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Abstract In this study, nickel nanoparticles (NiONPs) have been successfully synthesized in an

aqueous medium using the aqueous extract from the leaves of Calendula officinalis. The synthesized

NiONPs were characterized using different techniques. According to the XRD analysis, the mean

crystal size for NiONPs was found to be 33.17 nm. In addition, SEM images exhibited a uniform

spherical morphology with a size of 60.39 nm for the NiONPs. The anti-esophageal carcinoma

potentials of C. officinalis leaf aqueous extract, and NiONPs were assessed by the MTT assay

against distal esophageal adenocarcinoma (FLO-1), gastroesophageal junction adenocarcinoma

(ESO26), human caucasian esophageal carcinoma (OE33), and human esophageal squamous cell

carcinoma (KYSE-270) cell lines. This study showed that NiONPs had excellent cell death and

anti-cancer effects against esophageal carcinoma cell lines. The IC50 of NiONPs were 380, 263,

229, and 251 mg/mL against FLO-1, ESO26, OE33, and KYSE-270 cell lines, respectively. Among
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the studied cell lines, the best anti-esophageal cancer activities of NiONPs were gained in the cell

line of OE33. The antioxidant activity of NiONPs was investigated using the DPPH test. In the

antioxidant test, NiONPs prevented the oxidation of 50% of the DPPH molecules at a concentra-

tion of 204 mg/mL. Considering the obtained results, it can be suggested that NiONPs may be

administrated as a chemotherapeutic supplement/drug to treat esophageal carcinoma.

� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The main esophageal diseases involve esophageal cancer, hiatus
hernia, Chagas disease, Schatzki’s ring, Mallory-Weiss syn-

drome, Nutcracker esophagus, Barrett’s esophagus, Jackham-
mer esophagus, Boerhaave syndrome, Zenker’s Diverticulum,
Killian-Jamieson diverticulum as well as diffuse esophageal

spasm (Zhang et al., 2012; Akhtar, 2013; Enzinger and
Mayer, 2003; Pennathur et al., 2013). The severe type of eso-
phageal cancer appears as esophageal carcinoma (Enzinger

and Mayer, 2003; Pennathur et al., 2013). In this relation,
familial predisposition, radiation therapy, scorching drinks,
acid reflux, alcohol, obesity, smoking tobacco, and chewing
betel nut are the common risk factors of esophageal carcinoma

(Akhtar, 2013). The main clinical signs of esophageal carci-
noma are enlarged lymph nodes around the collarbone, dry
cough, vomiting blood, weight loss, hoarse voice, coughing

up, and some difficulty in swallowing (Zhang et al., 2012).
The positron emission tomography, magnetic resonance imag-
ing, low-dose helical computerized tomography scan, comput-

erized tomography, chest X-ray, esophageal endoscopic
ultrasound, molecular testing, blood tests, needle biopsy, and
physical and history examination are among the most com-

monly used techniques to diagnose esophageal carcinoma
(Enzinger and Mayer, 2003; Pennathur et al., 2013).

Different procedures like surgery, targeted therapy,
immunotherapy, chemotherapy, radiation etc are used in treat-

ing esophageal carcinoma and the most prescribed chemother-
apeutic drugs are capecitabine, fluorouracil, carboplatin,
oxaliplatin, and cisplatin (Stahl et al., 2013). However, the

major drawbacks in their use are some unpleasant side effects
like fatigue, hair loss, weight loss, mouth sores, diarrhea, and
nausea and thereby new formulations of these drugs are of

urgent necessity (Klein et al., 2014). In the search for alterna-
tive medicines, it has been found that metallic nanoparticles
can exhibit excellent anticancer properties (Namvar et al.,

2014). Since then, incessant investigations and reports have
been undertaken to develop and synthesize metallic nanoparti-
cles and nanocomposites to treat different cancers including
esophageal carcinoma worldwide (Klein et al., 2014; Namvar

et al., 2014).
Nanomaterials, which are the subject of our study, have

unique competencies different from their macro-scale counter-

parts due to their low volume/surface ratio and many
advanced as well as some physiochemical criteria such as color,
solubility, strength, prevalence, toxicity, magnetic, optical,

thermodynamics (El-Sayed et al., 2006; Chatterjee et al.,
2012; Azizi et al., 2017). In recent years, biological methods
which are basically non-toxic, cost-effective, and environmen-
tally friendly have gained much interest compared to physico-

chemical nanoparticle synthesis methods (Klein et al., 2014;
Namvar et al., 2014; El-Sayed et al., 2006; Chatterjee et al.,
2012). Various pathways have been developed for the biogenic
or biological formulation of nanomaterials from the salts of

different metal ions. The synthesis of nanoparticles under
purely ’green’ principles can be achieved by using an environ-
mentally compatible solvent system with environmentally-

friendly stabilizing and reducing factors (Azizi et al., 2017;
Sumathi et al., 2013; Roberson et al., 2014). The basic princi-
ple in the biogenesis of nanoparticles is reducing metal ions of
several biomolecules found in vital organisms. In addition to

reducing the environmental impact of biological synthesis, this
critical step enables the production of large quantities of
nanoparticles, which are well-defined in size and morphology,

and independent of contamination, as well. Microorganisms,
marine algae, plant extracts, plant tissue, fruits, and all plants
are administrated to formulate nanomaterials (Azizi et al.,

