of
absorption (Fig. 1) and indicated that each of them has
different electronic transitions and revealed successful
synthesis of the nanocomposites.

S. argel extract CuO NPs

Absorbance
o o o ©° e
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o
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Fig. 1: UV-visible spectroscopy of S. argel extract and
CuO-NPs.

FTIR Spectral Analysis
The FTIR analysis of S. argel extract and the
prepared nanocomposites revealed distinct characteristic
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absorption bands, indicating the presence of specific
functional groups, and confirming the successful
synthesis of nanoparticles (Fig. 2).
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Fig. 2: FTIR spectral analysis of (a) S. argel extract and
(b) CuO nanoparticles.

DLS Analysis

Dynamic Light Scattering (DLS) analysis was
carried out to assess the size distribution and surface
charge characteristics of CuO-NPs (Fig. 3). The DLS
analysis of CuO-NPs showed a zeta average size of
887.8 nm. The polydispersity index (PDI) for these
CuO-NPs nanoparticles was measured at 0.334
indicating that the particle size distribution is
moderately broad. The PDI is still within an acceptable
range below 0.4.

Size (d.nm): % Intensity: St Dev (d.n...
Z-Average (d.nm): B887.8 Peak 1: 8528 96.9 2595
Pdl: 0.334 Peak 2: 5395 31 3131
Intercept: 0.887 Peak 3: 0.000 0.0 0.000

Result quality : Good
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Fig 3: DLS analysis of CuO nanoparticles.

HR-TEM Analysis

CuO-NPs expressed spherical or slightly elongated
shape with a good size distribution falls within the range
of nanoparticles and with dark contrasts as shown in
HR-TEM micrographs (Fig 4)

Egyptian Journal of Medical Microbiology

F|g 4: HR- TEM mlcrographs of CuO nanoprtlcles

SEM Analysis

The SEM micrographs of synthesized CuO-NPs are
used to obtain a detailed morphology, structural
characteristics, and agglomeration. Figure 5 represents
CuO-NPs that reveal a heterogeneous texture with
irregular clusters and a highly aggregated nature,
possibly due to the nature of the synthesis process
involving bio reduction. The phytochemicals originating
from the reducing agent tend to stabilize and cap the
nanoparticles, which act to aggregate in a tightly bound
manner.

Fig. 3 SEM mlcrographs of CuO nanopartlcles

EDX Analysis

EDX was performed to analyse the elemental
composition of CuO-NPs. It was observed that the CuO-
NPs are primarily made up of atoms of O and Cu, as
would be expected from the stoichiometry of CuO-NPs.
Oxygen has a composition of 57.44% by weight and
77.25% by atomic percentage, proving its dominance in
the nanoparticle composition, while copper contributes
29.92% by weight and 17.12% by atomic percentage.
Other trace elements presented included S, Cl, K, Ca,
and Zn because of residuals in the synthesis processes.
Sulfur and chlorine presumably originate from metal
salts used for the synthesis, and potassium and calcium
may originate from environmental contamination or
reagents.
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Fig. 6: EDX analysis of CuO nanoparticles.

XRD Analysis

Figure 7 presents XRD patterns of CuO-NPs, which
contain key information about the structural parameters,
particle size, and crystallinity of the nanoparticles. XRD
analysis proves that CuO-NPs possess well-defined
crystalline structures. The CuO-NPs have a monoclinic
crystal structure with high crystallinity, and the
sharpness of the diffraction peaks indicates this,
particularly at 36.4878° corresponding to the (111)
plane. The additional peaks further enhance the CuO
phase and establish the purity of the material.
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Fig. 7: XRD analysis of CuO nanoparticles.

