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Abstract

Gold nanoparticles (AuNPs) have most attention of trend toward treating breast cancer. Especially in overall orientation,
essential oils (EOs) considered interested biosource in medicine field and currently in gold nanoparticles synthesizing but
EOs concerned to hypophilic obstacle. Therefore, after creation of AuNPs-based EOs, it converts to hydrophilic for bioap-
plications rely of spherical, stable, and liked fiber AuNPs surface morphology. EOs-AuNPs observed fight breast cancer
MCEF-7 cell ability through MTT cytotoxicity assay at half maximal inhibition concentration (ICs) at 325 pg/mL. Comet
assay in degradation of DNA at 47%, 53% in alkaline, and neutral conditions respectively. Emphasizing rise in apoptosis
index was explained in flow cytometry drop populations of treated cells for controlling growth MCF-7 tumor.

Keywords Carcinoma MCF-7 - Cytotoxicity - Essential oils - Flow cytometry - Gold nanoparticles

1 Introduction

Cancer is more than one disease. It refers to a group of more
than 100 distinguish diseases. Although there are many dif-
ferent types of cancer, they all begin when aberrant cells
proliferate uncontrollably; cancer is also known as carci-
noma [1]. The phrase “breast cancer” refers to all carcino-
mas of the breast tissue, and it can affect both younger and
older females [2]. In a tumor cell’s aberrant metabolism, it
has been observed that tumor cells desire a higher glucose
metabolism, absorb less oxygen, and produce more lactic
acid. As tumor cells deviate their metabolism to anaero-
bic glycolysis, the morphology of the cells subsequently
changes, a phenomenon known as the Warburg effect [3].
Worldwide, breast carcinoma (BC) is the most prevalent.
Breast carcinoma (BC) is the most common reason why
women die from cancer cause of cancer-related death among
females. Internationally, prevalence of BC varies, with some
nations having a fivefold higher incidence than others [4].
International Agency for Research on Cancer (IARC) with
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its collaborators has evaluated the impact of breast cancer
in 2040 and gives a global picture of the disease’s burden in
2020. The authors predict within 2040 pathway incidence
of breast carcinoma would result in over three million new
cases yearly (40% surge) and over one million fatalities
annually (a 50% jump) [5]. BC predicted that up to 40%
females with the condition face a recurrence, having great-
est probability coming during the first few years following
mammary surgery [6]. Hence, tracking cancerous areas with
comprehensive therapy is necessary. These comprise chem-
otherapeutic, hormonal, or immunotherapeutic treatments
administered individually or in combination [7]. Regretly,
ordinary chemotherapeutic drugs frequently lack target spec-
ificity and encourage systemic toxic effects, a wide range of
clinical outcomes, and getting rid of quickly dividing cells,
including healthy ones resulting in chronic toxicity. This
toxicity results in additional side effects including alopecia,
thrombocytopenia, and mucositis [8]. In other way, nano-
technology has proved beneficial in the process of identify-
ing, detecting, and eliminating from BC research. Several
nanoformulations were produced and researched for elimi-
nating from BC growth, reappearance, or metastases after
radiotherapy [9]. Metal nanoparticles (MNPs) are typically
consisting primarily of elements or once its oxides core sur-
rounding by an organic or inorganic material or metal oxide
shell [10]. Different sized gold nanoparticles are suitable for
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selectively destroying breast cancer cells [11]. Using 14-nm
AuNPs as specific looking for drugs to kill mammary cancer
cells found a complementary photo-conversion and cellular
damage response via doxorubicin. administration [12]. The
development of effective techniques significantly steps in
the production of AuNPs research priority. The generation
of nano gold via biological pattern instance bacteria, fun-
gus, or plantly sources is one of the techniques [13]. Due
to its ease of use, quick rate of synthesis, environmental
friendliness, and potential to increase biocompatibility
with biomolecules, plant-mediated synthesis of Au NPs is
notable [14, 15]. The primary benefit of employing extracts
is that they are gentle, renewable, and non-toxic reducing
and stabilizing agents, which eliminate the requirement for
chemical reducing agents [16]. Once biosource of biological
technique with continuing interest in nanoparticles creation
being essential oils (EOs) is a significant source of bioac-
tive substances. Hence, they are suitable for the synthesis
of metallic nanoparticles [17]. The creation of Au NPs has
also been achieved with the use of essential oils from other
plants. For example, monodispersed hexagonal AuNPs were
prepared at room temperature in found essential oils derived
from A. occidentale leaves [18]. Essential oils defined as
conglomeration of dozens of different chemical compo-
nents, defined principally their volatility, fragrance, low
molar mass, and quantity less than one [19]. As a result, it
has also been observed that the essential oils extracted from
various plant leaves can be particularly effective agents for
producing Au at the nanoscale [20]. EOs trigger cancerous
cells undergo planned suicide thanks to apoptosis, tissue
necrosis, cell cycle termination, and the breakdown of sig-
nificant membrane compartments. The affected cell’s mem-
brane becomes more pliable, coordinating this response,
a decrease in energy production, and change of hydrogen
exponent; also, destruction of cytochrome capacity is one
of the most important precursors to cellular demise [21].
In regarding research, Iraqi Jasminum sambac (L.) Aiton
leaves were utilized to extract essential oils, with roughly
91% especially oleic acid with palmitic acid and other
derivatives of the extracted leaves serving in the preparation
of gold in nanoscale, as reducing and capping representa-
tives. Should be emphasized that harvest period, regional
origin, hereditary diversity, abiotic (climate, weather, soil),
as well as biotic (herbivores, parasites) restrictions can all
cause alterations in the composite structure of phytochemi-
cals of Jasminum sambac leaves [22]. In spite of essential
oils considered to have good medicinal activity, however,
their obstacle was concerning as insolubility essential oils in
water; therefore, difficulty targeting in vitro mammary can-
cerous MCF-7 sort. So at this research aimed to overcome
solubility, essential oils in water via preparing AuNPs by
(EOs) as good solubility in water and strong agent to inhibi-
tion MCF-7 cells have grown up. Additionally, Jasminum
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sambac was studied as a promising reducer and capper by
using a variant polarity solvent (distilled water) to extract
different biomolecules responsible for silver nanoparticle
synthesis [23].

