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Abstract

Background: Cervical cancer has been linked to human papillomavirus (HPV) types 16 and 18. Essential oils
(EOs) are vital natural products of plants with various therapeutic and biological properties. Objectives: The purpose
of'this study is to investigate and assess Tanacetum sinaicum essential oil’s possible antiviral and anticancer properties,
with a focus on its in vitro effects on human cervical cancer and human breast adenocarcinoma cell lines. Materials
and Methods: Tanacetum sinaicum EO was extracted via hydrodistillation (HD) and characterized using gas
chromatography-mass spectrometry (GC-MS). MTT assay was used to determine the cell viability of Hela (a human
epithelial cervical cancer) and MCF-7 (human breast adenocarcinoma) cell lines. Quantitative real-time polymerase
chain reaction (PCR) was utilized to assess the antiviral efficacy of EO against HPV-16 and 18, and anti-metastatic
characteristics. The biological activity of EO was assessed using Autophage and Cell genotoxicity via the comet assay.
Results: EO is mostly composed of chrysanthenyl acetate, thujone, and verbenol. The cell viability was reduced after
24 hours of incubation at doses from 100 to 400 pg/ml. Concentrations of 800 to 3,200 pg/ml significantly inhibit cell
growth. After a 24-hour incubation period, doses ranging from 100 to 400 pg/ml reduced cell viability from 62 to 72%.
Concentrations of 800 to 3,200 pg/ml significantly suppress cell growth by over 95%. In MCF7 and HeLa cell lines,
EO lowered virus copy numbers in a dose-dependent manner, with higher concentrations of the oil inhibiting virus
replication more effectively. EO treatment increased the number of autophagosomes/autolysosomes and acidic vesicular
organelles in both cell lines. On the HeLLa and MCF7 cell lines, EO demonstrated antiproliferative and antimetastatic
effects. The results demonstrated that EO had dose-dependent genotoxic effects on both cancer cell lines, as evidenced
by DNA damage. Conclusion: 7anacetum sinaicum EO is a prospective source of natural bioactive compounds that
can be employed in pharmaceutical and medicinal applications due to its antiviral, antiproliferative, anti-metastatic
and genotoxic properties.
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Introduction

Viral infections have a considerable impact on
public health, ranging from acute self-limiting illnesses
to potentially fatal disorders such as cancer, which is
recognized as a global public health issue. To date,
viral infections are thought to account for nearly 12%
of cancer cases. Human papillomavirus, a member of
the papillomaviridae family, is a small non-enveloped
icosahedral capsid with a circular double-stranded
DNA genome of around 7,000-8,000 bp in length that is
chromatinized.

The International Agency for Research on Cancer
(IARC) divided HPVs into two categories based on their
level of association with human malignancy: oncogenic
high-risk HPVs (HR-HPVs), which are classified as

group I carcinogens and are responsible for cervical
cancer, oropharyngeal cancers, and ano-genital cancers,
and non-cancerous low-risk HPVs (LR-HPVs), which
are responsible for ano-genital and cutaneous warts. The
oncogenic group consists of 14 HR-HPV types: 16, 18,
31, 33,35, 39, 45,51, 52, 56, 58, 59, 66, and 68. HPV 16
and HPV 18 are the most carcinogenic forms and cause the
majority of HPV-related malignancies worldwide [1, 2].

Medical plants are a source of a wide variety of
natural products with specific medical properties that
are continually being studied in order to develop new
treatments. The bulk of pharmaceuticals are made from
natural components [3]. EOs is secondary metabolites
that play an important role in plant protection. They are
primarily composed of volatile terpenes with a diverse
chemical structure and a wide range of bioactivity.
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Recent research has shown that cancer cell prevention
and cytotoxicity can be achieved through the synergistic
and antagonistic activity of specific essential oil major and
minor components. EOs have been shown to target cancer
cells and improve the efficacy of common chemotherapy
drugs like paclitaxel and docetaxel [4, 5]. The Asteraceae
family, known as the sunflower family, is one of the largest
flowering plant families among essential oil-producing
medicinal plants [6].

Tanacetum, a genus in the Asteraceae family, has
over 200 species and is found in many countries in North
America, Asia, and Europe [7]. Tanacetum is a well-known
source of EOs, which are extracted from various parts
of the plant, particularly aerial parts such as leaves,
stems, and flowers. The EO yields varied significantly
from 0.04% to 1.09% (v/w), depending on the species,
harvested components, and abiotic and biotic variables
[8-10]. Tanacetum was discovered to be a rich source
of secondary and primary metabolites with a variety
of therapeutic applications. The analysis of over 240
identified metabolites revealed that monoterpenes are the
dominant metabolites (19%), followed by sesquiterpenes
(18%), flavonoids (15%), phenolic acids (12%), and fatty
acids and alkanes (9%) [11]. Tanacetum species have been
used ethnopharmacologically to treat a variety of medical
conditions, including diabetes, migraine, cholecystitis,
dyspepsia, nausea, diarrhoea, hypertension, stomach
pain and bloating, ringworms, and sexually transmitted
infections. Crude extracts and isolated metabolites have
revealed a range of biological activities [11].

Tanacetum sinaicum is native to Egypt, specifically
south Sinai, and grows on the rocky slopes of Saint
Catherine. It produces yellow tubular blooms and woolly
leaves [12, 13]. T. sinaicum (pyrethrum santolinoides)
is native to the Middle East and has long been used to
treat migraines, fevers, stomach problems, arthritis, and
bronchitis [14]. T. sinaicum has antiviral properties,
according to one study [15], while other studies have
found it to be anti-inflammatory [13, 16]. T. sinaicum
essential oil was likely chosen as a candidate for cancer
and viral prevention or treatment because of its promising
preclinical data, unique chemical composition, and
favorable safety profile.

The purpose of this study was to investigate the
potential therapeutic applications of T. sinaicum essential
oil by investigating its antiviral and anticancer activities,
with a particular emphasis on human cervical cancer
and human breast adenocarcinoma cell lines, in order to
provide valuable insights into the effectiveness of this
essential oil in combating these specific types of cancer.

