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Abstract: ZnO and Citrus aurantium oil (CA) have promising cytotoxicities against various cell lines. The
manuscript aimed to synthesize, characterize, and study the antioxidant and cytotoxicity activity of ZnO coated
with Citrus aurantium. ZnO nanoparticles were synthesized and modified by Citrus aurantium (CA). Infrared
spectra (FT-IR), ultraviolet and visible spectra (UV-Vis.), X-ray powder diffraction (XRD), transmittance electron
microscope (TEM), selected area electron diffraction (SAED), and high-resolution transmittance electron
microscope (HRTEM). The formation of hexagonal ZnO nanoparticles with an average crystallite size of 13 nm
was approved by XRD, TEM, HRTEM, and SAED. Citrus aurantium was loaded onto ZnO nanoparticles,
forming rod-like crystals with an average particle size of 34 nm. The optical band gaps were determined and found
to be 3.4 and 3.7 eV; for ZnO NPs and ZnO wrapped with (CA), respectively. The cytotoxicity of (CA) and ZnO
NPs loaded with (CA) were investigated against HCT-116 and HePG-2 cell lines and exhibited 1C50 values of
47.79 and 32.56 pg/ml, respectively. ZnO NPs loaded with (CA) exhibited 72 % scavenging activity against free
radicals. ZnO loaded with Citrus aurantium (CA) showed higher cytotoxicity and anti-oxidant activity than Citrus
aurantium and free ZnO nanoparticles.
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1. Introduction

Cancer is one of the chief causes of death worldwide. The number of cases of cancer is
expected to reach 29.5 million by 2040 [1]. The most commonly used treatments for cancer are
chemotherapy, surgery, and radiation, although their serious adverse effects are hair loss,
diarrhea, vomiting, fever, and others [2].

Bioflavonoids are used in alternative medicine as antioxidants. They are found in the
rind of citrus fruits. Bioflavonoids can control several biological processes, such as
carcinogenesis and inflammatory and heart diseases. They have a protective effect on DNA
against hydroxyl free radicals [3]. Moreover, the effects of flavonoids on the cell cycle and
their ability to prevent the development of some cancer cell lines have been studied.

ZnO nanoparticles have gained much more attention in recent years as promising
bioactive nanoparticles because of their biological and biomedical applications [4]. In addition
to that, zinc oxide nanoparticles offer a wide range of applications, such as anticancer,
antibacterial drugs, and gene delivery [5-11]. One of the most important advantages of ZnQO is
that it is administrated by the FDA (Food and Drug Administration) [12]. Because of its non-
toxicity, biocompatibility, and antibacterial activity, ZnO is applied to treat skin disorders, such
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as burns and irritations [13]. In addition to that, zinc oxide is inexpensive, widely accessible,
and can be prepared in a variety of morphological forms.

Nano-structures of ZnO have been developed to increase their contact with the skin and
the performance of the goods that are already on the market. Due to their unique physical and
chemical characteristics, zinc oxide is one of the most significant metal oxides [14]. ZnO NPs
have a variety of applications, including bioimaging, drug delivery, diabetes therapy, anti-
inflammation, wound healing, and anti-cancer [15,16].

In addition to that, ZnO is thought to be non-toxic so it can be chosen as a biocompatible
and biodegradable material based on these benefits. The anticancer activity of ZnO was
investigated by several reports [17-19].

The risk of using ZnO comes from its ability to cause hepatic, pulmonary, and
reproductive toxicity. The toxicity of it comes from the oxidative stress and genotoxicity [20].

Developing green drugs of natural ingredients is an essential demand among
biologically active natural products [21-23]. One of the promising natural products is Citrus
aurantium L, as it contains a variety of active bioflavonoids, such as rutin, neohesperidin,
hesperidin, and naringin, which have antiviral and anticancer effects. Other ingredients, such
as as tyramine, synephrine, octopamine, and N-methyltyramine, are present in Citrus
aurantium juice. The Citrus aurantium provides ephedra benefits as the extract is rich in
synephrine with its antidepressant properties [24-26]. The antiproliferative effect of Citrus
aurantium stem on several cancer cell lines has been studied, and it has been found to have
strong cytotoxicities against the tested cell lines [27].

