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Background: Linalool is a monoterpene compound with various potential therapeutic
applications in several medical fields. Previous studies have indicated the activity of linalool
against cell lines; however, its high level of toxicity restricts its use. The aim of this study
was to design and manufacture compounds with a novel structure that can be used for
loading linalool, to reduce its toxicity and improve its reachable ability.

Methods: We synthesized and characterized a new molecule for loading linalool onto gold
nanoparticles (GNPs) capped with glutathione and conjugated with a CALNN peptide.
Linalool was loaded onto the GNPs via the reaction of the surface groups of both linalool
and the GNPs. Moreover, the target peptide could be loaded onto the surface of the GNPs via
a chemical reaction. The cytotoxic effects of linalool-GNP (LG) and linalool-GNP-CALNN
peptide (LGC) conjugates against ovarian cancer cells were investigated, as were the
possible mechanisms underlying the induction of apoptosis.

Results: Our findings illustrated the significant antiproliferative effect of LG and LGC on
SKOV-3 cells. The cytotoxicity assay demonstrated that LG and LGC were selectively toxic
in cancer cells and induced apoptosis by activating caspase-8, the p53 protein, and various
proteins involved in apoptosis. The present data demonstrated that LG and LGC have a high
therapeutic potential and should be given particular consideration as anticancer drug-delivery
systems, as LG and LGC were remarkably more cytotoxic against a cancer cell line than
were linalool and GNPs alone.

Conclusion: We concluded that LG and LGC are promising compounds that can be used for
treating ovarian cancer (SKOV-3) cells via the induction of apoptosis through extrinsic and
intrinsic pathways.

Keywords: linalool, gold nanoparticles, CALNN, SKOV-3, p53, caspase-8, NF-kB

translocation

Introduction

Drug-delivery systems are a common tool in several therapeutic applications
because of advantages such as the bioavailability of the drug, the reduction of the
toxicity of the doses required for achieving the optimum response, and the cap-
ability of transporting the therapeutic compound into the cell of a particular organ.'
In the past few years, the majority of research in this field has focused on novel
approaches for delivering drugs, depending on the drug-delivery system.”* Cancer
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is defined as a disorder in which extraordinary cells are
amplified by escaping the traditional regulations of cellular
division. Ovarian cancer SKOV-3 cells are a primary type
of cancer cells.* The exact cause of cancer remains
unidentified.” Linalool (C;oH;50) is a monoterpene that
can be found in herbs, leaves, flowers, and wood. Linalool
essential oil is prepared through chemical synthesis.®
Several studies have suggested the anticancer activity of
linalool against a wide range of cell lines;”* however, its
use is restricted by the high toxicity of the essential oil.”
Recently, glutathione (GSH) has emerged as s popular
biodegradable polymer that is used in the preparation of
GSH-coated nanoparticles. GSH-coated gold nanoparticles
(GNPs) have shown enormous potential as a drug-delivery
vehicle. GSH is the most accepted among the different
obtainable biodegradable polymers because of its long-
standing clinical application, its favorable degradation
characteristics, and its potential for sustained drug
delivery.'"® Moreover, peptides have been used as targets
that can bind with a molecule on the surface of the nucleus
and penetrate it. The CALNN pentapeptide consists of the
amino acids Cys—Ala—Leu—Asn—Asn."' The application of
therapeutic peptides depends on several features, including
the peptide size and their competence for translocation into
the nucleus, as well as high activity, specificity, and
affinity.'> One of the benefits of using peptides in this
context is that they do not accumulate in the target
organ, which can help reduce the toxic side effects of the
drug.”® In a study reported by Jabir (2018),"* a novel
method for manufacturing GNPs and loading linalool
onto them was investigated, and the results confirmed the
high effectiveness of the manufactured compound in
affecting the bacterial cell membrane, thus leading to the
loss of cell integrity and the increase in the permeability of
the cell wall, in addition to enhancing the formation of
reactive oxygen species (ROS), which play a major role in
damaging bacterial DNA. The efficiency of linalool-
loaded GSH-modified GNPs conjugated with a CALNN
peptide against breast cancer cells (MCF-7) was also
investigated by Jabir (2019);'° in that study, the authors
presented an effective compound that had a great potential
to be considered as an anticancer delivery system against
a breast cancer cell line, as LIN-GNP-CALNN could make
their way into the nucleus, whereas CALNN was mostly
trapped in the endoplasmic reticulum because of the higher
affinity of the ER signal to peptides and its ability to
penetrate the nucleus.'> Cancer is a lethal disease with
no geographical or organ limitations that results in

