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Abstract: Modern nanotechnology encompasses every field of life. Nowadays, phytochemically
fabricated nanoparticles are being widely studied for their bioactivities and biosafety. The present
research studied the synthesis, characterization, stability, biocompatibility, and in vitro bioactivities
of calcium oxide nanoparticles (CaONPs). The CaONPs were synthesized using Citrullus colocynthis
ethanolic fruit extracts. Greenly synthesized nanoparticles had an average size of 35.93 + 2.54 nm
and showed an absorbance peak at 325 nm. An absorbance peak in this range depicts the coating
of phenolic acids, flavones, flavonols, and flavonoids on the surface of CaONPs. The XRD pattern
showed sharp peaks that illustrated the preferred cubic crystalline nature of triturate. A great
hindrance to the use of nanoparticles in the field of medicine is their extremely reactive nature.
The FTIR analysis of the CaONPs showed a coating of phytochemicals on their surface, due to
which they showed great stability. The vibrations present at 3639 cm~! for alcohols or phenols,
2860 cm ™! for alkanes, 2487 cm ! for alkynes, 1625 cm ! for amines, and 1434 cm ™! for carboxylic
acids and aldehydes show adsorption of phytochemicals on the surface of CaONPs. The CaONPs
were highly stable over time; however, their stability was slightly disturbed by varying salinity and
pH. The dialysis membrane in vitro release analysis revealed consistent nanoparticle release over a
10-h period. The bioactivities of CaONPs, C. colocynthis fruit extracts, and their synergistic solution
were assessed. Synergistic solutions of both CaONPs and C. colocynthis fruit extracts showed great
bioactivity and biosafety. The synergistic solution reduced cell viability by only 14.68% and caused
only 16% hemolysis. The synergistic solution inhibited Micrococcus luteus slightly more effectively
than streptomycin, with an activity index of 1.02. It also caused an 83.87% reduction in free radicals.
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1. Introduction

Nanotechnology is a growing field of material science and research nowadays [1]. The
synthesis of metallic nanoparticles from plant-oriented extracts is gaining more interest
from scientists due to their cost-effectiveness and rapid action [2]. Nanoparticles (NPs)
synthesized from plant resources are of great importance due to their vast applications [3].
In general, nanoparticles are extremely toxic and, due to their smaller size, can easily and
freely penetrate biological membranes [4]. Plant secondary metabolites have a great ability
to reduce, coat, and stabilize the nanoparticles. Phytochemicals can be coated on the surface
of nanoparticles synthesized by the green method [5].

Organically produced metallic nanoparticles exhibit a wide range of bioactivities. Aloe
vera extract-derived calcium phosphate nanoparticles have excellent antibacterial activity
against bacterial and fungal species [6]. The leaf extract of Piper betel extract-derived calcium
oxide nanoparticles (CaONPs) has strong antibacterial, antioxidant, and antibiofilm proper-
ties [7]. Thymbra spicata leaf extract-derived biogenic metallic nanoparticles have strong
bactericidal activity that is comparable to industry standards. These metallic nanoparticles
have an antioxidant activity of about 79.67% [8]. Moringa olifera leaf extracts can be used to
easily synthesize CaONPs that have powerful antibacterial and antioxidant properties [9].
Calcium oxide nanoparticles produced from Trigona sp. show great antifungal potential
and pose less toxicity [10].

Metallic nanoparticles show great fabrication by phytochemicals and prove to be less
toxic [11]. Calcium apatite nanoparticles show significant apoptosis in some cancer cell
lines. The cytotoxic activity displayed by calcium apatite nanoparticles is comparable to
the standards [12]. The CaONPs prepared from Linum usitatissimum leaf extracts are found
to be safer for in vivo treatments [13]. Recently, a study on rats has reported different
concentrations of calcium oxide nanoparticles that were administered for 60 days, with no
toxicity evidence [14]. Due to the fabrication of phytochemicals on the surface of metallic
nanoparticles, they show great biocompatibility [15].

Citrullus colocynthis (L.) Schrad. is a medicinal plant that has been used in several
traditional medicinal cultures [16]. C. colocynthis is rich in cucurbitacins [17], flavonoids [18],
phenolics, and natural antioxidants [19]. Plant secondary metabolites are helpful to reduce,
cap, and stabilize metallic nanoparticles [20]; phenolics and flavonoids are the most effective
biological reducers [21]. Calcium oxide is biocompatible and possess several biomedical
applications, specifically antibacterial potential [22]. Green synthesis of calcium oxide
nanoparticles from organic molecules is a cost-effective and easy method [23].

This study presents a simple, ecofriendly, cost-effective, and easy method for the
synthesis of calcium oxide nanoparticles (CaONPs) from C. colocynthis fruit extracts (CCFE)
for the first time. It will elaborate on the physical and chemical nature of greenly synthe-
sized CaONPs by UV-Vis spectroscopy, transmission electron microscopy (TEM), X-ray
diffraction (XRD), and Fourier-transform infrared spectroscopy (FTIR). It will investigate
in vitro—in vivo correlation (IVIVC) and the stability of greenly synthesized CaONPs for
the first time. Greenly synthesized nanoparticles will be studied for biosafety by studying
hemolytic activity and cytotoxicity assessment against macrophages. The antibacterial
potential of CaONPs, CCFE, and their synergistic solution will be investigated against
skin-borne pathogens, which has not been achieved before. Antioxidant potential will also
be studied using different assays. Findings of this study will suggest the suitability and
biocompatibility of greenly synthesized CaONPs for in vitro and in vivo bioactivities.
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2. Materials and Methods
2.1. Ethics Declaration

Three Wister albino male rats (Rattus norvegicus) were kept according to the de-
partmental ethics committee (DEC) of Mirpur University of Science and Technology
(MUST), Azad Jammu and Kashmir (AJ&K), Pakistan, in line with international standards
(http:/ /ors.ubc.ca/contents/animal-care-sops-guidelines accessed on 25 July 2021). Prior
to the experiments, permission was obtained from DEC via letter 730/DEC/BOT /2021
dated 25 July 2021. Strict monitoring according to international standard operating pro-
cedures and guidelines for experimental organisms was conducted. Test organisms were
kept in the laboratory for 10 days prior to the trials. Test organisms were fed abundant
grains and water. The temperature was adjusted to 25 °C and the humidity was manually
maintained at 60 & 10%. Dark and light durations were artificially adjusted to 12/12 h.
During the experimental period, rats were given access to abundant water and libitum
feeding.

2.2. Collection of Plants

Approval for plant collection was taken from the departmental plants conservation
committee (PCC) under letter no. 519/PCC/BOT /2021, dated 25 July 2021. Plants were
collected by Mubsher Mazher, a Ph. D. student at MUST, Mirpur, AJ&K, Pakistan, from
wild localities in Dhander, district Bhimber, AJ&K. Geographically, it is located at 32°28'0”
N latitude and 75°6'0” E longitude. Plants were identified by Dr. Muhammad Ishtiaq
(Ph.D.), Professor, Department of Botany, MUST, AJ&K, Pakistan. An identified herbarium,
no. MUST BOT. MUH-517, was submitted to the MUST University Herbarium (MUH)
of the Botany Department, MUST, AJ&K, Pakistan, for reference. Completely healthy
and fresh plants were uprooted, and the soil was discarded. Fruits were separated and
shade-dried for two months, and dried fruits were ground into a fine powder.

2.3. Extraction and Phytochemical Analysis

The cold soaking method was used for crude extraction, following Mazher et al. [24].
A 20-g fruit powder was soaked in 100 mL of ethanol (Merck, Darmstadt, Germany). After
soaking for 7 days, the solution was filtered with Whatman filter paper (No. 42) and dried
with the help of a rotary evaporator (Eyela N1100, Shanghai, China). The sticky, dried
residue was saved for future experiments.

The confirmation of alkaloids, flavonoids, glycosides, saponins, tannins, and ter-
penoids was performed following Harborne [25]. For confirmation of alkaloids, Dragen-
drof, Mayer, Wagner, and Hager tests were performed. Flavonoids were confirmed using
alkaline reagent, ferric chloride, and lead acetate tests. A bromine water test and foam test
were performed for confirmation of saponins. For confirmation of tannins, a ferric chloride
test was performed. Terpenoids were confirmed by the Salkowski tests. The ferric chloride
test was used to determine phenols, as described by Harith et al. [26].

2.4. Green Synthesis and Characterization of Calcium Oxide Nanoparticles

To greenly synthesize CaONPs, the previously reported method of Ramli et al. [27] was
followed, and 50 mL of 0.2 M CaCl,.2H,0O (Merck, Germany) solution was added to 50 mL
of C. colocynthis fruit extracts. To keep the pH at 10.5, 10 mL of 2.0 M aqueous NH;OH
(Merck, Germany) was added dropwise and agitated for 30 min, until a white, milky
precipitation of Ca(OH); was visible. The resultant mixture was centrifuged for 15 min at
10,000 rpm (SIGMA® 1-14, Roedermark, Germany). To eliminate any unreacted starting
material, the product was rinsed repeatedly with distilled water. The white Ca(OH),
particles were then calcinated at 700 °C for three hours. A white powder was obtained,
which was CaONPs. It was characterized by UV-Vis spectroscopy, transmission electron
microscopy (TEM), X-ray diffraction (XRD), and Fourier-transform infrared spectroscopy
(FTIR).
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To characterize CaONPs, previously reported methods by Ahmad et al. [28],
Khine et al. [29], and Marquis et al. [30] were followed. To study the optical properties of
CaONPs, the colloidal solutions were studied by a UV-Vis spectrophotometer (UV-1900i,
Shimadzu, Kyoto, Japan), and absorbance was adjusted between 250 and 500 nm. The
speed of scanning was adjusted to 200 nm/min. To study size, shape, and elemental proper-
ties, a transmission electron microscopy (TEM) micrograph was taken using a transmission
electron microscope (JEM-ARMTM 200 JEOL, Tokyo, Japan). To study the structural prop-
erties of CaONPs, X-ray diffraction (XRD) analysis was performed using a diffractometer
(JEOL-JSX-3201M, Kyoto, Japan). The drop casting method was adopted, and conditions for
XRD were a sampling speed of 20/min, A = 0.15418 nm, a Cu K radiation source of 40 kV
and 30 mA, and 26 of 20-70°. To confirm the coating of CaONPs with phytochemicals,
FTIR spectroscopy was performed. Vibrational properties were studied by an FTIR atomic
absorption spectroscope (IRAffinity-1S MIRacle 10, Shimadzu, Kyoto, Japan) with KBr
pellets. Measurements were carried out at room temperature, and the wavenumber was
400-4000 cm 1.