Phytochemical Analysis

Phytochemical analysis of the investigated samples
including S. argel extract and CuO-NPs was carried out
to investigate their phenoalics, flavonoids, and tannins
content. The results are illustrated in Fig 8. S. argel
extract exhibited the highest phenolic content with a
306.068 mg gallic acid concentration per gram of dry
sample. On the other hand, CuO-NPs resulted in lower
phenolic contents of 208.941 and 171.292 mg gallic
acid/g, respectively. Flavonoid content followed a
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similar trend, as S. argel extract exhibited the highest
value of 101.828 mg catechin/g dry sample while, CuO
NPs of 22.136 mg catechin/g, that were significantly
reduced.
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Fig. 8. A comparison of the results of the
phytochemical contents of the S. argel extract and the
prepared CuO - S. argel nanocomposite

Antioxidant Activity

Antioxidant activity of S. argel extract, the greenly
synthesized nanometals, and ascorbic acid were
estimated using DPPH assay and the results are
represented in Fig. 9-10 as % remaining DPPH, %
scavenging activity, and 1Csp values The 1C50 refers to
the concentration at which 50% of the DPPH free
radicals are scavenged, considering that IC50 values are
inversely proportional to the antioxidant activity. The
highest antioxidant activity was obtained for S. argel
extract, which had 1Cs value of 0.011 mg/mL, followed
by a standard antioxidant, ascorbic acid, at an 1Csp value
of 0.022 mg/ml while that of CuO - S. argel
nanocomposite exhibited 1Cs value of 0.478 mg/mL.
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Fig. 9: The % remaining DPPH plotted versus the
sample concentrations.
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Fig. 10: The % scavenging activity plotted versus the
sample concentrations.

Table 1: Antimicrobial potential of the CuO nanocomposites and S. argel extract

S. argel-CuO

Studied Bacterial species . S. argel Gentamycin
nanocomposites

Escherichia coli 1z 16 - 24
Al 0.67 -

Bacillus cereus 1z 21 15 7
Al 3 2.14

Salmonella typhimurium 1z 17 - 20
Al 0.85 -

Staphylococcus aureus 1z 20 - 20
Al 1

Klebsiella pneumonia 1z 17 - 28
Al 0.61 -

Staphylococcus epidermidis 1z 22 - 8
Al 2.75 -

Al= activity index, 1Z = inhibition zone (measured in mm)

The antimicrobial potential of S. argel extract and
the prepared copper nanocomposites were evaluated and
compared with the activity of the standards, viz,
gentamycin. The results of antimicrobial activity are
provided in Table 1 that depicts the inhibition zone (12)
and their activity index (Al).

The results revealed that the prepared copper nano
composites are potent antimicrobials that exhibited
broad and efficient antimicrobial spectrum against
100% of the tested pathogens including gram positive
Staphylococcus aureus, Staphylococcus —epidermis,
Bacillus cereus and gram-negative Escherichia coli,
Salmonella typhimurium and Klebsiella pneumonia that
was comparable with gentamycin while S. argel extract
expressed activity against only B. cereus out of the
tested strains.

Cytotoxic activity

The MTT assay evaluated cytotoxicity effects of
CuO-NPs biosynthesized from S. argel extract on
MDA-MB-231 breast cancer cells and Skov3 ovarian
cancer cells. The cytotoxicity experiments revealed that
CuO-NPs displayed dose-dependent toxicity because

rising nanoparticle concentrations led to lower cell
survival rates thus indicating anticancer effects. The
anticancer activity of S. argel-derived CuO-NPs on
breast cancer MDA-MB-231 cells exhibited moderate
cytotoxicity with 1Cso value of 1184 pg/mL. The
cytotoxic effects of CuO-S. argel depended on dosage
because cells remained viable at 94%, indicating it only
becomes toxic at higher concentrations as illustrated in
Figure 11. CuO-S. argel nanocomposite along with
Skov3 ovarian cells exhibited well cytotoxic effects
with 1Cso value of 911.1 pg/mL The results revealed
that as the concentration of CuO-NPs increased the
suppression of cell viability increased where the highest
concentration of CuO-S. argel (4000 pg/mL)
demonstrated a 17.9% suppression of cell viability. The
cytotoxicity experiments revealed that CuO-S. argel
demonstrated increased mortality against Skov3 ovarian
cancer cells and displayed lower toxicity toward MDA-
MB-231 breast cancer cells thus suggesting CuO-NPs
have cancer-cell type selectivity as illustrated in
Figures.12 and 13.
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Fig 11: The cell viability of Skov3 and MDA cell lines using CuO- S. argel nanocomposite

