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ABSTRACT
In the present study, nickel nanoparticles were green-synthesized
using the aqueous extract of Fumaria officinalis. The synthesized
NiNPs@F. officinalis were characterized by analytical techniques
including EDX, FE-SEM, XRD, UV-Vis., and FT-IR. The antioxidant and
anti-ovarian cancer activity of NiNPs@F. officinalis was evaluated.
The nanoparticles were formed in a spherical shape in the range of
16.85 to 49.04nm for the particle size. In the antioxidant test, the
IC50 of F. officinalis, NiNPs@F. officinalis, and BHT against DPPH free
radicals were 253, 145, and 107mg/mL, respectively. In the cellular
and molecular part of the recent study, the treated cells with
NiNPs@F. officinalis were assessed by MTT assay for 48h about the
cytotoxicity and anti-human ovarian cancer properties on normal
(HUVEC) and ovarian cancer cell lines i.e. PA-1, Caov-3, SW-626, and
SK-OV-3. The viability of malignant ovarian cell line reduced dose-
dependently in the presence of NiNPs@F. officinalis. The IC50 of
NiNPs@F. officinalis were 375, 225, 246, and 279mg/mL against PA-
1, Caov-3, SW-626, and SK-OV-3 cell lines, respectively. After the
clinical study, nickel nanoparticles containing F. officinalis leaf aque-
ous extract may be used to formulate a new chemotherapeutic
drug or supplement to treat several types of human ovarian cancer.
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1. Introduction

The previous studies have been indicating when metallic nanoparticles are green-synthe-
sized by ethnomedicinal plants rich in antioxidant molecules, their therapeutic properties
such as anti-human cancer effects significantly increase. A great number of doctors use
chemotherapy, immunotherapy, and radiation therapy to treat several types of cancers
[1–3]. Chemotherapeutic drugs have a bad effect on the body, so today the formulation
of an effective chemotherapy drug from metallic nanoparticles is important [2, 3].
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Nanotechnology is the field to yield modern systems, tools, and materials by taking
control at the atomic and molecular levels using the features that appear on those surfa-
ces. Applications for nanotechnology in medical diagnostics, food, medicine, biotechnol-
ogy, environment, energy, chemistry, physics, etc, introduce this technology as an
interdisciplinary and cross-sectoral context. The interdisciplinary nature of nanoscience
and nanotechnology as the field to yield modern systems, tools, and materials with preci-
sion atoms and molecules, will sooner or later affect the health and medical sector [1–4].

Drug use is currently volumetric, so most cells in the body need medication. In the
new method, the drug is directed directly to specific cells with new injection devices and
delivered to the required location. By this mechanism, small and large diseases can be
diagnosed and treated at the beginning of their formation [1, 2]. The National
Nanotechnology Project is being implemented in European countries, the United States,
and Japan with high priority in various fields. Nanotechnology and nanoscience emerging
fields can move materials very accurately, to understand and control unprecedented fun-
damental components of physical objects. It seems that these developments will change
the way we design and build everything from vaccines to computers. The plan would
increase investment in nanotechnology by about twice as much each year as last year. A
branch of nanotechnology is the formulation of new drugs with metal nanoparticles
[1–3]. Today, nanoparticles have become very popular due to their wide applications in
biology, medicine, and medicine. Structurally, their size is in the range of 100 nanometers.
Several drugs such as small hydrophobic and hydrophilic drugs, molecules, and vaccines
of biological nanoparticles can be administered by these nanoparticles. They are widely
used in improving the treatment and diagnosis of diseases. Nanoparticles in nanolipo-
somes, carbon nanotubes, nanofibers, nanospheres have been widely used for drug carriers
and in the manufacture of cell scaffolds [2, 5].