Materials and Methods

This study was approved by the National Cancer
Institute (NCI)-Cairo University’s institutional
review board (IRB) ethical committee under IRB No.
2109-302-046.

Plant material
Fresh Asteraceae family medicinal plant aerial parts
were taken in St. Katherine Protectorate, South Sinai,
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Egypt, during the flowering stage in June 2022 and
identified in Protectorate of St. Katherine- Egyptian
Environmental Affairs Agency (EEAA), as: Tanacetum
sinaicum (Fresen.) Delile ex K.Bremer& Humphries.

Preparation and analysis of the essential oil components

A Clevenger-type device was used to hydro-distill the
plant sample’s fresh aerial parts for 6 hours. Dimethyl
sulfoxide (DMSO) (MercK, Germany) was used as
a solvent to prepare varying amounts of the essential
oil, with a final concentration of no more than 0.1%
(v/v). Chemical analysis of the extracted essential oil
was performed using a Gas Chromatography-Mass
Spectrometry apparatus at the Laboratory of Medicinal
and Aromatic Plants, National Research Centre, Egypt,
according to the standards [17-19].

Cell lines and culture

The HeLa (human cervical cancer integrated with
HPV type 18) and MCF7 (human breast adenocarcinoma
integrated with HPV type 16) cancer cell lines were
obtained from the NAWAH Centre. The two cell lines
are tested for microbial contamination at the NAWAH
centre using the Short Tandem Repeat assay. The cell
lines were grown in DMEM (Merck, Germany), which
contained 10% foetal bovine serum (FBS), 1% penicillin/
streptomycin, and 1% fungizone. (Merck, Germany).
The cell lines were incubated at 37°C in a humidified
atmosphere containing 5% CO,. According to the provided
company, the cell lines are not contaminated with microbes
or other cell lines. The mycoplasma test was performed
using a qPCR detection kit (Cat. No. Mp0040, Sigma-
Aldrich, MO, USA) in accordance with the manufacturer’s
instructions for mycoplasma detection in cell cultures. The
kit’s internal control discarded PCR inhibition. The PCR
was carried out on an ABI 7500 real-time PCR (Applied
Biosystem, Singapore, Asia).

Cell viability assay using MTT

The cell viability assay was designed to determine the
viability of HeLa and MCF7 cell lines in response to various
concentrations of EO. This evaluation was conducted by
evaluating the activity of cellular oxidoreductase enzymes
within viable cells that convert the tetrazolium dye
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) (Merck, Germany) into its insoluble
formazan form. Cell lines were seeded in 96-well plates
with 1 x 10 cells per well and incubated for 24 hours.
The medium was replaced with fresh medium containing
different concentrations of EO: 6.25, 12.5, 25, 50, 100,
200, 400, 800, 1600, and 2300 pg/ml. Untreated cells were
treated with DMSO. After 24 hours, 10 pl of MTT reagent
was added to each well. The plates were then incubated
for 4 hours at 37°C. After adding 100 pl of DMSO to
each well, the amount of formazan was quantified at 570
nm using a Tecan (Infinite®F50) absorbance microplate
reader and Magellan™ data analysis software Version 7.0.
Percentage of cell proliferation was calculated relative to
control wells designated as 100% viable cells, using the
formula (A treated)/(A control) x 100.

Using GraphPad Prism® software Version 5.01
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(GraphPad Software, Inc.), La Jolla, California, USA
(Jamalzadeh, Ghafoori, Aghamaali, & Sariri, 2017), the
IC50 values (a concentration of the EO inhibiting 50% of
the cell growth) of the EO were calculated from a dose-
response curve of the mean absorbance of cell viability
(Y-axis) versus log tested oil concentrations (X-axis). The
MTT assay was performed in three independent replicates
(Figures 1-I and 1-1I).

Integrated HPV type 16 and 18 detection by quantitative
PCR (qPCR)

Quantitative PCR (qPCR) is a method used for
detecting HPV and quantifying of viral load [20]. HeLa
and MCF7 cell lines were seeded at 106 cells in 96
well plates and treated with different concentration of
essential oil. After 24 hours of treatment, cells and culture
supernatants from treated and untreated (control) cells
were collected.

Viral DNA and mRNA were extracted from both
treated and untreated cells and supernatants using
the Wizard® SV Genomic DNA Purification System
(Promega, USA) and the QIAamp mRNA mini kit
(Qiagen Inc., Valencia, CA), respectively, following
the manufacturer’s instructions. To extract mRNA,
residue DNA was removed by incubating with 1 U of
amplification grade DNAse I at room temperature for 15
minutes. A 1 pl aliquot of each mRNA sample was assayed
by real-time PCR with primers and probe targeting
GAPDH in parallel, without the reverse transcriptase
procedure, to confirm a lack of contamination. Finally,
the purified viral DNA and mRNA were quantified using
Qubit Fluorometric (Thermo Fisher Scientific, Germany)
and stored at -80°C until used.

The primers and probes were designed using primer 3
(v.0.4.0) Tool software to amplify and detect specifically
E6 and E7 oncogenes of HPV16 and HPV 18. The primers
and probes’ specificity against the human genome was
determined using the online NCBI BLASTn tool (https://
blast.ncbi.nlm.nih.gov). GAPDH primers were acquired
from a previous study [21].

A standard curve was created by adding known
amounts of plasmid DNA specific to the target gene
being studied. Initially, a plasmid stock of 107 copies
per microliter was diluted 1:50 in carrier E. coli
DNA, resulting in a concentration of 2x10° copies/pl.
Subsequently, serial ten-fold dilutions of carrier DNA
were prepared, yielding a range from 2x10° copies/ul to
2 copies/pl. To ensure accuracy, the quantitative results
were adjusted for cellularity with a measure of human
genome equivalents before being expressed as the amount
of HPV DNA per 1,000 cells.