2017; Sumathi et al., 2013; Roberson et al., 2014; Chung
et al., 2017). Recently, scientists have revealed that medicinal
plants’ green synthesized-metallic nanoparticles possess excel-
lent anti-cancer properties. In fact, the green synthesized

metallic nanoparticles have achieved notable consideration in
a variety of medicinal disciplines (Chatterjee et al., 2012;
Azizi et al., 2017; Sumathi et al., 2013; Roberson et al.,

2014). Some relevant conducted studies have shown that some
nanoparticles (Especially platin, gold, and silver nanoparticles)
have promising therapeutic properties accounting for their

potential use as excellent alternatives to physicochemically dif-
ferent metal-supported nanoparticles, antibacterial, and par-
ticularly anticancer drugs (Such as Cisplatin and

Azathioprine) (Azizi et al., 2017; Sumathi et al., 2013;
Roberson et al., 2014). The previous studies have indicated
the anticancer effects of metallic nanoparticles against various
cell lines such as Lewis lung carcinoma (LL2) cells, ADR/

MCF-7 cancer cells, A549 lung epithelial cancer cell line,
HT29, HCT15, HCT116, and RKO colon cancer cell lines,
U87 and LN229 human glioma cancer lines, A549 cells and

HeLa cells, HepG2-R, HDF together with C0045C, 4 T1
mouse mammary carcinoma and A549, H460, and H520
human lung cancer cells (Sumathi et al., 2013; Roberson

et al., 2014; Chung et al., 2017). A brief survey of the literature
demonstrates that no study has been performed on the reme-
dial capacities of natural compounds green-synthesized nickel

nanoparticles in treating esophageal cancers so far. The study

of Chen et al. (Chen et al., 2013) revealed the anti-
immortalized myelogenous leukemia activities of nickel
nanoparticles green-synthesized by Tsoong herb against K562

cell line in the in vitro condition. In addition, the previous
nickel nanoparticles treated the leukemic mice for less than
20 days (Chen et al., 2013). In the study of Rameshthangam

and Pandian Chitra (Rameshthangam and Pandian Chitra,
2018), the leaf extract of medicinally important plant Ocimum

http://creativecommons.org/licenses/by-nc-nd/4.0/
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sanctum (O. sanctum) has been used to synthesis the
nickel nanoparticles and extraction of quercetin. quercetin
has been conjugated with nickel nanoparticles for enhanced

anticancer effect on human breast cancer MCF–7 cells.
Extracted quercetin was conjugated with polyethylene gly-
col coated nickel nanoparticles (quercetin–polyethylene gly-

col–nickel nanoparticles) used as carriers for breast cancer
treatment. Anticancer activity of quercetin–polyethylene gly-
col–nickel nanoparticles was evaluated by assessing cell viabil-

ity, reactive oxygen species (ROS) production, caspase activity,
mitochondrial membrane potential (MMP) and changes in
nuclear morphology (staining methods). 0.85 mg of quercetin
was extracted from 1 g of leaves with a retention time (Rt) of

2.914 min. Loading and encapsulation efficiency of quercetin
onto polyethylene glycol–nickel nanoparticles was 15.04%
and 82% respectively and quercetin–polyethylene glycol–

nickel nanoparticles have shown a sustained release of
quercetin of about 84% after 48 h. quercetin and quercetin–
polyethylene glycol–nickel nanoparticles showed dose-

dependent (1.56–50 lg/mL) anticancer effect against MCF–7
cells with IC50 values of 50 and 6.25 lg/mL respectively which
was mediated by oxidative stress due to ROS over-production

that induced loss of mitochondrial membrane potential, cas-
pase �9, �7 activities leading to apoptosis (Rameshthangam
and Pandian Chitra, 2018). In another study, a co-treatment
of sodium nitroprusside and 5-fluorouracil resulted in inhibi-

tion of the cytotoxic effect of 5-fluorouracil, while a combina-
tion treatment of nickel nanoparticles with Na2S, sodium
nitroprusside, and 5-fluorouracil caused highly significant

cytotoxicity against colorectal cancer cell lines. Direct sequenc-
ing reveals new mutations, mainly intronic variation in
endothelial NO synthase gene that has not previously been

described in the database. These findings indicate that H2S
promotes the anticancer efficiency of 5-fluorouracil in the pres-
ence of nickel nanoparticles while NO has antiapoptotic activ-

ity in colorectal cancer cell lines (Housein et al., 2021).
Calendula officinalis is a short-lived aromatic herbaceous

perennial, growing to 80 cm (31 in) tall, with sparsely branched
lax or erect stems. The leaves are oblong-lanceolate, 5–17 cm