2.5. Stability Analysis of Calcium Oxide Nanoparticles

Stability analysis of nanoparticles was performed following Leonard et al. [31]. To
study the stability of calcium oxide nanoparticles in different saline environments, 1 mg of
phytochemical-capped nanoparticles was added separately into 1 mL of a 0.2 M aqueous
solution of 5% NaCl at different concentrations (5 pL./mL, 10 uL./mL, 15 uL./mL, and
20 nL/mL). These solutions were incubated at 37 °C for 30 min. After incubation for 30 min,
absorbance in the range of 250 to 500 nm was recorded. The stability of nanoparticles was
also checked at different pH ranges. Phytochemical-capped nanoparticles (1 mg) were
added to 1 mL of 1 mM HCl pH 3.1 (Merck, Darmstadt, Germany), 1 mM H,CO3; pH 4.68
(Merck, Darmstadt, Germany), 1 mM NaHCO; pH 8.27 (Merck, Darmstadt, Germany), and
1 mM NaOH pH 10.98 (Merck, Darmstadt, Germany). These solutions were incubated at
37 °C for 30 min. After incubation for 30 min, absorbance in the range from 250 to 500 nm
was recorded. The effect of time on the stability of phytochemical-capped nanoparticles
was also assessed. After 5, 10, 20, and 30 days at 4 °C, a solution was prepared by dissolving
1 mg of phytochemical-capped nanoparticles stored at 25 °C in 1 mL of distilled water, and
the absorbance of this solution was measured in the range of 250 to 500 nm.

2.6. In Vitro Release of Calcium Oxide Nanoparticles

To study the in vitro release of CaONPs, the dynamic dialysis method previously
described by Peng et al. [32] was followed. Dialysis membrane (8 kDa) (Biolab, Islamabad,
Pakistan) and phosphate buffered saline (PBS) with pH 7.4 (Biolab, Islamabad, Pakistan)
were generously gifted by the Chinaar free dialysis center, Bhimber, AJ&K, Pakistan.
Concisely, 0.5, 1, 2, and 4 mg of CaONPs, dissolved in 1 mL of ethanol, were packed in a
dialysis membrane, and the membrane was carefully bound tightly by both ends. A release
medium was prepared by dissolving 0.5 mL of Tween® 80 (Merck, Darmstadt, Germany) in
100 mL of PBS. A dialysis bag containing CaONPs was dipped in 10 mL of release medium,
and this beaker was kept in a horizontal shaker (Shimdzu, Kyoto, Japan) for 1 h at 37 °C.
After 1 h, the dialysis bag was kept out of the release medium and was centrifuged at
8000 rpm for 3 min. After centrifugation, the supernatant was collected in a clean cuvette,
and absorbance was noted at 325 nm by UV spectrophotometer. A new release medium
(10 mL) was filled in the beaker, and a dialysis bag containing nanoparticles was again
dipped in it and placed in the shaker. The whole process was repeated 10 times.

2.7. Determination of Cytotoxic Activity

The cytotoxicity of test solutions was determined following Mosmann [33] colorimet-
ric 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl-tetrazoli-umbromide (MTT) assay and the
water-soluble tetrazolium (WST-8) assay. Three test solutions were prepared including C.
colocynthis fruit extracts solution (CCFE) containing 1 mg of dried fruit extracts in 1 mL
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of ethanol, calcium oxide nanoparticles solution containing 1 mg of CaONPs in 1 mL of
ethanol, and synergistic solution (SynS) containing 0.5 mg of CCFE and 0.5 mg of CaONPs
in 1 mL of ethanol.

2.7.1. Separation of Peritoneal Macrophages

To separate peritoneal macrophages, the Ray and Dittel [34] method was followed.
Briefly, 5 mL of ice-cold phosphate buffered saline (PBS) (Biolab, Islamabad, Pakistan)
along with 3% fetal calf serum (FCS) (Capricorn Scientific, Ebsdorfergrund, Germany)
was injected in the peritoneal cavity of a rat. A gentle massage of the peritoneum was
performed to obtain all the available cells from the peritoneal cavity. After the massage,
the injected solution was collected back into the syringe. The collected solution containing
cell suspensions was centrifuged for 10 min at 1500 rpm. The resulting supernatant was
discarded, and one portion of the remaining cells was poured into PBS for counting; the
other portion of the cells was poured into a sterile test tube. The viability of the isolated
macrophages was tested using trypan blue (Merck, Darmstadt, Germany). The blue-colored
cells were designated as dead.

2.7.2. Maintaining In Vitro Culture of Peritoneal Macrophages

To prepare cultures of isolated peritoneal macrophages, the Kumar et al. [35] method
was followed. In vitro culture was prepared in Dulbecco’s modified Eagle medium (DMEM)
(Sigma-Aldrich, Taufkirchen, Germany), 10% FCS, and 1% streptomycin (Sigma-Aldrich,
Taufkirchen, Germany). On a culture plate, 1 mL of isolated peritoneal macrophages was
poured. This plate was placed in a CO; incubator (IRMECO GmbH & Co., Lutjensee,
Germany) for 2 h at 5% CO, and 37 °C. After an incubation of 2 h, cells that were not
adhered to the bottom of the culture plates were washed off with the help of PBS. Ice-
cold DMEM was used to collect the adherent cells. The collected cells were counted with
the help of a phase contract microscope (CX41 Shimadzu, Tokyo, Japan). For studying
cytotoxic activity of CaONPs, the number of macrophages was adjusted to 1.0 x 10* per
mL. Quantified macrophages were cultured in DMEM extension medium containing FCS
and streptomycin. The culture plates were incubated for 24 h at 5% CO, and 37 °C for
further experimentation.

2.7.3. MTT Cytotoxicity Assay

A stock solution of MTT was prepared by dissolving 5 mg/mL of PBS, and it was
stored in a dark cabin. Treatment solutions of different concentrations were also prepared
by dissolving 0.5, 1, 2, and 4 mg/mL of solutions in PBS. In a 96-well plate, macrophages
cultured in DMEM extension medium (DMEM, 10% FCS, and 1% streptomycin) were
seeded at a concentration of 1.0 x 10* macrophages per well. This culture plate was kept
incubating for 24 h, at 37 °C and 5% CO,. After incubation, a line of control wells was
established in which no treatment drug was added. In the treatment wells, 10 uL of test
solutions was added. Each well received 10 uL. of MTT from the stock solution. The culture
plate was incubated in a humidified environment at 37 °C and 5% CO; for 4 h. After the
incubation of 4 h, the culture medium was carefully removed from the wells, and in each
well, 100 puL dimethyl sulfoxide (DMSO) (Merck, Darmstadt, Germany) was added. After
vigorously shaking the plate for 5 min, the absorbance of formazan dye was measured at
570 nm using a micropipette reader. The following formula was followed for counting
percentage cytotoxicity:

Cell viability (%) = (At/Ac) x 100

Here,

At = Absorbance by test well;
A, = Absorbance by control.
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2.7.4. WST-8 Cytotoxicity Assay

The WST-8 assay was conducted to analyze the cytotoxicity of test solutions follow-
ing the protocols determined by the manufacturer. A stock solution of WST-8 (Cayman
Chemicals, Ann Arbor, Ml, USA) was prepared by dissolving 5 mg/mL in PBS. Briefly,
macrophages cultured in DMEM extension medium (DMEM, 10% FCS, and 1% strepto-
mycin) at a concentration of 1.0 x 10* were seeded in each well of a 96-well plate. This
culture plate was kept incubating for 24 h, at 37 °C and 5% CO;. After incubation, a line of
control wells was established in which no treatment drug was added. In treatment wells,
10 uL of 0.5, 1, 2, and 4 mg/mL test solutions was added. In each well, 10 uL of WST-8 was
added, and the culture plate was again incubated at 37 °C and 5% CO, for 4 h. After the
incubation, a culture plate was studied for absorbance at 450 nm. The following formula
was followed for counting the percentage of cytotoxicity:

Cell viability (%) = (As/Ac) x 100

Here,

Ag = Absorbance by sample;
A. = Absorbance by control.

