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Introduction

ABSTRACT

Cobalt oxide nanoparticles have a lot of usage in cancer nanomedicine due to
their wide variety of biological uses. Varied concentrations of chromium-doped
cobalt oxide (1%, 3%, 5% Cr: Coz04) nanoparticles and cobalt oxide (Co3;O4)
nanoparticles were synthesized using the co-precipitation method and charac-
terized and confirmed by XRD, FESEM, EDS and FTIR methods. The
nanoparticles were then used to assess DNA damage using the hemolysis and
comet assay. In addition, the cell viability assessments were carried out on HeLa
cervical cancer cell lines. The outcomes suggest that the prepared nanoparticles
were highly hemocompatible, showing inducible DNA damage via tail
moments. The cell viability assays showed that the nanoparticles have detri-
mental effects on the cancer cells via morphological and MTT assay results.
Therefore, the studied concentrations of Cr-doped CozO4 can be further used as
an efficient hemocompatible and anti-cancer-based nanomaterial in future
therapeutic aspects.

of cancer advanced treatment ideas and methods [2].
Biocompatibility has long been regarded as one of the
essential factors invalidating a biomaterial for use in

Cancer is a deadly and diverse collection of diseases
produced by a sequence of clonally selected muta-
tions in critical tumor-suppressor genes and onco-
genes with varying biological characteristics. It is
described as the uncontrollable division of aberrant
cells or tissues with the capacity to invade and
destroy normal bodily tissue [1]. Cancer nanomedi-
cine is a field of bio-nanotechnology that is still
developing, having a crucial function in the treatment
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human organisms. Biocompatibility can be assessed
using “in vivo” and “in vitro” tests. The comet assay,
also known as single-cell gel electrophoresis (SCGE),
is a popular technique used to measure and analyze
DNA breakage in individual cells that can be used in
in vitro, ex vivo and in vivo systems [3]. The comet
assay is a valuable tool for analyzing oxidative stress
issues in human lymphocytes. The use of specific
antioxidants has allowed for the elucidation of the
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mechanism of DNA damage due to the wide range of
agents. Additionally, the comet assay revealed the
pro-oxidant/antioxidant effects of various endoge-
nous and exogenous compounds. Metabolic cell via-
bility assays were done using tetrazolium salts like
MTT and are mainly used for the screening of anti-
cancer activity of compounds on cultured cells [4].
Chemical techniques, thermal breakdown, electro-
chemical processes, microwave irradiation, and laser
ablation have all been used to create metallic
nanoparticles. Metal oxide nanoparticles are critical
developments in research because of their wide range
of medical and biotechnological applications in drug
delivery systems, biosensing, cancer therapy,
advanced biomedical purpose and cell imaging [5].
Cobalt is one of the significant elements in metal
biomedical application, and its metal oxide-based
research has an interest in the preparation of
nanoparticles for various biomedical applications
such as anti-cancer, antibacterial, enzyme inhibition
properties and antifungal [6, 7]. Currently, Co;O4
nanoparticles are some of the p-type semiconducting
material with spinel structure having high mechani-
cal strength and chemical stability at high tempera-
tures. The spinel structures of Co3;O,4 exhibit a cubic
closed packing array of oxide ions, in which Co*"
ions occupy the 1/8 tetrahedral A sites and Co’* ions
occupy 1/2 octahedral B sites [8]. The nanoparticles
of transition metal oxides are also being widely used
in developing anode materials for rechargeable Li
batteries, catalysis, magnetic materials, pigments, gas
sensor, high-temperature solar selective absorbers
and photocatalysts [9, 10]. Co;04 nanoparticles are
also a promising visible light photocatalysis due to
their high surface area, high chemical reactivity and
favorable bandgap (1.7-2.4 eV) in this field. They are
used to absorb photons in the visible range [11].
The metal oxide efficiency of CozO, nanoparticles
can be improved by increasing the surface defects
such as doping transitions that lead to higher bio-
logical activities and free radicals produced in an
oxidation reaction [12, 13]. Doping of chromium (Cr)
has various oxidation states, a valuable component of
metalloproteins and enzymes. Cr doping in Coz0,
nanoparticles has received a lot of attention in
biomedical applications because it can improve the
biocompatibility response by reducing the toxicity of
the nanoparticles [14]. Several methods are used for
the synthesis of Cr-doped Co;0,4 nanoparticles, and
they include mechanochemical, soft chemical,
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microemulsion, chemical, sol-gel and co-precipita-
tion methods, in which co-precipitation technique is a
simple process used to control the size of nanoparti-
cle synthesized [15].