(2–7 in) long, hairy on both sides, and with margins entire or
occasionally waved or weakly toothed. The inflorescences are
yellow, comprising a thick capitulum or flowerhead 4–7 cm

diameter surrounded by two rows of hairy bracts; in the wild
plant they have a single ring of ray florets surrounding the cen-
tral disc florets (Al-Snafi, 2015). Calendula officinalis is widely

cultivated and can be grown easily in sunny locations in most
kinds of soils. Although perennial, it is commonly treated as an
annual, particularly in colder regions where its winter survival
is poor, and in hot summer locations where it also does not

survive. In traditional medicines, some people use the leaf of
Calendula officinalis for the prevention, control, and cure of
various cancers such as breast, ovarian, prostate, and blood

cancers (Al-Snafi, 2015). The main antioxidant and anticancer
compounds of C. officinalis are aromadendrene, bisabolol
oxide bornyl acetate, butanone, a-cadinol, T-cadinol, cala-

corene, alamenene, camphene, camphor, trans-caryophyllene,
1,8-cineole, a-copaene, cubebene,b-cubebene, cubenol,
epi-cubenol, p-cymene, eudesmol, b-farnesene, b-fenchene,
a-humulene, a-gurjunene, limonene, menthone, a-muurolene,
a-muurolol, T-muurolol, myrcene, nerolidol,cis-b-ocimene,
trans-b-ocimene,a-patchoulene, pentan-2-one, a-pinene,
b-pinene, a-phellandrene, b-phellandrene, sabinene,a-
terpinene, c-terpinene, terpinene-4-ol, terpinolene, and b-
ylangene (Al-Snafi, 2015).

The present experiment was conducted to evaluate the pos-

sible anti-esophageal carcinoma activity of synthesized nickel
nanoparticles using an aqueous extract prepared from the
leaves of C. Officinalis against common cell lines of esophageal

carcinoma including FLO-1, ESO26, OE33, and KYSE-270.
2. Materials and methods

2.1. Material

Bovine serum, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
dimethyl sulfoxide (DMSO), decamplmaneh fetal, 4-
(dimethylamino) benzaldehyde, hydrolyzate, antimycotic

antibiotic solution, Ehrlich solution, and borax-sulfuric acid
mixture, DMED, all were afforded from the US Sigma-
Aldrich company.

2.2. Preparation and extraction of the aqueous extract of C.
Officinalis leaf

To obtain the aqueous extract of the plant, 250 g portions of

the dried branches of the C. officinalis leaves were poured into
a container containing 2000 mL boiled water, and the con-
tainer lid was tightly closed for 4 h. Then, the content of the

container was filtered, and the remaining liquid was placed
on a bain-marie to evaporate. Finally, a tar-like material was
obtained, which was powdered by a freeze dryer.

2.3. Preparation and optimization of NiONPs synthesis

The green synthesis of nickel nanoparticles was carried out
according to a previous study with some modifications

(Ezhilarasi et al., 2016). The synthesis was optimized at differ-
ent operations factors, including extract concentrations and
time. Accordingly, 3 mL of the extract (0.05–0.15 g/mL) was

added to 10 mL of NiSO4�6H2O (15 mM) using deionized
water. In the next step, one mL of NaOH (2%) was added
dropwise and stirred for 10 min. The reaction mixture was

placed in an ultrasonic bath (75 W) for 5–20 min and the syn-
thesized green nickel oxide nanoparticles were subsequently
precipitated. The obtained NiONPs were washed three times

with water and centrifuged at 10000 rpm for 15 min. Finally,
the obtained precipitate was dried at 75 �C.

2.4. Chemical characterization techniques

UV–Vis. and FT-IR spectroscopy; XRD, SEM, and EDS tech-
niques were used to characterize the biosynthesized NiONPs.
Different parameters of the nanoparticles, such as shape, par-

ticle size, fractal dimensions, crystallinity and surface area
were evaluated by these techniques. The FT-IR spectra were
recorded using a Shimadzu FT-IR 8400 over the range of

400–4000 cm�1(KBr disc), while MIRA3TESCAN-XMU
was used to report the FE-SEM images and EDS-based assess-
ments. The XRD pattern of NIONPs was recorded in the 2h
range of 20-80� using a GNR EXPLORER instrument at a

voltage of 40 kV, a current of 30 mA, and Cu-Karadiation
(1.5406 Å).
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2.5. Measurement of cell toxicity of NiONPs

In the present study, the anti-human esophageal carcinoma
and cytotoxicity potentials of NiSO4�6H2O, C. officinalis leaf
aqueous extract, and NiONPs were assessed by the MTT assay

against normal (HUVEC) and esophageal carcinoma (human
esophageal squamous cell carcinoma (KYSE-270), distal eso-
phageal adenocarcinoma (FLO-1), gastroesophageal junction
adenocarcinoma (ESO26), and human caucasian esophageal

carcinoma (OE33)) cell lines under in vitro condition. They
were then cultured as a monolayer culture in 90% RPMI-
1640 medium and 10% fetal serum and were immediately after

supplemented with 200 mg/mL streptomycin, 125 mg/mL peni-
cillin, and 8 mg/mL amphotericin B. The culture was then
exposed to 0.5 atmospheric carbon dioxide at 37 �C, on which

the tests were performed after at least ten successful passages.
MTT was an assay used to investigate the toxic effects of var-
ious materials on various cell lines, including non-cancer and