To facilitate statistical analyses, DNA copy numbers
were logarithmically transformed to base 10. When no
viral DNA was detected by the quantitative assay, the
samples were given a logl0-transformed copy number
of 0. It is worth noting that all samples were positive for
GAPDH. Extracted viral DNA (100 ng) was subjected
to qPCR using 2X Smart mix (Genetic Technologies
SolGent, Korea) and 300 nM primers and probes for HPV-
16 and HPV-18 in a 20 pl final volume. The results were
analysed on an Applied Biosystems®7500 Fast Real-Time

machine with 7500 software Version 2.3.

The amplifications were carried out using the
following thermal cycling profile: incubation at 50°C for
2 minutes for one cycle, followed by incubation at 95°C
for 10 minutes for one cycle, followed by 40 cycles of 30
seconds of denaturation at 95°C and 1 minute of annealing
at 60°C for one minute. Each sample was analyzed in
triplicate, and representative data sets are presented. The
results were analyzed using the standard curve method.
Data for three independent amplifications were expressed
as mean = SD.

Quantitative reverse-transcription (RT-qPCR) for HPV
mRNA detection

HPV mRNA detection via RT-qPCR is used to identify
transcriptionally active, high-risk HPV [22, 23]. These
transcripts are linked to cellular genotoxic damage and
changes in gene expression, which lead to cancer [24].
The primers used to detect integrated HPV 16 and 18
mRNA and free mRNA were commercially synthesized
according to [25].

RT-qPCR was used to detect HPV 16 and 18 mRNA
in cells and culture supernatants of the MCF7 and HeLa
cell lines, respectively after treatment with different
concentration of essential oil. The test was carried out
with 2X OneStep Multiplex qRT-PCR Smart mix (Genetic
Technologies SolGent, Korea) and analysed on an Applied
Biosystems®7500 Fast Real-Time machine running 7500
software Version 2.3. The PCR reaction was done in 20
pL and contained 1X OneStep Multiplex qRT-PCR Smart
mix for Taqgman probe, 100 ng of template, 300 nM of
forward and reverse primers, and probe.

The amplifications were performed with the following
thermal cycling profile: incubation at 50°C for 20 min.
for 1 cycle followed by incubation at 95°C for 10 min for
1 cycle followed by 40 cycles of 30 sec denaturation at
95°C, 1 min annealing at 60°C for 1 min. GAPDH was
used as an internal control.

Autophagy assay

As aresult, autophagy has emerged as a key target for
drug discovery. Acridine orange (Merck, Germany) is a
pH-dependent green fluorescent dye that accumulates in
acidic organelles and glows bright red in autolysosomes.
Despite its hydrophobic nature at neutral pH, it can induce
the formation of acidic vesicular organelles in cultured
cells [26]. The HeLa and MCF7 cell lines were seeded at
a density of 5 x 10° cells per well into 6-well plates and
incubated for 24 hours at 37°C with 5% CO,. Following
the initial 24-hour incubation, the wells were treated with
the IC, concentration as well as two lower concentrations
of the EO, and the plates were incubated for another 24-
hour period.

After treatment, the media was replaced with acridine
orange at a final concentration of 5 pg/ml, and the plates
were incubated in dark conditions for 15 minutes at 37°C.
The stained cells were then washed twice with PBS,
and 1ml of PBS was added before being analyzed with
a Nikon Eclipse Ti-S fluorescence inverted microscope
equipped with a 20x magnification objective lens. The
microscope was outfitted with a blue light filter (B-2A)
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with an excitation wavelength range of 450-490nm.
Under this filter, green fluorescence indicated the presence
of nuclei and cytoplasm, and red fluorescence indicated
the formation of acidic vesicular organelles [27, 28]. The
assay was carried out in three independent replicates.

In vitro scratch assay

The migration potential of HeLa and MCF7 cell lines
after EO treatment was determined using a wound healing
assay. HeLa and MCF7 cells (5 x 10°) were cultured in
6-well plates and reached 70-80% confluence. Next, the
cells were scratched with a 200-ul pipette tip. The cells
were washed twice with PBS. The old culture medium was
discarded and replaced with 2 ml of fresh culture medium
containing IC,; and two lower concentrations of IC, for
the EO; with the exception of untreated wells, the fresh
culture medium was free of EO.

Following treatment, the wounds were photographed
using an Olympus LH50A inverted microscope with a 10x
magnification and an AmScope MD35 digital eyepiece
microscope camera before (0 time) and after (12, 24,
and 48 hours incubation). Images were analyzed using
AmScope software Version 4.11 to measure wound width
before and after treatment in both treated and untreated
cells [29]. The assay was performed in three independent
replicates.

Cell genotoxicity by using single-cell gel electrophoresis
(SCGE) (comet) assay

The comet assay is a method for assessing DNA
damage in individual cells. After treating HelLa and
MCEF7 cell lines with the IC50 concentration and two
lower concentrations below the IC50 for the EO, the cells
were collected and the comet assay was performed using
the procedures described by Singh, McCoy et al. (1988),
[30] with minor modifications. Finally, all alkaline and
neutral slides were analyzed using an Olympus CKX53
fluorescence inverted microscope with a magnification
of 20x, an Olympus XC50 digital eyepiece microscope
camera, and Olympus cell Sens Dimension software under
a red light filter with excitation/emission at 493-620 nm.

The images were analyzed using TriTek Comet Score
software Version 2.0 (automatic comet assay software) to

assess DNA damage in comets based on the percentage
of DNA in tail parameter. TriTek Comet Score software
Version 2.0 automatically calculated the mentioned
parameter as an average of 50 scores for the analysis.
The assay was carried out in three independent replicates.
It is recommended to investigate the effect of the tested
essential oil on free virus.

Limitation of this study: In our next investigation,
we will investigate the effect of sensational on additional
viruses as well as non-integrated viruses in a tissue culture
model, and we will employ flow cytometry to look for
the LC3 protein marker for autophagy and the apoptotic
pathway.

Statistical analysis

All values were expressed as mean + standard
deviation for three independent replicates for each assay.
Data were analyzed by GraphPad Prism®software Version
5.01, La Jolla California USA using the one-way analysis
of'variance (ANOVA) followed by Tukey’s test. Statistical
differences were considered significant when the p-value
was < 0.05.

