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Abstract

Nanometal oxides were extracted from cement factories wastes and were
employed to proliferate skin cancer cells using MTT (Methyl Thiazolyl Tetraolium)
assay. MTT assay results for skin cancer cell line A375,for CaO NPs the best
concentration was 200 pg/mL,The viability was reduced to 57.28% while the ICsg,
was (69.66) g/mL for A375 and normal cell WRL68 was significantly higher (231.2
g/mL). The cytotoxicity results of CaO: MgO: Fe,O3 NPs, at higher concentrations
(200 and 400) pg/mL showed a significant difference. The ICsy was (106.4) pg/mL
for A375and normal cell WRL68 was significantly higher (173.3) pg/ml
Ca0:MgO:Fe,O3 NPs. The nanometal oxides, calcium oxide (CaO) and the mixture
(Ca0:MgO: Fe,03) were extracted from wastes of cement factory, and then they
were oxidized at a temperature of 400C" for (5) hours. The structural and surface
properties of the prepared oxides were characterized by X-ray diffraction
patterns,FE-SEM and FTIR. The X-ray data reflected that all the oxides have a
polycrystalline cubic structure, with a preferred orientation along (111) for calcium
oxide, with a preferred orientation along (002) for calcium oxide: magnesium oxide:
iron oxide.

Keywords: CaO and CaO: MgO: Fe,O3NPs, crystal structure, morphological, Skin
cancer
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1. Introduction

Wastes are the useless by-product of human activities that physically contain the same
substances available in the useful product. Wastes have also been defined as any product or
material useless to the producer[1]. It is stated that waste can be classified broadly into three
main types according to their physical states: liquid, solid, and gaseous. Several
classifications exist in different countries[2, 3]. Nanotechnology is a new promising field with
potential applications in domestic, manufacturing, and biomedical products[4] Due to the
developing number of utilizations, there is a rising risk of human and environmental exposure
to nanomaterials. Their potential toxicological effects are still under investigation, and our
actual knowledge of the effects of engineered Nano-sized pollutants on biological systems is
still incomplete[5, 6]. Nanotechnology applications in drugs and microbial science have been
promising to overcome resistance in infectious diseases. Various antibacterial agents,
particularly nanoparticles such as metal and metal oxide, have been applied by researchers
against various bacteria[7]. Nanoparticles are much more active than larger-sized particles
because of their much higher surface area. They also exhibit unique physical and chemical
properties [8-10]. Several types of metal and metal oxide nanoparticles such as silver (Ag),
silver oxide (Ag.0), titanium dioxide (TiO2), zinc oxide (ZnO), gold (Au), calcium oxide
(Ca0), silica (Si), copper oxide (CuO), and magnesium oxide (MgO) have been known to
show antimicrobial activity [7]. Metal or metal ions are also essential elements for the human
body and play a role in over 300 enzyme reactions[11, 12]. Skin chiefly contains two
significant layers, the epidermis and the dermis. The epidermis layer is the deepest layer of
the skin that is comprised of melanocytes, keratinocytes, Merkel cells, and Langerhans
cells[13]. Any irregularity in this layer leads to numerous kinds of skin insults, and cancer is
one of them. In general, skin cancer is extensively partitioned into two significant sorts:
melanoma (tumors arising from melanocyte dysfunction) and non-melanoma skin cancers
(arising from cells derived from the epidermis)[14]. Melanoma happens because of abnormal
proliferation of human melanocytes; containing cells, including 90%, 5%, and 1% in the skin,
eyes, and intestine, individually.[15, 16]. When contrasted with other skin affronts, melanoma
accounts just for 1% of all skin malignant tumors. Despite late advances in therapeutic
approaches, melanoma is still the most aggressive skin cancer, showing just 15-20% of five-
year endurance rate[17, 18]. Non-melanoma skin cancer (NMSC), caused by hereditary and
environmental factors, represents around 95% of skin cancer[19, 20]. Usually, nonmelanoma
skin cancer includes numerous other cancerous sorts; however, these sorts are fundamentally
partitioned into two primary subtypes: cutaneous squamous cell carcinoma (SCC), and basal
cell carcinoma (BCC);they make up almost 99% of all non-melanoma skin cancers
(NMSCs)[21]. Numerous studies have suggested that the occurrence rate of NMSC has been
augmented by 3-8% worldwide yearly since 1960, and it is 18-20 times higher than that of
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melanoma[22, 23]. Men are more in danger of NMSC than women. The risk of progression of
NMSC relies upon genotypic, phenotypic, and environmental factors[24]. In light of the rising
prevalence of skin tumors, and the difficulties of wasteful medication conveyance
frameworks, it is essential to surge the possible methods to avert or cure the disease.