cancer cells. To evaluate the cell toxicity effects of the com-
pounds used in this research, the cells were transferred from
the T25 flask to the 96-well flasks. In each cell of the 96-cell
flasks, 7000 cells of cancer and fibroblast cell lines were cul-

tured, and the volume of each cell was eventually increased
to 100 mL. Before treating the cells in the 96-well flak, the den-
sity of cells was increased to 70%, so the 96-well flasks were

incubated for 24 h to obtain the cell density of 7 � 103. There-
after, the initial culture medium was discarded, and variable
concentrations (0–1000 mg/mL) of NiSO4�6H2O, C. officinalis

leaf aqueous extract, and NiONPs were incubated at 37 �C
and 5% CO2 for 24, 48, and 72 h. Then, 20 mL MTT was
added to each well. This step was followed by the addition
of 100 mL of DMSO solvent to each well. The treated wells

were then kept at room temperature for 25 min and read at
490 and 630 nm by a microtitre plate reader. The cell lines were
also treated with the hydroalcoholic extract (1.25 mg/mL),

which inhibited about 20% of the cell growth. Annexin/PI
method was used to determine the apoptosis level in the trea-
ted and control cell lines using a flow cytometry machine.

Under the optimized experimental conditions, the cell lines
were treated with variable concentrations (0–1000 mg/mL) of
NiSO4�6H2O, C. officinalis leaf aqueous extract, and NiONPs

for 24 h. Cells were irrigated with phosphate-buffered saline
(PBS). After centrifugation, buffer binding was added to the
obtained precipitate. Then, 5 mL Annexin V dye was added
and incubated for 15 min at 25 �C. Cells were washed with

the binding solution, following with the addition of 10 mL of
PI dye. Finally, cell analysis was conducted by a flow cytome-
try machine according to the below formula (Arulmozhi et al.,

2013):

Cellviability ð%Þ ¼ SampleA:

ControlA:
� 100 ð1Þ
2.6. Investigation of the antioxidant capacity of NiONPs

The DPPH method is a common method for assessing the
antioxidant activity of plant species and metallic nanoparticles.

It is based on trapping the free radical of 2,2-diphenyl-1-
picrylhydrazyl (DPPH), using antioxidant agents which reduce
the absorption rate at a wavelength of 520 nm. When the
DPPH solution is mixed with a material that can donate
hydrogen atom, radical resuscitation is formed, followed by
color reduction. This reaction eliminates the purple color

whose index is forming an absorption band at 520 nm
(Hosseinimehr et al., 2011). To determine the radical scaveng-
ing activity of the NiSO4�6H2O, C. officinalis leaf aqueous

extract, and NiONPs, 1 mL of 50 mm DPPH was combined
with 1 mL of variable concentrations (0–1000 mg/mL) of
NiSO4�6H2O, C. officinalis leaf aqueous extract and NiONPs.

Then, they were transferred to the 37 �C for 1 h. The samples
absorption rate was determined at 520 nm by a spectropho-
tometer, and the antioxidant activity was calculated using
the following formula (Hosseinimehr et al., 2011):

Inhibition %ð Þ ¼ SampleA:

ControlA:
� 100 ð2Þ

The blank sample contained 1 mL methanol and 1 mL

NiSO4�6H2O, C. officinalis leaf aqueous extract, and NiONPs,
and a sample of 1 mL DPPH and 2 mL NiSO4�6H2O, C. offic-
inalis leaf aqueous extract, and NiONPs with the applied con-
centrations were regarded as the negative control.

Calculation of half-maximal inhibitory concentration
(IC50) is a suitable method for comprising the activity of
pharmaceutical-based materials. In this method, the mea-

surement and comparison criterion is the concentration in
which 50% of the final activity of the drug occurs. In this
experiment, the IC50 of various repeats is estimated and

compared with the IC50 of BHT, which is introduced as
the antioxidant activity index. The closer is the obtained
value to the IC50 of BHT, the stronger is the antioxidant
activity of the material. The graph of the IC50 of the extract

was produced by drawing the percent inhibition curve versus
the extract concentration. First, three stock samples with
variable concentrations (0–1000 mg/mL) of NiSO4�6H2O,

C. officinalis leaf aqueous extract, and NiONPs were pre-
pared. Then, a serial dilution was prepared from each sam-
ple, and IC50 of the above samples was measured separately,

and finally their mean was calculated. BHT, with different
concentrations, was considered positive control. All experi-
ments were performed in triplicate.

2.7. Statistical analysis

The obtained results were analyzed by SPSS (version 20) soft-
ware using one-way ANOVA, followed by Duncan posthoc

test (P � 0.01).

3. Results and discussion

3.1. Optimization of NiONPs synthesis

To evaluate the conditions for NiONPs synthesis, we first
examined the

reaction among 3 mL of the extract (0.05 g/mL), 10 mL

NiSO4�6H2O (15 mM), and 1 mL NaOH (2%). The reaction
was optimized at different operations factors, including C.
officinalis extract concentration and reaction time. The results

are presented in Table 1. According to the results, the best
result (82 mg) was achieved using C. officinalis extract in the
concentration of 0.1 g/ mL after 15 min.



