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KEYWORDS Abstract In this study, Cog sNig sNdg.o2Fe; 904 nanoparticles CoNiNd (NPs) were synthesized by
Green synthesis; combustion method linked with biosynthesis with and without different plant extracts such as
Plant extract; Lavender, Ginger, Flax-Seed, Lemon Juice, Tragacanth Gum, and Dates Fruit. Cog sNip sNdg -
Spinel ferrite nanomaterials; Fe, 9304 nanoparticles (NPs) with plant extracts (CoNiNd plant extracts) were analyzed by
Anti-cancer agent; XRD, TEM and SEM methods. The structure of Co-Ni spinel ferrite was confirmed by XRD
Colon cancer cells; and the shape and the size of nanoparticles were examined via SEM and TEM and the size was
Cervical cancer cells found between 17 and 25 nm. The anti-cancer activity of NPs on cancer cells such as human col-

orectal carcinoma (HCT-116) and human cervical cells (Hela) were investigated. The cytotoxicity
of was examined by MTT assay and followed by measuring the inhibitory concentration (ICsg) val-
ues after 48 h treatments. The cell viability assay confirmed a decrease in the cancer cell viability

T ~ .
Corresponding author.
E-mail address: fakhan@iau.edu.sa (F.A. Khan).

Peer review under responsibility of King Saud University.

ELSEVIER Production and hosting by Elsevier

https://doi.org/10.1016/j.arabjc.2021.103564
1878-5352 © 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/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.arabjc.2021.103564&domain=pdf
mailto:fakhan@iau.edu.sa
https://doi.org/10.1016/j.arabjc.2021.103564
http://www.sciencedirect.com/science/journal/18785352
https://doi.org/10.1016/j.arabjc.2021.103564
http://creativecommons.org/licenses/by-nc-nd/4.0/

M.A. Almessiere et al.

post NPs treatments and showed dose-dependent inhibitory action. The treatments of CoNiNd
(NPs) and CoNiNd plant extracts via Lavender plant extract showed most profound inhibitory
action on both cancer cells than extracts other plant extracts. The 1Cs, values were for HCT-116
cells were found to be in range of 15.75-42.55 pg/mL and 13.44 to 35.65 pg/mL for HeLa cells.
In contrast, the treatment of CoNiNd (NPs) and CoNiNd plant extracts showed inhibitory action
but the percentage of inhibition was higher in HEK-293 cells. Our results showed that CoNiNd
(NPs) and CoNiNd plant extracts possess potential application in the colon and cervical cancer
treatments and we recommend molecular analysis of NPs mediated cancer cell death for future

applications.

© 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

Spinel ferrites are fundamental complex oxide of iron, typically
emerged as the most favorable magnetic material in many applications
in bioscience (Donmez et al., 2019), water purification (You et al.,
2020), catalysis (Maleki et al., 2020), optics, Ferro fluids (Wu et al.,
2020), biosensors (Rozhina et al., 2021), cellular signaling, and
biomedicines such as drug delivery (Nogueira et al., 2020) and hyper-
thermia (Amiri et al., 2019). As described by Matsumura and Maeda in
the late 1980 s, nanoscale substances readily diffuse and accumulates
into tumor cells (Matsumura and Maeda, 1986), making spinel ferrites
nanoparticles (SPN) are suitable for anticancer drug delivery. Unlike
other magnetic ferrites that display remanent magnetization, SPN, in
contrast, exhibits super-paramagnetic properties at room temperature.
This is very essential in biomedical applications, because, in the
absence of an external magnet, the material displays no magnetization,
no agglomeration, or accumulation around a biological environment.
Further, super-paramagnetic is also influenced by the size of spinel fer-
rite (Galvao et al., 2016). One of the critical challenges is, the system-
atic synthesis of nano spinel materials, while precisely maintaining the
particle size and morphology.