a worldwide annual mortality exceeding 12.7 million peo-
ple. Among women, breast and ovarian cancers are
responsible for at least 15-17% of the entire cancer cases
and approximately 23% of the invasive types, thus repre-
senting the most widely prevailing invasive cancers among
women. Apoptosis is a critical and important cellular
homeostatic process that modulates the mechanism
involved in the regulation of the population size of various
cell types, and the upregulation of several apoptotic mar-
kers may elicit DNA damage and inhibit the progression
of tumor cells.'"® This study was conducted to develop
a new drug-delivery system that consisted in loading lina-
lool onto GNPs capped with GSH and then conjugated
with a CALNN peptide, to reduce its toxicity. We then
investigated the activity of these GNPs against the SKOV-
3 cell line as a novel therapeutic approach to explain the
possible mechanism underlying the killing of ovarian can-
cer cells, which included apoptosis through the upregula-
tion of p53 and the downregulation of NF-kB. Finally, we
investigated the apoptosis pathway using a proteome pro-
filer array to determine the involvement of proteins related
to apoptosis in this process.

Materials and Methods

Synthesis of GSH-Capped Gold

Nanoparticles

Tetrachloric acid (8.5 mg.mL™') (Riedel-DeHaen AG,
Germany) was mixed with GSH (Riedel-DeHaen AG,
Germany) (5.84 mg.mL"). The pH value of the combina-
tion was set to 8. Sodium borohydride (2 mg) was used as
a reducing agent. The reaction was allowed to continue
overnight, after which the mixture was centrifuged at
10,000 rpm to remove the excess reactants.'’

Synthesis of Linalool-GSH-Capped Gold

Nanoparticles

Linalool (1.54 mg.mL™") (Sigma, USA) was combined
with the prepared nanoparticles. The pH of the mixture
was adjusted to 5. The mixture was stirred for 12 h at 25°
C, followed by centrifugation at 13,000 rpm for 15 min in
a cooled centrifuge (4°C), to remove excess linalool from
the complex.'*

Synthesis of the Linalool-Gold

Nanoparticle-CALNN Conjugate
The prepared LG was combined with CALNN (1.38 mM)
(University of loannina, Greece) at a ratio of 10:1. This
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combination was stirred overnight at room temperature
and then centrifuged at 13,000 rpm for 30 min, to remove
the excess reactants.'®

Characterization of the Synthesized

Compounds

The synthesized compounds were analyzed using a UV-sp
-8001 spectrophotometer at a scanning wavelength of
200-1000 nm. The morphological characteristics were
identified by scanning electron microscopy (SEM) and
transmission electron microscopy (TEM).

Drug-Release Profile

The release profile of the synthesized compounds was
assessed. In brief, 5 mg of LG and LGC were dissolved
in 5 mL of phosphate-buffered saline at 37°C for different
periods. After preparing the samples, the absorbance of
linalool was measured using a spectrophotometer at

a wavelength of 320 nm over time."”

In vitro Evaluation of Antioxidant

Potential

DPPH Scavenging Assay

The scavenging capacity of the synthesized compounds
was evaluated using a stable DPPH procedure (Sigma-—
Aldrich, USA).*® A total of 500 uL of the synthesized
compounds was added to 500 pL of DPPH, and the
volume was made up to 2 mL using absolute ethanol.
The absorbance of each compound was measured at
517 nm.