2.8. Determination of In Vitro Hemolytic Activity

The hemolytic activity of test solutions was assessed by following the published
method of Oves et al. [36]. The hemolysis caused by test solutions at different concentrations
0f0.5,1, 2, and 4 mg/mL was measured and compared with the standard hemolytic solution
Triton® X-100 (Sigma-Aldrich, Taufkirchen, Germany). Briefly, 10 mL of blood was obtained
from the healthy rats in standard vials with anticoagulant. The blood was centrifuged
for 10 min at 3000 rpm. Blood plasma as well as the buffy coat were removed, and the
remaining erythrocytes were diluted up to 50% hematocrit using PBS. From this hematocrit
solution, 2 mL was poured into 4 different test tubes. In each test tube, 1 mL of test solution
was poured. The resulting solutions were incubated for 1 h at 37 °C. After the incubation,
solutions were centrifuged for 1 h minutes at 3000 rpm. After the incubation, the absorbance
of resulting hemoglobin caused by bursting of erythrocytes was studied at 576 nm. To
assess the percentage of hemolysis, the following formula was followed:

Hemolysis (%) = (A¢ — A¢)/(100 — Ac) x 100

Here,

Ay is the absorbance shown by the treatments;
A is the absorbance shown by the control (PBS).

2.9. Determination of Antimicrobial Activity

To determine the microbial zones of inhibition, the agar well diffusion method de-
scribed by Perez et al. [37] was followed.

2.9.1. Microbial Organisms and Culture Medium

Three identified microbial strains, Micrococcus luteus (gram-positive), Vibrio cholerae,
and Vibrio parahaemolyticus (gram-negative), were obtained from the microbiology lab of
Dr. Tanveer Hussain (Ph. D.), Assistant Professor, Department of Botany, MUST, Mirpur
(AJ&K), Pakistan.

For culturing microbial strains, potato dextrose agar (PDA) medium with pH 5.6 was
established following Mazher et al. [38]. First, 39 g of PDA powder (Biolab, Budapest,
Hungary) was dissolved in 1 L of distilled water. The mixture was then boiled on a tripod
stand and in a spirit lamp until it turned yellowish. All glassware, including petri dishes,
micropipettes, cork borer, and glass streak, was autoclaved at 121 °C for 15 min.
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2.9.2. Measurement of Inhibition Zones and Activity Index

The zones of inhibition were measured to assess the antimicrobial potential of CaONPs,
fruit extracts of C. colocynthis, and their synergistic solution. To prevent contaminations, all
the procedures were carried out in a laminar flow (ESCO® Changi, Singapore). In all petri
dishes, about 10 mL of PDA solution was poured and allowed to solidify for 2 h. After
the PDA was solidified, a cork borer of 5 mm was used to dig the wells. About 2 mL of
standard control and 2 mL of test solutions at different concentrations were poured into
separate wells of the petri plates. The streak method was used to inoculate the microbial
cultures. After the inoculation, all the plates were left in an incubator at 37 °C for 48 h and
then the zones of inhibition (a clear area with no microbial growth) were measured. All the
experiments were set up in triplicate.

To measure the activity index of CaONPs, the following formula described by
Magbool et al. [39] was followed:

Activity Index (Al) = ZI (Sample)/ZI (Standard)

Here,

ZI (Sample) = Clear zone shown by the sample;
ZI (Standard) = Clear zone shown by standard drug.

2.10. Determination of Antioxidant Activity

To determine the antioxidant activity of CaONPs, fruit extracts of C. colocynthis, and
synergistic solution of both CaONPs and C. colocynthis extracts, the published procedure
of Brand-Williams et al. [40] was adopted. The 1,1-diphenyl-picrylhydrazine (DPPH)
radical scavenging assay (DSRA) was adopted for determining antioxidant activity. Antiox-
idant activity of CaONPs was compared with that of the standard antioxidant butylated
hydroxytoulene (BHT) (Merck, Darmstadt, Germany).

2.10.1. Establishing Test Solutions and Dilutions

From the prepared solutions of different standards, CaONPs, fruit extracts of C.
colocynthis, and the synergistic solution of both CaONPs and C. colocynthis extracts, serial
dilutions were prepared. Dilutions of 250, 500, 1000, and 2000 uL/mL were established.
For analyzing the antioxidant potential by DSRA, 33 mL of a 0.01 mM DPPH solution was
dissolved in 1 L of ethanol (Merck, Darmstadt, Germany).

2.10.2. DPPH Radical Scavenging Assay (DSRA)

To carry out DSRA for each solution, 1 mL of a test solution was taken from the
prepared dilutions, and 5 mL of DPPH solution was taken from the stock solution and
poured into glass cuvettes. After leaving the cuvettes at room temperature for 30 min, the
absorbance at 515 nm was measured. Free radical scavenging activity was determined
as the percent inhibition, and the results were analyzed by comparing them with the
inhibition shown by the standards. To calculate percent inhibition, the following formula
was followed:

Inhibition (%) = (Ac — As)/ Ay x 100

Here,

A is absorbance by the control;
A, is absorbance by the sample;
Ay, is absorbance by the blank.

2.11. Statistical Evaluation

Arithmetic mean, standard deviation, and post-hoc Duncan multiple range test
(DMRT) were analyzed by the Statistical Package for Social Sciences SPSS 16.0 (IBM®,
New York, NY, USA). All the results are expressed in mean and standard error of means
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(mean &+ SEM). All values of p < 0.05 were deliberated as statistically significant. A one-way
analysis of variance (ANOVA) was performed to compare the group means. Where the
difference was significant, DMRT was carried out.

3. Results

3.1. Phytochemical Analysis of C. colocynthis Fruit Extract

Basic phytochemicals were investigated using a phytochemical examination of ethano-
lic extracts of C. colocynthis fruit extracts. Alkaloids, phenols, and terpenoids were found in
large amounts (Table 1). Glycosides and saponins were just mildly prevalent. Tannins and

flavonoids were only found in trace amounts.

Table 1. Phytochemical analysis of C. colocynthis ethanolic fruit extracts.

Sr. Phytochemical Method Point of Confirmation Affirmation
Dragendorff test Format}op of Red +++
precipitates
Hager tests Appearance of yellow i
color
01 Alkaloid ;
Mayer test Formatlgn .of yellow i
precipitates
Formation of
Wagner test reddish-brown +++
precipitates
Alkaline reagent Disappearance of color +
test
. Formation of yellow
02 Flavonoid Lead acetate test precipitates +
Magnesium Change in color from
. ++
ribbon test orange to red
Bromine water Appearance of brownish .
. test color
03 Glycosides
Formation of dark brown
Keller test . ++
ring at surface
04 Phenols Ferric chloride Appearance of bluish i
test green color
05 Saponins Froth test Formation of persistent .
froth
06 Tannins Ferric chloride Appearance of blackish .
test color
Liebermann Formation of brown ring
| +++
. Burchard’s test at surface
07 Terpenoids
Salkowski’s test Appearance of reddish +++
color

Key: + = present, ++ = present in good amount, +++ = present in excess amount.

3.2. Green Synthesis and Characterization of CaONPs

The mixture of calcium chloride and C. colocynthis fruit extracts appeared to be a
milky solution. The milky solution of CaONPs after centrifugation, calcination, and drying
appeared to be a fine powder; its color was white. The greenly synthesized CaONPs were
characterized by UV-Vis spectroscopy, TEM, XRD, and FTIR.
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3.2.1. UV-Vis Spectroscopy

The UV-Vis spectrograph of calcium oxide nanoparticles showed an absorbance peak
at 325 nm (Figure 1).

0.8

0.6

0.4

Absorbance (AU.)

0.2 |

250 300 350 400 450 500
Wavelength (mmn)

Figure 1. The UV-Vis spectrograph of calcium oxide nanoparticles. CaONPs—calcium oxide nanopar-
ticles; CCFE—C. colocynthis fruit extracts.

3.2.2. Transmission Electron Microscopy (TEM)

The transmission electron micrograph (TEM) showed the spherical shape of CaONPs.
The size of CaONPs measured by Image] (version 1.49i, 2014) software ranged from 32 to
43 nm, with an average of 35.93 £ 2.54 nm (Figure 2).

- 9
D =35.93£2.54 nm
8
7 ‘
6 [
£ ; ‘
\ 2 .
1 i | Ao
0 | 0 0
50 nm 25 - 45
Diameter of CaONPs (nm)

Figure 2. The transmission electron micrograph (TEM) of calcium oxide nanoparticles. D—Diameter

Frequency of occurance (%)

of calcium oxide nanoparticles expressed as mean + SEM.
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3.2.3. X-ray Diffraction (XRD)

The X-ray diffraction (XRD) pattern of CaONPs showed sharp peaks, which depicted
the crystalline properties of triturate. The diffractive peaks were shown at 29.61° (011),
32.17° (111), 37.27° (200), and 54.26° (022), corresponding to CaO (Figure 3).

(200)

022)
(111)

S N A e i

30 35 40 45 50 53 60 63 70
20°

Figure 3. The X-ray diffraction (XRD) spectrograph of calcium oxide nanoparticles.

3.2.4. Vibrational Properties by FTIR

C. colocynthis fruit extract contains alkaloids, flavonoids, glycosides, phenols, saponins,
tannins, and terpenoids. These phytochemicals act as stabilizing and capping agents for
the conversion of reactive metallic ions of calcium (Ca%*) into biocompatible CaONPs.
For the confirmation of capping by phytochemicals, greenly synthesized nanoparticles
were subjected to FTIR analysis. The vibrational properties of CaONPs’ crystal structures
elaborated that some phytochemicals were adsorbed on the surface of CaONPs. The
vibrations at 3639 cm ™! for -OH, 2860 cm ™! for -C-H, 2487 cm ! for -C=C-, 1625 cm ™! for
-N-H, 1434 cm~! for -COOH, 1053 cm~! for -C-F, and 530 cm ! for Ca-O show the presence
of alcohols or phenols, alkanes, alkynes, amines, carboxylic acids, aldehydes, and alkyl
halides adsorbed on the surface of CaONPs (Figure 4). It was noticed that the vibration for
the presence of alkanes was intensified in SynS and a new vibration of esters at 1741 cm 1.
However, the strong vibrations for flavonoids, phenolics, and carboxylic acids were present
in all test solutions including CCFE, CaONPs, and SynS.
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Figure 4. The Fourier-transform infrared (FTIR) spectra of calcium oxide nanoparticles. CaONPs—
calcium oxide nanoparticles; CCFE—C. colocynthis fruit extracts, SynS—synergistic solution of
CaONPs and CCFE.