To our knowledge, no work has been carried out on ZnO loaded with Citrus aurantium
oil, which showed higher cytotoxicity than a free ZnO prepared previously [28].

This study describes the synthesis and characterization of ZnO nanoparticles loaded by
CA. As ZnO and CA are anticancer agents, ZnO activity is expected to be enhanced after
loading CA. To achieve this goal, the cytotoxicity and antioxidants of ZnO nanoparticles
loaded with CA were investigated against HePG-2 and HCT-116.

2. Materials and Methods
2.1. Chemicals.

Zinc acetate dehydrate (99%) was purchased from Oxford Lab Fine Chem LLP. NaOH
pellets (99.8 %) were procured from a local supplier. Citrus aurantium oil (CAQ) natural, cold-
compressed, California-origin, FG was supplied by Sigma-Aldrich, CAS NO.: 8008-57-9). The
reagents used for bioassay and Doxorubicin are from (Sigma-Aldrich, St. Louis, MO., USA),
and Fetal Bovine serum (GIBCO, UK).

2.2. Synthesis of ZnO and ZnO loaded CA.

A solution of 2.2 g of Zn(OAC)2.2H20 in 100 mL distilled water and 0.4 g of NaOH in
30 mL distilled water were prepared. Sodium hydroxide solution was added slowly to
Zn(OAC)z2. 2H20 solution at 60°C with vigorous stirring for 12 hours. The mixture was cooled
to room temperature, and the precipitate was isolated by centrifuging at 10000 rpm for 1/2 hr.
The formed zinc oxide was washed with distilled water and dried at 60°C.

A measured volume (1 mL) of CA was added to the above-described reaction mixture
to load CA and mediate the synthesis of ZnO. A yellow powder was formed after drying the
product.
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2.3. Cytotoxicity assay.

Cell lines HePG-2 and HCT-116, are two human tumors from VACSERA. Fetal bovine
serum at a concentration of 10% was added to RPMI-1640 medium for their culture. 100
units/mL of penicillin and 100 g/mL of streptomycin were introduced as antibiotics at 37°C
and in an incubator with 5% CO2. As a standard anticancer drug, Doxorubicin was employed
[29, 30].

MTT test was used to evaluate the inhibitory effects of ZnO loaded by CAO on the cell
proliferation. The assay depends on living cells' succinate dehydrogenase of mitochondria to
change tetrazolium bromide (MTT) (yellow color) of formazan ( purple color). The cell RPMI-
1540 was used as a medium to culture the cell, and fetal bovine serum (10%) was used as a
medium. Additionally, antibiotics (100 g mL™ of streptomycin +100 units/mL of penicillin)
were added at 37°C. They are all incubated for 48 hours at 37°C and 5% COz. The cells were
treated with different concentrations of ZnO-loaded CAO and kept in the incubator for 24
hours. 20 pL (5.0 mg/mL) MTT was added. 100 pL of DMSO was added, causing dissolving
the color of formazan. The solutions were measured at 570 nm spectrophotometry by a plate
reader (EXL 800, USA).

% of Relati ability = Absorbance of treated sample < 100 1
bof Relative viability = Absorbance of untreated sample )

2.4. Antioxidant activity.

The antioxidant activity was determined by 1,1-Diphenyl-2 picrylhydrazyl (DPPH).
The antioxidant donates an electron to the DPPH radical, leading to decay in color. The change
in the absorbance is measured at 520 nm. The tested samples were prepared from 140 uL of (1
mM) DPPH + 2.5 ml of 1:1 methanol along with 2, 4, 6, and 8 mg of ZnO-loaded CAO. The
mixture was incubated for 1/2 hr at 37°C, and the absorbance was measured at 520 nm against
a blank of 50% methanol. The 1Cso value was calculated using the actual absorbance (AA) [31,
32].

A A = The absorbance of the tested sample — The absorbance of the control (2)
2.5. Instruments/characterization techniques.