The cobalt iron oxide (CoFe,O4) NPs and its metal substituted
derivatives are characterized with unique properties such as high
magneto-crystalline anisotropy coupled with adequate saturation mag-
netization and high coercivity. Furthermore, the tendency of CoFe,O4
NPs to form nanosphere, excellent coupling efficiency as well as high
magnetostriction makes them preferred candidate for diverse techno-
logical industries and medical applications (Tomitaka et al., 2009;
Tran and Webster, 2010; El-Sayed et al., 2020). Fan et al. have
reported CoFe,O, NPs encapsulated with silica shell which resulted
in fibrous morphology. The composite was described to have good bio-
compatibility and can effectively load and release a doxorubicin
hydrochloride anticancer drug via pH stimuli (Fan et al., 2018). Cher-
aghi et al. employed lemon juice to prepare CoFe,O4 NPs via a mod-
ified Pechini route. Concentrated fruit extract was found to enhance
the saturation magnetization of the product, i.e when 10 ml and

50 ml lemon juice was used, a CoFe,O4 with 16.6 emu/g and
75.7 emu/g were produced respectively. The sample coated with poly-
ethylene glycol showed promising anticancer drug loading and release
capacity (Cheraghi et al., 2021).

Several synthetic techniques were used to crystallize an ultra-small
sized spinel ferrite of various morphology have been established, usu-
ally, a wet-chemical synthesis is employed due to the atomic level
building of the crystals. The common preparation methods such as
solvothermal decomposition, sol-gel, co-precipitation, and thermal
decomposition. All requires an organic/inorganic solvent as a medium
of the reaction, surfactant, alkaline solution (concentrated NaOH or
NHs;) etc. (Srivastava et al., 2018; De Berti et al., 2013; Salunkhe
et al., 2015). These chemicals are hazardous and toxic. However, the
green chemical processes stressed that chemical hazards should be
avoided or minimized during synthesis and offered an environmentally
benign process and the products are less harmful to human health
(Anastas and Eghbali, 2010) .

Green synthesis methodology using plants extraction was the pri-
mary fabrication method that applied for synthesizing nanoparticle.
It is easy, economically, facile manufacturing process, less waste pro-
duction, nontoxic nature, and fast (Liaskovska et al., 2019). In this
background, the application of green synthesis provide a better and
effective method to minimize the use of hazardous chemicals during
nanomaterial preparation.

There are many reports available for green synthesis of ferrites
using Moringa plant extract. Domestic fruits such as Lavender, Gin-
ger, Flax-Seeds, Lemon Juice, Tragacanth Gum, and Dates Fruit are
known for their medicinal and biomedical applications. These plants
have vital advantage such as easy availability, low cost of production,
and facile processing, and most important they are eco-friendly.
Although significant reports are available for green synthesis of ferrites
using Moringa plant extract (Matinise et al., 2018; Aisida et al., 2020;
Aisida et al., 2019). K. Kombaiah et al. used Okra extraction for syn-
thesis of CoFe,O4 NPs by microwave approaches (Kombaiah, 2018).
They found that the sample showed good magnetic behavior and
exceptional antimicrobial activity. Moreover, Dana Gingasu et al. uti-

™ Ginger

lavender Seeds Flax seeds

Tragacanth Gum ~ Date fruits

Lemon Juice

Fig. 1

Plants that used for the green synthesis of CoNiNd (NPs).
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lized cardamom seeds and ginger root to prepare CoFe,O4NPs with
self-combustion technique (Gingasu, 2017). Karunakaran et al. used
the Hydrangea paniculata flower extraction to make NiFe,O4
(Karunakaran, 2018). There results approved that the green synthesis
is an excellent method to produce NiFe,O, NPs. M.M. Naik et al. fab-
ricated ZnFe,O4NPs were prepared with Limonia acidissima extrac-
tion. They obtained an efficacious photodegradation and
antibacterial activity (Naik et al., 2019).