2 Experimental
2.1 Plant Classification

The newly cut of Jasminum sambac (L.) Aiton leaves were
collected in blossoming farm stretched closing Tigris River
in Iraq/Baghdad; it distinguished inside Biology Depart-
ment, Collage of Science, Basrah University, Basrah,
Iraq. Jasminum identified as Oleaceae family, the genus
Jasminum; finally, sort Jasminum sambac [24] leaf was
trimmed away stem, double rinsed in H,O to eliminate
pollutants before being washed twice more with deionized
water to guarantee no contaminants were present. It is then
left to dry for 10 days in the shade (away from light) at
25 °C. The dehydrated samples forwarding to cut into fine
smoothed powders using bender. The substance was kept in
tight canister under 10 °C for further utilization.

2.2 Essential Oils Preparation

Jasminum sambac leaf powder was combined with abso-
lute ethanol (EtOH) at a 1:10 ratio and stirred for 2 h at 50
°C before performing double filtration through Whatman
filter paper No. 1 under vacuum. When undissolved spe-
cies were removed, the solution was concentrated using a
rotating evaporator at 60 °C. Next, an undergone sample
was dried in oven at 60 °C and kept at room temperature for
gold nanoparticles preparation.

2.3 Preparation and Characterization
of HAuCl,.3H,0

Done preparing HAuCl,.3H,0 in lab from gold 24 karat
alloy as source of gold metal considering procedure was
described in [25] with shortly modification. HAuCl,.3H,0O
characterized by thermogravimetric analysis (TGA) in the
Department of Chemistry Education College/University of
Basrah, in order to identify molecular formula and purity
features.

2.4 Physiochemical Instruments

Gold nanoparticles (AuNPs) were characterized by employ-
ing spectroscopic instruments, by ultraviolet-visible (UV-
VIS) spectroscopy (Shimadzu UV-1800), Fourier transform
infrared spectroscopy FTIR (4000-400 cm™!) (IRAffinity-1
Shimadzu), X-ray diffraction at an operating voltage of 40
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kV, and a current of 30 mA with Cu K radiation (= 0.15406
nm) (Panalytical X’Pert Pro), to characterize nanomateri-
als based on nanoscale measurements in addition to other
instrumental analysis by gas chromatography/mass spec-
troscopy GC/MS (Varian/Saturn 2200/USA). An electronic
microscope consists of transmission electron microscopy
(TEM) and a field emission scanning electronic microscope
touched energy dispersive (FESEM-EDX) utilizing device
Zeiss. Moreover, AuNPs were evaluated by dynamic light
scattering (DLS) and Z-potential with (Malvern) instruments
in PH level at 6.5.

