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Abstract

Objectives: The objective of this study was to investigate the potential anti-cancer effects of Micromeria fruticosa plant infusion on
uterine cervix cancer cells, aiming to explore its potential as an alternative or supportive therapeutic approach to conventional
treatments. Methods: Micromeria fruticosa plant infusion was prepared and administered to uterine cervix cancer cells in vitro.
Various assays were conducted to assess its impact on cell migration, proliferation, and tumorigenicity. Additionally, the phytochem-
ical composition of the infusion was analyzed by using LC-MS to identify major functional compounds. Results: The study revealed
that Micromeria fruticosa plant infusion exhibited significant anti-migratory, anti-proliferative, and anti-tumorigenic effects on uterine
cervix cancer cells. Analysis of the infusion identified several major functional phytochemicals, which likely contribute to its antican-
cer properties. Conclusion: This research suggests thatMicromeria fruticosa plant infusion possesses promising anti-cancer properties
against uterine cervix cancer cells. The identified phytochemicals present in the infusion highlight its potential as a source of func-
tional ingredients with anticancer effects. These findings support further exploration of Micromeria fruticosa as a potential therapeutic
agent in both nutraceutical and pharmaceutical applications, offering new avenues for the development of alternative or supportive
treatments for cervical cancer.
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Introduction

Micromeria fruticosa L (Lamiaceae) is an aromatic herb, widely
used in different Mediterranean regions for various medicinal
and traditional uses as herbal infusion due to its pleasant
minty fragrance.1,2 It also provides a sensation of coolness in
the hot summer. Extracts of M. fruticosa leaves were used for
respiratory system disorders, skin infections, wounds, fever,
and eye redness. In Palestine, the infusion of M. fruticosa areal
parts is used in treatment of diabetes, cough, headaches, and
urinary diseases beside possessing anti-microbial and anti-
oxidant activities.2 Recently, the volatile oil and the aqueous
extract of M. fruticosa were reported to have significant antican-
cer activities against human colon and breast tumor cells.3,4

Besides, the toxicity study of the aqueous extract of M. fruticosa
has been evaluated in vivo on mice and showed safe up to 5 g/kg.5

Regarding the essential oils of M. fruticosa, pulegone, a significant
constituent, has been recognized by the European Medicines
Agency (EMA) for its hepatotoxic effects. In light of this, the
EMA suggests a daily intake of pulegone for a person weighing
60 kg to be around 2.3 mg/kg body weight. Additional in vivo
research is necessary to explore the potential pharmacological

effects and to evaluate the safety and toxicity of the plant
extract. The major constituents of M. fruticosa volatile fraction
were monoterpenes, and sesquiterpenes.2 Recently, the polar
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extracts of M. fruticosa were shown to comprise a wide array of
phytochemicals such as: phenolic acids, flavonoids, and their gly-
cosides in addition to terpenoids and sulfate derivatives.6

Phenolics are plant metabolites with well-known protective
action against various health diseases.7 Although the plant infu-
sions and extracts are used extensively in the folk medicine, little
information is available in the literature about the major phyto-
compounds responsible for M. fruticosa therapeutic uses.6

Cancer disease is a major cause of mortality worldwide. An
approximate estimation of cancer deaths in 2020 accounts for
nearly 10 million in the globe.8 While radiotherapy and chemo-
therapy are considered as the most active approaches to treat
different cancer types, they cause adverse side effects on
patient’s health including nausea, hematologic toxicity and
liver dysfunction.9 Moreover, patients suffering from recurrent
cancer may have limited treatment choices and a poor progno-
sis.9 Therefore, it is primordial to search for alternative drug
options to fight against cancer. The present work aimed to iden-
tify the main composition and to investigate the effect ofM. fru-
ticosa infusion uterus cervix cancer cell growth and migration.

Materials and Methods

Chemicals

All chemicals utilized were of analytical reagent grade and
employed without further purification. Double-deionized water
was obtained using a Milli-Q system (Millipore, Bedford, MA).
Analytical grade acetic acid was procured from Fluka (Buchs,
Switzerland), while HPLC-grade acetonitrile and methanol were
sourced from Labscan (Dublin, Ireland).

Micromeria Fruticosa Plant Extraction

The samples ofMicromeria fruticosa were botanically identified by Dr
N. Jaradat, Department of Pharmacy at An-Najah National
University. The voucher specimen is labeled as Pharm-PCT-1575.
Micromeria leaves were air-dried, and their aqueous extract was pre-
pared by the infusion method which analogues the traditional prep-
aration method. Thus, 150 mL of boiled water was added to the
plant (3 g) then left to stand for 15 min, then filtered and the filtrate
was lyophilized. The obtained residue (extract) was stored in the
freezer until analysis. Micromeria fruticosa extract’s stability over
time depends on controlled storage temperatures (typically refriger-
ated or frozen), protection from light and oxygen, and maintenance
of proper pH and humidity levels. Environmental factors such as
temperature fluctuations, light exposure, and humidity can alter the
extract’s chemical composition and efficacy, emphasizing the need
for careful handling and storage practices to preserve its quality
and effectiveness.