Table 1 The optimization of the reaction conditions for the

synthesis of NiONPs.

Entry Extract Con. g/ mL Time Min. Yield mg

1 0.05 5 31

2 0.1 5 50

3 0.15 5 52

4 0.1 10 64

5 0.15 10 66

6 0.1 15 82

7 0.15 15 82

8 0.1 20 82

9 0.15 20 82

Fig. 2 FT-IR Spectrum of NiONPs and C. officinalis extract.
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3.2. Characterization of NiONPs

3.2.1. UV–visible spectroscopy analysis

The UV–Vis. spectra of biosynthesized NiNPs using the aque-

ous extract of C. officinalis are shown in Fig. 1. The surface
plasmon resonance of NiONPs was confirmed by UV–Vis.
and compared with a previous report, the appearance of a

band at the wavelength of 357 nm approved forming NiONPs
(Sharmila et al., 2019).

FT-IR Analysis. In FT-IR spectra of metal oxides, the

vibration band for metal–oxygen bond usually appears in
400 to 700 cm-1. Fig. 2 presents the spectra of NiONPs. The
peaks at 445, 538, and 648 cm-1 are attributed to the bending
vibration of Ni-O. These peaks for iron oxide nanoparticles

have been reported previously with a small difference in the
respective wavenumber (Nwanya et al., 2020; Juibari and
Eslami, 2019; Sabouri et al., 2019). FT-IR spectroscopy is a

reliable strategy to evaluate the plant secondary metabolites
as the capping and reducing agents of nickel sulfate precursor
to NiONPs. According to the findings of this report, the FT-

IR spectra of NiONPs and C. officinalis extract were very sim-
ilar to each other confirming the successful biosynthesis of the
nickel oxide nanoparticles. The presence of different-IR bands

correlates with the existence of various functional groups in C.
officinalis extract. For instance, peaks at 3417 and 2925 cm�1
Fig. 1 UV–Vis. spectra of biosynthesized NiONPs.
are related to O-H and aliphatic C-H stretching; peaks at a
range of 1471 to 1662 cm-1 correspond to C = C and
C = O stretching, while a peak at 1096 cm�1 could be ascribed
to -C-O stretching. These peaks can be generally considered to

confirm the presence of various valuable natural compounds
such as phenolic, flavonoid, saponins, quinones, terpenoids
which have been reported previously in a number of plant

extracts (de Oliveira Carvalho et al., 2018; Długosz et al.,
2018; Verma et al., 2018). In the biosynthesis process of metal-
lic nanoparticles, the secondary metabolite of plant extracts, as

reducing, stabilizing and dispersing agents usually bind to NPs
through their functional groups of hydroxyl and carbonyl
(Ghidan et al., 2016).

3.2.2. XRD analysis

Fig. 3 shows the XRD pattern of the biosynthesized NiONPs
which approve the synthesis of nickel oxide. The peaks at 2h
values of 27.12, 37.42, 43.68, 63.02 and 75.45 are indexed as
(110), (111), (200), (220), and (311) planes and are matched
as well as to those of standard database JCPDS card no. 1313–
991. The crystallinity of the NiONPs has been accepted using
Fig. 3 XRD pattern of the biosynthesized NiONPs.
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the XRD diffractogram. The peaks at different degrees have
also been previously reported (Nwanya et al., 2020; Iqbal
et al., 2019; Baranwal et al., 2018). The average crystal size

of NiNPs was calculated using X-Ray diffraction according
to the Scherrer equation.

D ¼ kk
bcosh

ð3Þ

Where k, k, band h account for the Scherrer’s constant

(k = 0.9), the wavelength of X-ray radiation (k = 0.15406 n
m), the full-width at half-maximum of the corresponding plane
(in radians), the characteristic X-ray radiation, respectively.

The NiONPs had an average crystal size 33.17 nm. In our lit-
erature review, researchers have reported various crystal size
for the biosynthetic NiONPs according to the relevant XRD

patterns. In turn, the mean crystal size of 16.9–43.9 nm has
been reported for the synthetically synthesized NiONPs using
okra plant extract (Sharmila et al., 2019), 10–56 nm for Oci-
mum sanctum (Rameshthangam and Chitra, 2018), 18–20 nm

for Terminalia Chebula (Ibraheem et al., 2019), 24 nm for
Rhamnus virgate (Iqbal et al., 2019), 18.26 nm for dry silk
extract (Nwanya et al., 2020), and 24 nm for 8–8.3 nm for guar

gum (Baranwal et al., 2018).

3.2.3. SEM analysis

TEM and FE-SEM images of NiONPs shown in Fig. 4 (a ,b)

depict a spherical morphology for the prepared NiONPs
reported previously (Rameshthangam and Chitra, 2018). The
figure also confirms the uniformity, well-dispersed, and homo-

geneity of the NiONPs. Like the other metallic nanoparticles
being synthesized using green chemistry approaches, a ten-
dency to aggregate is observed for NiONPs. This property

has been reported for other types of biosynthesized nanoparti-
cles, viz. NiONPs, ZnNPs, AgNPs, MnNPs, and SnNPs (Iqbal
et al., 2019; Mahdavi et al., 2020; Mahdavi et al., 2019;
Baghayeri et al., 2018; Ahmeda et al., 2020).