Resazurin Dye Scavenging Assay

The ability of the synthesized compounds to scavenge free
radicals was analyzed using the resazurin dye (Himedia,
India).?' The synthesized compounds (10 pg.mL ") were
mixed with an equal volume of resazurin dye. The absor-
bance of resazurin was measured 15 min later at
a wavelength of 600 nm against a blank solution contain-
ing only DW.

Identification of the Cytotoxic Effect of

the Synthesized Compounds

Maintenance of SKOV-3 Cells

The human ovarian cancer cell line SKOV-3 was obtained
from the Cell Bank of the Iraqi Center for Cancer and
Medical Genetic Research, and was maintained in RPMI-
1640 medium (Gibco, USA) supplemented with 5% calf

bovine serum, penicillin (100 U.mL™"), streptomycin (100
ug.mLﬁl), and trypsin—EDTA (Biosource, Belgium). These
components were used for the passaging of cells and
reseeding twice a week (50% confluence), and cells were
incubated at 37°C.

Cell Proliferation Assay

The proliferation of the ovarian cancer cells (SKOV-3)
was investigated after treatment with 10 pg.mL™" of lina-
lool, GNPs, linalool-loaded GNPs (LG), and linalool-
loaded GNPs conjugated with a CALNN peptide (LGC).
Cells were labeled with a cell proliferation kit for flow
cytometry (CellTrace™ Red-APC) before exposure to the
compounds, according to the kit protocol (ThermoFisher
Scientific). After centrifugation, SKOV-3 cancer cells
(10°) were resuspended in PBS (1 mL) (OXOID,
England) with the addition of CellTrace™ (0.25 pL),
followed by incubation for 20 min in the dark. Culture
medium (5 mL) was added to the prepared samples and
cells were incubated for 5 min. After incubation, the cells
were washed, seeded into a 96-well plate containing the
synthesized compounds at a concentration of 10 pg.mL™",
and incubated for 96 h. After the incubation, the cells were
detached and analyzed by flow cytometry.

MTT Assay

The cytotoxic effect of the synthesized compounds at
different concentrations of 10 pgmL ™' was determined.*
Briefly, 5 x 10* cells were seeded into 96-well plates and
incubated overnight at 37°C, to facilitate cell adherence to
the plate’s surface. Subsequently, 10 pgmL ™' of each of
the compounds was transferred to the wells and cells were
cultured for 48 h. MTT solution (Sigma—Aldrich, USA)
was added to the cells. After the incubation period, the
medium was aspirated, and DMSO (Sigma—Aldrich, USA)
solution was added to each well. The absorbance of each
well was measured at a wavelength of 492 nm using
a microplate reader.

Clonogenicity Assay of SKOV-3 Cells

SKOV-3 cells were seeded into 24-well plates at a density
of 800 cells mL™". Twenty-four hours later, the cells were
treated with 10 pg.mLﬂ each of linalool, GNPs, LG, and
LGC. The medium was discarded when the cells reached
monolayer confluence, followed by rinsing using PBS.
The colonies were fixed with methanol (96%), stained
with crystal violet (Sigma—Aldrich, USA), and washed
with tap water to remove excess dye, and then
photographed.”
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Identification of Changes in Nuclear Morphology
Changes in nuclear morphology in the treated cell line
were investigated using fluorescent staining (DAPI,
Sigma—Aldrich, USA). Cells were cultured in 96-well
plates and allowed to adhere for 24 h in a 5% CO,
incubator. Subsequently, the cells were treated with the
compounds at a concentration of 10 pg.mL™", followed
by incubation for 48 h. After the incubation, the cells were
rinsed with PBS and fixed with absolute ethanol. After
a 30-min incubation in ethanol, the cells were rinsed again
with PBS, followed by DAPI staining and incubation for
30 min."” The changes in the morphological characteristics
of the nucleus were observed under a fluorescence
microscope.