Results

The percentage and identification of the essential oil
components

Gas chromatography-mass spectrometry (GC-
MS) analysis of EO revealed the presence of trans-
chrysanthenyl acetate (33.67 %) and a-thujone (28.91 %)
as the two major compounds as shown in Table 1.

Effect of T. sinaicum essential oil on cell viability

The MTT cell proliferation assay was used to
determine the anti-proliferative effect of various EO
concentrations on HeLa and MCF7 cell lines. Figure 1-1
demonstrates that EO concentrations up to 50 pg/ml had
no significant effect on HeLa cell viability compared to
the control. Concentrations of 100, 200, and 400 pg/ml
significantly reduced HeLa cell viability by 44, 54, and
80%, respectively, after 24 hours of incubation.

At concentrations of 800, 1,600, and 3,200 pg/ml,
EO inhibits cell proliferation by more than 90%. EO
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Figure 1. Dose-Response Curves for Different Concentrations of the Tested Essential Oil on Viability of HeLa and
MCF7 Cancer Cell Lines by MTT Assay. Dose-response curves created by GraphPad Prism® software to determine
the IC50 of all the tested essential oil where, (A) HeLa cell line (B) MCF7 cell line.
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Figure 2. Effect of Tanacetum sinaicum EO on the Copy Number of Human Papillomavirus/Cells. Data are presented
as mean = SD (n = 3). *,# and $ indicate a significant change from untreated cells, 6.25 pg/ml and 12.5 pg/ml
respectively, at p < 0.05 using ANOVA followed by Tukey test post-ANOVA test.

concentrations up to 50 pg/ml had no significant effect
on the viability of MCF7 cells compared to the control.
Concentrations of 100, 200, and 400 pg/ml significantly
reduced MCF7 cell viability by 62, 65, and 72%,
respectively, after 24 hours of incubation. Figure 1-II
shows that EO concentrations of 800, 1,600, and 3,200
pg/ml inhibit cell proliferation by more than 95%.

Integrated HPV type 16 and 18 detection by Quantitative
PCR (qPCR)

Figure 2 shows the results of the experiment, which
looked at the effect of EO on virus copy numbers in
MCF7 and HeLa cell lines at different concentrations. In
the MCF7 cell line (Figure 2-I), treatment with EO up to
12.5 pg/ml did not significantly affect virus copy numbers
compared to the untreated control group. Increasing the
concentration of EO to 50, 100, 200, 400, and 800 pg/ml
resulted in significant reductions in virus copy numbers.
Specifically, virus copy numbers decreased from 4x106

copies per cell to 8x10°, 4x10°, 2x10°, 17x10%, and
103 copies per cell, as compared to the control group.
At concentrations of 1,600 and 3,200 pg/ml, the virus
remained undetectable. The difference in virus copy
numbers was statistically significant when compared to
the 6.25 pg/ml concentration of EO.

In the HeLa cell line (Figure 2-II), treatment with
EO up to 50 pg/ml did not significantly impact virus
copy numbers compared to the untreated control group.
Increasing the concentration of EOs to 100, 200, 400,
and 800 pg/ml resulted in significant reductions in virus
copy numbers. Virus copy numbers decreased from 4x10°
copies per cell 4x10°, 2x10°, 17x10%, and 10° copies per
cell, as compared to the untreated control group. Similar to
MCF7 cells, the virus was undetectable at concentrations
of 1,600 and 3,200 pug/ml. The difference in virus copy
numbers was statistically significant when compared
to the 6.25 pg/ml concentration of EO. These findings
show that EO has a dose-dependent effect on virus copy

Copy Number/ cells

0

IR I I T I I Y
LV VI S
s

Tanacetum sinaicum essential oil concentration pg/r

Copy Number/ cells

1 T 1
0> T~ SR SIS « SR\ S\ SR\ I I\ I\
LV 0™ VNS S

Tanacetum sinaicum essential oil concentration pug/

Figure 3. Effect of Tanacetum sinaicum EO on the Copy Number of Human Papillomavirus in Culture Supernatant.
Data are presented as mean + SD (n = 3). *# and $ indicate a significant change from untreated cells, 6.25 pg/ml and
12.5 pg/ml respectively, at p < 0.05 using ANOVA followed by Tukey test post-ANOVA test.
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Supernatant. Data are presented as mean £+ SD (n = 3). * # and $ indicate a significant change from untreated cells,
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Figure 5. Effect of Different Concentrations of the EO on Autophagy Induction in HeLa and MCF7 Cell Lines.
Fluorescence images of HeLa and MCF7 cell lines exposed to different concentrations of the EO stained with acridine
orange after 24 hrs treatment under blue light excitation with magnification 20x. Red fluorescence indicated autophagic
vacuoles, while green fluorescence indicated the presence of nuclei. Where, (I) HeLa cell line, A:Untreated cells,
B:Tanacetum sinaicum 150 pg/ml, C:Tanacetum sinaicum 75 ng/ml and D: Tanacetum sinaicum 37.5 pg/ml and
(IT) MCEF7 cell line, A:Untreated cells, B: Tanacetum sinaicum 120 png/ml, C: Tanacetum sinaicum 60 pg/ml and D:
Tanacetum sinaicum 30 pg/ml.
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Figure 6. Effect of Different Concentrations of Tanacetum sinaicum EO on HeLa and MCF7 Cell Lines Migration.
Cell monolayers were scratched and treated with different concentrations of EO for 12, 24 and 48 hrs.Untreated cells
referred to control. Where, (I) HeLa cell line, A: Tanacetum sinaicum 150 pg/ml, B:Tanacetum sinaicum 75 pg/ml
and C: Tanacetum sinaicum 37.5 pg/ml and (II) MCF7 cell line, A: Tanacetum sinaicum 120 pg/ml, B: Tanacetum

sinaicum 60 pg/ml and C: Tanacetum sinaicum 30 pg/ml.

numbers in both the MCF7 and HeLa cell lines, with
higher concentrations of the oil being more effective at
suppressing viral replication.

Figure 3 depicts the results of an experiment that
looked at the effect of EO on virus copy numbers in the
culture supernatant of both MCF7 and HeLa cell lines at
various concentrations. In the MCF7 cell line (Figure 3-1),
EO at 6.25 pg/ml did not significantly affect virus copy
numbers compared to the untreated control group.