3.3. Assessment of Stability of CaONPs

The stability of CaONPs was studied against salinity, time, and pH variations. The
stability of prepared nanoparticles was assessed against different solutions of varying
salinity ranging from 5 pL./mL to 20 uL/mL of 0.1 mM NacCl. It was noticed that minute
changes occurred in the stability of CaONPs with increasing salinity (Figure 5A). The
stability of CaONPs against different solutions of varying pH was also assessed. The
stability of CaONPs was found to be significantly affected by pH changes (Figure 5B). The
highest deviation from reference was noticed with NaOH (pH 10.98). To assess the stability
of CaONPs’ optical density, prepared nanoparticles were assessed every 5 days. CaONPs
were found to be highly stable over time (Figure 5C).
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Figure 5. Stability analysis of calcium oxide nanoparticles with varying salinity (A); varying pH (B);

passage of time (C).

3.4. Assessment of In Vitro Release of CaONPs

In vitro release of CaONPs was studied by the dynamic dialysis method using a
dialysis membrane (8 kDa). It was found that greenly synthesized CaONPs have been
reduced to a stable configuration. CaONPs in vitro release was measured every hour for a
total of 10 h. A steady concentration of nanoparticles was released with very few variations
(Figure 6). It was discovered that an increase in concentration during nanoparticle treatment
was directly related to an increase in in vitro release. The released concentration of CaONPs
kept increasing from 1 h to 6 h, then an almost steady decrease was noticed up to 10 h. No
sharp variations in the release of CaONPs were noticed.

—@— 0.5 mg CaONPs

2 3 4

—&— 1.0 mg CaONPs

@ 2.0 mg CaONPs

5 6
Time (h)

—&— 4.0 mg CaONPs

=—@— Control

10

Figure 6. In vitro release of calcium oxide nonoparticles. Data are expressed as mean + Standard

error of means (n = 3).
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3.5. Assessment of Cytotoxic Activity

The in vitro cytotoxicity of CaONPs, C. colocynthis fruit extracts, and their synergistic
solution were studied by MTT and WST-8 assays, and the results are presented in Figure 7.
It was found that all the solutions showed a reduction in cell viability by MTT assay. The
cell viability percentages by MTT assay were noticed to be (85.32 £ 0.75 €) by synergistic
solution, (76.84 + 1.05P) by C. colocynthis fruit extracts, (60.67 & 0.75 #) by CaONPs, and
(99.40 + 0.19 ) by the control. The cell viability determined by the WST-8 assay was
significantly reduced by the synergistic solution (85.60 £ 0.98 ), C. colocynthis fruit extracts
(77.06 + 0.26 *), and CaONPs (67.34 + 1.64 ?) as compared to the control (99.34 + 0.38 d)
(Supplementary Table S2).

Cell Viability %

120 |

100

80

60

40

20

MTT ASSAY B WST-8 ASSAY
1 120 ¢
! 100 d
C ‘QQ C
% é % g . % é a %
= BH = I —— N — I —
= H B Bl B B B =
= = = 2 |t 52 2 E 5
= H B = y BE B B H
=] | =— | = = | 0
Syn$ CCFE  CaONPs  Control Syn§ CCFE ~ CaONPs  Control

Figure 7. Cell viability percentages of CaONPs, C. colocynthis fruit extracts, and their synergistic
solution by MTT assay (A) and WST-8 assay (B). SynS—a synergistic solution of calcium oxide
nanoparticles and C. colocynthis fruit extracts; CCFE—C. colocynthis fruit extracts; CaONPs—calcium
oxide nanoparticles. Data are expressed as mean & SEM. In one-way ANOVA, the values p < 0.05
were considered significant. The Duncan Multiple Range Test (DMRT) was performed for values that
were significantly different. The different alphabets on the bars indicate a significant difference in
group means (n = 3). The same alphabets above the bars indicate there was no significant difference
among the means of these groups.

3.6. Assessment of In Vitro Hemolytic Activity

The hemolytic activity of CaONPs, C. colocynthis fruit extracts, and their synergistic
solution were assessed and compared with that of triton X-100. Results of the hemolytic
analysis are presented in Figure 8. The percentage of hemolysis shown by CaONPs, C.
colocynthis fruit extracts, and their synergistic solution was 28.45 & 2.28 ¢, 10.19 4+ 0.99 2, and
16.00 + 1.61 ®, respectively. The percentage of hemolysis shown by different treatments was
significantly lower as compared to the standard triton X-100 (97.79 4= 1.52 d) (Supplementary
Table S3).
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Figure 8. Hemolytic activity of CaONPs, C. colocynthis fruit extracts, and their synergistic solution.
SynS—a synergistic solution of calcium oxide nanoparticles and C. colocynthis fruit extracts; CCFE—C.
colocynthis fruit extracts; CaONPs—calcium oxide nanoparticles. Data are expressed as mean + SEM.
In one-way ANOVA, the values p < 0.05 were considered significant. The Duncan Multiple Range
Test (DMRT) was performed for values that were significantly different. The different alphabets on
the bars indicate a significant difference in group means (n = 3). The same alphabets above the bars
indicate there was no significant difference among the means of these groups.

3.7. Assessment of Antimicrobial Activity

The antimicrobial activity of CaONPs, C. colocynthis fruit extracts, and their synergistic
solution was assessed by the disc diffusion method and results are presented in Figure 9.
The synergistic solution of CaONPs and C. colocynthis fruit extracts showed significant
antimicrobial activity against all three microbes. The zone of inhibition shown by the
synergistic solution against M. luteus was (25.6 & 1.1 9), slightly greater than that of
streptomycin (24.8 & 1.6 ©), with an activity index of 1.03 (Table 2).

Figure 9. Antimicrobial activity of CaONPs, C. colocynthis fruit extracts and their synergistic solution
against Micrococcus luteus (A), Vibrio cholerae (B), and Vibrio parahaemolyticus (C). NP—calcium oxide
nanoparticles; FE—C. colocynthis fruit extracts; S—streptomycin; NP + FE—synergistic solution of
calcium oxide nanoparticles and C. colocynthis fruit extracts.
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Table 2. Antimicrobial activity of CaONPs, C. colocynthis fruit extracts, and their synergistic solution.

Microccus luteus Vibrio cholerae Vibrio parahaemolyticus

Treatments VA Al Z1 Al Z1 Al
CaONPs 734032 0.29 11.8 +0.22 0.39 104 +1.22 0.4
CCFE 81+05Pb 0.33 1224062 0.4 121404P 0.44
SynS 2564+ 1.14 1.03 285+ 03P 0.94 272+13°¢ 0.99
Streptomycin 24.8 + 1.6 € 302+07°¢ 274+08°

The values are expressed as the mean =+ standard error of the means (n = 3). Different superscripts in a column
indicate a significant (level of confidence, 95%) difference among the variables calculated by DMRT. CaONPs—
calcium oxide nanoparticles; CCFE—C. colocynthis fruit extracts; SynS—a synergistic solution of calcium oxide
nanoparticles and C. colocynthis fruit extracts; ZI—zone of inhibition; Al—activity index.

3.8. Assessment of Antioxidant Activity

The antioxidant potential of CaONPs, C. colocynthis fruit extracts, and their synergistic
solution was assessed by a DPPH radical scavenging assay. Antioxidant activity was
found to be dose dependent. There was a significant difference among all the treatment
groups as well as all the dilutions studied for their antioxidant activity (Table 3). There was
a significant difference between the antioxidant potential of BHT (standard) and all the
treatment groups. The synergistic solution demonstrated the highest antioxidant activity
(83.87 £ 1.68 ©) at a dilution of 2000 pL, which was significantly different as compared to
BHT (89.42 + 4.19 9).

Table 3. Antioxidant activity of CaONPs, C. colocynthis fruit extracts, and their synergistic solution,
by DRSA assay.

Concentration
Treatments
250 uL/mL 500 uL/mL 1000 uL/mL 2000 uL/mL
CaONPs 31.97 £ 0912 35.55 £ 0.922 4119 +0.382 49.88 +0.162
CCFE 4997 +1.09P 57.60 & 0.59 P 61.37 £1.19" 68.25 + 0.37 P
SynS 65.90 £ 0.97 73.54 + 0.69 81.84 +£3.14°¢ 83.87 + 1.68°¢
Control (BHT) 71.48 4+ 0.09 4 76.80 + 2.72 d 84.74 + 4.09 d 89.42 +4.194

The values are expressed as the mean =+ standard error of the means (n = 3). Different superscripts in a column
indicate a significant (level of confidence, 95%) difference among the variables calculated by DMRT. In one-way
ANOVA, the values p < 0.05 were considered significant. The Duncan Multiple Range Test (DMRT) was performed
for values that were significantly different. The different alphabets on the bars indicate a significant difference
in group means (n = 3). The same alphabets above the bars indicate there was no significant difference among
the means of these groups. CaONPs—calcium oxide nanoparticles; CCFE—C. colocynthis fruit extracts; SynS—a
synergistic solution of calcium oxide nanoparticles and C. colocynthis fruit extracts.