2.5 Essential Oils Synthesizing Gold Nanoparticles
(AuNPs)

Protocol of synthesis of gold nanoparticles (AuNPs)-based
essential oils solution was added to HAuCl,.3H,0 (0.5 mM)
according to volume ratio as 1:9 mixed at 25 °C within 120
min away from light, observed changing from ordinary green
to raspberry red hue. AuNPs were subjected to a color shift
process in a sonicator for a duration of 1 h at a power output
of 120 W, resulting in the production of finely distributed
particles; to pursue that appoint, it was centrifuged for 50
min at 3500 rpm until separation, then twice washed in dis-
tilled water (DW), then repeat centrifugation (for purifica-
tion) for 30 min. Finally, place it in a vacuum to achieve
useful dried AuNPs yields of AuNPs.

2.6 Cytotoxicity EOs-AuNPs

MTT is a frequently employed experiment that concentrates
on the reduction of 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphe-
nyltetrazolium bromide (MTT) (yellow tetrazolium dye) to
a purple-colored water-insoluble formazan in the mitochon-
dria of living cells. MCF-7 cell s have been grown in RPMI-
1640 supplemented with 10% fetal bovine serum (FBS), 100
unit/mL penicillin, and 100 g per mL streptomycin. With
Trypsin-EDTA, cells were passed, reseeded at 80% conflu-
ence twice per week, and incubated at 37 °C. EOs-AuNPs
were assessed utilizing MTT colorimetric test [26] finished
with several modifications. MCF-7 was grown in 96 vial
dish at 4000 cells per vial for 1 day in ideal circumstances
(37 °C, 5% CO, within wet container). After removing (10%
FBS) medium, these cells had been washed with phosphate-
buffered saline twice (PBS). Cells were cultured for 24 h
with fresh preservation RPMI media (10% FBS) including
(0.05, 0.5, 5, 50, and 500 pg/mL) of EOs-AuNPs. At each
concentration, triple wells were tested, as well as cylinder
elution buffer was used as the reference standard. Each well
that received 10 pL of a newly produced solution of 0.5 mg/
mL MTT in PBS was stored in 4 h. The medium was with-
drawn, and 100 pL/well of dimethyl sulfoxide was added.
To aid in dissolving the formazan crystals, the plates were

softly shaking, using a microplate reader to determine the
absorbance value at 545 nm. The mean optical absorbance of
the control group as 100%, else categories were determined
as a percentage of this value. The ratios of damage to cells
as well as the half-maximal inhibitory concentration (ICs)
were determined.

2.7 DNA Fragmentation of MCF-7

The single-cell gel electrophoresis (SCGE), as described
in [27], involved some modifications, which detect DNA
strand fractures in eukaryotic cells sequentially. The single-
cell gel electrophoresis is a straightforward technique uti-
lized to quantify the occurrence of deoxyribonucleic acid
(DNA) segment ruptures in eukaryotic cells. The cells that
are enclosed in agarose on a microscope slide undergo lysis
through the use of detergent and high salt, resulting in the
formation of nucleoids that contain supercoiled loops of
DNA that are connected to the nuclear matrix. The applica-
tion of electrophoresis under high pH conditions leads to
the formation of structures that bear resemblance to comets,
which can be visualized through fluorescence microscopy.
The magnitude of the tail of the comet in relation to its head
is indicative of the quantity of DNA breaks. It is likely that
loops containing a break undergo a reduction in supercoil-
ing, thus allowing them to elongate unrestrictedly toward
the anode. The assay demonstrates a broad spectrum of pos-
sible uses, such as assessing the genotoxicity of recently
synthesized chemicals, monitoring genotoxic environmental
pollution, tracking human biomarkers, and conducting fun-
damental research in the area of DNA damage and repair.
This technique is a straightforward and delicate approach
that is commonly executed in animal cells, either in vitro
or ex vivo. Nevertheless, it is also feasible to scrutinize
DNA impairment in plant cells. The alkaline comet assay
is a highly sensitive technique that is capable of detecting
minimal levels of DNA damage. The evaluation of DNA
recognition was conducted through the utilization of an
alkaline for single-strand breaks (SSB) and double-strand
breaks (DSB). The MCF-7 cell line was incubated in 25
cm? flasks for a duration of 24 h under controlled conditions
of (37 °C and 5% CO,). Subsequently, the subjects were
administered with EOs-AuNPs at concentration equivalent
to half the inhibitory concentration (ICs) for a duration of
48 h under controlled conditions of 37 °C and 5% CO,. The
cells underwent trypsinization, followed by centrifugation
at 1000 rpm for 5 min in a new culture medium. Subse-
quently, they were washed twice with ice-cold PBS that was
devoid of Mg and Ca, and centrifuged again at 1000 rpm for
5 min. Following a 24-h treatment with agents, cells (1 X
10*) were mixed with low melting point agarose (type VII)
and subsequently placed onto a glass slide that had been
previously coated with high melting point agarose (type I).
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Subsequently, the slides were immersed in a lysis solution
containing 2.5 M NaCl, 100 mM EDTA, 10 mM Tris base,
1% Triton X-100, and pH 10 and were kept at a temperature
of 4 °C for a duration of 60 min. Subsequently, the slides
underwent a 30-min rinse in electrophoresis buffer (TBE)
at a temperature of 4 °C. Following cell lysis in agarose,
DNA was subjected to alkaline treatment (pH >13) for a
duration of 30 min to facilitate unwinding, as part of the
alkaline staining process. Subsequently, electrophoresis
was conducted under controlled conditions with a voltage
of 1.0 V/cm and an intensity of 490 mA for a duration of
20 min at a temperature of 4 °C. The staining procedure
was conducted utilizing the EtBr (0.5 pg/mL) technique.
The assessment involves utilizing the migration distance of
DNA as a metric to quantify the extent for DNA impairment
within a specific circumstance. Following electrophoresis,
the slides underwent a washing process using 0.4 M Tris-
HCI (pH 7.5) and were subsequently fixed for a duration of
10 min in absolute alcohol. A total of 100 nuclei were enu-
merated on every slide, and the proportion of cells exhibiting
DNA damage and those without was determined. The cells
were segregated into two distinct classifications in the tally,
namely intact DNA and impaired DNA. The DNA damage
was captured through photographic means using a fluores-
cence microscope (BX53 Olympus, Germany).