However, as the concentration of EO was incrementally
increased to 12.5, 50, 100, 200, 400, and 800 pg/ml,
virus copy numbers were significantly reduced. Virus
copy numbers decreased from 4x10° copies per cell to
1.4x108, 7.5x10°, 5.8x10°, 2.9x10%, 12x10% and 4.4x10?
copies, respectively, when compared to the control group.
The virus was undetectable at concentrations as high as
1,600 and 3,200 pg/ml.

The virus copy numbers differed significantly from
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Figure 7. Measurement of Wound Width of HeLa and MCF7 Cell Lines after Treatment with Different Concentrations
of Tanacetum sinaicum EO. The graphs created by GraphPad Prism® software by using one-way analysis of variance
followed by Tukey’s test were presented as wound width (mm) in relation to time intervals (hours) after treatment with
different concentrations of EO compared with untreated cells (control). Error bars represented the mean + SD of three
independent replicates. The results were considered statistically significant as p-value was < 0.05 and (*) indicated
statistically significant in relation to control. Where, (A) HeLa cell line and (B) MCF7 cell line.
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Figure 8. The Comets Obtained by the Alkaline and Neutral Versions of the Comet Assay in HeLa Cell Line.
Fluorescence images of HeLa cell line exposed to different concentrations of the EO stained with Ethidium Bromide
after 24 hrs treatment under red light excitation with magnification 20x. Where, (I)alkaline version, (I)neutral version,
A:Untreated cells, B: Tanacetum sinaicum 37.5 pg/ml, C: Tanacetum sinaicum 75 pg/ml and D: Tanacetum sinaicum

150 pg/ml.

the 6.25 pg/ml concentration of EO. HeLa cell line
(Figure 3-II) treated with EO up to 12.5 pg/ml did not
show significant change in virus copy numbers compared
to the untreated control group. However, increasing
the concentration of EO to 50, 100, and 200 pg/ml
significantly reduced virus copy numbers. Virus copy
numbers decreased from 4x10° copies to 6.1x10°, 3.5x10%,

and 1.3x10* respectively, when compared to the untreated
control. At concentrations of 400-3,200 pg/ml, the virus
was undetectable. The virus copy numbers differed
significantly from the 6.25 pg/ml concentration of EO.
These findings highlight that EO has a dose-dependent
effect on virus copy number reduction in both the MCF7
and HeLa cell lines. Higher concentrations of the EO
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Figure 9. Evaluation of DNA Damage by the Comet assay in HeLa Cell Line. The graphs created by GraphPad
Prism® software by using one-way analysis of variance followed by Tukey’s test were presented as parameter of %
DNA in tail in relation to different concentrations of EO compared with control. Where, (I)alkaline version, (I[)neutral
version. Error bars represented the mean = SD of three independent replicates. The results were considered statistically
significant as p-value was < 0.05. (*) indicated statistically significant in relation to control. ($) indicated statistically
significant for 37.5 vs 150 pg/ml. (&) indicated statistically significant for 75 vs 150 pg/ml.
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Figure 10. The Comets Obtained by the Alkaline and Neutral Versions of the Comet Assay in MCF7 Cell Line.
Fluorescence images of MCF7 cell line exposed to different concentrations of all the tested EO stained with Ethidium
Bromide after 24 hrs treatment under red light excitation with magnification 20x. Where, (I)alkaline version, (IT)neutral
version, A:Untreated cells, B: Tanacetum sinaicum 30 pg/ml, C: Tanacetum sinaicum 60 pg/ml and D: Tanacetum

sinaicum 120 pg/ml.

are more effective at suppressing viral replication, as
evidenced by the significant reductions observed.

Quantitative reverse-transcription (RT-gPCR) for HPV
mRNA detection in cells

Figure 4 depicts the findings of an experiment that
looked into the effect of EO on mRNA virus copy numbers
in the cells and culture supernatant of both MCF7 and

HeLa cell lines at various concentrations. In MCF7 cells
(Figure 4-I), EO concentrations of 6.25, 12.5, 25, 50,
and 100 pg/ml significantly reduced HPV-16 mRNA
expression levels compared to the untreated control group.

Virus copy numbers decreased from 2x106 copies
per cell to 1.2x10°, 7.5x105, 1.7x10%, 7.1x10° and 1.8x10°
virus mRNA copies, respectively, compared to the control
group. In the HeLa cell line (Figure 4-1I), treatment with

100- *$&
_w 7
o:—'@ % // é
CP&@ @4* \é@ \@@

by & >
Concentrations of Tanacefum essential oil ugl

80- *$&

58
oL 222 é . é
S &8

Concentrations of Tanacefum essential oil ugq

Figure 11. Evaluation of DNA Damage by the Comet Assay in MCF7 Cell Line. The graphs created by GraphPad
Prism® software by using one-way analysis of variance followed by Tukey’s test were presented as parameter of
% DNA in tail in relation to different concentrations of EO compared with control. Where, (I)alkaline version, (II)
neutral version. Error bars represented the mean + SD of three independent replicates. The results were considered
statistically significant as p-value was < 0.05. (¥) indicated statistically significant in relation to control. ($) indicated
statistically significant for 37.5 vs 150 pg/ml. (&) indicated statistically significant for 75 vs 150 ug/ml.
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Table 1. The Chemical Profile of Tanacetum sinaicium
Essential Oil Using GC-MS.

