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Abstract

Introduction: In recent years, with the advancement of nanotechnology, new methods have
been invented to treat cancer. The Moringa plant (Moringa oleifera) is rich in flavonoid
compounds, especially quercetin, which has anticancer and antioxidant properties. In this
research, the characteristics of metal nanoparticles of Iron, Copper, Zinc, and Silver
biosynthesized from the aqueous extract of the M. oleifera plant were studied, and then the
effect of the essential oil and aqueous extract obtained from the aerial parts of this plant and
the synthesized metal nanoparticles on the growth and survival of cancer cell lines MCF-7
and BT-549 were investigated.

Methods: In this research, after the biosynthesis of metal nanoparticles such as iron, copper,
zinc, and silver from the aqueous extract of the plant M. oleifera and checking their
properties in terms of size with the help of Dynamic Light Scattering (DLS) and verifying the
structure with the help of Fourier Transform Infrared Spectrometer (FTIR), the number of
secondary compounds of the essential oil (using Gas chromatography-Mass
spectrophotometry (GC-Mass)) and the aqueous extract of Moringa plant (with the help of
HPLC) were investigated. , the anticancer properties of the essential oil and aqueous extract
of the plant M. oleifera and its biosynthesized metal nanoparticles were evaluated on two cell
lines, MCF-7 and BT-549. The experiment was conducted in a completely randomized
design with three replications. GraphPad Prism8 and FlowJ softwares were used to check cell
viability and flow cytometry results, respectively.

Results: According to the results obtained from DLS, the sizes of iron, copper, zinc, and
silver nanoparticles were 35, 32, 33, and 34 nm, respectively. According to the results
obtained in this research, the 1C50 value of MCF-7 and BT-549 cell lines was significantly
affected by the type of treatment used at the probability level of 1%. The highest amount of
IC50 (35.9 pL/mL) corresponds to the MCF-7 cell line treated with the essential oil obtained
from the aerial parts of the Moringa plant. Furthermore, in this research, it was found that the
percentage of necrotic cells, and the percentage of cells in the pre-apoptotic and post-
apoptotic stage of the MCF-7 and BT-549 cell lines were significantly affected by the type of
treatment used at the probability level of 1%. In the case of the MCF-7 cell line, the highest
percentage of necrotic cells, cells located in the pre-and post-apoptotic stage (2.03, 3.42, and
22.5 percent), respectively, related to the control treatment, aqueous extract obtained from
aerial parts, and synthesized copper nanoparticles from aqueous extract were obtained.
Meanwhile, the highest percentage of necrotic cells, cells located in the pre-and post-
apoptotic stage of the BT-549 cell line (6.33, 4.32, and 17.56 percent) were related to the
control treatment, biosynthesized copper nanoparticles from the aqueous extract.

Conclusion: According to the results obtained in this research, the copper nanoparticle
biosynthesized from the Moringa plant aqueous extract had the highest anticancer effect on
MCF-7 and BT-549 cell lines.
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Introduction

Cancer is a deadly disease with a high
mortality rate, which leads to many
psychological and economic conflicts.
Breast cancer is one of the most common
types of cancer (1). Depending on the type
of cancer and its progress, various methods
have been developed to treat this disease,
including surgery, chemotherapy, radiation
therapy, hormone therapy, stem cell
transplantation, targeted drug delivery
systems, and nanotechnology.
Nanoparticles, due to their small size (10-
100 nm) with their high density and
surface charge, have a high contact surface
that facilitates binding to organic
compounds such as DNA, RNA, peptides,
aptamers, and antibodies (2). Gold, silver,
platinum, copper, palladium, zinc, nickel,
and iron nanoparticles can be mentioned
among the widely used metal nanoparticles
that have been used at the research level to
treat cancer. There are different methods
for the synthesis of various types of metal
nanoparticles, which can be referred to as
physical, chemical, and biological methods
(synthesis by microorganisms and plants)
(3). Synthesis of nanoparticles via plant
extracts offers a simple one-step reduction
process with large-scale  production.
Numerous reports have been presented on
the synthesis of nanoparticles using plant
extracts  with  significant  biological
activities. The M. oleifera is rich in
flavonoid compounds, especially
quercetin, which has anticancer and
antioxidant  properties. Due to its
antioxidant properties, quercetin in the leaf
and seed samples of M. oleifera causes the
chelation of metals and the inhibition of
free radicals. Flavonoids are the main
source of some isoflavonoids, such as
genistein, rutin, and quercetin, which
prevent the growth of cancer cells (4). In
this research, the characteristics of metal