4. Discussion

A rapidly expanding area of nanotechnology is the facile manufacturing of metallic
nanoparticles. The environmentally friendly production of metallic nanoparticles is a
practical method with several advantages. The present research was focused on greenly
synthesizing calcium oxide nanoparticles (CaONPs) using C. colocynthis fruit extracts. Pre-
pared CaONPs were characterized through UV-Vis spectroscopy, transmission electron
microscopy (TEM), and X-ray diffraction (XRD). Prepared CaONPs were characterized
through UV-Vis spectroscopy, transmission electron microscopy (TEM), and X-ray diffrac-
tion (XRD). A UV-Vis spectrograph of CaONPs synthesized from C. colocynthis fruit extracts
showed an absorbance peak at 325 nm. Absorbance peak in this range depicts the coating of
phenolics [41], flavones, flavonols, and flavonoids [42] on the surface of CaONPs. Adsorp-
tion of phytochemicals can be attributed to the calcium ions being reduced to CaONPs. It
was evident from the change in color from transparent white to milky white. Results of our
research are the same as those reported for 332 nm by Gandhi et al. [43] and broad peaks
in the range of 265 to 350 nm by Ramola et al. [44]. A TEM micrograph showed a cubic to
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elliptical shape of CaONPs and an average size of 35.93 £ 2.54 nm. Previously, CaONPs
with average sizes ranging from 29 to 38 nm have been reported by Hussein et al. [45] and
13 to 49 nm by Mostafa et al. [46]. The XRD pattern of CaONPs depicted sharp diffractive
peaks that showed the crystalline properties of triturate. The diffractive peaks were shown
at 29.61° (011), 32.17° (111), 37.27° (200), and 54.26° (022), corresponding to CaO depicting
the preferred cubic crystalline nature and average size of 32.12 nm calculated by following
the Scherrer equation. Image] (version 1.49i, 2014) software calculated nanoparticle sizes
from TEM ranging from 32 to 44 nm, with an average size of 35.93 nm. The XRD peaks
were well matched with Joint Committee for Powder Diffraction Standard (JCPDS) Card
No. 00-004-0777, also reported by Jadhav et al. [9].

The vibrations at 3639 cm~! for -OH, 2860 cm ™! for -C-H, 2487 cm~! for -C=C-,
1625 cm~! for -N-H, and 1434 cm~! for -COOH show the presence of free alcohols or
phenols, alkanes, alkynes, amines, carboxylic acids, and aldehydes adsorbed on the surface
of CaONPs. It was noticed that the vibration for presence of alkanes was intensified in SynS
and a new vibration of esters at 1741 cm ! was present. However, the strong vibrations
for flavonoids, phenolics, and carboxylic acids were present in all test solutions including
CCFE, CaONPs, and SynS. These findings are in accordance with previous FTIR studies of
greenly synthesized CaONPs by Ahmad et al. [28] and Mostafa et al. [46]. The adsorption
of phytochemicals is necessary for metallic nanoparticles to be used as pharmaceuticals.
Further investigation into the stability of CaONPs using Plasmon resonance (max) re-
vealed that phytochemical-capped nanoparticles were extremely stable against salinity,
time, and pH variations. Our findings are consistent with previously reported results
by Leonard et al. [31], and they also reported high stability of nanoparticles coated with
ginseng. The stability tests proved that CaONPs were highly stable at varying salinities,
pH, and time.

Nanoparticles are being widely studied for their bioactivities, but their ability to form
coagulants and extremely reactive nature make them unsuitable for use in living organisms.
C. colocynthis fruits are traditionally used for antidiabetic activity; modern research has also
validated their use in antidiabetic activity due to the presence of phenolics, flavonoids, and
cucurbitacins in their extracts [47,48]. Calcium oxide nanoparticles have a great capacity
for catalysis and drug delivery [49,50]. Green synthesis of CaONPs using fruit extracts of
C. colocynthis can be useful for producing nanoparticles capped and stabilized with these
phytochemicals and having better bioavailability for treating different ailments including
diabetes. Using a dialysis membrane to study in vitro release kinetics is an easy and
accurate method to predict in vitro—in vivo correlation (IVIVC) [51]. We used metformin
(Neodipar®, Sanofi, Pakistan) as a control drug in our in vitro release model. We studied the
in vitro release kinetics to depict that these nanoparticles have great bioavailability for up to
10 h. The current study examined the release kinetics of greenly synthesized nanoparticles
to determine their suitability for in vivo use. In vitro release kinetics showed a steady-
state release of CaONPs, and no sharp changes in release concentrations were noticed,
showing that the fabrication of phytochemicals from the fruit extracts of C. colocynthis
has greatly stabilized the nanoparticles. Similar results for greenly synthesized metallic
nanoparticles have been documented by previous research by Abu-Huwaij et al. [52] and
Yesil-Celiktas et al. [53]. Findings of our research depict CaONPs synthesized using C.
colocynthis fruit extracts can be suitable candidates for studying in vivo antidiabetic activity
in future.

Due to their nanosize, ability to form coagulations, and extremely reactive nature,
nanoparticles can destroy cell membranes, which is a hindrance to their use in living
organisms. We have studied the cytotoxic effect of greenly synthesized CaONPs against
macrophages to assess their toxicity for living cells. Using macrophages to assess the cyto-
toxicity of plant extracts is an easy, cost-effective, and reliable method [54,55]. The intention
behind studying the biosafety of CaONPs is that, in the future, we want to study in vivo
antidiabetic and antilipidemic activity using these nanoparticles. The cytotoxicity analysis
showed that greenly synthesized CaONPs were not toxic to macrophages; when these
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nanoparticles were used in combination with the C. colocynthis fruit extracts, they showed
great cell viability. Cell viability was discovered to be dose dependent. The results of the
current study’s findings are identical to those of previous studies by Alayed et al. [56] and
de Souza et al. [57]. The in vitro hemolytic analysis of the synergistic solution of CaONPs
and C. colocynthis fruit extracts showed only 16 percent hemolysis; the results make them
fit for use in vivo. The findings of our study are in accordance with previously reported
research by Eram et al. [58]. Nanoparticles show better bioactivities and safety when used
synergistically with plant extracts due to the fabrication of bioactive phytochemicals on
their surface [59-61]. In this study, we have also found that synergistic solution of CaONPs
and CCFE show less toxicity and enhanced bioactivity. It might be due to the formation of
chemical conjugates between nanoparticles and bioactive phytochemicals in CCFE. There
are a large number of phenolics and flavonoids including syringic acid, quercetin, vanilic
acid, sinapic acid, and feralic acid in CCFE [48], which have ability to cap and stabilize the
nanoparticles, making them less toxic [62].

The antimicrobial activity of the synergistic solution of CaONPs and C. colocynthis
fruit extracts was found to be significant. The antibacterial activity shown by C. colocyn-
this fruit extracts (CCFE) is due to presence of cucurbitacins, phenolic compounds, and
flavonoids [63]. The antibacterial activity of greenly synthesized CaONPs is also due to
the adsorption of flavonoids. Surprisingly, the synergistic solution of CaONPs and CCFE
showed higher antibacterial potential. It might be due to the rupture of the cell wall due
to the nanosize of CaONPs and potential protein inhibition by CCFE particularly due to
cucurbitacins present in it. The activity index of the synergistic solution was slightly greater
than that of streptomycin. It was depicted that CaONPs and C. colocynthis fruit extracts also
possess antimicrobial potential, but when these are used synergistically, their antimicrobial
potential is greatly increased. Our findings are consistent with those previously reported by
Ahmad et al. [64] and Ikram et al. [65]. The assessment of antioxidant potential showed that
CaONPs and C. colocynthis fruit extracts, as well as a synergistic solution of both CaONPs
and C. colocynthis fruit extracts, were effective antioxidant agents. Antioxidant activity of
CCFE may be attributed to presence of a large number of antioxidants including quercetin,
kamferol, isovitexin, a-tocopherol, catechin, caffeic acid, ferulic acid, and gallic acid [66].
As the CaONPs have been reduced by the CCFE, some of the antioxidants—especially phe-
nolic acids—have been deposited on the surface, due to which these NPs show antioxidant
activity. The antioxidant activity was dose-dependent, but there was a significant difference
in the antioxidant potential of the standard (BHT) and CaONPs. The results of our research
are in line with the previously reported studies by Kandiah et al. [67].

Green synthesis of calcium oxide nanoparticles (CaONPs) from C. colocynthis fruit
extracts (CCFE) presented in this research is a cheap, ecofriendly, and efficient method.
CaONPs of nanosize with great surface area can be produced with ease by the method
presented. The present study has found that greenly synthesized CaONPs have ad-
sorbed several phytochemicals, including phenolics, carboxylic acids, alkanes, alkynes,
amines, flavones, flavonols, and flavonoids. CaONPs have demonstrated excellent stability,
biosafety, bioavailability, and bioactivities as a result of phytochemical adsorption. The
synthesized CaONPs in this study have been investigated for in vivo—in vitro correlation
and are found safe for use in vivo. These CaONPs can be used for studying in vivo bioac-
tivities attributed to C. colocynthis. These NPs will improve drug delivery and increase the
bioavailability of phytoconstituents adsorbed on them due to their small size, large surface
area, and high adsorption of bioactive phytochemicals from CCFE.