No. Compound Name RT  Area%
1 Santolina triene 3.24 0.33
2 a-Pinene 3.76 1.31
3 Camphene 4.06 0.22
4 Sabinene 4.43 1.16
5 Yomogi alcohol 4.87 0.19
6 a-Humulene 5.24 0.94
7 0-Cymene 5.47 0.34
8 1,8 Cineol 5.56 5.44
9 Butanoic acid, 3-methylbut-2-enyl ester ~ 5.93 0.26
10 o-Terpinene 6.05 1.89
11 a-Thujone 7.17 28.91
12 Cis-sabinol 7.99 1.06
13 Camphor 8.11 0.88
14 Verbenol 8.44 9.1
15 Umbellunone 8.59 3.71
16  Terpinen-4-ol 8.79 2.87
17 a-Terpineol 9.21 0.36
18  Trans-Chrysanthenyl acetate 9.61 33.67
19  Linalool oxide 10.66 0.23
20  Myrtenyl acetate 10.89 2.18
21 trans-2-Caren-4-ol 11.26 0.26
22 Thymol 11.57 2.82
23 Cis-Chrysanthenyl acetate 12.36 0.35
24 Germacene-D 14.69 0.2
25  Davanone 16.6 0.53
26  B-Eudesmol 18.15 0.79

Terpenoids 48.34
% Monoterpenes 36.94
of Monoterpenes alcohol 9.29

Sesquiterpenes 1.93

Others 3.5
% of total identified compounds 100

RT, Retention time

EOs at concentrations up to 800 pg/ml resulted in a
significant increase in HPV-18 mRNA expression levels
compared to the control group. Treating the HeLa cell line
with 6.25 and 800 pg/ml of EO reduced mRNA levels
from 1.2x10° to 5x10°.

Quantitative real time PCR was used to detect mRNA
in the culture supernatants of MCF7 and HeLa cell
lines (Figure 4). EO treatment at doses of 6.25, 12.5,
25, 50, and 100 pg/ml significantly reduced HPV-16
mRNA expression levels in MCF7 cells compared to the
untreated control group. Virus copy numbers decreased
from 2.9x10° copies per cell in untreated cells to 8.1x104,
6.1x10% 1.7x10%, 2.8x10% and 3x10° virus mRNA copies,
respectively (Figure 4-II1). HeLa cell line treated with
EO concentrations up to 100 pg/ml showed significant
changes in HPV-18 mRNA expression levels compared
to the untreated control group. Treatment with 6.25 and
100pg/ml of EO decreased mRNA levels from 2.9x106
to 1.8x10% in HeLa cells (Figure 4-VI).
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Detection of acidic vesicular organelles with acridine
orange staining (autophagy assay)

Figure 5 shows how EO induced autophagic
concentration-dependent responses. After 24 hours of
treatment, HeLa cells treated with EO at concentrations
of 150, 75, and 37.5 pg/ml formed acidic vesicular
organelles compared to untreated cells, as shown in
Figure 5-1. This data revealed that EO induced autophagy
by increasing the formation of acidic vesicular organelles
in a dose-dependent manner after 24 hours of treatment.
After 24 hours of treatment with EO at concentrations
of 120, 60, and 30 pg/ml, MCF7 cells formed acidic
vesicular organelles compared to untreated cells (see
Figure 5-1I). This data revealed that EO induced autophagy
by increasing the formation of acidic vesicular organelles
in a dose-dependent manner after 24 hours of treatment.
In comparison to untreated cells, EO treatment increased
the number of autophagosomes/autolysosomes and acidic
vesicular organelles in both cell lines.

In vitro scratch assay

The treatment of HeLa cells with the highest two
concentrations of EO resulted in a significant inhibitory
migration effect with increasing wound width in
correlation with increasing treatment incubation time
when compared to untreated cells (control) (Figure 6-1).
Our findings revealed that EO has an antiproliferative and
anti-metastatic effect on the Hela cell line. The treatment
with the lowest concentration of EO had no inhibitory
migration effect, and wound width decreased as treatment
incubation time increased. When comparing treated and
untreated cells, the wound width did not reach full closure
(Figure 7-I).

Concentrations of 75 and 150 pg/ml significantly
increased wound width by 60 and 61% compared to
the control, respectively. The effect was statistically
significant when compared to untreated cells. There was no
significant difference observed between 75 and 150 pg/ml
(Figure 7-I). Similarly, treating the MCF7 cell line with the
highest two concentrations of EO resulted in a significant
inhibitory migration effect with increasing wound width
in correlation with increasing treatment incubation time
when compared to untreated cells (control) (Figure 6-11).

Our findings revealed that EO has anti-proliferative
and anti-metastatic effects on the MCF-7 cell line. The
treatment with the lowest concentration of EO had no
inhibitory migration effect, and wound width decreased
as treatment incubation time increased. When compared
to the control, treated cells did not close the wound
completely (Figure 7-1I). Concentrations of 60 and 120
pg/ml significantly increased wound width compared
to the control by 62% and 65%, respectively. The effect
was statistically significant when compared to control.
Figure 7-11 shows no significant difference in wound width
between 60 and 120 pg/ml.

Cell genotoxicity by using single-cell gel electrophoresis
(SCGE) (comet) assay
(1) HeLa cell line

The alkaline version: After 24 hours, EO treatment
induced DNA single strand breaks (SSBs) in a
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dose-response manner compared to untreated cells,
with the broken DNA migrating towards the anode and
leaving different patterns of comet-like electrophoretic
appearances (Figure 8-I). The percentage of DNA in tail
parameter was used to assess induced DNA fragmentation
and damage in comparison to untreated cells (Figure 9-I).
At a concentration of 150 pg/ml, the percentage of DNA in
tails increased by 87% compared to untreated cells, which
was statistically significant. At 75 ug/ml, the percentage of
DNA in the tail increased by 83% compared to untreated
cells, which was statistically significant. At 37.5 ng/ml, the
percentage of DNA in the tail increased by 79% compared
to untreated cells, which was statistically significant. At
37.5 vs 150 ug/ml, the percentage of DNA in the tail
increased significantly, as did 75 vs 150 pg/ml. However,
at 37.5 vs 75 pg/ml, the difference was not significant.

The neutral version: After 24 hours, EO treatment
induced DNA double strand breaks (DSBs) in a dose-
response manner compared to untreated cells, where the
broken DNA migrates towards the anode, leaving different
patterns of comet-like electrophoretic appearances
(Figure 8-II). The percentage of DNA in the tail parameter
was used to assess induced DNA fragmentation and
damage in comparison to untreated cells (Figure 9-11). At
a concentration of 150 pg/ml, the percentage of DNA in
tails increased by 93% compared to untreated cells, which
was statistically significant. At 75 pg/ml, the percentage of
DNA in the tail increased by 87% compared to untreated
cells, which was statistically significant. At 37.5 ng/ml, the
percentage of DNA in the tail increased by 83% compared
to untreated cells, which was statistically significant. The
percentage of DNA in the tail increased significantly at
37.5 vs 150 pg/ml, but not at 37.5 or 75 pg/ml.