On average, the diameter of particle size for NiONPs was
60.39 nm.In our review of literature, different sizes have been
reported for the biosynthesized NiONPs, e.g., 18.6 nm for

synthetic NiONPs using okra plant extract (Sabouri et al.,
Fig. 4 a: TEM Image of NiONPs;
2019), 48–72 nm for Ocimum sanctum (Rameshthangam and
Chitra, 2018), 20–25 nm for Terminalia Chebula (Ibraheem
et al., 2019), and 24 nm for Rhamnus virgate (Iqbal et al.,

2019).
The EDS analysis is usually known as a semi-quantitative

technique to recognize the elements of the synthesized

nanoparticles. Using EDS (see Fig. 5), the elemental composi-
tion profile of the biosynthetic NiONPs showed the presence of
nickel biosynthesized NPs considering the signals appearing at

0.8, 7.5, and 8.2 keV and corresponding to the La, Ka, and Kb
peaks of nickel.

These signals are in agreement with a previous study on
synthesized NiONPs using dry silk extract (Nwanya et al.,

2020).Furthermore, a single at 0.52 Kev belongs to oxygen
which can be attributed to the oxygen in iron oxide nanopar-
ticles and to the organic molecules present in C. officinalis

extract that linked to the surface of NiONPs. The presence
of carbon on the surface of NiONPs was also approved by
the signal at 0.28 Kev.

3.3. Antioxidant properties of NiONPs against DPPH

In the present study, the DPPH free-radical scavenging poten-

tial of C. officinalis leaf aqueous extract and NiONPs in a wide
range of concentrations revealed impressive prevention similar
to that of BHT as a standard antioxidant agent. Free-radicals
are molecules that do not have a complete electron shell and

are capable of increasing the chemical reaction compared to
others. They are formed if the human body is exposed to
tobacco smoke and radiation. In humans, the most important

free radical is oxygen. When an oxygen molecule (O2) is
exposed to radiation, it removes an electron from the other
molecules, destroying DNA and other molecules. Some of

these changes may cause a number of persistent diseases, e.g.
heart problems, muscle failure, diabetes and cancer
(Hosseinimehr et al., 2011). Antioxidants act like a broom

against free radicals and have been recognized as powerful
remedies to destroy free radicals and regenerate the damaged
cells. More importantly, laboratory evidence has shown that
antioxidants can highly prevent cancer (Chung et al., 2017;
b: FE-SEM Image of NiONPs.



Fig. 5 EDS analysis of NiONPs.
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Chen et al., 2013; Rameshthangam and Pandian Chitra, 2018;
Housein et al., 2021).The IC50 of C. officinalis leaf aqueous

extract, BHT, and NiONPs were 328, 204, and 192 mg/mL,
respectively (Fig. 6; Table 2).

Metallic nanoparticles also have excellent potential to inhi-

bit DPPH. The results obtained in our study are in line with
many studies in which the mutual effect has been monitored
to increase the antioxidant capacities between herbs and metal-
lic salts against DPPH (Chung et al., 2017; Chen et al., 2013;

Rameshthangam and Pandian Chitra, 2018; Housein et al.,
2021).

In general, metallic nanoparticles display remarkable and

extraordinary antioxidant impacts, among which the antioxi-
dant effects of NiONPs have been well-documented. When
NiONPs are synthesized with medicinal plants, the nickel ele-

ment forms a very strong bond with flavonoid and phenolic
compounds, creating unique antioxidant effects. In a previous
study, it was indicated that C. officinalis is a rich source of

antioxidant compounds including terpenoids compounds
which were formerly mentioned. It is also noteworthy that
the excellent antioxidant properties of C. officinalis leaf aque-
ous extract can be attributed to the presence of these valuable

natural compounds (Al-Snafi, 2015). Several studies were car-
ried out in the nanotechnology field using various medicinal
plants, but to the best of our knowledge, no report is available

on NiONPs synthesized using C. officinalis leaf aqueous
extract.

3.4. Cytotoxicity potential of NiONPs nanoparticles

In our study, the treated cells with several concentrations of
the present nickel salt, C. officinalis, and NiONPs were exam-

ined by MTT test for 48 h regarding the cytotoxicity properties
on normal (HUVEC) and esophageal carcinoma (human eso-
phageal squamous cell carcinoma (KYSE-270), distal esopha-
geal adenocarcinoma (FLO-1), gastroesophageal junction

adenocarcinoma (ESO26), and human caucasian esophageal
carcinoma (OE33) cell lines (Tables 3 and 4). The absorbance
was read at 570 nm, which indicated extraordinary viability on

normal cell line (HUVEC) even up to 1000 lg/mL for nickel
salt, C. officinalis, and NiONPs.
In colon cancer cell lines, their viability decreased dose-
dependently in the presence of nickel salt, C. officinalis, and

NiONPs. The IC50 of C. officinalis and NiONPs against the
KYSE-270 cell line were 521 and 251 mg/mL whereas 831
and 380 mg/mL for human FLO-1cell line, respectively. Addi-

tionally, the numerical IC50 values of C. officinalis and
NiONPs were found to be 763 and 264 mg/mL vs. ESO26 cell
line and 584 and 229 mg/mL vs. OE33 cell line, respectively. A
simple perusal of the obtained results demonstrates that the

best IC50of cytotoxicity property of NiONPs was seen in the
case of the OE33 cell line against the above-used cell lines.