The aim of this research is to extract metals oxcide(CaO and CaO:MgO:Fe203 NPs).
from factory waste of Kufa cement factory to be used in multiple applications, including
cancer treatment.

2. Materials and Methods
2.1. Preparation of CaO and CaO: MgO: Fe203 NPs

Calcium was extracted from cement residues of Kufa cement factory using hydrofluoric
acid at a concentration of 48%. Several cement residues were placed in a plastic container,
and hydrofluoric acid was added and left for 12 hours; then the mixture was washed with
distilled water more than ten times and left to dry. A white powder resulted with calcium
element. The calcium was oxidized to obtain calcium oxide by placing it in the oven at a
temperature of 400 °C for 5 hours.

The mixture of calcium oxide, magnesium oxide, and iron oxide, CaO:MgO:Fe203, was
obtained from cement waste by heating the powder obtained 12 hours after placing the waste
in hydrofluoric acid in an oven at 400 °C for two hours.

after washing after 400C° (2houre)

Figure 1: Steps of preparation process of CaO and CaO: MgO: Fe203 Nps from cement
waste factory

2.2. A375 cell line

Human melanoma (A375) cells were supplied by department of Pharmacology/ Faculty of
Medicine, Centre for Natural Product Research and Drug Discovery, University of Malaya.
A375 cell line is a human melanoma cell line initiated through explant culture of a solid
tumor from a 54-year-old female, stored in liquid nitrogen (-196°C) until ready for
experimental use. The control (normal) cells were human hepatic cell lines (WRL-68) which
exhibited morphology similar to that of hepatocytes and liver primary cultures.

2.3. MTT assay

To determine the cytotoxic effect of (CaO and CaO: MgO: Fe203 NPs), the MTT assay
was performed using 96-well plates. Cell line were seeded at 1 x 10* cells/well. After 24
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hours a confluent monolayer was achieved; cells were then treated(skin cancer) with tested
compounds(CaO and CaO: MgO: Fe203 NPs). Cell viability was measured after 72 hours of
treatment by removing the medium, adding 10 pL of 2 mg/mL solution of MTT and
incubating the cells for 4 h at 37 °C. After removing the MTT solution, the crystals remaining
in the wells were solubilized by the addition of 100 uL of DMSO (Dimethyl Sulphoxide)
followed by 37 °C incubation for 5 min. Absorbance was measured using an ELISA reader
(Bio-rad, Germany) at a wavelength of 575 nm. Statistical analysis was performed on the
optical density readings to calculate the half maximal inhibitory concentration ICsy according
to the following equation:

Viabilitiy(%) _ optical densty of sample

X 100%.

optical density of control

3. Results and Discussion
3.1. Structural properties

Figure (2) shows the XRD patterns of CaO and the mixed CaO: MgO: Fe,O3 NPs. All the
peaks in the XRD patterns of the of the CaO and the mixture of CaO:MgO:Fe,O3 NPs can be
indexed to the cubic crystal system that matched the ASTM (American Standards for Testing
Materials) card of CaONPs (JCPDS card no. 37-1497,30-0794,39-1346), respectively.
Several peaks can be noted along the (200), (220), and (222) planes at 26 of 37.32°, 53.68°
and 68.64°, respectively, as matched with the ASTM (American Standards for Testing
Materials) card of CaO (37-1497). Our results agree with other researches[25, 26] the (220)
plane at 47.02° was also reported by Balaganesh et al[27]. From Figure (2), it is clear that the
mixture of CaO: MgO: Fe203 NPs occupied all the peaks as matched with the ASTM card of
Ca0, MgO. Fe,O3NPs have preferential orientation along(002) at 29.64; this matched the
results of Tomah and Fadhil[28].The crystallite size was estimated from the XRD pattern

using Scherer's equation[29].