nanoparticles of iron, copper, zinc, and
silver biosynthesized from the aqueous
extract of M. oleifera plant were studied,
and then the effect of essential oil, aqueous
extract, and synthesized metal
nanoparticles, iron, copper, zinc, and silver
on the growth and survival of cancer cell
lines MCF-7 and BT-549  were
investigated.

Materials & Methods

In this research, after the biosynthesis of
metal nanoparticles such as iron, copper,
zinc, and silver from the aqueous extract of
the plant M. oleifera and checking their
properties in terms of size with the help of
Dynamic Light Scattering (DLS) and
verifying the structure with the help of
Fourier Transform Infrared Spectrometer
(FTIR), the number of secondary
compounds of the essential oil (using GC-
Mass) and the aqueous extract of Moringa
plant (with the help of HPLC) were
investigated. In addition, the anticancer
properties of the essential oil and aqueous
extract of the plant M. oleifera and its
biosynthesized metal nanoparticles were
evaluated on two cell lines, MCF-7 and
BT-549. The experiment was conducted in
a completely randomized design with three
replications. GraphPad Prism8 and FlowJ
softwares were used to check cell viability
and flow cytometry results, respectively.

Results

The results of DLS shown in Figure 1
confirmed the dimensions of the
synthesized nanoparticles. The
nanoparticles of iron, copper, silver, and
zinc biosynthesized from the aqueous
extract of the plant (M. oleifera) have an
average size of 35, 32, 33, and 34 nm,
respectively (Figure 1).
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Figure 1: Size distribution of nanoparticles biosynthesized from the aqueous extract of the plant (M.
oleifera): A) iron, B) copper, C) silver, and D) zinc nanoparticles

The presence of double peaks in FTIR images
(Figure 2), iron, copper, silver, and zinc
nanoparticles in the 4000-3500 range represent the
stretching vibrations of the H-O group. As well as
the presence of double peaks and elongated peaks
in the region of 2800-3500 indicates the presence of
metal nanoparticles. Furthermore, in the areas of

500-1500, the tensile peaks were related to C=0,
N-H, and O-C bonds. Since the organic compounds
of plant extracts are placed around the nanoparticles
and cause the stability of the nanoparticles, the
movements of these organic groups can be seen in
the FTIR spectrum (Figure 2).
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Figure 2: Fourier Transform Infrared Spectrometer (FTIR) spectrum of nanoparticles biosynthesized
from aqueous extract of plant (M. oleifera): A) iron, B) copper, C) silver, and D) zinc nanoparticles

Based on the results from the comparison
of the means (Figure 3), a statistically
significant difference was observed in the
IC50 value between MCF-7 and BT-549
cell lines treated with essential oil and the
agueous extract of M. oleifera plant and
biosynthesized metal nanoparticles.
Furthermore, this significant difference
was observed within each cell line and
between different treatments. So that in all

cases, the 1C50 of MCF-7 cell lines was
significantly higher than BT-549 cell line,
which indicates that to eliminate at least
50% of the total population of MCF-7 cell
line compared to cell line BT-549 requires
higher concentrations of essential oil and
water extract of Moringa plant and
nanoparticles of iron, copper, zinc, and
silver.
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Figure 3: Survival percentage of MCF-7 and BT-549 cell lines under the influence of essential oil and
aqueous extract of Moringa plant (M. oleifera) and biosynthesized iron, copper, zinc, and silver
nanoparticles