Applications of nanoparticles in drug delivery include drug carriers in diseases such as
cancer, cardiovascular disease, and Alzheimer’s. The use of these nanocarriers is very
effective for neurological diseases such as Alzheimer’s. Due to their size, these nanopar-
ticles can cross the blood-brain barrier, which has always been a barrier to the passage of
drugs to the affected area in this type of destructive brain disease. Due to their small size,
nanoparticles can also be used in brain cancers [3]. The goal in making nanoparticles is
to control the surface properties, particle size, and release of a specific and efficient drug
in a specific place and time for the drug to be as effective as possible. Nanoparticles are
widely used in tissue engineering scaffolds, targeted drug delivery, and disease diagnosis.
At present, many drug delivery systems are made of nanoparticles and different materials
have been used as drug stimulants or enhancers to ameliorate the effectiveness of treat-
ment and the durability and stability as well as the safety of anticancer drugs [1, 2]. The
substances used to release cancer drugs are divided into different polymers, magnetic, and
biomolecules. These materials can also provide surface modifications such as binding to
target antibodies and ligands to make the nanoparticles act purposefully to increase the
effectiveness of the treatment [2].

In recent years, research on applications of metallic nanoparticles is one of the interest-
ing filed around the world. The particle size, distribution, architecture, chemical assembly,
colloidal stability, and biocompatibility are the most important factors that affect the
metallic nanoparticles applications [6, 7]. Metallic nanoparticles containing medicinal
plants have very significant anti-cancer effects. In recent years, these metal nanoparticles
containing herbs have been used to treat various cancers of the ovaries, prostate, esopha-
gus, stomach, lungs, and various leukemias [1–3, 8–10].
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One of the most important cancers in recent years is ovarian cancer. Many medicinal
plants including Allium sativum, Zingiber officinale, Camellia sinensis, Ginkgo biloba,
Quercus tinctoria, Camptotheca acuminate, Podophyllum peltatum, Taxus brevifolia,
Azadirachta indica, Asparagus racemosus, Symplocus racemosa, Saraca indica, and
Curcuma longa are used in traditional medicine to treat ovarian cancer [9]. It is predicted
that if metal nanoparticles are synthesized and formulated with these plants, their anti-
cancer effects against ovarian cancer cells will be much stronger.

Fumitory or Fumaria officinalis is the famous species of Fumariaceae family. The plant
is known as a popular plant in various traditional medicines around the world. The plant
grows in many regions such as Europe, Asia, and Africa [11, 12]. Different medicinal uses
have been reported for F. officinalis in Bulgarian traditional medicine is used as antihyper-
tensive, diuretic, hepatoprotectant, and for treatment of skin rashes [13]. in many coun-
tries, the plant is used to treat skin diseases, rheumatism, or hypertension. In many
African countries, the plant is used in hypertension, constipation, liver detoxification, and
spasmolytic. In Iranian traditional medicine, the plant is also used in skin diseases, sca-
bies, antiscorbite, anti-bronchitis [14]. F. officinalis is rich in isoquinoline alkaloids and
flavone heterosides [15, 16]. Protopine, aporphine, benzophenanthridine, and protoberber-
ine are the important alkaloids in F. officinalis [17]. In the current research, nickel nano-
particles are green-synthesized using F. officinalis leaf aqueous extract. The synthetic
nanoparticles were characterized by different analytical techniques. The biological activity
of the nanoparticles such as antioxidant, cytotoxicity, and anticancer activity against com-
mon ovarian cancer cell lines i.e. PA-1, Caov-3, SW-626, and SK-OV-3 were evaluated.

2. Material and methods

2.1. Preparation and extraction of aqueous extract

First, the dried leaves of F. officinalis were grounded. Then, 100 g of the sample was
macerated in 750mL of boiling water for 3 h. After filtration, the extract was placed in a
rotary evaporator (Buchi) to concentrate the crude extract. Finally, the extract was put in
a freeze drier for 72 h to produce the powder extract of F. officinalis.

2.2. Green synthesis and chemical characterization of NiNPs@F. officinalis

A reported procedure (with some modifications) was used to green-synthesis of
NiNPs@F. officinalis [18]. First, 10mL of the plant extract (2 g in 20mL of water) was
added to 30mL of 15mM NiSO4. 6H2O. Then, one mL of NaOH (2%) was added drop-
wise and shake for 20min. The container was placed in an ultrasonic bath (75W) for
25min. After the time, a green nickel nanoparticle was formed. The obtained NiNPs@F.
officinalis was washed three times with water and centrifuged at 12000 rpm for 10min.
Finally, the precipitate was dried in an oven at 50 �C.