Accordingly, we decided to perform a green synthesis of CoNiNd
(NPs) using six different plant extracts viz: Lavender, Ginger, Flax-
Seed, and Lemon Juice, Tragacanth Gum, and Date fruits. After
detailed spectroscopic and microscopic examination, CoNiNd (NPs)
alone and CoNiNd (NPs) plant extracts were used for the first time
to screen the in-vitro cytotoxicity against human colorectal carcinoma
(HCT-116) and human cervical cells (Hela).
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Fig. 2 The scheme of preparation CoNiNd (NPs) with (a) Sol-gel auto combustion method and (b) with plant extracts (CoNiNd (NPs)

plant extracts).

Table 1 The abbreviation of CoNiNd (NPs) with and without

plant extracts.

Symbol

Content of sample

CoNiNd (NPs)

The Co, 5Nij sNdy goFe; 9504 NPs

CoNiNd (NPs) + LS

Lavender Seeds + CoNiNd (NPs)

CoNiNd (NPs) + Ginger

Ginger + CoNiNd (NPs)

CoNiNd (NPs) + FS
CoNiNd (NPs) plant extracts

Flax Seeds + CoNiNd (NPs)

CoNiNd (NPs) + LJ

Lemon Juice + CoNiNd (NPs)

CoNiNd (NPs) + TG

Tragacanth Gum + CoNiNd (NPs)

CoNiNd (NPs) + DF

Date Fruit + CoNiNd (NPs)




4

M.A. Almessiere et al.

2. Materials & methods

2.1. Preparation plants extraction

The Lavender seeds, Ginger, Flax Seeds, Lemon Juice, Traga-
canth Gum and Date fruit (Fig. 1) were collected from local
markets. To prepare a plant extract, all plants firstly cleaned
and washed with DI water to remove any dust and dried them.
Next, the extractions were synthesized by using 3 g of Laven-
der, 10 g Ginger, 2.5 g of Flax Seeds, 50 ml Lemon Juice, 10 g
of Tragacanth Gum and 5 pieces of Date Fruit with 100 ml DI
water and heated them at 70 °C for 1 h with stirring, while
50 ml from Lemon juice was used without any further process-
ing. Finally, the solutions contained extraction was filtered to
be ready to use for preparing the NPs.

2.2. Synthesis of CoNiNd ( NPs) with and without plant extracts

Initially, CoNiNd (NPs) were prepared via normal sol-gel
combustion method. A specific weight of Co(NO;),-6H,0,
NI(NO3)26H20, Nd(NO3)3 and FC(NO3)39H20 were dis-
solved with 70 ml of DI water under stirring at 80 °C for
40 min. The solution pH was adjusted to 7 using NH; solution
and heated at 150 °C for 35 min. then increased up to 350 °C to
get a gel that burned and turned into a black powder. The
Cog.5Nig sNdg.02Fe; 0504 NPs was sintered at 800 °C for 5 h
as explained in Fig. 2(a).

For the synthesis of CoNiNd (NPs) with plants extraction, a
stoichiometric amount of Co(NOs),-6H,0, Ni(NOs),-6H,0,
Nd(NO3)3 and Fe(INO3)3-9H,0 were mixed with 60 ml of each
plant extract (Lavender seeds, Ginger, Flax Seeds, Lemon
Juice, Tragacanth Gum and Date Fruit) by stirring at 80 °C
for 40 min. after that the magnetic stirring was stopped, the
temperature was increased to 200 °C and heated until the
whole solution was evaporated and turned to a black powder
(almost 2 h). The resulted powder was calcinated at 800 °C
for 5 h as mentioned in Fig. 2(b). The all products were labeled
and listed in Table 1.

2.3. Instrumentation

The structure of CoNiNd (NPs) and CoNiNd (NPs) plant
extracts were recorded via Benchtop Rigaku Miniflex X-ray
diffractometer (Cu Ko line). The nano particles morphology
was gotten by FEI Titan ST SEM and TEM linked with
EDX spectroscopy for elemental analysis of the study samples.