According to the obtained results, the
percentage of necrotic cells and the
percentage of cells in the pre-apoptotic and
post-apoptotic stages of the MCF-7 cell
line were significantly affected by the
concentrations obtained from the 1C50
assay of Moringa essential oil and aqueous
extract (M. oleifera) and iron, copper, zinc,
and silver nanoparticles biosynthesized
from it were placed (Figure 4a). The
presence of a high percentage of necrotic
cells in the control treatment can be due to
the high-density resultant from high
growth and the death of more cancer cells
due to the reduction of energy sources. In
addition, the highest percentage of MCF-7
cells in the pre-apoptotic stage (3.42%)
was related to the treatment of said cells

with the resulting aqueous extract. The
highest percentage of post-apoptotic cells
(22.5%) was observed in the treatment of
cells  with  biosynthesized  copper
nanoparticles, which was significantly
higher than other treatments. Furthermore,
in terms of necrotic cells, the percentage of
cells in the pre-apoptotic and post-
apoptotic stage of the BT-549 cell line
between the treatments (moringa essential
oil and aqueous extract and its
biosynthesized metal nanoparticles in the
concentrations calculated in the 1C50
assay) statistically significant difference
was observed (Figure 4b). The highest
percentage of necrotic cells (6.33%) was
related to the control treatment. As well as,
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Figure 4: Effect of the essential oil and aqueous extract of Moringa plant (M. oleifera) and its
biosynthesized metal nanoparticles on the percentage of necrotic cells, the percentage of cells in pre-
apoptotic and post-apoptotic stage a) MCF-7 cell line and b) cell line BT-549
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the highest percentage of BT-549 cell lines
located in the pre- and post-apoptotic stage
(4.32% and 17.56%, respectively) was
related to the treatment of the mentioned
cell lines with biosynthesized copper
nanoparticles.

Discussion

The leaves and shoots of M. oleifera have
important medicinal chemical compounds
such as carbohydrates, saponins, tannins,
steroids, flavonoids, coumarins, quinones,
phenolic compounds, alkaloids quercetin,
rutin, kaempferol, gallic acid, and so on,
which are used for cancer prevention and
treatment, antimicrobial and antifungal
activity. Targeted drug delivery increases
the anticancer potential and reduces the
side effects of the mentioned compounds.
Bharali et al. reported that the extracts
obtained from M. oleifera leaves have a
high potential in dealing with chemical
carcinogens through liver pathways (5).
Due to the large size of nanoparticles
compared to drugs, its absorption into cells
is much lower, while its transfer to cancer
cells increases due to surface ligands (6).
In this research, it was found that the IC50
of MCF-7 and BT-549 cell lines treated
with  biosynthesized iron and zinc
nanoparticles and the resulting aqueous
extract are almost equal, while the 1C50 of
the mentioned cell lines treated with
nanoparticles copper and silver were much
less than the aqueous extract obtained from
the sample grown in nature.

Conclusion

Novel approaches to treating cancer have
been developed in recent years due to the
progress of nanotechnology in medical
science and therapy. These metal
nanoparticles, which have been shown in
numerous studies to have antioxidant and
anticancer properties, include gold, silver,
platinum, copper, palladium, zinc, nickel,
and iron. These nanoparticles are
biosynthesized from medicinal plants.
Based on the obtained results, MCF-7 and
BT-549 cell lines were most positively
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affected by
biosynthesized
aqueous extract.