In the current study, we describe that the Co;04
nanoparticles are one of the most unique and attrac-
tive materials in biomedical research based on their
bioactivity. The toxicity (or) biocompatibility of
Co30, nanoparticles and Cr-doped Co;0O, nanopar-
ticles were analyzed by confirming the DNA damage
and reduced cell viability mechanisms seen in comet
and MTT assays, respectively.

Materials and methods
Materials

Cobalt chloride hexahydrate (CoCl,-6H,0), chro-
mium chloride hexahydrate (CrCl,-6H,O) and
ammonia solution were purchased from Sigma-
Aldrich and HiMedia and used without further
purification. Double distilled water (DDW) was used
throughout the research.

Synthesis of cobalt oxide nanoparticles

The Co3;04 nanoparticles were synthesized using the
co-precipitation method. The experiment typically
consisted of 0.1 M cobalt chloride hexahydrate dis-
solved in 50 mL of distilled water and stirred for
30 min. NH3-H,O (25%) solution was added to the
above mixture under continuous stirring at room
temperature until pH 11 was attained. After stirring,
the reaction mixture was refluxed at 180 °C for 2 h.
The product was aged for 24 h, resulting in a residue
that was centrifuged at repeated washing steps using
distilled water to obtain the final product dried at
80 °C at least for 2 h, and the as-obtained sample was
further annealed at 400 °C for 3 h [8, 15].

Synthesis of chromium-doped cobalt oxide
nanoparticles

In the preparation process, the addition of cobalt
precursors at different percentages of Cr (1, 3 and 5%)
concentrations to form Cr-doped Co30; is crucial for
preparing the test samples. The NH;-H,O (25%)
solution was then added to the above-prepared
solutions of different concentrations under
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continuous stirring until the pH11 was attained at
room temperature for 30 min. This reaction mixture
was then refluxed at 180 °C for 2 h. The end product
was aged for 24 h, resulting in a concentrated pre-
cipitate that was centrifuged, followed by repeated
washing with distilled water and annealed at 400 °C
for 3 h [16].

In vitro hemocompatibility

In vitro hemocompatibility test was analyzed for both
synthesized Co3z0, and Cr: Co30,4 nanoparticle sam-
ples by comparative hemolysis test. In order to do
that, the amount of hemoglobin released into the
supernatant was determined spectrophotometrically
at 540 nm wavelength. The test run consisted of PBS
as a negative control and distilled water as a positive
control under mixing both solutions with blood
making a final concentration of 200 pg/mL. To cal-
culate the rate of hemolysis exerted by the pure
Co30,4 and Cr: Coz04, the following formula was
used [17].

Comet assay

The synthesized pure Co304 and Cr-doped Co;04
nanoparticles nanocomposite’s effect on human leu-
cocyte DNA was assessed using comet assay by Lu
et al.’s (2017) method. Alternatively, the level of DNA
damage was viewed under the gel documentation
system instead of fluorescence imaging. Co;0O4 was
chosen as the reference, and three different concen-
trations of Cr-doped Co3;O, nanoparticle samples
(1%, 3% and 5%) were treated on isolated leucocyte
genomic DNA that was isolated using the Qiagen
DNA isolation kit method (Qiagen Pvt. Ltd., India).
Three different volume concentrations of each test
sample (CozO,) as 50 pl and 150 pl diluted up to
200 pl using DEPC treated water were tested on
250 pul of 100 ng genomic DNA sample. Based on the
recorded results of the comet assay, the DNA damage
was measured from the comet head and tail length
[18].