2.4. Treatment of CoNiNd (NPs) and CoNiNd (NPs) plant
extracts on cancerous cells

We have taken two cancer cell lines, human colorectal carci-
noma (HCT-116) and human cervical cells (Hela), to study
the impact of CoNiNd (NPs) and CoNiNd (NPs) plant
extracts on their viability and proliferation. The cells were cul-
tured and maintained in the DMEM media, L-glutamine (5%),
penicillin (1%), streptomycin (1%), FBS (10%), and selenium
chloride (1%) as per previously described method (1). The cells
were grown in 96 well plates in a 5% CO, incubator (Thermo
Fisher Scientific, Inc., Waltham, MA, USA) at 37 °C, and 75—
80% confluence cells and cell processed for MTT assay (Khan

et al., 2018). The MTT assay was done as per the previous
study (Rehman et al.,, 2021). The cells were treated with
extracts of CoNiNd (NPs) and CoNiNd (NPs) plant extracts
with dosages ranging from 5.0 pg to 40 pg/ml. The cells were
treated for 48 h and processed to examine the cell viability
using MTT assay. In the control group, we did not add
extracts of CoNiNd (NPs) and CoNiNd (NPs) plant extracts.
We have also included the non-cancer cells (human embryonic
kidney cells (HEK-293) to consider as control cells. Both the
control and CoNiNd (NPs) and CoNiNd (NPs) plant extracts
-treated groups were treated with 10 pl of MTT (5 mg/ml), and
cells were then further incubated in a CO, incubator for 4 h.
After that, cell culture media was replaced with DMSO
(100%), and the 96-well plate was then examined under an
ELISA plate reader (Biotek Instruments, USA) at a wave-
length of 570 nm. The percentage of cell viability was calcu-
lated for the statistical analysis.

2.5. Apoptotic DAPI staining:

The morphology changes of cancer nuclear structure due to
treatments of CoNiNd (NPs) and CoNiNd (NPs) plant
extracts were examined by DAPI staining assay. Cells were
divided into two groups, the control group in which no CoN-
iNd (NPs) and CoNiNd (NPs) plant extracts were added,
whereas, in the experimental group, CoNiNd (NPs) and CoN-
iNd (NPs) plant extracts (25 pg/ml) was added. Post 48 h treat-
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Fig. 3 XRD powder patterns of CoNiNd (NPs) and CoNiNd
(NPs) plant extracts.
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ment, both groups were exposed to ice-cold (4%)
paraformaldehyde and then with Triton X-100 in phosphate-
buffered saline (PBS). After that, cells were stained with DAPI
(1.0 pg/mL) for 5 min under a dark environment, and cells
were finally washed with PBS and cover slipped. The DNA
staining was examined by using Confocal Scanning Micro-
scope (Zeiss, Germany). The data presented as mean (+) stan-
dard deviation (SD) obtained from triplicates and one way
ANOVA followed by Dennett’s post hoc test with GraphPad
Prism Software (GraphPad Software, USA) for final statistical
analysis.

3. Results & discussion

3.1. Structure and morphology of CoNiNd (NPs) and CoNiNd
(NPs) plant extracts

Fig. 3 exhibited XRD powder patterns of CoNiNd (NPs) with
and without plants extract. All samples showed the indexed
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peaks of Co-Ni spinel ferrite without any presence of impuri-
ties which evidenced on the efficiency of Green synthesis as a
preparation method. The lattice parameters and crystal size
were calculated by full proof program. It was found that the
lattice parameters un-systematic variation (Pristine = 8.36 A
, Lavender seer = 8.31 A, Ginger = 33.35 A, Flax
Seeds = 829 A , Lemon Juice = 8.30 A, Tragacanth
Gum = 8.33 A and Date fruit = 8.34 A) corresponding to
the type of plant extraction. The crystal sizes were calculated
via Debye—Scherrer equation taking account the most intense
peak (311) and also found that they wvaried as
44.7,14.3,26.1,14.6,13.2,21.8 and 15.1 nm respectively with
changing the extract type.