2.8 Cell Cycle Arresting of MCF-7

The MCF-7 cells were cultured in 12-well plates using a
conventional growth medium, with a seeding density of (1x
10%) cells per well. Subsequently, the cells were permitted to
adhere for a duration of 24 h, following which the medium
was substituted with an exposure medium for a period of

72 h. Subsequently, the exposure medium was replenished
at the IC;, concentration of EOs-AuNPs. Following a 24-h
incubation period, cellular specimens were collected and
subsequently rinsed with phosphate-buffered saline (PBS).
The cell pellets were subjected to staining using a solution
of propidium iodide (PI) that was freshly prepared with
a volume of 1 ml, consisting of 0.1% Triton X-100, 0.1%
sodium citrate, 50g/ml PI, and 10 g/ml of RNase A in PBS.
The cells were subjected to storage at a temperature of 4 °C
in the absence of light for a duration ranging from 1 h to
overnight, prior to their analysis through flow cytometry.
The fluorescence spectrophotometer (CyFlow, Partec Co.,
Germany) was utilized to conduct flow cytometry measure-
ments. Following linear amplification, the collection of PI
fluorescence was performed utilizing a band pass filter of
575/25 nm, which corresponds to the orange-red fluores-
cence (FL2). The capacity of a chemical to induce prolif-
eration, as determined by flow cytometry assay, is reflected
by alterations in the proportion of cells in various phases of
the cell cycle. The relative proliferative effect percentage
(RPE%) was calculated by determining the percentage of
cells in the S-phase for EOs-AuNPs in comparison to the
negative control.

3 Result and Discussion

3.1 TGA Interpretation of HAuCl,.3H,0
Thermogravimetry chart peaks indicated three degradation
zones concerned with HAuCl,.3H,0 as shown in (Fig. 1),

with values of 2.9% indicating loss of (H,0), 12.07% indi-
cating loss of (H,0, HCl), and last loss peak of 4.15%

Fig. 1 Termogravimetry analy-
sis (TGA) of HAuCl,.3H,0 TGA
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Fig.2 UV-VIS depicts in determining SPR of EOs-AuNPs

indicating loss of (H,O). As AuCl; melts at 254.9 °C, the
major coordination core is reaming.