(2) MCF7 cell line

The alkaline version: After 24 hours, EO treatment
induced DNA single strand breaks (SSBs) in a
dose-response manner compared to untreated cells,
with the broken DNA migrating towards the anode and
leaving different patterns of comet-like electrophoretic
appearances (Figure 10-I). The percentage of DNA
in the tail parameter was used to assess induced DNA
fragmentation and damage in comparison to untreated
cells (Figure 11-1). At a concentration of 120 pg/ml, the
percentage of DNA in tails increased by 96% compared
to untreated cells, which was statistically significant. At
60 pg/ml, the percentage of DNA in the tail increased by
92% compared to untreated cells, which was statistically
significant. At 30 ug/ml, the percentage of DNA in the tail
increased by 90% compared to untreated cells, which was
statistically significant. The percentage of DNA in the tail
increased significantly at 30 vs 120 pg/ml and 60 vs 120
pg/ml, but did not change significantly at 30 vs 60 pg/ml.

The neutral version: After 24 hours of treatment with
EO, DNA double strand breaks (DSBs) were induced
in a dose-response manner compared to untreated cells,
where the broken DNA migrates towards the anode
leaving different patterns of comet-like electrophoretic
appearances (Figure 10-II). The percentage of DNA
in the tail parameter was used to assess induced DNA
fragmentation and damage in comparison to untreated

cells (Figure 11-II). At a concentration of 120 pg/ml, the
percentage of DNA in tails increased by 95% compared
to untreated cells, which was statistically significant. At
60 pg/ml, the percentage of DNA in the tail increased by
90% compared to untreated cells, which was statistically
significant. At 30 ng/ml, the percentage of DNA in the tail
increased by 87% compared to untreated cells, which was
statistically significant. The percentage of DNA in the tail
increased significantly at 30 vs 120 pg/ml and 60 vs 120
pg/ml, but did not change significantly at 30 vs 60 pg/ml.

Discussion

Cancer is the second leading cause of death after heart
disease, and is a growing global health concern. [31]. There
are several physiological and biochemical carcinogens,
including viral infections (for example, hepatitis B
virus, which causes liver cancer, and HPV, which causes
cervical cancer) [32, 33]. Secondary metabolites of
plants, including flavonoids, tannins, alkaloids, and
terpenoids, have significant anticancer properties. These
phytoconstituents are crucial in chemotherapeutic
drug investigations, such as paclitaxel, a plant alkaloid
discovered in 1962 and commercially marketed as
Taxol®, for breast and ovarian cancer treatment [4].
Because oxidation causes a variety of diseases, including
cancer, the antioxidant activity of essential oils is critical
[34, 35], and it may lead to the discovery of safe natural
antioxidants [36]. The essential oil prevented further
damage by neutralizing free radicals produced by hydroxyl
radicals that damaged mitochondrial membranes [37-39].

Terpenoids, including D-limonene, have cancer-
fighting properties and are low in toxicity. Parthenolide
may lead to synthetic compounds with higher specificity
and better pharmacokinetic properties. Semisynthetic
diterpenoid taxanes, such as paclitaxel and docetaxel,
are approved as cancer treatments and chemotherapeutic
agents. Novel taxanes are being developed to reduce
toxicity and enhance efficacy, with some showing promise
for hormone-responsive cancer chemoprevention and
chemotherapy [40].

Terpenoids were found in higher concentrations in the
EO during the current study. In the current study, the first
major component of EO is 33.67% chrysanthenyl acetate,
followed by 28.91% -thujone and 9.10% verbenol. As a
result, we can conclude that chrysanthenyl acetate, the
primary oil ingredient, significantly contributes to the
tested oil’s antiviral activity. This is in contrast to the study
of [41], which reported that the major compounds of the
essential oil are trans-thujone, trans-2,7-dimethyl-4,6-
octadien-2-ol, and cis-thujone. The composition may vary
depending on the geographical area and harvesting period.

Thujones are commonly found in Tanacetum species
that produce essential oils. They can be major components,
such as B-thujone (up to 82%) in Tanacetum vulgare and
a-thujone (up to 70%) in Tanacetum argyrophyllum, or
minor components, such as -thujone (3.6% in Tanacetum
aucheranum and 1.1% in Tanacetum chiliophyllum) [42].

The current study used a cell proliferation test to
determine the anti-proliferative effect of various EO
concentrations on cell line growth. Concentrations up
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to 50 pg/ml did not affect the viability of the HeLa and
MCEF7 cell lines. After 24 hours incubation, doses ranging
from 100 to 400 pg/ml significantly reduced the viability
of the HeLa cell line. Cell growth is significantly reduced
at concentrations of 800-3200 pg/ml. After a 24-hour
incubation period, doses ranging from 100 to 400 g/ml
significantly reduced the viability of the HeLa cell line by
62-72%. Concentrations ranging from 800 to 3200 pg/ml
significantly reduce cell growth by over 95%.

Lampronti, Saab, and colleagues, [43] investigated
the antiproliferative effect of essential oils extracted from
Magnoliophyta plants on the human erythroleukemic
K562 cell line [43]. They discovered that plant-derived
EOs had the most intriguing biological action in inhibiting
K562 cell proliferation. Satureja hortensis and Satureja
montana contain active ingredients such as a-pinene,
B-terpenene, 4-terpineol, a-terpineol, and caryophyllene,
which have anti-proliferative activity with IC50 values
ranging from 329-98 pm/ml. Another study discovered
that the active ingredient eugenol found in cloves, nutmeg,
basil, cinnamon, and bay leaves has an anti-proliferative
effect on cancer cell lines and animal models [44]. Citrus
aurantifolia volatile components inhibited the apoptosis-
mediated growth of human colon cancer cells, according
to Patil, Jayaprakasha, et al. [45].