5. Conclusions

It can be concluded that the green synthesis of calcium oxide nanoparticles is an easy
and affordable process that can yield highly stable metallic nanoparticles. Greenly synthe-
sized nanoparticles are not toxic to erythrocytes and possess negligible cytotoxicity. These
nanoparticles possess significant antimicrobial and antioxidant activity. The fabrication
of phenolics and flavonoids increased stability, making CaONPs suitable for use in vivo.
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More stabilizing procedures and using different approaches for the production of calcium
oxide nanoparticles can pave the way for their pharmaceutical applications.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/mal6072768/s1, Table S1: In vitro release of CaONPs; Table S2:
Cytotoxic activity of CaONPs by MTT and WST-8 cytotoxicity assay; Table S3: Hemolytic activity of
CaONPs.

Author Contributions: M.M. (Mubsher Mazher): Conceptualization, experimentation, statistical
analysis and writing this original draft. M.L.: Supervision. SM.H., EB., HO.E., EAM. and R.C.:
Fomal analysis and administration. M.I. and A.M.: Editing and proof reading. M.M. (Mussadaq
Mazhar), BH.,SM.H,, EB.,, HO.E., EEAM,, A A., A.Z.D. and R.C.: Data curation. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by the Deanship of Scientific Research, King Saud Univer-
sity through the Vice Deanship of Scientific Research Chairs; Research Chair of Prince Sultan Bin
Abdulaziz International Prize for Water.

Institutional Review Board Statement: The animals study protocol was approved by departmental
ethics committee (DEC) of Mirpur University of Science and Technology (MUST), Azad Jammu and
Kashmir (AJ&K), Pakistan, via letter 730/ DEC/BOT /2021 dated 25 July 2021.

Informed Consent Statement: Not Applicable.
Data Availability Statement: All data are available on in this publication.

Acknowledgments: The authors extend their appreciation to the Deanship of Scientific Research,
King Saud University for funding through the Vice Deanship of Scientific Research Chairs; Research
Chair of Prince Sultan Bin Abdulaziz International Prize for Water.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Bayda, S.; Adeel, M.; Tuccinardi, T.; Cordani, M.; Rizzolio, F. The history of nanoscience and nanotechnology: From chemical-
physical applications to nanomedicine. Molecules 2019, 25, 112. [CrossRef] [PubMed]

2. Thangamani, N.; Bhuvaneshwari, N. Green synthesis of gold nanoparticles using Simarouba glauca leaf extract and their
biological activity of micro-organism. Chem. Phys. Lett. 2019, 732, 136587. [CrossRef]

3.  Dauthal, P; Mukhopadhyay, M. Noble metal nanoparticles: Plant-mediated synthesis, mechanistic aspects of synthesis, and
applications. Ind. Eng. Chem. Res. 2016, 55, 9557-9577. [CrossRef]

4. Karlsson, H.L.; Cronholm, P.; Gustafsson, J.; Moller, L. Copper oxide nanoparticles are highly toxic: A comparison between metal
oxide nanoparticles and carbon nanotubes. Chem. Res. Toxicol. 2008, 21, 1726-1732. [CrossRef]

5. Amna, T,; Hassan, M.S.; Gharsan, FEN.; Rehman, S.; Sheikh, F.A. Nanotechnology in drug delivery systems: Ways to boost
bioavailability of drugs. In Nanotechnology for Infectious Diseases; Springer: Cham, Switzerland, 2022; pp. 223-236. [CrossRef]

6. Beigoli, S.; Hekmat, A.; Farzanegan, F.; Darroudi, M. Green synthesis of amorphous calcium phosphate nanopowders using
Aloe vera plant extract and assessment of their cytotoxicity and antimicrobial activities. J. Sol-Gel Sci. Technol. 2021, 98, 508-516.
[CrossRef]

7. Yoonus, ]J.; Resmi, R.; Beena, B. Greener nanoscience: Piper betel leaf extract mediated synthesis of CaO nanoparticles and
evaluation of its antibacterial and anticancer activity. Mater. Today Proc. 2021, 41, 535-540. [CrossRef]

8. Gur, T.; Meydan, I; Seckin, H.; Bekmezci, M.; Sen, F. Green synthesis, characterization and bioactivity of biogenic zinc oxide
nanoparticles. Environ. Res. 2022, 204, 111897. [CrossRef]

9. Jadhav, V,; Bhagare, A.; Wahab, S.; Lokhande, D.; Vaidya, C.; Dhayagude, A.; Khalid, M.; Aher, J.; Mezni, A.; Dutta, M. Green
Synthesized Calcium Oxide Nanoparticles (CaO NPs) Using Leaves Aqueous Extract of Moringa Oleifera and Evaluation of Their
Antibacterial Activities. J. Nanomater. 2022, 2022, 9047507. [CrossRef]

10. Maringgal, B.; Hashim, N.; Tawakkal, L.S.; Hamzah, M.H.; Mohamed, M.T. Biosynthesis of CaO nanoparticles using Trigona
sp. Honey: Physicochemical characterization, antifungal activity, and cytotoxicity properties. J. Mater. Res. Technol. 2020, 9,
11756-11768. [CrossRef]

11. Mohammadi, H.; Nekobahr, E.; Akhtari, J.; Saeedi, M.; Akbari, J.; Fathi, F. Synthesis and characterization of magnetite nanoparti-
cles by co-precipitation method coated with biocompatible compounds and evaluation of in-vitro cytotoxicity. Toxicol. Rep. 2021,
8, 331-336. [CrossRef]

12.  Sobierajska, P.; Pozniak, B.; Tikhomirov, M.; Miller, J.; Mrowczynska, L.; Piecuch, A.; Rewak-Soroczynska, J.; Dorotkiewicz-Jach,

A.; Drulis-Kawa, Z.; Wiglusz, R.]. Multifunctionality of nanosized calcium apatite dual-doped with Li+/Eu3+ ions related to cell
culture studies and cytotoxicity evaluation in vitro. Biomolecules 2021, 11, 1388. [CrossRef]


https://www.mdpi.com/article/10.3390/ma16072768/s1
https://www.mdpi.com/article/10.3390/ma16072768/s1
http://doi.org/10.3390/molecules25010112
http://www.ncbi.nlm.nih.gov/pubmed/31892180
http://doi.org/10.1016/j.cplett.2019.07.015
http://doi.org/10.1021/acs.iecr.6b00861
http://doi.org/10.1021/tx800064j
http://doi.org/10.1007/978-981-16-9190-4_10
http://doi.org/10.1007/s10971-021-05515-z
http://doi.org/10.1016/j.matpr.2020.05.246
http://doi.org/10.1016/j.envres.2021.111897
http://doi.org/10.1155/2022/9047507
http://doi.org/10.1016/j.jmrt.2020.08.054
http://doi.org/10.1016/j.toxrep.2021.01.012
http://doi.org/10.3390/biom11091388

Materials 2023, 16, 2768 19 of 21

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.
38.

Tabrizi, HM.S.S.; Samareh, M.S.; Kazemi, R. Green synthesis of calcium oxide nanoparticles in Linum usitatissimum extract and
investigation of their photocatalytic and cytotoxicity effects. Biomass Convers. Biorefinery 2022, 1-10. [CrossRef]

Al-Maula, B.H.; Wally, Z.J.; Al-Magsoosi, M.].; Dosh, R.H.; Mustafa, RM.; Al-Nasrawi, S.J.; Alfutimie, A.; Haider, J. Studying
Effects of Calcium Oxide Nanoparticles on Dentinogenesis in Male Wistar Rats. Int. J. Dent. 2021, 2021, 9983538. [CrossRef]
[PubMed]

Pathania, D.; Kumar, S.; Thakur, P.; Chaudhary, V.; Kaushik, A.; Varma, R.S.; Furukawa, H.; Sharma, M.; Khosla, A. Essential
oil-mediated biocompatible magnesium nanoparticles with enhanced antibacterial, antifungal, and photocatalytic efficacies. Sci.
Rep. 2022, 12, 11431. [CrossRef] [PubMed]

Li, Q.Y.; Munawar, M.; Saeed, M.; Shen, J.Q.; Khan, M.S.; Noreen, S.; Alagawany, M.; Naveed, M.; Madni, A.; Li, C.X. Citrullus
colocynthis (L.) Schrad (Bitter Apple Fruit): Promising traditional uses, pharmacological effects, aspects, and potential applications.
Front. Pharmacol. 2022, 12, 3848. [CrossRef]

Kim, Y.C,; Choi, D.; Zhang, C.; Liu, H.F; Lee, S. Profiling cucurbitacins from diverse watermelons (Citrullus spp.). Hortic. Environ.
Biotechnol. 2018, 59, 557-566. [CrossRef]

Al-Nablsi, S.; El-Keblawy, A.; Ali, M.A.; Mosa, K.A.; Hamoda, A.M.; Shanableh, A.; Soliman, S.S. Phenolic contents and
antioxidant activity of Citrullus colocynthis fruits, growing in the hot arid desert of the UAE, influenced by the fruit parts,
accessions, and seasons of fruit collection. Antioxidants 2022, 11, 656. [CrossRef]

Marzouk, B.; Refifa, M.; Montalbano, S.; Buschini, A.; Negri, S.; Commisso, M.; Degola, F. In Vitro Sprouted Plantlets of Citrullus
colocynthis (L.) Schrad Shown to Possess Interesting Levels of Cucurbitacins and Other Bioactivities against Pathogenic Fungi.
Plants 2022, 11, 2711. [CrossRef]