copper
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NO Compounds Molecula Rete:\ntion Total Recorded ph_ar_macological References
rformula Time (%) activity
1 Heptane, 2,4-dimethyl- CoHzo 3.133 6.57 fungal metabolite (43)
2 Methoxy phenyl —Oxime CsHgNO; 6.033 1.57 Antibacterial (44)
3 Decane CioH2 8.327 1.912 - -
4 Hexamethylcyclotrisiloxane C6H1:O3S' 11.030  0.168 antioxidant (45)
5 Silane, cyclohexyldimethoxymethyl- ~ CoH20.Si  13.011 0.398 antioxidant (45)
6 1-hexyl-3-methyl-Cyclopentane CioHza 13.808 0.107 - -
antibacterial, antifungal antitumor,
! Dodecane CiHps 14042 0.868 neurotrophic and anti-inflammatory (46)
8 2,4-Dimethylundecane Ci3Hos 15.638 0.194 - -
Larvicidal and repellent activity,
9 Tetradecane.acid CuH20, 18.754 0.758 antifungal, _ant|OX|dan_t,_cancer (43)
preventive, nematicide,
hypercholesterolemic
anti-inflammatory, antibacterial,
antioxidant, anthelmintic,
10  Oxalic acid, 6-ethyloct-3-yl heptyl ester CioH3604  19.233 0.164 antidiabetic, anticancer, 47
mosquitocidal, and insecticidal
activity
11 Heptadecane, 2,6,10,14-tetramethyl- CauHas 20.073 0.190 - -
12 Tridecane, 1-iodo CasHyr 20.785 0.600 - -
13 Heptadecane, 4-methyl- CigHss 20.857 0.142 - -

anticancerous, antiviral,
14 Phenol, 2,4-bis(1,1-dimethylethyl)- Ci7H30Si  21.142 0.415 hypoglycaemic, antibacterial and (48)
anti-inflammatory

15 Hexadecane, 2,6,10,14-tetramethyl- CaoHa2 22.837 0.349 - -
16 Eicosane CaoHa2 23.521 0.164 antimicrobial (49)
17 Dodecane, 2-methyl- CizHzs 24.248 0.130 - -
18 Nonadecane CigHao 24.475 0.210 Antimicrobial and Antioxidant (50)
19 Decane, 2,3,5-trimethyl- CisHzs 24.675 0.191 - -
20 2-Bromo dodecane CiHsBr  24.747 0.173 - -
21 Heptadecane, 2,6,10,15-tetramethyl- Co1 Has 24.910 0.645 - -
22 Octadecane acid CiHu0, 26486 0142 Antifungal, antibacterial, analgesic,
anti-infammatory and antipyretic
23 Eicosane CaoHaz 27.280 0.178 antimicrobial (49)
24 Heneicosane CaHaa 27.579 0.216 antimicrobial (51)
25 Tetra Triacontane CasHro 28.593 0.816 - -
26 Octadecane. acid CiHwuO, 20274 0375 Antifungal, antibacterial, analgesic, 5
anti-infammatory and antipyretic
27 Heptadecane, 3-methyl- CigHass 30.697 0.132 - -
Antioxidant, hypocholesterolemic
nematicide, pesticide,
28 Hexanedioic acid CiH320,  31.344 0.172  antiandrogenic favor, hemolytic, 5- (45, 47)
alpha reductase inhibitor,
antimicrobia
29 Phthalic acid, iso hexyl isopropyl Ci7H2404  31.596 0.331 - -
30 Decane, 3,8-dimethyl- Ci2Hzs 33.902 0.116 - -
1-Cyclohexyldimethylsilyloxy-3,5- C16H260Si
31 dimethylbenzene 34897 0.306 ) )
Antioxidant, hypocholesterolemic
nematicide, pesticide,
32 Hexanedioic acid CiHz20,  35.656 0.361 antiandrogenic favor, hemolytic, 5- (45, 47)
alpha reductase inhibitor,
antimicrobia
33 Di-n-octyl phthalate CaH30s  37.353 0.761 - -
34 1-2,benzenedicarboxylic acid CoHeOs 38493 65229 A”“m"xcr’]?i'g)'(’i g;‘;'tf ouling, 43)
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