Cell culture

The HeLa cells (human cervical cancer cells) were
cultured individually in liquid medium (DMEM)
supplemented with 10% fetal bovine serum (FBS),
100 pg/ml penicillin and 100 pg/ml streptomycin
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and maintained under an atmosphere of 5% CO, at
37 °C. All cell line was purchased from the National
Centre for Cell Sciences (Pune, India).

MTT assay

The various concentrations of test samples of pure
Co304 and Cr-doped Co3;04 nanoparticles nanocom-
posites were analyzed for in vitro cytotoxicity on
HeLa cell lines using 3-(4, 5-dimethylthiazol2-yl)-2,
5-diphenyltetrazolium bromide (MTT) assay. The
cultured cells were then harvested by the
trypsinization method and combined following a
15-ml tube. The cells were then plated at a density of
1 x 105 cells/ml cells/well (200 pL) into a 96-well
tissue culture plate in DMEM medium containing
10% FBS and 1% antibiotic liquid for 24-48 h at 37 °C;
wells were wiped with sterile PBS and treated with
different concentrations of the test sample pure
Co304 and Cr-doped Coz;04 nanoparticles nanocom-
posites in a serum-free DMEM medium.

Each sample was then replicated three times and
incubated at 37 °C in a humidified 5% CO, incubator
for 24 h. Subsequently, during the mentioned incu-
bation period, MTT (20 pL of 5 mg/ml) was added to
every well, incubated for 2-4 h, respectively, until
purple precipitates were observable under an inver-
ted microscope. The resulting medium combined
with MTT (220 pL) was isolated from the wells and
washed with 1 x PBS (200 pl). In the method to dis-
solve formazan crystals, DMSO (100 pL) was added
and shaken well for 5 min, after which the absor-
bance of every sample containing wells was evalu-
ated at 570 nm using a microplate reader (Thermo
Fisher Scientific, USA), and the percentage of cell
viability and IC50 value was analyzed after tabulat-
ing in worksheets [19].

Characterization techniques

The Coz0, and Cr-doped Co3;04 samples were char-
acterized using the following techniques. The crys-
talline structure of the samples was determined by
using Rigaku Smart Lab X-ray Diffractometer (XRD)
with Cu Ka radiation (1.5406 A). Morphological
analysis was determined by FESEM-EDS (quanta-
250-FEG). The hemolysis assay of the nanoparticles
was determined by the UV-Vis spectroscopic method
(JoscoV-650, Japan).

@ Springer



12988

Results and discussion
XRD analysis

The crystal structure and phase purity of the pre-
pared Coz0, and Cr-doped Co30,4 nanoparticles were
studied using XRD analysis, as shown in Fig. 1. They
depict XRD patterns of CozO4 and Cr-doped Co304
nanoparticles. The primary characteristic peaks were
detected at 19.0°, 31.2°, 36.8°, 38.5°, 44.88°, 55.6°, 59.3°
and 65.2°, corresponding to (111), (220), (311), (222),
(400), (422), (511), (440) crystallographic spinel cubic
phase of pure Coz;O; NPs and that is matched well
with JCPDS card no. [65-3103]. The intensity of Co;O4
was reduced due to the doping of Cr, and an addi-
tional extra peak was observed for a higher concen-
tration of Cr-doped Co3;0,. The average grain size of
Co30,4 was determined from the most substantial
peak (311) and calculated to be 21.5 nm. The grain
size of Co30, and Cr-doped Coz;O4 nanoparticles was
estimated using the Debye-Scherrer formula; the
calculated values are given in Table 1 [20, 21].