3.2 UV-VIS Pattern of EOs-AuNPs

Wavelength of gold nanoparticles was evaluated as shown
in (Fig. 2) to demonstrate a surface plasmon resonance
phenomenon (SPR) maximum absorbance at 535 nm; this
evaluation for determining the development of AuNPs, as
the maximum absorbance at 535 nm indicated the creation
of AuNPs [28]. Phenolic groups in leaves of selected plant
which operate as an active principle in reducing and cap-
ping gold nanoparticles given SPR spectrum influenced of
size and shape AuNPs were created [29]. Appearing small
another peak at 670 nm thought due to presenting functional
groups with 7 orbitals; when exposed to ultraviolet-visible
radiation, these groups will undergo exciting transitions at
the n-n* level in present water as a solvent with remains
of polar absolute ethanol mean rising polarity leading to
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Table 1 FTIR values data of essential oils in comparsion with EOs-
AuNPs

Functional groups of essential Functional groups of biosynthe-

oils sis AuNPs
Functional Frequency Functional Frequency cm™!
group cm™! group

O-H stretching 3282

O-H bending 1450

C—H stretching 2924 C-H stretching 2819

C=O0 carbox- 1708 C=O0 carbox- 1647
ylic ylic

C-O bending 1068 C=0 bending 1081

O-H stretching 3298
O-H bending 1423

diminishing energy gap occurring red shift wavelength avail-
able between 630 and 670 nm.

3.3 FTIR of EOs Solution and EOs-AuNPs

The spectral peaks observed at approximately 3282, 2924,
and 1708 cm™! attributed to the stretching vibration groups
of O-H, aliphatic C-H, and C=0, respectively. The peak
1450 cm~! O-H bending group, while assignment of absorp-
tion peaks at 1068 cm™!, was carried out for C—O group. In
opposite side, detected alterations in the nature of biofunc-
tional group of peaks after bioreduction process location was
linked to the structure of gold nanoparticle AuNPs, there
also a shift in peaks from 1708 to 1693 cm™' of carbonyl
groups and 1450 to 1423 cm™! of OH groups, as appeared
in (Fig. 3), evidence of bioreduction process with creation
AuNPs. Their variation shifting in FTIR spectra of the EOs
and EOs-AuNPs charts and functional groups were shown
in (Table 1) without and with synthesis AuNPs [30]. Hence,
modest variations in the transmittance percentage of AuNPs

spectra can be related to the binding of bioactive substances
to metal surfaces [31].

3.4 GC-MS Disclosing EOs Structures
in Synthesizing AuNPs

Extracted essential oils derived forge about 91% from leaves
of selected plant according to GC/MS analysis (Fig. 4) pre-
sent in majority were oleic and palmitic acids in additionally
other essential oils with limited amounts, percents of alco-
holic lipids, essential oils act as bioreduction and capping
agents which play the majority roles in the bioreduction of
Au’* ions to Au’ nanoparticles. Additional revealed struc-
tures were 2.49% of 5-hydroxymethylfurfural participated
in capping AuNPs. Another showed structures showed in
GC-MS, it cooperates in stabilization-formed AuNPs includ-
ing propylene glycol, phytol, and elaidolinoleyl alcohol
giving totally about 4.84% data of abundance showed in
Table 2.

Proposed mechanism to interpretation way of biosyn-
thesis of AuNPs mediated by essential oils illustrated in
(Fig. 5).

3.5 XRD Diffraction of AuNPs

The crystal structure and phase composition of AuNPs
were determined using XRD methods (Fig. 6). The XRD
pattern revealed that the essential oils (EOs)-AuNPs were
nanocrystalline in nature. Theta locations measured at
38.41°, 44.63°, 64.97°, and 77.98°, which correspond to
planes 111, 200, 220, and 311 of reflections of the face-cen-
tered cubic (FCC) structure of metallic Au, agree with the
literature value (JCPDS card no 00-001-1172) [32]. Back-
ground noise was also present, which could be existence of
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Fig.4 GC-MS analysis biocompounds of essential oils
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Table 2 Data values of GC-MS availability of essential olis extracted

No.  Retention Area of Peak Compound Molecular Molecular weight Structure
time in min % identified formula in (g/mol)
1 2.69 2.51 Propylene glycol C;Hg0, 76.09 HO\‘/\OH
2 13.50 2.49 5-Hydroxymethylfurfural CeHeO; 126.11 / \
HO. o
o
H
3 28.37 0.96 1,2-Benzenedicarboxylic C16H20,4 278.34 e e\)\
acid, butyl 2-methylpropyl o~
ester  (Butyl isobutyl [\ ]
phthalate)
4 29.87 1.77 Hexadecanoic acid, methyl C;;H;40, 270 /‘3‘
ester (Methyl palmitate) W
0
5 30.93 29.71 Hexadecanoic acid C,¢H3,0, 256.42
(Palmitic acid) *“Wv
6 31.16 1.10 Hexadecanoic acid, ethyl C;gH;,02 284.5 \ )
ester (Ethyl palmitate) % W\/\A/\/
7 33.01 332 9,12,15-Octadecatrienoic C9H3,0, 292.5
acid, methyl ester (a- ! .
Methyl linolenate) \ N\ AVAA
L] L] L]
8 33.06 1.17 9-Octadecenoic acid, C;oH3,0, 296.5
methyl ester (Oleic acid f
methyl ester)
Y \
i
9 33.40 1.15 Phytol CyoHyO 296.5 f
0,
A
10 34.11 46.95 9-Octadecenoic acid (Oleic C;gH34,0, 282.5 L
acid) W
11 34.19 3.68 9,12,15-Octadecatrienoic C1oH340, 306.5 f .
acid, ethyl ester (Ethyl A\ \AAA
linolenate)
L.} K
12 34.41 4.00 Octadecanoic acid (stearic  CjgH360, 284.5
acid) I
Ll
13 40.39 1.18 9,12-Octadecadien-1-o0l CgH3,0 266.5