Acridine Orange—Ethidium Bromide Staining

The compound-induced death of SKOV-3 cells was
assessed using the AO/EtBr (Sigma—Aldrich, USA) stain-
ing method.'® Briefly, 24 h after the seeding of cells in 12-
well plates, they were treated with 10 pg.mL™' LG and
LGC and incubated for an additional 20 h. The cells were
washed twice with phosphate-buffered saline. Dual fluor-
escent dyes (10 pL) were added into the wells at an equal
volume of cells. Finally, the cells were observed using
fluorescence microscopy.

Apoptosis Assay

SKOV-3 cells (1 x 10°/mL) that were treated with each of
the synthesized compounds at a concentration of 10 pug.
mL™! were removed and transferred to sterilized tubes,
followed by washing twice with Annexin V buffer solution
by centrifugation (1000 rpm).** For cell-cycle analysis,
cells were fixed in 70% ethanol/PBS and centrifuged. For
apoptosis detection, cells were dispersed in 1x Annexin
V binding buffer with Annexin V-FITC/PI stain (Sigma—
Aldrich, USA) for 15 min in the dark, and then subjected
to flow cytometry. Dead ovarian cancer cells that were
labeled with Annexin V-FITC/PI were identified as having
undergone apoptosis. Flow cytometry was used to analyze
these phenomena with the FACSDiva'™ software. Finally,
the outcome data were analyzed using the FlowJo
software.

|dentification of DNA Damage
Genotoxicity Assay

The genotoxicity effect of the synthesized compounds on
DNA was investigated using the alkaline comet assay.”’
Briefly, SKOV-3 cells treated with 10 pg.mL™" of the

synthesized compounds were harvested and concentrated
in LMAgarose (Trevigen, USA) in the molten state at
a concentration of 1 x 10> mL™" and a ratio of 1:10 (v/v)
at 37°C. Subsequently, the prepared samples were trans-
ferred to the comet’s slide. These slides were immersed in
a lysis solution (4°C, 1 h), followed by the addition of an
alkaline unwinding solution (pH >13.0, room temperature,
20 min). After completing the preparation steps, the slides
were placed on an electrophoresis slide tray containing
NaOH-EDTA solution. Electrophoresis was performed
under suitable conditions (21 V, 30 min). The cells present
in the circle of dried agarose were stained with SYBR
Green solution (room temperature, 30 min). After the
completion of the staining steps, a confocal laser scanning
microscope was used to visualize the samples. The out-
come data were analyzed using the Comet Assay
Software.

DNA Fragmentation Assay

The DNA fragmentation assay was performed according
to the manufacturer’s protocol. SKOV-3 cells at a density
1 x 10° cells.mL™" were treated with the synthesized
compounds for 24 h. The cells were detached and sus-
pended in phosphate-buffered saline. Centrifugation
(1200 rpm, 4°C, 10 min) was performed to remove the
medium, followed by dissolution in DNA-loading buffer
and application onto an 0.8% agarose gel. Electrophoresis
was performed, followed by staining with ethidium bro-
mide. Nucleic acid fragmentation was observed using

a UV illuminator device.

Production of ROS

ROS production in SKOV-3 cells treated with linalool,
GNPs, LG, and LGC was determined using a cellular
ROS detection assay kit (Abcam, Cambridge, UK;
ab113851). Briefly, SKOV-3 cells were seeded into 48-
well plates at a density of 5 x 10° per well. Then, the cells
were treated with the test compounds and incubated for 24
h at 37°C. The cells were washed twice with PBS, stained
with dihydroethidium (DHE) dye for 1 h, and washed with
washing buffer. The formation of ROS was examined
under a fluorescence microscope.