_ 0.9
D=2 N ¢ )

Where: A is the X-ray wavelength of Cu Ka Radiation (1.54 ° A), 6 is the Bragg
diffraction angle, and g is the FWHM of the discrete diffraction peak. The crystal size
corresponding to the highest peak observed in the XRD pattern was found to be 34.756,
20.277 nm for CaO and CaO: MgO: Fe,O3; NPs, respectively.
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Figure 2: XRD patterns of CaO and CaO: MgO: Fe,O3; NPs

Table 1: The obtained result of the XRD for CaO and CaO: MgO: Fe203 NPs
Miller
indices
(hkl)

32.203 32.52 0.004155
37.346 37.32 0.003885 (200)
47.568 47.02 0.003846 (220)
53.854 53.68 0.003844 (220)
67.373 68.64 0.004091 (222)
CaO: MgO: Fe,04 29.756 30.04 0.007073 (111)
36.936 36.12 0.007435 (111)
39.276 39.6 0.005658 (006)
43.284 43.36 0.007010 (400)
47.568 47.68 0.006213 (220)
56.106 56.88 0.002792 (510)
64.526 64.56 0.004653 (440)
73.327 73.04 0.003490 (620)

3.2Field Emission Scanning Electron Microscope:

Figure (3) shows the energy dispersive X-ray for the cement waste. It can be observed
from the figure that the waste contains many elements such as calcium, silicon, chlorine,
potassium, iron, sulfur, magnesium, carbon, oxygen and aluminium. Calcium was of the
highest percentage among the elements, followed by silicon, sulfur, potassium and the rest.
Figure (4) shows the EDX of the cement factory waste after adding hydrofluoric acid (HF) for
12 hours, and after washing well with distilled water, the figure shows that only calcium and
fluorine remained after washing.

Figure (5) shows the energy dispersive X-ray of the cement factory waste after adding
hydrofluoric acid for the same period as above and with heat treatment for 2 hours at a
temperature of 400C".

Figure (6) shows the SEM and EDX images of the individual samples of CaO and the
mixed CaO: MgO: Fe203 NPs synthesized by extraction method using HF acid to obtain
calcium oxide and the mixture.
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Figure (6a) shows that the grain size of CaO NPs ranged between (48.77-87.57) nm. In
addition, CaO NPs were well dispersed. The synthesized CaO NPs were agglomerated
forming larger clusters. Figure (6b) shows that the diameters of CaO: MgO: Fe,O; NPs
ranged between (81.19-88) nm. To determine the proportions of elements in compounds,
energy-dispersive X-ray analysis was used. In this study, it was used to show the presence of
CaO NPs, and the mixed sample CaO: MgO: Fe,O3 Nps in a certain proportion. The analyses
were reported in same patterns as shown in Figure (6a) for CaO NPs and (b) for CaO: MgO:
Fe,O3 NPs under the EDX spectrum of the study.

x 0.001 cps/eV

160

140
IZO:
100
801 cB Al
60j
2]

20; l '
O<LML1 : s ‘m‘hd ——- et | B e —
1 2 3

AP 00 Wtbinba i W 008 s/ s S DN S .
4 5 6 7 8
keV

Figure 3:Energy Dispersive X-ray (EDX) of the cement waste
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Figure 4: Energy Dispersive X-ray (EDX) of the cement waste after adding hydrofluoric acid
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Figure 5: Energy Dispersive X-ray (EDX) of the cement waste after adding hydrofluoric acid
and the heat treatment

eV

1710



Ghdeeb et al. Iragi Journal of Science, 2023, Vol. 64, No. 4, pp: 1704-1716

I soxctm 13

EoRC

0 2 4 6 § o

Figure 6: FE-SEM images of CaO and CaO: MgO: Fe203 NPs

3.3. Fourier transform infrared spectroscopy (FTIR) analysis

Fourier transform infrared (FTIR) spectroscopy is an essential tool for observation of
functional groups; it was employed in this work to characterize the different functional
groups, which are involved in the reduction of the stabilization of the prepared CaO and the
mixed sample of CaO: MgO: Fe,O3 NPs powders. The FTIR spectrum for CaO is shown in
Figure (7a). FTIR analysis expressed visible bands at 3452.23, 1173.43, 1123.89, 738.78, and
638.45 cm™. The band found at 3452.23cm™ can be assigned to stretching of the O-H[26] ].
The two peaks appeared between 1173.43-1123.89cm™ refers to C-O stretching vibration[26,
30] The peaks at 638.45 cm™refers to C-H out of plane bending, and the strong band observed
at 718.78 cm ! is due to the(Ca-O) bond. These results agree with those of Mmusiet al[31]
and Jalua et al[32] Figure (7b)shows the FTIR spectrum of the synthesized mixture of CaO
:MgO: Fe,03 NPs; the band at 3441.72cm™ can be assigned to the stretching of the O-H;
1121.98 cm™ refers to C-O stretching vibration; the peaks between729.25and 622.62 cm’
Irefers to C-H out of plane bending. The appearance of the peak at 564 cm™ was due to the
vibrational intrinsic stretching of metal oxygen bond vibrations (Fe-O)[33]
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Figure 7: Fourier transform Infrared (FT-IR) analysis of CaO and CaO: MgO: Fe,O3 NPs