FT-IR measurements were performed as potassium bromide disks on Nicolet iS50 FTIR
(Thermo Fisher Scientific, USA) Spectrometer. For each interferogram, 16 scans were
accumulated at a resolution of 4 cm™, and the samples were scanned in the region 4000-525
cm L. The results obtained were treated using Omnic software 9 V9.5. X-ray diffraction. To
confirm the formation of ZnO NPs of the synthesized particles, X-ray diffraction (XRD) was
done on a Shimadzu 6000 instrument (Cu Ka radiation 40 kV, 30 mA). Transmittance electron
microscope (TEM) images were taken to characterize the morphology of the ZnO-loaded CAO
samples Images by a JEOL 2100 Plus instrument operated at 200kV. UV-Vis absorption
spectra were done by a spectrophotometer (JASCOUV-Vis Spectrophotometer - V630, Japan).
Quartz Cells with a path length of 10 mm were used, and the samples were scanned in the 200-
900 nm range.
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3. Results and Discussion

A simple method was used to synthesize ZnO NPs, and Citrus aurantium oil (CAO)
was loaded onto the formed ZnO nanoparticles. The synthesized products were characterized
by various spectroscopic techniques.

3.1. FT-IR spectra.

FT-IR spectra were carried out to confirm the loading of Citrus aurantium onto ZnO
(CA) (Figure. 1).
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Figure 1. IR spectra of ZnO, ZnO loaded with CA and CA.

IR is an effective instrument for determining the functional groups present in the
compounds. The spectrum of the pure CA shows characteristic peaks at 3479 cm™, which can
be attributed to the (O-H) group of phenolic or enolic compounds [33, 34]. The bands in the
region 2915-2967 cm™* may be attributed to the stretching vibrations of N-H and C-H groups.
These bands also exist in the spectrum of ZnO loaded with CAO, indicating loading the oil.
The bands at 1726 cm™ can be attributed to the asymmetric stretching vibrations of a protonated
(COOH) group of free acids [35]. This band is shifted to a higher wavenumber in the spectrum
of ZnO loaded with CAO owing to the participation of this group in coordination with ZnO.
Besides that, the band at 1380 cm™, due to the symmetric stretching vibrations of the COOH
group, is slightly shifted by 3.0 cm™ and became more intense, thus supporting the suggestion
of participation of this group in bonding [35].

The 1672 and 1632 cm-1 bands may be attributed to amidic (CONH) and in-plan—
bending NH2 groups, respectively [36]. The bands at 624 and 674 cm™ are characteristic of
ZnO [37]. The presence of the above bands suggests the formation of ZnO oxide loaded with
Citrus aurantium oil.

3.2. XRD

XRD patterns of ZnO alone and ZnO loaded with CA are indicated in Figure. 2. The
diffraction pattern of ZnO alone shows several peaks at 26 = 31.7°, 34.3°, 36.1°, 47.4°, 52.6°,
59.5 and 61.8° corresponds to the planes (100), (002), (101), (102), (110), (103) and (200)
which are indexed to ZnO (JCPDS card NO. 01-075- 0576). ZnO crystallizes as a hexagonal
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crystal system with lattice parameters,a=b=3.24 A, c=5.19 A, a = p =90° and y = 120°.
The diffraction pattern ZnO loaded with CAO shows a reduction in the intensity and slight
shifts of some diffraction peaks compared with ZnO alone as a result of loading Citrus
aurantium.

Zn0 NPs
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Figure 2. XRD patterns of ZnO alone and ZnO loaded with CA.

The crystallite sizes were determined for ZnO alone and ZnO loaded with CAO by

(;E::z (3) [38] (D is the crystallite size, A is the

wavelength of the x-rays = 0.15406 A, B is the full wave at half maximum, can be calculated
from the experimental peak width (FWHM). It has been corrected by subtracting the device
broadening effect.

The crystallite sizes are 15.0 and 29 nm for ZnO and ZnO loaded with CAO,
respectively. The crystallite size has increased in ZnO loaded with CAO due to the coating and
the encapsulation of ZnO by CAO.

applying the Scherer formula: D =

3.3. TEM and SAED.

TEM images of ZnO alone and ZnO-loaded CAO (Figure. 3) show that the particles of
ZnO alone are irregular aggregated spheres. On the other hand, ZnO is loaded with CAO
crystalline material with a hexagonal structure. The contrast in the images indicates the
presence of two phases of ZnO and CAO. CAO coats the crystals of ZnO nanoparticles,
forming an envelope around them.