The surface imaging by SEM of CoNiNd (NPs) and CoN-
iNd (NPs) plant extracts were displayed in Fig. 4. The images
revealed aggregation of small grains with various morphology
and size distribution according to the type of extraction. Fig. 5
presents the EDX spectrum of CoNiNd (NPs) with Ginger
extraction, The EDX spectrum approved the presence of Co,
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Fig. 6 TEM images with histogram of particles size distribution of CoNiNd (NPs) plant extracts.
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Ni, Nd, Fe and O that showing that the green synthesis is effec-
tively for fabrication nanoparticles.

To confirm the morphology and particles size, TEM analy-
sis was applied on CoNiNd (NPs) with different plant extracts
as clear from Fig. 6. The images showed assembling of fine
spherical and cubic particles which in turn concurrent with
the observations from SEM analysis. The particles size distri-
bution was achieved by treating TEM mages with ImageJ soft-
ware it found that the size distribution in the range of 17 to
25 nm.

3.2. Impact of extracts of on cancer cells viability

The impact of CoNiNd (NPs) and CoNiNd (NPs) plant
extracts on both colon cancer and cervical cancer cells was
examined. The cell viability assay confirmed a decrease in the
cell viability after the treatments of CoNiNd (NPs) and CoN-
iNd (NPs) plant extracts (Fig. 7). The treatments of extracts of
CoNiNd (NPs) and CoNiNd (NPs) plant extracts showed
dose-dependent inhibitory action on cancer cell growth and
proliferation (Fig. 7). We have also tested the impact of
extracts of CoNiNd (NPs) and CoNiNd (NPs) plant extracts
on non-cancerous cells (HEK-293) to know its impact on nor-
mal cells. Data showed that there was decrease in the cell via-
bility due to extracts of CoNiNd (NPs) and CoNiNd (NPs)
plant extracts treatments, but the percentage of cell viability
was higher than cancer cells (HCT-116, and HeLa). It suggests
that treatment of CoNiNd (NPs) and CoNiNd (NPs) plant
extracts are more toxic to cancerous cells (HCT-116 and
HelLa) cells than normal cells (HEK-293).

The inhibitory concentration (IC50) of extracts of CoNiNd
(NPs) and CoNiNd (NPs) plant extracts on colon cancer
(HCT-116) cells was calculated, and we have found that ICs,
for CoNiNd (NPs) was lowest 15.75 pg/ml and whereas CoN-
iNd (NPs) + LJ showed highest ICsy 44.20 pg/ml for colon
cancer cells (Table 2). For the cervical (HeLa) cancer cells,
IC50 for extracts of CoNiNd (NPs) was lowest 16.44 pg/ml
and whereas CoNiNd (NPs) + TG showed highest IC50
38.15 pg/ml for colon cancer cells.

Based on these observations, we may suggest that synthe-
sized extracts of extracts of CoNiNd (NPs) and CoNiNd
(NPs) plant extracts possess better inhibitory effect on HCT-
116 and Hela cells than HEK-293 cells. This is the first study
demonstrating the cell viability of extracts of extracts of CoN-
iNd (NPs) and CoNiNd (NPs) plant extracts against HCT-116
and Hela cells. Previously many studies have shown nanopar-
ticles and extracts of Cardamom and Moringa showed cyto-
toxicity against different cancerous cells (Fagundes et al.,
2020 Dec; Tombuloglu et al., 2021 Apr; Rehman et al., 2019;
Soshnikova et al., 2018; Jafarain et al., 2014; Ezhilarasi
et al., 2016; Aldakheel, 2020; Abou-Hashem et al., 2019;
Elsayed et al., 2015).

3.3. Apoptotic cancer cell death due to treatment of CoNiNd
(NPs) and CoNiNd (NPs) plant extracts

The treatment of CoNiNd (NPs) and CoNiNd (NPs) plant
extracts caused significant decreased in the number of colon
cancer cells, as the number of DAPI stained cells were found
to be less in the extracts of CoNiNd (NPs) and CoNiNd
(NPs) plant extracts -treated cells (Fig. 8 B-C) as compared
to control cells (Fig. 2 A). The decrease in the cancer cells is
due to cell death which are due to programmed cell death or
apoptosis. In contrast the treatments of extracts of CoNiNd

Table 2 The inhibitory concentration (IC50) of CoNiNd
(NPs) and CoNiNd (NPs) plant extracts on cancer cells.