2.3. Antioxidant activities of NiNPs@F. officinalis

The free radical scavenging test was first performed by Blois in 1958, and after some
modification by numerous studies in its current form. DPPH method is one of the most
widely used methods for estimating antioxidant content. DPPH is a stable radical that
reacts with hydrogen atom compounds. This test is based on the inhibition of DPPH,
which causes the decolorization of DPPH solution by adding radical species or
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antioxidants. DPPH changes color from purple to yellow by taking an electron from the
antioxidant compound. The free radicals in DPPH are adsorbed at 517 nm, which follows
Beer Lambert’s law, and decreased absorption is linearly related to the amount of antioxi-
dants; the higher the amount of antioxidants, the more DPPH is consumed and the more
purple turns yellow [19].

The degree of inhibition of DPPH radicals was evaluated by Shaneza et al. (2018) [19].
For this purpose, solutions with different samples of the NiSO4, F. officinalis leaf aqueous
extract and NiNPs@F. officinalis of variable concentrations (0-1000mg/mL) as well as syn-
thetic antioxidant BHT in methanol solvent were prepared. The test method was that one
mLo f DPPH methanolic solution (at a concentration of 1mM) was added to 4mL of the
extract and the resulting mixture was stirred vigorously. The test tubes were placed in a
dark place for 60min. After this period, the absorbance was read at 517 nm. Finally, the
DPPH radicals’ inhibition percentage of the NiSO4, F. officinalis leaf aqueous extract, and
NiNPs@F. officinalis was calculated by the below formula [19]:

Inhibition %ð Þ ¼ Sample A:
Control A:

x100

IC50 factor was used to evaluate better the antioxidant activity, which indicates the
concentration of the NiSO4, F. officinalis leaf aqueous extract, and NiNPs@F. officinalis
that can reduce the concentration of free radical DPPH. The initial is 50% of the initial
value, and the lower the amount, the greater the antioxidant activity [19].

2.4. Anti-human ovarian cancer properties of NiNPs@F. officinalis

MTT is a colorimetric technique. Based on the fact that living cells can do oxidative
metabolism, as a result, oxidation, breaks down the MTT dye and produces a dye ranging
from yellow to blue. This test determines the number of living cells [20].

In this research, we used the following Cell lines to evaluating anti-human ovarian can-
cer and cytotoxicity effects of NiSO4, F. officinalis leaf aqueous extract, and NiNPs@F.
officinalis using an MTT method.

I. Human ovarian cancer cell lines: PA-1, Caov-3, SW-626, and SK-OV-3.
II. Normal cell line: HUVEC.

These cell lines were cultured in appropriate numbers (10,000 cells/well) in a 96-well
microplate. They were then incubated at 37� C and 5% CO2 for 24 h to form a cell
monolayer. Then, out of the greenhouse and under the hood, different concentrations of
NiSO4, F. officinalis leaf aqueous extract, and NiNPs@F. officinalis were added to the cells.
Control wells also included cell control containing complete cell and culture medium and
blank control containing no cell and complete culture medium, and the microplates were
again placed in the oven at 37� C and 5% CO2 until the required time (24-48-72 h). After
the test times, the cells were washed with PBS saline phosphate, MTT dye was added to
the wells and the microplates were incubated for 3 h. Finally, the optical absorption of
cells at 570 nm was read by the ELISA reader (model: Tek Bio Elx800). The cell viability
percentage was calculated by the following formula [20]:

Cell viability %ð Þ ¼ Sample A:
Control A:

x100
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2.5. Qualitative measurement

After collecting data, Minitab statistical software was used for statistical analysis.
Evaluation of antioxidant results in a completely randomized design and comparison of
means was Duncan’s pos-thoc test with a maximum error of 5%. To measure the percent-
age of cell survival in factorial experiments with the original design of completely
randomized blocks and compare the means, the Duncan post-hoc test with a maximum
error of 5% was used. The 50% cytotoxicity (IC50) and 50% free radical scavenging (IC50)
was estimated with ED50 plus software (INER, V: 1.0). Measurements were reported as
mean ± standard deviation.