FTIR analysis

To further confirm the formation of nanocomposites,
we have performed FTIR absorption spectra for
Co0304, 1% Cr: Co304 3% Cr: Coz04 and 5% Cr:
Co304 nanoparticles that are in line with the
400-4000 cm™' region as shown in Fig. 2. The
absorption spectra of pure Co3;0; nanoparticles
exhibit two sharp metal oxide peaks indexed at
570 cm~! and 664 cm™!, which corresponds to the
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Figure 1 XRD analysis of pure Co30,4 nanoparticles and 1, 3 and
5% Cr-doped Co3;04 nanoparticles.
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Co-O stretching band of Co3;04. The band at
1627 cm™! and 3434 cm™!' is indicative for O-H
stretching vibration of water molecules. The absorp-
tion spectrum of Cr-doped CozO, samples also
exhibits strong metal oxide bands positioned at
570 cm ! and 664 cm ™. However, it is observed that
with increasing concentration of Cr doping the
intensity of absorption peaks decreases, which is
evident from 5% Cr-doped sample, thus confirming
the formation of Cr-doped Co3;O, nanocomposites
[22, 23].

Morphological and elemental analysis

Morphological assessments of the prepared nano-
material were observed by FESEM. As shown in
Fig. 3 a confirming the FESEM image of Co030,
nanoparticles and Cr-doped Co30O4 nanoparticles at 5
and 2 um scale magnification, the FESEM image
clearly showed an irregular spherical shape with
aggregation for pure CozO, nanoparticles. The
change in surface morphology of Cr-doped Co3;04
nanoparticles could be due to doping. When the
dopant concentration increases, the agglomeration
size of the Co;0, nanoparticle also increases [24].

EDS analysis

The energy-dispersive X-ray spectroscopy (EDS) was
used to study the elements present in the prepared
samples. Figure 4 shows the EDS spectrum of CozO4
nanoparticles and 1%, 3% and 5% Cr-doped Co;04
nanoparticles. The peaks corresponding to Cr were
observed in the EDS spectra. The doped samples
were confirmed for the presence of a proper pro-
portion of Cr in Coz04 nanoparticles depicting that
this can lead to the oxygen deficiency in Coz;O4 [25].

Table 1 Grain size of Co30,4 and Cr-doped Co30,4 nanoparticles

Samples Grain size
CO3;04NPS 21.5 nm
1% Cr: Co304NPS 23.5 nm
3% Cr: Co304NPS 25.2 nm
%S5 CO304NPS 28.7 nm
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Figure 2 FTIR analysis of pure Co;0,4 nanoparticles and 1, 3 and
5% Cr-doped Co30,4 nanoparticles.

Figure 3 FESEM image of (a & b) C0304, (¢ & d) 1% Cr-doped
Co50y4, (e & £) 3%Cr-doped Co;0,4 nanoparticles and (g & h) 5%
Cr-doped Co30, nanoparticles.

In vitro hemocompatibility

The hemolysis assay was performed to test the
hemocompatibility of the prepared CozO, nanopar-
ticle at different concentrations of Cr-doped Co304 (1,
3 and 5%) on RBC for a range of concentrations (50,

Figure 4 EDS analysis of (a) C0304, (b) 1% Cr-doped Co304,
(¢) 3%Cr-doped Co304, and (d) 5%Cr-doped Co304
nanoparticles.

75 and 100 pg/mL) after 3-h incubation. From Fig. 5,
it is observed that both Co;04 nanoparticles and that
doped with various percentages of Cr exhibited a
concentration-dependent increase in the hemolytic
activity. Moreover, the obtained hemolytic ratio
increased with increasing Cr dopant percentage in
Co304 nanoparticles. Generally, the hemolytic bal-
ance is categorized into three levels, 5%, 10%,
and > 20% indicating the high hemocompatible, mild
hemocompatible, and non-hemocompatible features,
respectively. The obtained hemolytic results for pure
Co0304, 1% Cr: Co304 3% Cr: Coz04 and 5% Cr:
Co0304 nanoparticle at 100 pg/mL concentrations
were 3.70, 0.88, 1.45 and 5.70, respectively. Therefore,
the observed data confirm that the pure Co304, 1%
Cr: Coz04, 3% Cr: Coz04 show hemolytic ratios less
than < 5%. From these results, it is clear that all the
prepared samples were highly hemocompatible to
human red blood cells at the maximum given con-
centrations. Interesting, the hemolytic effect of Co304
nanoparticles was reduced initially when doped with
1% and 3% Cr, although 5% Cr: Co30, nanoparticles
exhibited the highest hemolytic activity than CozO4
nanoparticles, 1% and 3% Cr: Co304 nanoparticle.
This can be attributed to the higher increased con-
centration of Cr ions released when interacting with
RBC membranes and that causes cell membrane
disruption, which subsequently releases higher
hemoglobin from RBCs. Therefore, the increase in the
hemolytic percentage of the Cr: CozO4 nanoparticle is
directly proportional to the increased percentage of
Cr dopant present in the prepared sample [26, 27].
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Figure 5 In vitro hemocompatibility study of pure Co3z04, 1% Cr-doped Co3;04, 3% Cr-doped Co3;04 and 5% Cr-doped Co;0,4
nanoparticles.