Nagore, P.; Ghotekar, S.; Mane, K.; Ghoti, A.; Bilal, M.; Roy, A. Structural properties and antimicrobial activities of Polyalthia
longifolia leaf extract-mediated CuO nanoparticles. BioNanoScience 2021, 11, 579-589. [CrossRef]

Roy, A.; Khan, A.; Ahmad, I.; Alghamdi, S.; Rajab, B.S.; Babalghith, A.O.; Islam, M. Flavonoids a bioactive compound from
medicinal plants and its therapeutic applications. BioMed Res. Int. 2022, 2022, 5445291. [CrossRef]

Nipunika, U.; Jayaneththi, Y.; Sewwandi, G.A. Synthesis of Calcium Oxide Nanoparticles from Waste Eggshells. In Proceedings
of the 2022 Moratuwa Engineering Research Conference (MERCon), Moratuwa, Sri Lanka, 27—29 July 2022; pp. 1-15. [CrossRef]
Hu, K.; Wang, H.; Liu, Y.; Yang, C. KNO3/CaO as cost-effective heterogeneous catalyst for the synthesis of glycerol carbonate
from glycerol and dimethyl carbonate. J. Ind. Eng. Chem. 2015, 28, 334-343. [CrossRef]

Mazher, M.; Anjum, M.; Mushtaq, W.; Noshad, Q.; Malik, N.Z. Antifungal assay of Solanum nigrum Linn. fruit, leaves and stems
extracts in different solvents. Int. J. Biosci. 2017, 10, 380-385. [CrossRef]

Harborne, J.B. Methods of plant analysis. In Phytochemical Methods: A Guide to Modern Techniques of Plant Analysis; Springer: Cham,
Switzerland, 1973; pp. 1-32.

Harith, S.S.; Mazlun, M.H.; Mydin, M.M.; Nawi, L.; Saat, R. Studies on phytochemical constituents and antimicrobial properties
of Citrullus lanatus peels. Malays. J. Anal. Sci. 2018, 22, 151-156. [CrossRef]

Ramli, M.; Rossani, R.B.; Nadia, Y.; Darmawan, T.B.; Ismail, Y.S. Nanoparticle fabrication of calcium oxide (CaO) mediated by the
extract of red dragon fruit peels (Hylocereus polyrhizus) and its application as inorganic—anti-microorganism materials. Mater. Sci.
Eng. 2019, 509, 012090. [CrossRef]

Ahmad, J.H,; Surina, I.; Zaman, A.; Al-Fatesh, A.S.; Rahim, F,; Al-Otaibi, R.L. Synthesis of Biodiesel from Ricinus communis L.
Seed Oil, a Promising Non-Edible Feedstock Using Calcium Oxide Nanoparticles as a Catalyst. Energies 2022, 15, 6425. [CrossRef]
Khine, E.E.; Koncz-Horvath, D.; Kristaly, F.; Ferenczi, T.; Karacs, G.; Baumli, P.; Kaptay, G. Synthesis and characterization of
calcium oxide nanoparticles for CO2 capture. J. Nanoparticle Res. 2022, 24, 139. [CrossRef]

Marquis, G.; Ramasamy, B.; Banwarilal, S.; Munusamy, A.P. Evaluation of antibacterial activity of plant mediated CaO nanoparti-
cles using Cissus quadrangularis extract. ]. Photochem. Photobiol. B Biol. 2016, 155, 28-33. [CrossRef]

Leonard, K.; Ahmmad, B.; Okamura, H.; Kurawaki, J. In situ green synthesis of biocompatible ginseng capped gold nanoparticles
with remarkable stability. Colloids Surf. B Biointerfaces 2011, 82, 391-396. [CrossRef]

Peng, Q.; Sun, X.; Gong, T.; Wu, C.Y.; Zhang, T.; Tan, ].; Zhang, Z.R. Injectable and biodegradable thermosensitive hydrogels
loaded with PHBHHXx nanoparticles for the sustained and controlled release of insulin. Acta Biomater. 2013, 9, 5063-5069.
[CrossRef]

Mosmann, T. Rapid colorimetric assay for cellular growth and survival: Application to proliferation and cytotoxicity assays. J.
Immunol. Methods 1983, 65, 55-63. [CrossRef]

Ray, A,; Dittel, B.N. Isolation of mouse peritoneal cavity cells. J. Vis. Exp. 2010, 35, 1488.

Kumar, J.; Mitra, M.D.; Hussain, A.; Kaul, G. Exploration of immunomodulatory and protective effect of Withania somnifera on
trace metal oxide (zinc oxide nanoparticles) induced toxicity in Balb/c mice. Mol. Biol. Rep. 2019, 46, 2447-2459. [CrossRef]
Oves, M.; Khan, M.S.; Zaidi, A.; Ahmed, A.S.; Ahmed, E; Ahmad, E.; Sherwani, A.; Owais, M.; Azam, A. Antibacterial and
cytotoxic efficacy of extracellular silver nanoparticles biofabricated from chromium reducing novel OS4 strain of Stenotrophomonas
maltophilia. PLoS ONE 2013, 8, €59140. [CrossRef] [PubMed]

Perez, C. Antibiotic assay by agar-well diffusion method. Acta Biol. Med. Exp. 1990, 15, 113-115.

Mazher, M.; Malik, N.Z.; Riaz, M.; Hussain, A.; Ali, Y.; Noshad, Q. Phytochemistry and antibacterial assay of fruit leaf and stem
extracts of Solanum nigrum L. in different solvent. Int. J. Biosci. 2016, 9, 129-136. [CrossRef]


http://doi.org/10.1007/s13399-022-02643-6
http://doi.org/10.1155/2021/9983538
http://www.ncbi.nlm.nih.gov/pubmed/34349800
http://doi.org/10.1038/s41598-022-14984-3
http://www.ncbi.nlm.nih.gov/pubmed/35794190
http://doi.org/10.3389/fphar.2021.791049
http://doi.org/10.1007/s13580-018-0066-3
http://doi.org/10.3390/antiox11040656
http://doi.org/10.3390/plants11202711
http://doi.org/10.1007/s12668-021-00851-4
http://doi.org/10.1155/2022/5445291
http://doi.org/10.1109/MERCon55799.2022.9906264
http://doi.org/10.1016/j.jiec.2015.03.012
http://doi.org/10.12692/ijb/10.4.380-385
http://doi.org/10.17576/mjas-2018-2201-19
http://doi.org/10.1088/1757-899X/509/1/012090
http://doi.org/10.3390/en15176425
http://doi.org/10.1007/s11051-022-05518-z
http://doi.org/10.1016/j.jphotobiol.2015.12.013
http://doi.org/10.1016/j.colsurfb.2010.09.020
http://doi.org/10.1016/j.actbio.2012.09.034
http://doi.org/10.1016/0022-1759(83)90303-4
http://doi.org/10.1007/s11033-019-04705-x
http://doi.org/10.1371/journal.pone.0059140
http://www.ncbi.nlm.nih.gov/pubmed/23555625
http://doi.org/10.12692/ijb/9.6.129-136

Materials 2023, 16, 2768 20 of 21

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Magbool, M.; Ajaib, M.; Ishtiaq, M.; Mushtaq, W.; Azam, S.; Haroon, M.; Azam, A.; Shahzaman, M. Investigation of Antimicrobial
and Antioxidant Activities of Cirsium arvensis (L.) Scop from District Bhimber of Azad Jammu and Kashmir. J. Chem. Soc. Pakistan
2017, 39, 1.

Brand-Williams, W.; Cuvelier, M.E.; Berset, C.L. Use of a free radical method to evaluate antioxidant activity. LWT Food Sci.
Technol. 1995, 28, 25-30. [CrossRef]

Aleixandre-Tudo, ].L.; Du Toit, W. The role of UV-visible spectroscopy for phenolic compounds quantification in winemaking. In
Frontiers and New Trends in the Science of Fermented Food and Beverages; InTech Open: London, UK, 2018; pp. 200-204.

Gierschner, J.; Duroux, J.L.; Trouillas, P. UV /Visible spectra of natural polyphenols: A time-dependent density functional theory
study. Food Chem. 2012, 131, 79-89. [CrossRef]

Gandhi, N.; Shruthi, Y,; Sirisha, G.; Anusha, C.R. Facile and eco-friendly method for synthesis of calcium oxide (CaO) nanoparticles
and its potential application in agriculture. Haya Saudi J. Life Sci. 2021, 6, 89-103. [CrossRef]

Ramola, B.; Joshi, N.C.; Ramola, M.; Chhabra, J.; Singh, A. Green synthesis, characterizations and antimicrobial activities of CaO
nanoparticles. Orient. ]. Chem. 2019, 35, 1154. [CrossRef]

Hussein, M.; Zaki, A.; Abdel-Raouf, N.; Alsamhary, K.; Fathy, W.; Abdelhameed, M.; Elsayed, K. Flocculation of microalgae using
calcium oxide nanoparticles; process optimization and characterization. Int. Aquat. Res. 2022, 14, 63. [CrossRef]

Mostafa, FA.; Gad, A.N.; Gaber, A.A.; Abdel-Wahab, A M. Preparation, Characterization and Application of Calcium Oxide
Nanoparticles from Waste Carbonation Mud in Clarification of Raw Sugar Melt. Sugar Tech. 2022, 25, 331-338. [CrossRef]
Drissi, F.; Lahfa, F.; Gonzalez, T.; Peiretti, F; Tanti, ].F; Haddad, M.; Govers, R. A Citrullus colocynthis fruit extract acutely enhances
insulin-induced GLUT4 translocation and glucose uptake in adipocytes by increasing PKB phosphorylation. J. Ethnopharmacol.
2021, 270, 113772. [CrossRef]

Afzal, M,; Khan, A.S.; Zeshan, B.; Riaz, M.; Ejaz, U.; Saleem, A.; Ahmed, N. Characterization of Bioactive Compounds and Novel
Proteins Derived from Promising Source Citrullus colocynthis along with In-Vitro and In-Vivo Activities. Molecules 2023, 28, 1743.
[CrossRef]

Kouzu, M.; Kasuno, T.; Tajika, M.; Sugimoto, Y.; Yamanaka, S.; Hidaka, J. Calcium oxide as a solid base catalyst for transesterifica-
tion of soybean oil and its application to biodiesel production. Fuel 2008, 87, 2798-2806. [CrossRef]

Sadeghi, M.; Husseini, M.H. A novel method for the synthesis of CaO nanoparticle for the decomposition of sulfurous pollutant.
J. Appl. Chem. Res. 2013, 7, 39-49.