3. Results and discussion

3.1. Chemical characterization of NiNPs@F. officinalis

EDX analysis: The qualitative analysis of EDX was run to screen the elemental analysis of
NiNPs@F. officinalis. The EDX diagram of NiNPs is shown in Figure 1. The findings
approved the appearance of nickel (by the peaks at 0.85 keV for NiLa, 7.5 keV for NiKa,
and 8.2 keV for NiKb), oxygen (by the peak at 0.51 keV for OLa), and carbon (by the
peak at 0.22 keV for CLa) in NiNPs@F. officinalis. The signal for nickel has been reported
by other research groups [21]. The presence of oxygen and carbon approved the linkage
between nickel nanoparticles and organic compounds of the plant extract. Besides, the Ni
nanoparticles may be formed as NiO formula.

SEM analysis: The morphology of NiNPs@F. officinalis was assessed by the FE-SEM
technique. Figure 2 shows the FE-SEM of NiNPs@F. officinalis. The images show the
spherical shape for the nanoparticles with particle size in the range of 16.85 to 49.04 nm.
Furthermore, the nanoparticles are aggregated. This is a general property of the biosyn-
thesized metallic nanoparticles, that was found in our literature review [3, 22–24]. In our
review of literature, the size of nickel nanoparticles, which were synthesized using plant
extract was in the range of 18 to 72 nm [25–29].

Figure 1. EDX analysis of NiNPs@F. officinalis.
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XRD analysis: The XRD diffraction patterns of NiNPs@F. officinalis evaluated its crys-
tallinity. The pattern of the diffractogram is showed in Figure 3. The formation of nano-
particles was approved to this result. Despite the small size of NiNPs@F. officinalis, the
pattern of XRD indicated well crystallizing. The achieved data were compared with the
standard database of JCPDS card no. 1313-991. The signals with 2h values of 26.92, 37.35,
43.28, 62.87, and 75.98 are indexed as (110), (111), (200), (220), and (311) planes. A
16.91 nm was measured for the crystal size of NiNPs@F. officinalis that was calculated
using X-ray diffraction and according to Scherer’s equation. According to previous stud-
ies, the crystal size of green synthesized nickel nanoparticles was in the range of 8 to
43.9 nm [25, 30–32].

FT-IR analysis: The FT-IR spectra of nickel nanoparticles and F. officinalis are shown
in Figure 4. The formation of NiNPs@F. officinalis is approved by the presence of the
peaks at wavenumbers of 433, 534, and 603 cm�1 that belong to the vibration of Ni-O.
Similar peaks with some differences in the wavenumber have been reported for green-syn-
thetic NiNPs by other research groups. A similarity is observed in the spectra of the
nanoparticles and F. officinalis extract. The peaks in the NPs spectrum are attributed to
the functional groups of different organic compounds in F. officinalis extract, which are
linked to the surface of NiNPs@F. officinalis. The presence of secondary metabolites such
as alkaloids, carbohydrates, phenolic compounds, flavonoids, glycosides, and terpenoids in
F. officinalis extract have been reported previously [14, 15, 33]. The peaks in 3404 and
2927 cm�1 are related to O-H and aliphatic C-H stretching; the peaks from 1431 to
1675 cm�1 are corresponded to C¼C and C¼O stretching, and the peaks at 1261 and
1085 cm�1 could be ascribed to -C-O and C-N stretching.

Figure 2. FE-SEM images of NiNPs@F. officinalis.
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UV-Vis. analysis: The UV–Vis. spectrum of the green-synthetic nanoparticles of
NiNPs@F. officinalis is presented in Figure 5. The surface plasmon resonance (SPR) of
NiNPs@F. officinalis was completed using UV–Vis. spectroscopy. The creation of the bio-
synthetic NiNPs@F. officinalis was observed. There was an advanced SPR band appear-
ance at the wavelength range of 341 nm that approved the formation of the nanoparticles.