Most probably the significant anti-colon cancer potentials

of NiONPs synthesized by C. officinalis aqueous extract
against esophageal cancer cell lines are linked to their antiox-
idant activities. Similar studies have revealed the antioxidant

materials such as metallic nanoparticles especially NiONPs
and ethnomedicinal plants reduce the volume of tumors by
removing free radicals (Katata-Seru et al., 2018). The high

presence of free radicals in the normal cells makes many muta-
tions in their DNA and RNA, destroying their gene expres-
sion, and then accelerating the proliferation and growth of
abnormal or cancerous cells.

The prevalence of free radicals in different types of cancer
such as skin, throat, ovarian, testicular, bladder, colon, small
intestine, gastrointestinal stromal, stomach, breast, lung, vagi-

nal, prostate, pancreatic, liver, gallbladder, hypopharyngeal,
fallopian tube, thyroid, esophageal, parathyroid, bile duct,
and rectal cancers indicates the significant role of these mole-

cules in making angiogenesis and tumorigenesis (Sangami
and Manu, 2017; Beheshtkhoo et al., 2018).

Many researchers reported NiONPs synthesized by eth-

nomedicinal plants with high antioxidant compounds have a
remarkable role in removing free radicals and growth inhibi-
tion of all cancerous cells (Sangami and Manu, 2017;
Beheshtkhoo et al., 2018; Radini et al., 2018).

Among the various agents of metallic nanoparticles such as,
surface functions nature, texture, size, and morphology, the
size efficacy is of prime significance in the anticancer tests. In

this context, the previous reports have shown that the anti-
cancer property enhances with a reduction in size of particle-
based on their better penetration property through the cell



Table 2 The IC50 of NiSO4, C. officinalis leaf aqueous extract, NiONPs, and BHT in the antioxidant test.

NiSO4 mg/mL C. officinalis mg/mL NiONPs mg/mL BHT mg/mL

IC50 against DPPH – 328 ± 0a 192 ± 0b 204 ± 0b

Fig. 6 The antioxidant properties of NiSO4 (A), C. officinalis leaf aqueous extract (B), NiONPs (C), and BHT (D) against DPPH.
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lines. Moreover, it has been determined that the size of particle
lower than 100 nm demonstrates a better effect in the corre-

sponding cancer cell lines (Sangami and Manu, 2017;
Beheshtkhoo et al., 2018; Radini et al., 2018). As shown in
Figs. 4 and 5 of the present study, the sizes of nickel biosynthe-

sized nanoparticles by C. officinalis leaf aqueous extract is at
the average size of 60.39 nm.
4. Conclusions

In this research, the nickel nanoparticles were attained from

the reaction of C. officinalis leaf extract (1 g in 10 mL of water)
and NiSO4(15 mM).6H2O. To evaluate the main characteris-
tics of the synthesized nanoparticles, FE-SEM, UV–Vis, and

FT-IR methods were utilized and the relevant results revealed



Table 3 The anti-esophageal carcinoma properties of NiSO4, C. officinalis leaf aqueous extract, and NiONPs against the human

esophageal carcinoma cell line.

Concentration mg/ml Cell Viability (%)