(Elaidolinoleyl alcohol)

related to supplementary bioactive molecules present in the
essential oils. As a result, the XRD pattern demonstrates that
the AuNPs are crystalline. Employing Scherrer’s formula,

the median size of 14 nm computed by the X’Pert High-
Score software was applied to determine the diameter of
the crystallites.

@ Springer



2300

BioNanoScience (2023) 13:2293-2306

Fig.5 Major biomolecules
which are responsible in biore-

ducti f AuNPs via EO, iti i
uction of AuNPs via EOs Palmitic acid

N

Au3o

3.6 Transmission Electron Microscopy (TEM)
Examination of AuNPs

Images of nanomaterials are created by electron beam. This
method is used to determine the size and appearance of nano
composition. The technique is additionally implemented for
the purpose of ascertaining the size spread of nanomateri-
als [33]. The defined morphology of EOs-AuNPs resembles
small spherical particles attached to cloudy regions con-
nected to biomolecules displaying bioreduction, as seen in
Fig. 7. The average particle size which was 17.78 nm was
examined as the size distribution by Image J software.

Fig.6 XRD chart diffraction of

Counts
EOs-AuNPs
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Iraqi Jasminum sambac (L.) Aiton
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3.7 FESEM with EDX Explanation of EOs-AuNPs

FESEM is a type of microscope that scans the surfaces of
nanomaterials with focused electron beams. This approach
provides signals that contain information on the sample’s
surface topography. It is used for imaging with increased
magnification. The plant leaves extract as a reducing and
capping agent drastically affected the surface morphology.
According to FESEM data, it appeared like fiber geometry
of the EOs-AuNPs was used to investigate their surface
morphology (Fig. 8). EDX determines the qualitative and
quantitative elemental composition of nanomaterials [33].
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Fig.7 TEM image depict A spherical shape EOs-AuNPs and B accounting size distribution of EOs-AuNPs by Imaje J sofware

As a result, the elemental composition of AuNPs was 94.5
wt.% of Au. The EDX profile revealed an au strong signal
for elemental Au at around 2.1 keV. The EDX spectrum
also shows tiny peaks for carbon and oxygen with weight
percentages of 4.9 and 0.6, respectively. The result of bio-
molecules being absorbed by nanoparticle surfaces, resulting
in the conversion of Au ions to elemental Au. At the very
least, no significant peaks were discovered for synthesized
NP. These findings support the spectral evidence for metal
ion bio-reduction to metal NPs [34].

EHT = 10.00 kV
WD= 6.4mm

Signal A = SE2
Mag= 50.00KX
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3.8 DLS and Z-Potential Examination of EOs-AuNPs

DLS is a typical technique for determining particle size
distribution. DLS has been demonstrated to be an efficient
method for determining the sizes of Brownian nanoparti-
cles in colloidal solutions [35]. DLS uses diffusion coeffi-
cients to compute size distribution and nanoparticle mobil-
ity [36]. As illustrated in (Fig. 9), the polydispersity index
was 0.545, and the hydrodynamic size was estimated to be
498.8 nm. The polydispersity index of the nanoparticles is

L s x a 3 8 3 3 3 31 2 3 3+ s 8 3 3 s 20 2 3 2 38 3 3 3

cps/ev
Py
=

—
=

=3

Fig.8 FESEM showed A EOs-AuNPs-like fiber morphology and B elemental composition of EOs-AuNPs
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Fig. 9 A Dynamic light scattering appears size distribution of EOs-AuNPs. B Z-potential examination stability of EOs-AuNPs

below 0.7, suggesting that they possess superior quality.
The determination of the hydrodynamic dimensions and
zeta potential of nanoparticles is of paramount importance
for prospective research endeavors involving nanoparticles
[37]. Upon analyzing the Z-potentials, it can be observed
that a significant absolute zeta potential value indicates the
presence of electrical charge on the surface of the nano-
particles. The strong repulsive forces exhibited by parti-
cles are responsible for preventing their aggregation and
thereby ensuring the stability of nanoparticles in the buffer
solution [38]. Z-potential had determined at —18.7 mv.