Figure 3. XRD Pattern of NiNPs@F. officinalis.

Figure 4. FT-IR Spectra of NiNPs@F. officinalis and F. officinalis extract.
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The band is very close to a previously reported on the green synthesized of nickel nano-
particles using Calendula officinalis extract [21].

3.2. Cytotoxicity and anti-human ovarian cancer activities of NiNPs@F. officinalis

One of the cytotoxicity test methods to measure the rate of cell death is the MTT method,
which is based on the formation of formazan dye by reducing the substance MTT
(dimethyl thiazole 2 and 5 diphenyltetrazolium bromide) or other tetrazolium salts
[34–36]. By breaking the MTT tetrazolium ring by mitochondrial enzymes in living cells,
insoluble purple formazan crystals are formed. The formation of these crystals indicates
the activity of respiratory chain enzymes and is a measure of cell viability. By measuring
the amount of absorption by spectrophotometer at specific wavelengths, the number of
living cells can be determined. This test is performed according to ISO 10993-5 and its
purpose is in vitro evaluation of cytotoxicity. Cytotoxicity test is performed according to
ISO10993-5 standard and in three ways: NRU test, CFU test, MTT test, and XTT test.
The most common method for assessing cytotoxicity is to measure cell survival by
MTT [35–37].

The basis of the MTT method is based on the intensity of dye produced by the mito-
chondrial activity of cells, that measured at a wavelength of 540 to 630 nm and directly
proportional to the number of living cells, the increase or decrease in the number of liv-
ing cells is linearly related to the activity of cell mitochondria. MTT tetrazolium dye is
revived in the active cells (metabolically). Mitochondrial dehydrogenases in living cells
produce NADH and NADPH, leading to an insoluble purple precipitate called formazan.
This precipitate can be dissolved by isopropanol or dimethyl sulfoxide [35–38]. Dead cells,
on the other hand, are unable to perform this conversion due to the inactivity of their
mitochondria and therefore do not show a signal. In this method, dye formation is used
as a marker for the presence of living cells [38, 39]. In recent years, MTT testing has

Figure 5. UV–Vis. spectrum of NiNPs@F. officinalis.
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been the most important measurement method to evaluate the toxicity and anti-cancer
effects of metal nanoparticles [20, 38, 39].

In this investigation, the treated cells with different concentrations of the present
NiSO4, F. officinalis leaf aqueous extract, and NiNPs@F. officinalis were assessed by MTT
assay for 48 h about the cytotoxicity properties on normal (HUVEC) and ovarian malig-
nancy cell lines i.e. PA-1, Caov-3, SW-626, and SK-OV-3. The absorbance rate was eval-
uated at 570 nm, which represented viability on normal cell line (HUVEC) even up to
1000 lg/mL for NiSO4, F. officinalis leaf aqueous extract, and NiNPs@F. officinalis (Tables
1 and 2).

The viability of malignant ovarian cell line reduced dose-dependently in the presence
of NiSO4, F. officinalis leaf aqueous extract, and NiNPs@F. officinalis. The IC50 of
NiNPs@F. officinalis were 375, 225, 246, and 279 mg/mL against PA-1, Caov-3, SW-626,
and SK-OV-3 cell lines, respectively (Tables 1 and 2). The IC50 of F. officinalis leaf aque-
ous extract were 652, 497, 500, and 520 mg/mL against PA-1, Caov-3, SW-626, and SK-
OV-3 cell lines, respectively (Tables 1 and 2).

Table 1. The anti-human ovarian cancer properties of NiSO4, F. officinalis, and NiNPs@F. officinalis against human
breast carcinoma cell lines.