Identification of the Localization of the Synthesized
Compounds in SKOV-3 Cells

Nanoparticles labeled with a fluorescent stain were pre-
pared using the following technique. In brief, FITC
(Sigma—Aldrich, USA) at a concentration of 1 mg.mL™"
was mixed with LG or LGC and then incubated at room
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temperature for 10 h. The reaction was quenched using
Tris buffer (pH 10). FITC-labeled cells were collected by
centrifugation and washed three times with DMSO to
remove unbound FITC. FITC-labeled LG and LGC were
added to cells, which were then incubated at 37°C for 12
h. DAPI staining was used to stain the nuclei. Images were
acquired at a magnification of 40xusing a fluorescence
microscope.'” SEM was used to confirm the internaliza-
tion of LG and LGC into SKOV-3 cells. In brief, SKOV-3
cells were treated with LG and LGC for 24 h and then
washed with PBS. Cells were immersed in a 2.5 vol%
glutaraldehyde/PBS solution and kept at 4°C for 8 h, for
fixation. The samples were then washed twice with PBS,
dehydrated using different concentrations of ethanol, trea-
ted with 100% hexamethyldisilazane for 10 min, and
finally left to dry. The morphology of SKOV-3 cells was
examined using SEM.

Mitochondrial Membrane Potential Assay

Qualitative and quantitative changes in MMP were eval-
uated by JC-1 staining (Sigma—Aldrich, USA). Cells were
treated with each of the compounds at a concentration of
10 pg.mL™". After treatment, cells were incubated with 5
mM JC-1 stain for 30 min at 37°C and then washed, and
images were acquired using a fluorescence microscope.
The intensity of the fluorescence in each treatment condi-
tion was estimated using the NIH ImageJ software. To
confirm the effect of the tested compounds on the mito-
chondrial function of SKOV-3 cells, the rhodamine
(Rh123) fluorescent dye was used. This dye was used to
examine the membrane potential of the mitochondria
before and after treatment with the test compounds. In
brief, 24 h after the seeding of cells in 96-well plates,
they were treated with the active compound and stained
with 5 M Rh123 dye for 2 h at 37°C. Subsequently, the
cells were detached using 0.2 mL of 5% trypsin—-EDTA
and then centrifuged at 300 rpm for 5 min. Cells were then
resuspended in FACS buffer and evaluated by flow cyto-
metry assay, and histograms were plotted.

Proteomic Profiler Array for Identifying Apoptosis

To investigate the possible pathway of apoptosis triggered
by LGC, a proteomic profiler array (RayBio, human apop-
tosis Antibody Array C1 Kit) was used for determining the
involvement of proteins related to apoptosis. SKOV-3 cells
were treated with the synthesized compounds (10 pg.
mL™', 24 h). The proteins (250 pg) extracted from treated
and nontreated cells were incubated overnight with the

human apoptosis antibody array. The membranes used
for quantifying the apoptosis array data were scanned on
a Biospectrum AC ChemiHR apparatus. The results
obtained from the membranes were analyzed using the
Imagel software, and the signal-fold expression levels of
each sample were estimated according to the manufac-
turer’s instructions.

Measurement of Caspase-8 and p53

Levels

Flow Cytometry Assay

The activation states of caspase-8 and p53 were evaluated
using a fluorescein caspase-8 and p53 staining kit (Thermo
Fisher Scientific, USA). Briefly, SKOV-3 cancer cells (4 x 10*
cells.mL™") were cultured in 5 mL of medium and incubated
for 24 h at 37°C. Next, the incubated cells were exposed to
each of the compounds (10 pg.mL™") for 24 h. After the
incubation period, the treated cells were harvested and washed
twice with 1x ice-cold PBS. The pellets were collected and the
cell density was reset (1 x 10° cells.mL ') using growth
medium. The prepared cells were then incubated with 1 mL
of FITC-IETD-FMK at 37°C for 60 min, which was used for
the identification of caspase-8 and FITC-anti-p53. After the
incubation period, the cells were washed twice with wash
buffer (0.5 mL). The stained cells were transferred to flow
cytometry tubes and subjected to flow cytometry. Data were
calculated and analyzed using the BD Accuri C6 software.