3.4. Cell viability (MTT Assay):

To check the cytotoxicity of the individual samples CaO and the mixed CaO: MgO:
Fe,O3NPs on the human melanoma A375 cell line (in Vitro), (1x10° mI™) cells per well, in
their exponential growth phase, were incubated for 24 hours with different concentrations
Ca0 and CaO: MgO: Fe203 NPs. The cell viability was estimated as a percentage of the
control (100 % cell viability was investigated by MTT assay).

Cytotoxicity results of human melanoma A375 cell line viability after 72 hours of
treatment with various concentrations (6.25 to 400ug/MI) of CaO and CaO: MgO: Fe203 NPs
are shown in Figures (8). All results indicated a decrease in cell viability in a dose-dependent
manner and both CaO NPs and CaO: MgO: Fe203 NPs solutions resulted in a significant
reduction in the survival rate of A375cells in dose dependence (P < 0.0001). For CaO NPs,
The best concentration was 200 pg/mL, where the viability was reduced to 57.28% at a
concentration of (6.25and 12.5) pug/MI1.There was no significant difference in viability of
A375 carcinoma. While the IC50 was (69.66) ng/mL for A375 and for normal cell WRL68
was significantly higher (231.2 pug/mL). Table (2) shows the viability (mean + standard
deviation (SD) of the CaO NPs.

The cytotoxicity results of the mixed CaO: MgO: Fe,O3 NPs are shown in Figure (8b) and
Table (3). There was no significant difference between A375carcinoma and normal cell
human hepatic cell lines (WRL68) for the concentrations of (6.25, 12.5, 25, and 50) pg/mL of
Ca0: MgO: Fe;0O3 NPs, at higher concentrations (200 and 400) pg/Ml, a significant difference
was observed. The half maximal inhibitory concentration (ICsp) was (106.4) pg/mL for
human melanoma A375 cell line and normal cell WRL68 was significantly higher at (173.3)
pug/mL for CaO: MgO: Fe,O3 NPs.

From the above results, it was found that CaO and CaO: MgO: Fe,O3 NPs extracted from
cement factories proved their effectiveness in inhibiting skin cancer cells, especially the CaO:
MgO: Fe,O3; NPs, where the percentage of inhibition of cancer cells was approximately 70%.

Nanomaterials attack cells by penetrating the cell wall, and as a result, the permeability of

the cell membrane changes and its permeability increases. This makes difficult to control the
entry of substances through the cytoplasmic membrane, resulting in cell death.
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Table 2: Viability (mean * standard deviation (SD) of CaO NPs

Table 3: Viability (mean + standard deviation (SD) of CaO: MgO: Fe203NPs
Concen.
(pg/mL)
400.00
200.00
100.00
50.00
25.00
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6.25

a A3TS cell line

1097 o WRLGS

Bl ALTS

80+

0l

Viability?s

401

207

40 200 101 St 25 12.5 025

Concentration

1713



Ghdeeb et al. Iragi Journal of Science, 2023, Vol. 64, No. 4, pp: 1704-1716

b A375 cell line
11000
B WHRLGE
Bl A3TS
B0
< 604
= 404
20—
l'l_
4010 200 100 S0 25 12.5 6.25
Concentration

Figure 8: Cell Viability rate of (a) CaO, (b) CaO: MgO: Fe203 NPs. A375 cell line

4. Conclusion

Calcium oxide (CaO) and the mixture (CaO: MgO: Fe,O3) were successfully extracted

from factory wastes. The structural tests showed that all the oxides have a polycrystalline
cubic structure. FESEM showed the morphology of CaO NPs and CaO: MgO: Fe203 NPs.
The average diameter of CaO and the mixed CaO: MgO: Fe203 NPs were around
(64.08,84.2) nm, respectively. These oxides showed good effectiveness, especially the
mixture, where the percentage of inhibition of cancer cells was approximately 70%.
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