NPs HCT-116 (ICsp) Hela (ICso)
(ng/ml) (ug/ml)
CoNiNd (NPs) 15.75 pg/ml 16.44 pg/ml
CoNiNd (NPs) + LS 24.58 pg/ml 26.71 pg/ml
CoNiNd (NPs) + Ginger 28.33 pg/ml 21.55 pg/ml
CoNiNd (NPs) + FS 35.55 pg/ml 32.56 pg/ml
CoNiNd (NPs) + LJ 44.2 ng/ml 33.74 pg/ml
CoNiNd (NPs) + TG 42.83 pg/ml 38.65 ug/ml
CoNiNd (NPs) + DF 35.25 pg/ml 36.15 pg/ml

MTT Assay

120%

100%
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Cell Viability (%)

Control CoNiNd (NPs)

* * " * *
* * * . . .
*
*
60% . . .
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CONiNd (NPs)+LA  CoNiNd (NPs)+Ginger CoNiNd (NPs)+FS
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Fig.7  Cell viability by using MTT Assay: It shows the impact of treatment (25 pg/mL) of extracts of CoNiNd (NPs) and CoNiNd (NPs)
plant extracts on HCT-116, HeLa and HEK-293 cells post 48 h treatment. * p < 0.05; ** p < 0.01.
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Fig. 8 A-H. Apoptotic cells morphology by DAPI staining: It shows the impact of NPs treatments on colon cancer cells (HCT-116) post
48 h treatment. Figure A Control; Figure B CoNiNd (NPs); Figure C CoNiNd (NPs) + LA; Figure D CoNiNd (NPs) + Ginger; Figure E
CoNiNd (NPs) + FS; Figure F CoNiNd (NPs) + LS; Figure G CoNiNd (NPs) + TG; and Figure H, CoNiNd (NPs) + DF.

(NPs) and CoNiNd (NPs) plant extracts did not show any
inhibitory action on the colon cancer cells (Fig. 8A).

4. Conclusion

The aim of this study was to synthesis CoNiNd (NPs) using six differ-
ent plant extracts viz: Lavender, Ginger, Flaxseed, Lemon Juice, Tra-
gacanth Gum and Dates Fruit as a biosynthesis method. In this
procedure, metals nitrite was mixed with specific amount of plant
extracts solution. The resulted nanocomposites were analyzed with
XRD, TEM and SEM methods. The XRD confirmed the Co-Ni spinel
ferrite structure. Morphology and partials size were estimated through
SEM and TEM. The biological activity of all the samples produced by
green synthesis CoNiNd (NPs) using six different plant extracts viz:
Lavender, Ginger, Flax-Seed, Lemon Juice, Tragacanth Gum, and
Dates were done against cancer cells such as human colorectal carci-
noma (HCT-116) and human cervical cells (Hela). The cell viability
assay confirmed a decrease in the cancer cell viability and showed
dose-dependent inhibitory action. The treatments of CoNiNd (NPs)
with Lavander plant extract showed most profound inhibitory action
on both cancer cells than extracts other plant extracts. The ICs, values
were for HCT-116 cells were found to be in range of 15.75-42.55 pg/
mL and 13.44 to 35.65 pg/mL for HeLa cells. We may suggest that syn-
thesized plant extracts CoNiNd (NPs) and CoNiNd (NPs) plant
extracts possess better inhibitory effect on HCT-116 and Hela cells
than HEK-293 cells. Our results showed that CoNiNd (NPs) and
CoNiNd (NPs) plant extracts possess potential application in the colon
and cervical cancer treatments and would recommend in vivo study
experiments to validate their applications.
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