Concentration (mg/mL)

Cell viability (%)

HUVEC PA-1 Caov-3 SW-626 SK-OV-3

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) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

NiSO4 (3) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

NiSO4 (7) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

NiSO4 (15) 98.2 ± 1.3a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

NiSO4 (31) 94 ± 0.7a 99.2 ± 0.44a 100 ± 0a 100 ± 0a 100 ± 0a

NiSO4 (62) 88.6 ± 0.89a 96 ± 0.7a 98 ± 1a 99.6 ± 1.14a 98 ± 0.7a

NiSO4 (125) 83 ± 1a 91 ± 0.7a 94.6 ± 0.89a 92.2 ± 1.3a 94.2 ± 0.83a

NiSO4 (250) 77.6 ± 1.14ab 86 ± 1a 89.6 ± 0.89a 84 ± 1.22a 87 ± 1a

NiSO4 (500) 70 ± 1.22ab 79.2 ± 0.44ab 83.2 ± 0.83a 78.2 ± 0.83ab 79.6 ± 1.14ab

NiSO4 (1000) 62.6 ± 1.14ab 73 ± 0.7ab 75 ± 1.22ab 69 ± 1ab 68.2 ± 0.44ab

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

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

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

F. officinalis (3) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

F. officinalis (7) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

F. officinalis (15) 100 ± 0a 98.4 ± 0.54a 98.6 ± 0.89a 99 ± 0.7a 98.4 ± 0.54a

F. officinalis (31) 100 ± 0a 96.2 ± 0.83a 94.6 ± 1.14a 95 ± 1a 96.4 ± 0.89a

F. officinalis (62) 99.4 ± 0.54a 91.6 ± 1.14a 88.2 ± 1.3a 89.2 ± 0.83a 88 ± 1a

F. officinalis (125) 97.4 ± 0.89a 83 ± 0.7a 76.4 ± 0.89ab 79 ± 0.7ab 80.6 ± 1.14ab

F. officinalis (250) 94.2 ± 1.3a 72.6 ± 0.89ab 62 ± 0.7ab 65.4 ± 0.54ab 67.2 ± 0.83ab

F. officinalis (500) 91 ± 1.22a 57 ± 1.22b 49.6 ± 1.14b 50 ± 1b 51 ± 1.22b

F. officinalis (1000) 87.6 ± 0.89a 34.4 ± 0.54bc 23.4 ± 0.89bc 30.6 ± 0.89bc 26.2 ± 0.83bc

NiNPs@F. officinalis (0) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

NiNPs@F. officinalis (1) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

NiNPs@F. officinalis (2) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a

NiNPs@F. officinalis (3) 100 ± 0a 100 ± 0a 100 ± 0a 100 ± 0a 99 ± 1a

NiNPs@F. officinalis (7) 100 ± 0a 99.2 ± 0.44a 99.4 ± 0.54a 99.4 ± 0.54a 96.4 ± 0.89a

NiNPs@F. officinalis (15) 100 ± 0a 96 ± 0.7a 94.2 ± 1.3a 96.2 ± 0.83a 90.2 ± 0.83a

NiNPs@F. officinalis (31) 99.4 ± 0.54a 90.6 ± 1.14a 87.6 ± 0.89a 89 ± 1a 83 ± 1.22a

NiNPs@F. officinalis (62) 98.6 ± 0.89a 84.6 ± 1.14a 76.2 ± 0.83ab 78.2 ± 0.44ab 76 ± 0.7ab

NiNPs@F. officinalis (125) 94 ± 1a 74.2 ± 0.83ab 62 ± 1.22ab 64.2 ± 0.83ab 66.2 ± 1.3ab

NiNPs@F. officinalis (250) 89.4 ± 0.89a 60 ± 1.22b 47 ± 0.7b 49.4 ± 0.54b 52 ± 1b

NiNPs@F. officinalis (500) 83 ± 1.22a 40 ± 1bc 29.2 ± 1.3bc 32 ± 1bc 35.6 ± 0.89bc

NiNPs@F. officinalis (1000) 75.2 ± 0.44ab 13.4 ± 0.89c 4.6 ± 0.89c 8.6 ± 0.89c 9.6 ± 1.14c

The several words present significant differences between experimented groups (p� 0.01).
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3.3. Antioxidant properties of NiNPs@F. officinalis