100 . *
Equation y=a+b*
Intercept 83.48188 +
80 Slope -0.103 £ 0.
N
z
5 907 67038
8
2
3 a0 34.6882
20
0 - T T T T
0 100 200 300 400 500

concentration ug/ml

Fig. 10 Cytotoxicity data values of treated MCF-7 breast cancer cells
by EOs-AuNPs
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It was determined that gold nanoparticles were relatively
stable due to electrostatic repulsion [39].

3.9 Cytotoxicity of EOs-AuNPs Against MCF-7 Breast
Cancer

The effect observed which relies on the dosage administered
of EOs-AuNPs-produced nanoconjugates on MCF-7 cells
was a decline in cell survival and rise in inhibition rate.
Measuring percentage for cell viability decreased from 95.9
to 34.6% (between 0.05 and 500 pg/mL), suggesting that
AuNPs had a dose-dependent effect. Within the context of
this investigation, many different levels of EOs-AuNPs con-
centrations involved (0.5 pg/mL, 5 pg/mL, and 50 pg/mL)
were utilized, as stated in the (Fig. 10).

The surface-attached cells grew at a rate of 96—-100%.
Cellular degradation was seen in MCF-7 cells treated
with EOs-AuNPs. The half maximal inhibitory concen-
tration (ICs,) of EOs-AuNPs was 325 pg/ml. Cytotoxic-
ity is influenced by numerous variables, incorporating
information regarding the specific cancer cell type and
the dimensions of the nanoparticle, shape, and surface
chemistry [40]. It is believed that the increased cytotox-
icity of AuNPs versus malignant cells has a connection
with their increased ability for absorption considered in
metabolic dysregulation and accelerated growth quan-
tity [41]. In recent years, numerous studies have been
conducted to investigate the potential AuNPs gener-
ated from variant bio-sources in enhancing cytotoxic-
ity of AuNPs against MCF-7 breast carcinoma cells.
One study was preparing AuNPs using Flaxseed extract
solution, with 1 mM concertation of HAuCl,.3H,0 for
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Fig. 11 DNA fragmentation of
MCEF-7 cells by EOs-AuNPs in
alkaline media

6-h reaction time [42]. Moreover, the study signaled by
preparing AuNPs synthesized using the leaf extract of
Enicostema axillare at a concentration of 1 mM HAuCl,
for a duration of 24 h. These AuNPs were then evaluated
for their potential anticancer properties against breast
cancer (MCF-7). The results indicated a reduction in cell
viability, suggesting an inhibitory effect on the growth of
cancerous cells. These AuNPs have demonstrated prom-
ising potential as an anticancer agent against the MCF-7
breast cancer cell line [43]. Else research employed
6-mercaptopuurine(6-MP) biomolecule attached to chi-
tosan nanoparticles (CNPs) in present AuNPs (1 mM
HAuCl, with temperature in boiling level degree) as
nano-carrier for creation novel agent fighting MCF-7
cell cancer The findings indicate that the incorporation
of 6-MP into CNPs-AuNPs led to a notable increase in its
anti-proliferative effects. This enhancement can be attrib-
uted to the improved internalization of 6-MP within cells
through the endocytosis mechanism. Consequently, the
implementation of interventions has led to a reduction
in the adverse effects of 6-MP in the context of cancer
therapy [44].