The current study looked at how different EO
concentrations affected virus copy numbers in cell lines.
EO reduced virus copy numbers in MCF7 and HelLa
cell lines in a dose-dependent manner, with higher
concentrations of EO inhibiting virus replication more
effectively. Increasing the EO concentration from 50
to 800 pg/ml reduced virus copy number from 4x10°
to 1,000 copies per cell in MCF7 cells. The virus
remained undetectable at doses of 1600 and 3200 pg/ml.
Increasing the concentration of EO from 100 to 800 pg/
ml significantly reduced virus copy numbers in the HeLa
cell line. At doses of 16,00 and 3,200 pg/ml, virus copy
numbers decreased from 4x106 to 103 copies per cell,
rendering the virus undetectable. This minor variation
in cytotoxic activity could be attributed to the different
behaviours of each cell line, with MCF7 being the most
sensitive. This finding is consistent with those of [41], who
discovered that EO has cytotoxic activity against human
lung cancer (A-549), human hepatocellular carcinoma
(HepG-2), and colon carcinoma (HCT-116) cell lines. The
0il’s IC50 values for Hep-G2, HCT-116, and A-549 were
51,61.3, and 76.1 pg/ml, respectively.

Plant metabolites with antiviral properties are used in
antiviral medications to target chemicals on virion surfaces
that are responsible for virus identification, adsorption, and
penetration into cells while causing no harm to host cells.
EOs can inhibit viral protein production, post-translational
processing, and virions formation. In the current study,
EO at various concentrations was tested for its effect on
mRNA viral copy counts in cells and culture supernatants
from both cell lines. Increasing EO concentration from
6.25 to 100 pg/ml in the MCF7 cell line decreased HPV-16
expression levels and virus mRNA copies from 2x10° to
1.8x10° copies per cell. In HeLa cells, EO concentrations
from 6.25 to 800 ug/ml decreased mRNA levels from
1.2x10° to 5x10%. A study discovered that EOs components
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can interfere with viral entry via viral envelope breaking,
capsid disintegration, or suppression of viral binding to
host cell receptors, resulting in antiviral effects and viral
replication inhibition [46].

In current study, qRT-PCR was used to detect mRNA
in culture supernatant. EO concentration was gradually
increased from 6.25 to 100 pg/ml in MCF7 cell line to
reduce HPV-16 mRNA expression levels. Increasing EO
concentration from 6.25 to 100 pug/ml in the HeLa cell line
decreases HPV-16 mRNA levels from 2.9x10¢ to 1.8x103.
The EO may function by attaching to virion surface
particles, preventing target cell identification and thus
reducing viral copy number. Alternatively, it may inhibit
receptors on the host cell surface, preventing virus entry
or viral nucleic acid synthesis. Nucleic acids, proteins,
viral RNA replicases, and reverse transcriptase have all
been identified as appealing target sites for the action of
these phytochemicals [47].

Autophagy is a cellular defence mechanism in which
autophagosomes engulf cellular proteins and acidic
vesicular organelles, digest them in lysosomes, and recycle
them to maintain cellular metabolism. Depending on
the type of stress and the cell involved, this mechanism
responds to stress by promoting survival or cell death [48].
In this study, EO activated autophagy by increasing the
production of acidic vesicular organelles in both cell lines
after 24 hours of treatment. In both cell lines, EO treatment
resulted in an increase in the number of autophagosomes/
autolysosomes and acidic vesicular organelles compared
to controls.

The autophay assay was used for the first time to
evaluate the EO’s pro-apoptotic effects on HeLa and
MCF7 cell lines. The results showed that different
EO concentrations induced oxidative stress, which
triggered the formation of acidic vesicular organelles in
a dose-dependent manner after 24 hours of treatment,
as revealed by acridine orange staining. A recent study
[49] found that thujone has promising effects against
glioblastoma multiforme (GBM) cells, reducing viability
and invasive potential in a dose-dependent manner. The
thujone monoterpene compound inhibited carcinoma cell
proliferation and promoted apoptosis in GBM cells, most
likely by inducing oxidative stress. In another study, the
monoterpene eucalyptol induced autophagy in cytokine-
induced killer (CIK) cells [50].

Cell migration is an important feature of cancer
metastasis because it allows cancer cells to invade
neighbouring tissues and spread to other body parts,
thereby promoting metastases [51]. The current study
found that EO has an antiproliferative and anti-metastatic
effect on the Hela cell line. Compared to untreated cells,
concentrations of 75 and 150 pg/ml significantly improved
wound width. EO treatment at concentrations of 60 and
120 pg/ml significantly inhibited migratory activity
in MCF7 cells, leading to increased wound width and
incubation duration.

This study found that EO has anti-proliferative and
anti-metastatic properties on the MCF7 cell line. The in
vitro scratch assay was used for the first time to assess
the EO’s migratory effects on HeLa and MCF7 cell lines.
This result is completely consistent with the findings of
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[52], who discovered that 1,8-cineole monoterpenes at
high concentrations significantly reduced cell migration
and exerted anti-metastatic effects on NSCLC A549 cells
after 48 hours of treatment.

In the current study, the genotoxic effects of the
investigated EO on HeLa and MCF7 cell lines were
assessed using the alkaline and neutral versions of the
comet assay. The results showed that different doses of
EO caused dose-dependent DNA damage after a 24-hour
treatment compared to untreated cells. Previous researches
have shown that thujone monoterpenens compounds
are both genotoxic and antigenotoxic, depending on the
cell line type, experimental design, and concentration
used [53-55]. Because the second main ingredient in
the essential oil was from the monoterpenens class, it is
assumed that the essential oil’s genotoxic potential was
related to the activity of the chemicals associated with
this chemical class.

In conclusion, finally, the study found that Tanacetum
sinaicum EQ has strong antiviral activity against integrated
human papillomavirus type 16, but weak antiviral activity
against type 18. It also promotes autophagy, inhibits cell
migration, and causes DNA damage in the HelLa and
MCEF7 cancer cell lines.
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