The particles size distribution histogram (Figure. 4) of ZnO alone indicates that the
particles are arranged in a narrow range from 5 to 25 nm with a maximum of 12 nm.

On the other hand, the particle size distribution histogram of ZnO loaded with CAO
indicates the formation of particles with size in the range of 15-80 nm with a maximum of 34
nm. The relatively increment in the size of ZnO after loading CAO, comes from the formed
layer of CAO around ZnO nanoparticles.

Selected area electron diffractions (SAED) and HRTEM of ZnO alone (Figure. 5) are
used to support the formation of ZnO nanoparticles further. SAED pattern consists of several
diffraction rings with the same center but different radii. The rings show the polycrystallinity
of the sample.
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Figure 3. TEM images (a) ZnO nanoparticles; (b) ZnO loaded with CAO.
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Figure 4. Particle size distribution histograms of (a) ZnO alone; (b) ZnO loaded with CAO.
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The rings from inside to outside represent the planes (100), (002), (101), (102), (110),
and (103), respectively. SAED is in good agreement with XRD and corroborates the formation
of ZnO. HR-TEM study of ZnO shows lattice fringes well indexed with (100) plane of ZnO
crystal lattice with d-spacing 0.3 nm.

3.4. UV-visible spectra.

UV-visible spectral analysis was employed to support the formation of zinc oxide. In
the UV-visible spectra of ZnO NPs and ZnO loaded with CA (Figure 6), a band is observed at
359 nm due to the characteristic surface Plasmon band of ZnO NPs. Similar observations were
obtained from previous reports, in which this characteristic band appears in the range from 310
to 380 nm [39,40]. There is a relationship between the absorption band position of ZnONPs
caused by the surface Plasmon resonance and their sizes. This fact suggests that the redshift
occurs when the size of nanoparticles increases and the energy decreases [41]. The presence of
the surface plasmon band suggests the formation of ZnO NP. This band was observed at 316
nm on loading ZnO by CA as a result of overlapping the surface Plasmon with the several
function groups of the organic oil that can absorb UV radiations due to n—n" and n—m
transitions.

= CAO loaded ZnO NPS (316 nm)
—— ZnO NPS (359 nm)

Absorbance (a.u.)
316

T T T T T T
200 300 400 500 600 700 800 900
Wavelength [nm]

Figure 6. UV spectra of ZnO and ZnO loaded CAO.

The optical band gap (Eg), which is the energy difference between the conduction and
the valence bands, was determined from UV spectra of ZnO and ZnO loaded CAO from Tauc’s
relation; the band gap energies (Figure. 7) were determined and compared with the bulk (3.3
eV). The determined bandgaps are 3.4 eV for ZnO NPs and 3.7 eV for ZnO loaded by CAO
[42]. It is clear that the Eg of ZnO NPs alone is wider than the bulk due to the nanoscale size
effects of ZnO; as the particle size is reduced, the band gap energy increases, as has been
indicated previously [43-45]. ZnO-loaded CA has a wider band gap than pure ZnO NPs alone
due to the interaction of the organic constituents of CA with the orbitals of ZnO NPs.

3.5. Cytotoxicity assay.

This research tried to shed some light on CA as a potential natural anticancer
chemotherapeutic agent. The MTT assay was used to assess the cytotoxic activity and the 1Cso
value, as shown in Table 1 and Figure. 8. The cytotoxic effects of Doxorubicin, ZnO-loaded
CA, and CA against HePG-2 and HCT-116 were investigated. The results showed that CAO
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has moderate activity against HePG-2 and HCT-116 cell lines, while ZnO-loaded CA showed
better activity against both HePG-2 and HCT-116 cell lines. Both showed higher cytotoxicity
against the tested cell lines compared to previously reported free ZnO (235 and 135 pg/ml for
HePG-2 and HCT-116, respectively) [38].
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Figure 7. The optical band gap of (a) ZnONPs; ZnO loaded with CAO.
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Figure 8. Percentage of cell viability after a single treatment of ZnO-loaded CAO NPs and Doxorubicin at
various concentrations.