Fig. 12 DNA fragmentation of
MCEF-7 cells by EOs-AuNPs in
neutral media

Alkaline condition- Control
Damaged %= 4.2%

Neutral condition- Control
Damaged %= 5.5%

Alkaline condition- Sample EA-22
Damaged %= 47%

3.10 DNA Fragmentation of MCF-7 Cell
by EOs-AuNPs

The alkaline comet analysis was conducted to assess capac-
ity for EOs-AuNPs to cause DNA damage in MCF-7 cells.
The extent of destruction of DNA which had assessed by
measuring the length of the tail was seen in MCF-7 cells
exposed to determine ICs, dose of AuNPs, which were
considerable genotoxicity in inhibition of MCF-7 cells by
concentration, and was proportionated on rising in DNA
fragmentation. Microscope images revealed cells that under-
went treatment exhibited tails appearance in comparison to
damaged (hidden) head at destroyed percents in alkaline and
neutral medias 47% and 53%, respectively, in comparison to
control (untreated MCF-7) cells; on the other hand, revealed
cell structure decreasing cancer cell population rate reflect-
ing destroyed role of AuNPs as exhibited in (Figs. 11-12).
One study has demonstrated that AuNPs can trigger the pro-
duction of reactive oxygen species (ROS) [45]. A cytotoxic-
ity ICy, was determined for MCF-7 in order to determine
the optimal concentration for the DNA fragmentation assay.
This circumstance was also applied to AuNPs mediated by

Neutral condition- Sample EA-22
Damaged %= 53%
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Fig. 13 A Cell cycle arrest of untrated MCF-7 cells. B Enhanced apoptosis of treated MCF-7 cells by EOs-AuNPs flow cytometry analysis

Pterygota alata (Pa). Thus, Pa—AuNPs suppressed cancer
cell proliferation through DNA fragmentation mechanisms
that ultimately induced apoptosis [46].

3.11 Cell Cycle Arresting Flow Cytometry
of EOs-AuNPs

Cell cycle disruption caused by EOs-AuNPs progression
in exposing to ICs, concentration of AuNPs was examined
after 24 h of treatment. Cell cycle arrest observed drop
G1 with S-stage populations, which was associated with
an increase in the sub-G1 simultaneously elevated apop-
tosis index in treated MCF-7 cell by EOs-AuNPs, indicat-
ing rapid destruction of, in this investigation, the MCF-7
breast carcinoma cell type (Fig. 13). As a result, cells
exposed to AuNPs activated the genotoxicity pathway in
measuring to untreated breast cancer cell. This phenome-
non associated with the capacity of conjugates to augment
the permeation and aggregation of conjugate nanoparticles
within MCF-7 type, hence improving the cytotoxicity of
the conjugate nanoparticles by decreasing the expression
the level of p53 [47]. The extent and nature of cell cycle
arrest are contingent upon the composition, dimensions,
dispersion, and surface alterations of a cell’s components
[48]. MCF-7 cells were treated with AuNPs facilitated by
Commiphora wightii. This treatment has been reported
to have the ability to induce apoptosis. The activation of
endonucleases and subsequent release of DNA from the
cells will increase the number of cells in the sub-G1 phase
of the cell cycle technique [49]. Furthermore, El-Deeb and
colleagues indicated that the process underlying the anti-
cancer properties of the biogenic AuNPs was the ability
to induce cell cycle arrest in MCF-7 cells specifically in

@ Springer

the S phase [50]. According to our knowledge, no study or
research is concerning combat MCF-7 breast cancer activ-
ity relies on AuNPs synthesized by essential oils which
were extracted from Iraqi Jasminum sambac leaves.

4 Conclusion

Essential oils were used to synthesize gold nanoparticles,
which are regarded a good source for green synthesis, espe-
cially since the bioreduction of AuNPs transformed EOs
to hydrophilic state. As a global problem facing humanity,
breast cancer necessitated alternative treatment approaches,
with AuNPs proving superior to chemotherapy medications.
EOs-AuNPs have a spherical form with a size determined by
xrd to be 14 nm, TEM to be 17 nm, and DLS to be 498.8 nm.
Where, xrd represents the crystalline size of AuNPs, TEM
provides the actual size depicted in microscopic image anal-
ysis. Variation in size accounting between TEM and DLS
is due to the fact that DLS calculates the size of AuNPs
with attached biomolecules, which are responsible for the
bioreduction process, so the size appears larger in compari-
son to TEM, which measures the size of AuNPs without
additional biomolecules. In the realm of combating breast
cancer, AuNPs were found to have a good ICs, cytotoxicity
against MCF-7 in vitro cells by destroying the cancer cell’s
wall. This was developed by conducting a genotoxicity test
to demonstrate DNA fragmentation upon reaching the DNA
of breast cancer cells. Following that in tracking genotox-
icity via cell cycle arrest in observing changeable GO/GI,
S-Phase, and G2/M indexes in direction to reduce breast
cancer cell divisions for proliferation consequently neutral-
izes growth of MCF-7 cell directly with growing apoptosis
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operation in treated MCF-7 cells. Despite promising pre-
clinical outcomes, biosafety and adverse/toxic consequences
issues still need to be resolved. Further research must define
the immune response to AuNPs formulations and their phar-
macokinetic profile.
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