D’Souza, S. A Review of In Vitro Drug Release Test Methods for Nano-Sized Dosage Forms. Adv. Pharm. 2014, 2014, 304757.
[CrossRef]

Abu-Huwaij, R.; Abbas, M.M.; Al-Shalabi, R.; Almasri, EN. Synthesis of transdermal patches loaded with greenly synthesized
zinc oxide nanoparticles and their cytotoxic activity against triple negative breast cancer. Appl. Nanosci. 2022, 12, 69-78. [CrossRef]
Yesil-Celiktas, O.; Cetin-Uyanikgil, E.O. In vitro release kinetics of polycaprolactone encapsulated plant extract fabricated by
supercritical antisolvent process and solvent evaporation method. J. Supercrit. Fluids 2012, 62, 219-225. [CrossRef]

de Oliveira, J.R.; de Castro, V.C.; Vilela, PD.G.E; Camargo, S.E.A.; Carvalho, C.A.T,; Jorge, A.O.C.; de Oliveira, L.D. Cytotoxicity
of Brazilian plant extracts against oral microorganisms of interest to dentistry. BMC Complement. Altern. Med. 2013, 13, 208.
[CrossRef]

Naik, S.K.; Mohanty, S.; Padhi, A.; Pati, R.; Sonawane, A. Evaluation of antibacterial and cytotoxic activity of Artemisia nilagirica
and Murraya koenigii leaf extracts against mycobacteria and macrophages. BMC Complement. Altern. Med. 2014, 14, 87. [CrossRef]
[PubMed]

Alayed, H.S.; Devanesan, S.; AlSalhi, M.S.; Alkindi, M.G.; Alghamdi, O.G.; Alkhalaf, R.I. Green synthesis of calcium hydroxide
nanoparticles using carob fruit extract and evaluation of their cytotoxic activity. Appl. Nanosci. 2022, 12, 2511-2521. [CrossRef]
de Souza, G.L.; Silva, A.C.; Dantas, N.O.; Turrioni, A.P.,; Moura, C.C. Cytotoxicity and effects of a new calcium hydroxide
nanoparticle material on production of reactive oxygen species by LPS-stimulated dental pulp cells. Iran. Endod. ]. 2020, 15,
227-235. [CrossRef] [PubMed]

Eram, R.; Kumari, P; Panda, PK.; Singh, S.; Sarkar, B.; Mallick, M.A.; Verma, S.K. Cellular investigations on mechanistic
biocompatibility of green synthesized calcium oxide nanoparticles with Danio rerio. ]. Nanotheranostics 2021, 2, 51-62. [CrossRef]
Barbinta-Patrascu, M.E.; Badea, N.; Pirvu, C.; Bacalum, M.; Ungureanu, C.; Nadejde, P.L.; Rau, I. Multifunctional soft hybrid
bio-platforms based on nano-silver and natural compounds. Mater. Sci. Eng. C 2016, 69, 922-932. [CrossRef]

Essawy, E.; Abdelfattah, M.S.; El-Matbouli, M.; Saleh, M. Synergistic effect of biosynthesized silver nanoparticles and natural
phenolic compounds against drug-resistant fish pathogens and their cytotoxicity: An in vitro study. Mar. Drugs 2021, 19, 22.
[CrossRef] [PubMed]

Majeed, M.; Hakeem, K.R.; Rehman, R.U. Synergistic effect of plant extract coupled silver nanoparticles in various therapeutic
applications-present insights and bottlenecks. Chemosphere 2022, 288, 132527. [CrossRef]

Liu, Y.S,; Chang, Y.C.; Chen, H.H. Silver nanoparticle biosynthesis by using phenolic acids in rice husk extract as reducing agents
and dispersants. J. Food Drug Anal. 2018, 26, 649-656. [CrossRef]

Rao, V.; Poonia, A. Citrullus colocynthis (bitter apple): Bioactive compounds, nutritional profile, nutraceutical properties and
potential food applications: A review. Food Prod. Process. Nutr. 2023, 5, 4. [CrossRef]

Ahmad, W.; Kamboj, A.; Banerjee, I.; Jaiswal, K.K. Pomegranate peels mediated synthesis of calcium oxide (CaO) nanoparticles,
characterization, and antimicrobial applications. Inorg. Nano-Met. Chem. 2022, 2, 1-8. [CrossRef]


http://doi.org/10.1016/S0023-6438(95)80008-5
http://doi.org/10.1016/j.foodchem.2011.08.034
http://doi.org/10.36348/sjls.2021.v06i05.003 
http://doi.org/10.13005/ojc/350333
http://doi.org/10.22034/IAR.2022.1943339.1206
http://doi.org/10.1007/s12355-022-01150-2
http://doi.org/10.1016/j.jep.2020.113772
http://doi.org/10.3390/molecules28041743
http://doi.org/10.1016/j.fuel.2007.10.019
http://doi.org/10.1155/2014/304757
http://doi.org/10.1007/s13204-021-02166-y
http://doi.org/10.1016/j.supflu.2011.11.005
http://doi.org/10.1186/1472-6882-13-208
http://doi.org/10.1186/1472-6882-14-87
http://www.ncbi.nlm.nih.gov/pubmed/24597853
http://doi.org/10.1007/s13204-022-02511-9
http://doi.org/10.22037/iej.v15i4.28942
http://www.ncbi.nlm.nih.gov/pubmed/36704109
http://doi.org/10.3390/jnt2010004
http://doi.org/10.1016/j.msec.2016.07.077
http://doi.org/10.3390/md19010022
http://www.ncbi.nlm.nih.gov/pubmed/33429926
http://doi.org/10.1016/j.chemosphere.2021.132527
http://doi.org/10.1016/j.jfda.2017.07.005
http://doi.org/10.1186/s43014-022-00118-9
http://doi.org/10.1080/24701556.2021.2025080

Materials 2023, 16, 2768 21 of 21

65. Ikram, M.; Saeed, M.; Haider, J.; Haider, A.; Ul-Hamid, A.; Shahzadi, A.; Nabgan, W.; Rafique, A.; Dilpazir, S.; Ali, S. Facile
synthesis of chitosan-grafted polyacrylic acid-doped CaO nanoparticle for catalytic and antimicrobial potential. Appl. Nanosci.
2022, 12, 2657-2670. [CrossRef]

66. Khatri, S.; Faizi, S.; Fayyaz, S.; Igbal, E. Citrullus colocynthis: A Treasure of Phytochemical, Pharmacological, Pesticidal and
Nematicidal Compounds. Pak. |. Nematol. 2021, 39, 122-150. [CrossRef]

67. Kandiah, K.; Jeevanantham, T.; Ramasamy, B. Reliability of antioxidant potential and in vivo compatibility with extremophilic
actinobacterial-mediated magnesium oxide nanoparticle synthesis. Artif. Cells Nanomed. Biotechnol. 2019, 47, 862-872. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1007/s13204-022-02576-6
http://doi.org/10.17582/journal.pjn/2021.39.2.122.150
http://doi.org/10.1080/21691401.2019.1580287
http://www.ncbi.nlm.nih.gov/pubmed/30873893

	Introduction 
	Materials and Methods 
	Ethics Declaration 
	Collection of Plants 
	Extraction and Phytochemical Analysis 
	Green Synthesis and Characterization of Calcium Oxide Nanoparticles 
	Stability Analysis of Calcium Oxide Nanoparticles 
	In Vitro Release of Calcium Oxide Nanoparticles 
	Determination of Cytotoxic Activity 
	Separation of Peritoneal Macrophages 
	Maintaining In Vitro Culture of Peritoneal Macrophages 
	MTT Cytotoxicity Assay 
	WST-8 Cytotoxicity Assay 

	Determination of In Vitro Hemolytic Activity 
	Determination of Antimicrobial Activity 
	Microbial Organisms and Culture Medium 
	Measurement of Inhibition Zones and Activity Index 

	Determination of Antioxidant Activity 
	Establishing Test Solutions and Dilutions 
	DPPH Radical Scavenging Assay (DSRA) 

	Statistical Evaluation 

	Results 
	Phytochemical Analysis of C. colocynthis Fruit Extract 
	Green Synthesis and Characterization of CaONPs 
	UV-Vis Spectroscopy 
	Transmission Electron Microscopy (TEM) 
	X-ray Diffraction (XRD) 
	Vibrational Properties by FTIR 

	Assessment of Stability of CaONPs 
	Assessment of In Vitro Release of CaONPs 
	Assessment of Cytotoxic Activity 
	Assessment of In Vitro Hemolytic Activity 
	Assessment of Antimicrobial Activity 
	Assessment of Antioxidant Activity 

	Discussion 
	Conclusions 
	References