In this study, we assessed the antioxidant properties of F. officinalis leaf aqueous extract
green-synthesized NiNPs@F. officinalis by using the DPPH test as a common free radical.
Free radicals are atoms, molecules, or ions with unpaired electrons and are therefore very
active, unstable, and highly reactive. Free radicals are formed by breaking a bond of a sta-
ble molecule. Free radicals collide with other molecules to achieve stability and can separ-
ate electrons from them, as a result, they form a chain of more unstable molecules. A free
radical can have a positive, negative, or neutral charge [19]. During the body’s natural
metabolism or under conditions such as smoking, pollution, the entry of unnecessary
chemicals into the body in any way, radiation, and stress in the body produce free radi-
cals. The most important free radical in the human body is oxygen, which can damage
DNA and other molecules. Oxidative stress is the victory of free radicals over the body’s
antioxidant defense and is a biological attack on the body [2, 3]. Antioxidants are mole-
cules that can donate an electron to a free radical without destabilizing themselves. This
stabilizes the free radical and makes it less reactive. The result of oxidative stress in the
body is various degeneration, eye damage, premature aging, muscle problems, brain dam-
age, heart failure, diabetes, cancer, and overall weakness of the immune system [1].
Oxygen radicals are continuously produced in all living organisms and with destructive
effects, lead to cell damage and death. The production of oxidant species under physio-
logical conditions has a controlled rate, but this production increases under oxidative con-
ditions [19]. Various studies have shown that antioxidant compounds have very
significant anti-cancer effects with omitting the free radicals. Herbs are rich in antioxidant
compounds and reduce the risk of some chronic diseases such as cataracts, rheumatoid
arthritis, memory loss, stroke, heart disease, and cancer by protecting cells and increasing
the power of plasma antioxidants. Flavonoids and alkaloids commonly found in medicinal
plants have high antioxidant activity [2, 3].

The scavenging capacity of F. officinalis leaf aqueous extract green-synthesized
NiNPs@F. officinalis and BHT at different concentrations expressed as percentage inhib-
ition has been indicated in Tables 3 and 4. In the antioxidant test, the IC50 of F. officinalis
leaf aqueous extract, NiNPs@F. officinalis, and BHT against DPPH free radicals were 253,
145, and 107 mg/mL, respectively (Tables 3 and 4).

It seems that the anti-human ovarian cancer effect of recent nanoparticles is due to
their antioxidant effects. Because tumor progression is so closely linked to inflammation
and oxidative stress, a compound with anti-inflammatory or antioxidant properties can be
an anticarcinogenic agent [40–42]. Many nanoparticles have pharmacological and bio-
chemical properties, including antioxidant and anti-inflammatory properties, which
appear to be involved in anticarcinogenic and antimutagenic activities [19, 20]. Today,
nanoparticles synthesized by biological methods play a vital role in treating many diseases,
including cancer [41, 42]. Nanoparticles synthesized by biological methods are no longer
the only ones in traditional medicine, in addition, they have been able to adopt an indus-
trial line of natural products for treating various cancers. Various cell lines from cancers

Table 2. The IC50 of NiSO4, F. officinalis, and NiNPs@F. officinalis in cytotoxicity and anti-ovarian cancer tests.

NiSO4 (mg/mL) F.officinalis (mg/mL) NiNPs@F. officinalis (mg/mL)

IC50 against HUVEC – – –
IC50 against PA-1 – 652 ± 0a 375 ± 0c

IC50 against Caov-3 – 497 ± 0b 225 ± 0d

IC50 against SW-626 – 500 ± 0b 246 ± 0d

IC50 against SK-OV-3 – 520 ± 0b 279 ± 0d

The several words present significant differences between experimented groups (p� 0.01).
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of the prostate, ovary, lung, liver, and pancreas have been treated with herbal nanopar-
ticles synthesized [40–42].