Real-Time PCR

The treated SKOV-3 cells were also evaluated regarding the
expression levels of the p53 and caspase-8 mRNAs using
QPCR. The primer sets used in our study were determined
based completely on the standard sequences obtained from
the NCBI database. The sequences of primers used in the
quantitative RT-PCR assay were as follows: 1, P53 (for-
ward: 5'-CCGTCCCAAGCAATGGATG-3'; reverse: 5'—
GAAGATGACAGGGGCCAGGAG-3"); 2, Caspase-8
(forward: 5'-GACCACGACCTTTGAAGAGCTTC-3';
reverse: 5'-CAGCCTCATCCGGGATATATC-3"). Total
RNA was purified from the cells according to the supplier’s
protocol (RNeasy Mini kit, Qiagen. Cat. No. 74,104, UK)
and treated with DNase, and the product was treated with
Superscript II reverse transcriptase for the synthesis of
cDNA (Invitrogen. Cat. No. 18,064-071, USA). For quan-
titative reverse transcription polymerase chain reaction
(qQRT-PCR), each reaction mixture contained 1 pL of
cDNA, 7.5 pL of SYBR green, 0.3 pL of ROX, and 0.3
pL of related primers; the final volume was made up to 15
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pL by adding 5.6 pL of distilled water. The fast SYBR
Green master mix was used (Applied Biosystems. Cat.
No. 4,385,612, UK) together with the 7900HT fast system
(Applied Biosystems). After the normalization of the
expression levels of genes to that of the gene encoding the
TATA-binding protein, their mean relative values were cal-
culated based on reported methods (Livak and Schmittgen).

Measurement of NF-kB Activity

The inhibitory activity of NF-kB through LG and LGC was
analyzed using the CellomicsArray Scan HCS system. This
assay was performed using the Cellomics NF-«xB activation
kit (Thermo Fisher Scientific, USA).?® After treatment of the
SKOV-3 cancer cells with LG and LGC (10 pg.mL "', 24 h),
TNF-a (10 ng.mL ™", 30 min) was used for stimulation. After
the treatment period, fixation and staining were performed
according to the kit protocol. The Array Scan HCS Reader
and Cytoplasm to Nucleus Translocation Bioapplication
software were used for data analysis.

Statistical Analysis
GraphPad Prism 6 was used for the statistical analysis of
the data, which were presented as the mean + SEM of

three replicates per experiment.”®

SEM MAG: 646 x
Name: 12

Date(m/dAy):

SEM HV: 20.00 kV
WD: 9.686 mm
Det: SE
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Results and Discussion
Synthesis and Characterization of GNPs,
LG, and LGC

The synthesis of GNPs was performed according to the
chemical reaction assay. GSH reacts with HAuCl; as
a capping agent that can cap the gold salt and form an
abundant polymer by changing the pH scale range to 8.
The repulsive electrostatic force between GSH causes less
aggregation.”” Finally, GNPs are formed by the addition of
NaBH,. NaBH, acts as a reducing agent that can split the
GSH polymer into monomers.?® Figure 1 shows the dimen-
sions of GNPs, which were estimated using the ImagelJ
software. The results showed that the particle size was
around 5 nm. Moreover, LG and LGC showed a slightly
increased diameter, and their dimensions were 11 and 13 nm
larger than the particles observed in GNPs, respectively.
Tetrachloric acid is a yellow-colored solution that changes
to a red color after the addition of NaBH,4. Moreover, the
synthesis of linalool-loaded GNPs (LG) was performed
according to the isoelectric point (pI). The pl value of
GSH is 5.93. It is easy to make GSH lose a hydrogen atom
by modifying the pH scale range to 5.'* The linalool-loaded
gold complex was visualized as having a turbid color.
Linalool-loaded GNP-CALNN (LGC) was synthesized

. . A
o "0fPecy % .
. ® .. .'o..'.
: 0y

R

25'1!11‘. - Y Tlea'® -9- >t A

Figure | Physical characterisation of gold nanoparticles. Scanning electron microscopy images of gold nanoparticle (scale bar: 250 nm) and transmission electron microscopy

(scale bar: 25 nm).