Cu- 8. argel nanocomposite (125 ng/ml)

Cu- 8. argel nanocomposite (500 ng/ml)

e

Cu- 8. argel nanocomposite (2000 pg/ml)

Cu- 8. argel nanocomposite (4000 pg/ml)

Fig. 12: MTT assay images showing the viability of treated MDA cell lines CuO NPs
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Fig 13: MTT assay images showing the viability of treated SKOV cell lines CuO NPs

DISCUSSION

The CuO-NPs were biosynthesized using S. argel
extract and characterized using various analytical
techniques.

S. argel extract showed maximum absorbance at
523.0 nm using UV-Visible spectroscopy due to © — 1*
transitions of flavonoids and phenolics that would act as
reducing agents in the nanoparticle synthesis process.
CuO-NPs exhibited double absorptions peaks at 766.0
nm and 470.0 nm, due to d-d transitions of the

Egyptian Journal of Medical Microbiology

electronic states in copper ions, charge transfer
transitions confirmed that the copper oxide has
undergone nano dimensional transformation. These
results confirm the green synthesis methodology using
S. argel extract and point to the successful preparation
of CuO-NPs with well-defined optical properties®®22,
The IR spectrum of S. argel extract showed a
strong absorption band at 3407 cm™, which is attributed
to the stretching vibration of hydroxyl groups “O-H”.
Aliphatic hydrocarbons appeared at 2932 cm-1 owing to
the stretching vibrations of C-H groups. A strong
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absorption band appeared at 1744 cm indicated the
presence of carbonyl “C=0” groups, while the
absorption bands appeared at 1613 cm™ suggested
stretching vibrations of C=C of aromatic skeletons. The
absorption bands in the 1414-1384 cm™ region
presented C-H or C-O bending. Consequently,
absorption peaks between 1261-1237 cm™ have been
attributed to C-O stretching in esters or ethers. Hence,
absorption bands appearing at 3385, 2933, and 1724 cm-~
! can be assigned to O-H stretching frequency, C-H
stretching frequency, and C=0 stretching frequency,
respectively?>2, Besides, in the analysis of CuO-NPs,
the confirmation of the formation of Cu-O is specified
by the presence of metal-oxygen vibrations of Cu-O at
631 cm? and 510-469 cm™ 24 The results of FTIR
spectral analysis confirmed the participation of the
functional groups in the plant extract that were
responsible for the formation of metal nanoparticles, in
addition to the formation of metal-oxygen groups
appeared in the analysis of nanoparticles samples.

Zeta average large size of of 887.8 nm indicates
that the CuO-NPs tend to aggregate or agglomerate in
the aqueous dispersion, which is a common occurrence
during nanoparticle synthesis, especially when
biomolecules are involved in the process®. The S. argel
extract likely plays a role in stabilizing the particles,
though it might not completely prevent aggregation. The
polydispersity index (PDI) for these CuO-NPs was
measured at 0.334 indicating that the particle size
distribution is moderately broad. The PDI is still within
an acceptable range (below 0.4) suggesting that the
CuO-NPs exhibit a reasonably controlled size
distribution?,

The dark contrasts of CuO-NPs in the HR-TEM
images attributed to the high electron density of the
metal oxide nanoparticles. These spherical or slightly
elongated morphologies of CuO-NPs are typical for
their crystal structures and infer a very well-controlled
synthesis process?..

SEM analysis indicated that CuO-NPs have a
rough and porous surface area that enhances their
surface reactivity. The nanoscale dimensions obtained
from the SEM images make suggestions of high surface
area-to-volume ratios, which is appropriate for
functional applications. However, aggregation may
reduce the number of active sites available on their
surface, hence decreasing their efficiency?’.

EDX analysis approved the elemental composition
of CuO-NPs. Also, General results from the XRD
measurement indicate that nanoparticles of CuO have
been produced with high crystallinity and these can be
highly promising candidates in advanced applications.