Table 2 DNA damage of pure Co304, 1% Cr: Co304, 3% Cr: Co304, and 5% Cr: Co304 nanoparticles to evaluate the head dia, tail length
and comet value in human peripheral blood cells

Concentrations CozO4NPS 1% Cr: Co304NPS 3% Cr: Co304NPS %S5 Co304NPS

Head Dia 0.5 mm 0.5 mm 0.5 mm 1 mm

Comet value 1.2 mm 0.56 mm 1 mm 0.84 mm

Comet assay evidently confirms the DNA damage of the > 3%
concentrations of Cr-doped Co3;0; nanoparticles

The recorded gel documentation images were mea-  against the genomic DNA chosen, as shown in Fig. 6

sured for the tail and head length using the Open [28, 29].

Comet automated tool used for assessing the comet

lengths. The comet head diameters for Co;O4 showed In vitro anticancer activity of pure Co30,

0.5 mm and had no tail formations. Similarly, the test and Cr-doped Co;0,4 NPs

samples 1% having 50 and 150 pg/mL diluted con-

centrations had 0.5-0.7 mm head diameters expres- The IC50 values for each concentration of nanopar-
sed with no tail formations, whereas the 3% and 5% ticles were determined based on the cell viability
having different concentrations showed varying tail ~ rates. The morphological profiles of the cell culture
lengths from 1.1 to 1.3 mm, as shown in Table 2. This plates viewed after 24 h and 48 h sample treatments

@ Springer
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Figure 6 In vitro studies of DNA damage of pure Coz Oy4, 1% Cr:
Cos Oy, 3% Cr: Coz O4 and 5% Cr: Coz O4 nanoparticle.

under the inverted microscopes are given in Fig. 7.
The ICsy observed for the test samples, pure Co;04
and Cr-doped Co3O,; nanoparticles nanocomposite
showed 2943 + 1.44, 4322 +£1.02, 56.93 + 1.41,
60.68 £ 1.05, 40.02 &+ 1.14, and 69.83 £ 1.33, respec-
tively [29].
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Conclusion

In summary, the 5% Cr-doped Co3;0O4 nanoparticles
were prepared using the co-precipitation method,
where the XRD and FESEM studies confirmed the
formation of cubic phase and irregular spherical
shape with the aggregated structure of CozO4, 1% Cr:
Co304, 3% Cr: Co304 and 5% Cr: CozO4 nanoparti-
cles, respectively. The grain sizes were 21.5, 23.5, 25.2
and 28.7 nm. The confirmed nanoparticles were then
used to assess DNA damage using the hemolysis and
comet assay. In addition, the cell viability assess-
ments were carried out on HeLa cervical cancer cell
lines. The outcomes suggest that the prepared
nanoparticles were highly hemocompatible, showing
inducible DNA damage via tail moments. The cell
viability assays showed that the nanoparticles have
detrimental effects on the cancer cells via morpho-
logical and MTT assay results. Therefore, the studied
concentrations of 5% Cr-doped CozO4 can be further
used as an efficient hemocompatible and anticancer-
based nanomaterial in future therapeutic aspects.
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Figure 7 Bar diagram of cell viability of pure Co304 and 1, 3 & 5% Cr-doped Co;04 NPs and morphology image of pure Co;04 and 1, 3
& 5%Cr-doped Co3;0,4 NPs on HeLa cancer cell lines using optical microscopy.
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