Abbreviations: SEM, scanning electron microscopy; TEM, transmission electron microscopy.
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based on the chemical reaction between the C=0 bond of  change from red to turbid, and the top band can be observed
linalool-loaded gold and the NH bond of the peptide.'® The  at almost 280 nm. After conjugating the target peptide with
visible color of LG turned colorless (non-color) after the LG, the color shifted to colorless, and the top wavelength
inclusion of the CALNN peptide. UV and visible absorption  was in the 300 nm region. Figure 2B depicts the drug-release
spectroscopy revealed the change in the absorbance of the profile of LG and LGC. Several periods were used to iden-

synthesized compounds, as shown in Figure 2A. The top tify the drug-release profile. The outcome data showed that,

§ peak of GNPs can be observed in the 535 nm region.”’ for LG, a higher percentage of released drug could be
(?‘g Linalool is a colorless solution, and the sharp band can be  achieved after 1440 min, with a cumulative release ratio of
g observed at almost 320 nm.>**' In turn, LG displays a color ~ 78.7%. Moreover, LGC yielded a higher drug-releasing
&
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Figure 2 Characterization of of the synthesised compounds. (A) UV-VIS spectroscopy analysis of linalool, gold nanoparticles, LG, and LGC. (B) Drug release profile of LG
and LGC.
Abbreviations: GNP, gold nanoparticle; LG, linalool-gold nanoparticle; LGC, linalool-gold nanoparticle-CALNN.
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percentage compared with LG, with the cumulative ratio
reaching 93.2% after 1440 min. The sustained release of
a drug in a delivery system is an important property that is
closely

related to pharmacokinetics and therapeutic

efficacy.™

In vitro Evaluation of Antioxidant

Potential

The antioxidant activity of each compound was investigated
using two experimental assays: DPPH and resazurin stain-
ing. DPPH (2,2-diphenyl-1-picrylhydrazyl) has a reliable
free radical related to a spare electron.>*~** The DPPH radi-
cal-scavenging (%) activities are shown in Figure 3.
Linalool exhibited a weak antioxidant activity (18.3%); the
poor activity of the oil may be attributed to the weak ability
of its primary components to scavenge DPPH free
radicals.”® The scavenging activity of GNPs reached
48.3%.%¢ Based on the excessive surface vicinity, it appears
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that nanoparticles have an excessive tendency to interact
with free radicals.>’ LG exhibited a high scavenging activity
of up to 74.1%, and LGC showed the highest scavenging
activity, which reached 81.2% compared with other samples.
In the resazurin staining assay, the stain confers a blue color
that becomes pink when reduced to resorufin.*® As observed
in Figure 3, linalool had a low scavenging activity (8.02%),
whereas that of GNPs and LG was 43.97% and 74.97%,
respectively, compared with ascorbic acid (93.4% scaven-
ging activity). Moreover, LGC exhibited a high scavenging
activity of 83.3%. The high scavenging activity of LG and
LGC may be related to the high surface area and the ability
to donate hydrogen electrons to the nitrogen radical.

Cytotoxic Effect of the Synthesized

Compounds Against SKOV-3 Cells
The toxicities of linalool, GNPs, linalool-loaded GNPs
(LG), and linalool-loaded GNP—CALNN peptide (LGC)
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Figure 3 Antioxidant activity of the synthesised compounds. Upper lane represented the antioxidant percentage and Lower lane represented the principle of each assay.
The results are represented as the mean + SD. Asterisks indicate statically different, *p<0.05, **p<0.01, ***p<0.001.
Abbreviations: DPPH, 2, 2 diphenyl | picrylhydrazyl; LG, linalool-gold nanoparticle; LGC, linalool-gold nanoparticle-CALNN.
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