The obtained values are stated as mean £ SD, n =3. The cell viability was reduced in a
dose-dependent manner after a single administration of CAO, ZnO-loaded CA, and
Doxorubicin at different doses. CA and ZnO-loaded CA exhibit cytotoxicity in a dose-
dependent manner on HePG-2/ HCT-116 cells, but ZnO-loaded CA is more effective than CA.
The obtained results are listed in Table 1. The cell viability decreases with the higher dose of
CA and ZnO-loaded CA.

Table 1. Cytotoxicity assay of the tested CA, ZnO loaded CA, and Doxorubicin on different cancer cell lines.

Compound In vitro cytotoxicity 1Cso (ug/mL)
HePG-2 HCT-116
Doxorubicin 4.,50+0.2 5.23+0.3
Zn0O loaded CAO NPs 47.79+2.7 32.56+2.3
CAO 74.79+3.8 87.36+4.2
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Itis clear that ZnO-loaded CAO shows moderate cytotoxic activity against HePG-2 and
HCT-116 cells as compared with Doxorubicin (47.79£2.7ug/mL and 32.56+2.3 pg/mL Vs
4.5020.2 pg/mL and 5.23+0.3 pug/mL) respectively, while CA showed a less cytotoxic effect
as compared with Doxorubicin and ZnO loaded CA.

3.6. Antioxidant activity.

The antioxidant activity of ZnO-loaded CA NPs and CA (Table 2) reveals a significant
DPPH free radical scavenging activity from 18.1 % to 78.2 % and from 11.9 % to 64.7 % with
ICso value 44.82+0.23 pg/mL and 65.99+0.39 pg/mL respectively, compared with 94.5%
inhibition offered by ascorbic acid (a positive control) at 16.81+0.10ug/mL.

Table 2. Antioxidant activity of the tested CA, CA loaded ZnO NPs.

Conc (pg/mL)
Compound 10 | 20 [ 4 | e | s | 100 .
% Inhibition
Ascorbic acid 387 | 521 | 696 | 818 [ 874 | 945 | 16.8120.10
ZnONPsloaded CAO | 181 [ 308 | 430 [ 519 | 67.1 | 782 | 4482:0.23
CAO 119 | 235 | 319 | 446 | 565 | 647 | 65.99:0.39

The results illustrate that ZnO-loaded CA NPs, and CA are able to scavenge the free
radicals, and they showed higher anti-oxidant activity than previously reported free ZnO [46]
in a dose-dependent manner. The antioxidant activity is higher at various concentrations of
ZnO-loaded CA than at the free CA. This increment is due to the charge density of the metal
ion and the increased ability of the capping materials on their surface after coordination with
ZnO. The antioxidant activity was assessed by 1Cso value, where the I1Cso value defines the
amount of the sample required to scavenge 50% of the free radicals. The best antioxidant
potential is associated with the lower 1Cso value of ZnO-loaded CA. ZnO-loaded CA and the
free CA show ICsovalues moderately higher than the standard ascorbic acid. Consequently, the
results indicate that the antioxidant potency of ZnO-loaded CA and CA is lower than the
standard ascorbic acid.

4. Conclusions

ZnONPs were synthesized and loaded with Citrus aurantium oil (CA). Different
physicochemical techniques were employed to characterize ZnO loaded with CA. X-ray
indicated the formation of quantum dots ZnO. The cytotoxicity and antioxidant activities of
CA and ZnO-loaded CA have been studied. The results indicated that ZnO-loaded with CA has
higher activity than CA alone, as the loaded compound has a dual activity for both ZnO and
CA. Applying ZnO as a drug carrier of anticancer natural products is expected to be a
promising, safe candidate for cancer therapy. ZnO-loaded with CA will be subjected to in vivo
study to exhibit more details on its anticancer activity. Loading Citrus aurantium onto another
biologically active metal oxide will be the point of future work.
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