The phytochemical results showed a decrease in
the phenolics, and flavonoids content in CuO
nanocomposite than S. argel extract that might be
attributed to their utilization in the reduction of the
metals ions during the synthesis of the nanoparticles

284

where these compounds might be degraded or
transformed during the synthesis of nanoparticles. On
the Contrary, tannins content did not reveal distinct
variation because tannins might be more stable than
other polyphenolic groups in the process of synthesizing
nanoparticles®?°, The results of phytochemical analysis
showed that the extract of S. argel is rich in phenolics,
flavonoids, and tannins and hence a potential candidate
for the synthesis of nanoparticles. The reduction in the
content of phytochemical contents reveals the impact of
the synthesis process on the stability and retention of
bioactive compounds. Higher retention of tannins than
flavonoids and phenolics in nanoparticles would have
suggested a potential role of tannin in the stabilization
of the nanoparticle structure®.

The results showed that S. argel extract has a very
potent antioxidant capability considering that 1C50
values are inversely proportional to the antioxidant
activity®, most probably due to its high content of
phenolics and flavonoids, as was already obtained from
the phytochemical study. On the other hand, the CuO-S.
argel nanocomposite exhibited moderate antioxidant
activity through this study, likely due to a reduced
retention of bioactive compounds or the consumption of
phenolics and flavonoids during the nanoparticle
biosynthesis process®.

It was previously reported that, the antimicrobial
activity of copper oxide nanoparticles has garnered
significant attention regarding their antimicrobial
potential as alternatives to traditional antibiotics against
antibiotic resistant pathogenic microorganisms. CuO
nanocomposite follow different mechanisms of action
against bacterial strains. The small size and high
surface-to-volume ratio of the nanoparticles promote
proper interaction with microbial membranes,
facilitating  effective  disruption  of  microbial
membranes®. This could occur through electrostatic
Interaction as the negative charge of bacterial cell
surfaces allows for adhesion of positively charged
copper ions from the nanoparticles, leading to cell
membrane disruption and consequent cell death,
generation of Reactive Oxygen Species (ROS) where
Copper ions can catalyse reactions that produce ROS,
leading to oxidative stress, which damages DNA,
proteins, and lipids within the bacterial cells and
formation of Cavities and Cell Lysis that cause
morphological changes in bacteria, leading to cell lysis
and disruption of the integrity of the cell wall®*%,

The MTT assay results indicated that the control of
cancer cell killing effects of CuO-NPs synthesized from
S. argel depends on nanoparticle elements, dosage
amount as well as specific cancer cell types. Both
cancer cell lines experienced greater toxicity from CuO-
NPs due to the combination of competitive factors that
include smaller size and superior surface reactivity
along with enhanced cellular uptake®. The cytotoxic
activity of CuO-NPs for cancer cells depends on cell
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line concentration because oxidative stress and
mitochondrial targeting contribute together to their toxic
properties®.  CuO-NPs  demonstrate  augmented
cytotoxic effects because they produce reactive oxygen
species (ROS) that attack DNA proteins and lipids
inside cells. Several scientific investigations have
proven that copper nanoparticles cause cancer cell
apoptosis through mechanisms based on reactive
oxygen species generation®%". The superior cytotoxicity
of CuO-NPs against Skov3 cells occurs because these
ovarian cancer cells are more reactive to oxidative
damage together with mitochondrial dysfunction
compared to MDA-MB-231 cells®%4, The cytotoxic
effectiveness of CuO-NPs increases because of the
bioactive phytochemicals present in S. argel extract
used to reduce and stabilize the nanoparticles during the
synthesis process. Biosynthesized CuO-NPs benefit
from anticancer properties because phytochemicals
enhance their activity through stabilization of
nanoparticles and better cell uptake that would enhance
biological activity of synthesized nanoparticles.

CONCLUSION

This study demonstrated the synergistic relationship
between the extract of S. argel and the synthesized
CuO-NPs. The findings suggest that the products
developed in this research could serve as alternatives to
antibiotics. Additionally, the results indicated that the
synthesized CuO-NPs is promising for the treatment of
breast and ovarian cancer.
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