4. Conclusion

In conclusion, the green synthesis of nickel nanoparticles was carried out using an aque-
ous extract of F. officinalis. The nanoparticles were characterized using common chemical
techniques such as UV-Visible, FT-IR, XRD, FE-SEM, and EDX. The nanoparticles were
in a spherical morphology. The size of NiNPs@F. officinalis was in the range of 16.85 to
49.04 nm which is well known as a sufficient size for the synthetic nanoparticles. The
NiNPs@F. officinalis showed the best antioxidant activities against DPPH. The IC50 of
NiNPs@F. officinalis and BHT against DPPH free radicals were 145 and 107mg/mL,
respectively. The viability of malignant ovarian cell line reduced dose-dependently in the
presence of NiNPs@F. officinalis. The IC50 of NiNPs@F. officinalis were 375, 225, 246,
and 279mg/mL against PA-1, Caov-3, SW-626, and SK-OV-3 cell lines, respectively. After
the clinical study, NiNPs@F. officinalis containing Fumaria officinalis leaf aqueous extract
can be utilized as an efficient drug in the treatment of ovarian cancer in humans.
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Table 3. The antioxidant activities of NiSO4, F. officinalis, NiNPs@F. officinalis, and BHT against DPPH.

Concentration (mg/mL) DPPH inhibition (%) Concentration (mg/mL) DPPH inhibition (%)

BHT (0) 0 ± 0a Fumaria officinalis (0) 0 ± 0a

BHT (1) 0 ± 0a Fumaria officinalis (1) 0 ± 0a

BHT (2) 2 ± 0.7a Fumaria officinalis (2) 1.2 ± 0.44a

BHT (3) 6.4 ± 0.54a Fumaria officinalis (3) 3.4 ± 0.89a

BHT (7) 11.2 ± 0.44a Fumaria officinalis (7) 8.6 ± 0.89a

BHT (15) 18.6 ± 0.89ab Fumaria officinalis (15) 13 ± 1a

BHT (31) 26.2 ± 1.3ab Fumaria officinalis (31) 21.4 ± 0.54ab

BHT (62) 39 ± 1.22b Fumaria officinalis (62) 29.2 ± 0.44ab

BHT (125) 54.6 ± 1.14b Fumaria officinalis (125) 37 ± 1.22ab

BHT (250) 71.6 ± 1.14bc Fumaria officinalis (250) 49.6 ± 0.89b

BHT (500) 92 ± 0.7c Fumaria officinalis (500) 63.2 ± 0.83bc

BHT (1000) 100 ± 0c Fumaria officinalis (1000) 79 ± 1c

Concentration (mg/mL) DPPH inhibition (%) Concentration (mg/mL) DPPH inhibition (%)
NiNPs@F. officinalis (0) 0 ± 0a NiSO4 (0) 0 ± 0a

NiNPs@F. officinalis (1) 0 ± 0a NiSO4 (1) 0 ± 0a

NiNPs@F. officinalis (2) 2.4 ± 0.89a NiSO4 (2) 0 ± 0a

NiNPs@F. officinalis (3) 5.4 ± 0.54a NiSO4 (3) 2.4 ± 0.89a

NiNPs@F. officinalis (7) 10 ± 1.22a NiSO4 (7) 5.2 ± 1.3a

NiNPs@F. officinalis (15) 16.2 ± 0.44a NiSO4 (15) 9 ± 1.22a

NiNPs@F. officinalis (31) 23.6 ± 0.89ab NiSO4 (31) 14 ± 1a

NiNPs@F. officinalis (62) 32 ± 0.7ab NiSO4 (62) 20.2 ± 0.44ab

NiNPs@F. officinalis (125) 47.2 ± 1.3b NiSO4 (125) 26.6 ± 1.14ab

NiNPs@F. officinalis (250) 64.4 ± 0.89bc NiSO4 (250) 33.4 ± 0.89ab

NiNPs@F. officinalis (500) 82 ± 1.22c NiSO4 (500) 38.2 ± 0.44b

NiNPs@F. officinalis (1000) 100 ± 0c NiSO4 (1000) 46.6 ± 0.89b

The different letter present significant differences between experimented groups (p� 0.01).

Table 4. The IC50 of NiSO4, F. officinalis leaf aqueous extract, NiNPs@F. officinalis, and BHT in the antioxidant test.

Concentration (mg/mL) BHT F.officinalis NiNPs@F. officinalis NiSO4

IC50 (mg/mL) 107 ± 0b 253 ± 0a 145 ± 0b –

The different letters present significant differences between experimented groups (p� 0.01).
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