HUVEC FLO-1 ESO26 OE33 KYSE-270

NiSO4(0) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

NiSO4(1) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

NiSO4(2) 99.2 ± 0.44a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

NiSO4(3) 98.6 ± 0.89a 99.4 ± 0.54a 100 ± 0a 99.2 ± 0.83a 100 ± 0a

NiSO4(7) 95 ± 1.22a 98.6 ± 1.14a 99 ± 0.7a 98.2 ± 0.83a 99.4 ± 0.54a

NiSO4(15) 92.2 ± 0.83a 96 ± 1a 97.6 ± 0.89a 95.6 ± 0.89a 97.2 ± 0.44a

NiSO4(31) 88.2 ± 1.3a 93.2 ± 0.83a 94.2 ± 1.3a 91.6 ± 0.89a 93 ± 1.22a

NiSO4(62) 83.2 ± 0.44a 90 ± 1.22a 90.6 ± 0.89a 86.2 ± 0.44a 87.2 ± 0.44a

NiSO4(125) 77.8 ± 1.09ab 85 ± 0.7a 84.4 ± 0.89a 80.2 ± 1.3ab 80.4 ± 0.89ab

NiSO4(250) 71.4 ± 0.89ab 80.8 ± 1.09ab 78 ± 0.7ab 74.8 ± 1.09ab 73.4 ± 0.89ab

NiSO4(500) 64.6 ± 0.89ab 74.4 ± 0.89ab 70.2 ± 0.83ab 66 ± 1ab 66.2 ± 1.3ab

NiSO4(1000) 53.4 ± 0.54b 66.6 ± 1.14ab 61.8 ± 1.09ab 56.6 ± 0.89b 55.4 ± 0.54b

C. officinalis(0) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

C. officinalis(1) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

C. officinalis(2) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

C. officinalis(3) 99.2 ± 0.83a 99.2 ± 1.3a 99 ± 1.22a 99.4 ± 0.89a 98.2 ± 0.44a

C. officinalis(7) 99.8 ± 1.09a 98.8 ± 1.09a 98 ± 1a 98.6 ± 1.14a 96 ± 1a

C. officinalis(15) 98.2 ± 1.3a 96.2 ± 0.44a 96.2 ± 0.83a 95.8 ± 1.09a 92.2 ± 0.44a

C. officinalis(31) 98.6 ± 0.89a 93.4 ± 0.54a 92.6 ± 0.89a 90.2 ± 0.44a 87.2 ± 0.44a

C. officinalis(62) 97 ± 1a 88 ± 0.7a 87.2 ± 1.3a 85.6 ± 0.89a 81 ± 1a

C. officinalis(125) 96.2 ± 0.44a 80.6 ± 0.89ab 79.2 ± 0.44ab 78.2 ± 0.44ab 72.8 ± 1.09ab

C. officinalis(250) 95.6 ± 1.14a 71 ± 1ab 69 ± 1.22ab 67.4 ± 0.89ab 62.2 ± 0.44ab

C. officinalis(500) 93.6 ± 1.14a 60.2 ± 0.83b 57.8 ± 1.09b 53.2 ± 0.44b 51.2 ± 1.3b

C. officinalis(1000) 91.4 ± 0.89a 45.2 ± 0.44b 40.2 ± 0.44bc 36.6 ± 1.14bc 37 ± 0.7bc

NiONPs (0) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

NiONPs (1) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

NiONPs (2) 100 ± 0a 99.2 ± 0.83a 99.2 ± 0.83a 99.6 ± 1.14a 99.4 ± 0.54a

NiONPs (3) 100 ± 0a 97.4 ± 0.89a 97.6 ± 0.89a 98.8 ± 1.09a 97.2 ± 0.44a

NiONPs (7) 99.2 ± 1.3a 94.6 ± 1.14a 94.2 ± 0.44a 95 ± 1.22a 94.2 ± 1.3a

NiONPs (15) 98.4 ± 0.54a 89.2 ± 0.44a 88.8 ± 1.09a 90.2 ± 0.83a 89.4 ± 0.89a

NiONPs (31) 98.4 ± 0.89a 82.4 ± 0.89a 80 ± 1ab 81 ± 1a 81.6 ± 0.89a

NiONPs (62) 97.2 ± 0.44a 74.8 ± 1.09ab 71 ± 0.7ab 71.6 ± 0.89ab 70.2 ± 0.44ab

NiONPs (125) 95.8 ± 1.09a 66 ± 1.22ab 61.6 ± 1.14ab 59.4 ± 0.54b 60.8 ± 1.09b

NiONPs (250) 92.6 ± 0.89a 56 ± 0.7b 51.8 ± 1.09b 47.4 ± 0.89b 50.2 ± 1.3b

NiONPs (500) 88.6 ± 1.14a 44.2 ± 1.3b 38 ± 1bc 32.6 ± 0.89bc 35.6 ± 1.14bc

NiONPs (1000) 83 ± 1.22a 28.2 ± 0.44bc 22.6 ± 0.89c 14.8 ± 1.09c 18 ± 0.7c
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that nickel nanoparticles had been successfully synthesized.

Base on the FT-IR spectrum the presence of a great number
of antioxidant compounds produced appropriate conditions
Table 4 The IC50 of NiSO4, C. officinalis leaf aqueous extract,

and NiONPs in cytotoxicity and anti-esophageal carcinoma

tests.

NiSO4

mg/mL

C. officinalis

mg/mL

NiONPs

mg/mL

IC50 against HUVEC – – –

IC50 against FLO-1 – 831 ± 0a 380 ± 0d

IC50 against ESO26 – 736 ± 0b 264 ± 0e

IC50 against OE33 – 584 ± 0c 229 ± 0e

IC50 against KYSE-270 – 521 ± 0c 251 ± 0e
for reducing nickel. In the FE-SEM technique, the mean size

of nickel nanoparticles was assessed to be 60.39 nm, which is
favorable. On the other hand, the nickel nanoparticles showed
the best antioxidant activities against DPPH. Nickel nanopar-
ticles had appropriate anti-esophageal carcinoma activities

dose-dependently against esophageal carcinoma (human eso-
phageal squamous cell carcinoma (KYSE-270), distal esopha-
geal adenocarcinoma (FLO-1), gastroesophageal junction

adenocarcinoma (ESO26), and human caucasian esophageal
carcinoma (OE33)) cell lines without any cytotoxicity on the
normal cell line (HUVEC). Regarding the findings of our

study, nickel nanoparticles containing C. officinalis leaf aque-
ous extract may be utilized as an efficient drug/supplement
in treating colon cancer and diseases in humans after sufficient

clinical studies.
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