Phytochemicals’Analysis by LC-MS (RRLC-DAD-ESI/MS)

Phytochemical compounds were analyzed using rapid resolution
liquid chromatography-diode array detection/electrospray

ionization tandem mass spectrometry (RRLC-DAD-ESI/MS).10

Sumac samples were analyzed using an Agilent-1100 series high-
pressure liquid chromatograph equipped with a Zorbax C18
reverse-phase column (10 mm× 4.6 mm, particle size 5 μm;
Agilent Technologies, PaloAlto, CA,USA). Themobile phase con-
sisted of water with 1% formic acid (A) and methanol (B), with a
gradient elution profile as follows: 5%–15% B (0-5 min), 15%–
25% B (5-7.5 min), 25%–50% B (7.5-25 min), 50%–85% B
(25-33 min), followed by a 3 min post-run after each analysis.
The column temperature was maintained at 25 °C, and the flow
rate was set at 0.2 mL/min. Detection was performed using a
diode array detector (DAD) for multi-wavelength detection
within a range of 190–580 nm, interfaced with an AB Sciex
API-5000 MS equipped with a Turbo V ESI source (Foster City,
CA). Themass spectrometer operated in full scanmode under neg-
ative ionization conditions, with source and capillary voltages set at
−10 V and 4.0 kV, respectively, and a capillary temperature of
270 °C. N2 was employed as the sheath gas at a flow rate of
8 L/min, and nitrogen was utilized for collision-induced dissocia-
tion at a normalized collision energy of 50%.

Culture of Hela Carcinoma Cells

HeLa cells are immortalized human uterine cervix epithelial cell
lines mutated by human papilloma virus 18 (HPV18). Cells
were cultured in a RPMI 1640 media complemented with
10% fetal calf serum (FCS), penicillin/streptomycin (1%),
L-glutamine (1%). Cells were maintained in an incubator at a
temperature of 37 °C in an atmosphere of 5% CO2.

Cell Proliferation Assay

26 000 cells were seeded per well in a 96-well plate. Cells were
cultured with 0, 250, 500, 1000, 2000, 4000 and 8000 μg/mL
of M. fruticosa extract for 24 h. The viability of cells was evalu-
ated by CellTiter 96® Aqueous One Solution Cell Proliferation
Assay (MTS) in accordance with the manufacturer’s guidelines
(Promega Corporation, Madison, WI). Eventually, 20 μL of
MTS solution /100 μL of culture medium was added to cells
in each well and incubated for 2 h at 37 °C. The wavelength
of 490 nm was used to determine absorbance.

Wound Healing Migration Assay

24-well plates were utilized to incubate HeLa cells until confluence.
Themonolayer of confluent cells was scratchedwith a plastic sterile
pipette tip in arrange to create a vertical wound across each well. All
conditions were performed in triplicate wells in each experiment.
Afterwards, cells were rinsed with PBS then incubated in the pres-
ence of a vehicle or of specified concentrations ofM. fruticosa extract
during 24 h in RPMI-1640 complete medium at 37 °C.11

Migration Capacity Analysis

Wound length in the vertical diameter of the well was photographed
using an inverted microscope (LaboMed- ARCO Med TCM-400
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microscope - https://www.laboamerica.com/products/life-mater
ials-sciences/tcm 400#specifications) at 40× of total magnification
(10×/22 mmeyepiece * objective lens 4X). Threewells were consid-
ered for each condition. Three pictures were taken per well. Totally, 9
reads for each condition were considered per experiment. ImageJ
software and MRI Wound Healing Tool (http://dev.mri.cnrs.fr/
projects/imagej-macros/wiki/Wound_Healing_Tool) were used to
determine the wound area at 0 h and 24 h. Wound area invaded
by cells after 24 h was measured as follows: (Area of wound at
time zero (0 h) – Area of wound at 24 h). Ultimately, the invaded
area for each treated condition is expressed as a percentage of the
control values.

Three-Dimensional Spheroids’ Formation
Spheroids/clusters formation was carried out using Hanging
drop technique similarly as detailed previously.12 Briefly, HeLa
cells were cultured to confluence. Cell count was adjusted to
2.5× 106 Cell/mL. Drops of about 10 μL of cells was deposited
on the lid of a 60 mm tissue culture plate and 5 mL of PBS were
placed in the bottom of the plate. The lid was inverted onto the
PBS-filled bottom chamber and incubated at 37 °C and 5%
CO2. Spheroid formation was monitored and images were
taken after 72 h using an inverted microscope.

Data Analysis

Graphs’ design was carried out utilizing Graph pad Prism
version 7. Data were reported in SEM; n= 3. ns stands for non-
significant. *(P< .05), **(P< .01) signifies a statistical difference
from the control at each time point (Unpaired t-test).

Results

Phytochemicals Identification by Liquid Chromatography–
Mass Spectrometry (LC-MS)

The phenolics found inM. fruticosa leaves extract were identified
utilizing DAD spectra and MS2 acceptable data. Figure 1 shows
the characteristic UV chromatographic profile MF aqueous
extract. In Table 1, a list of the key identified chemical com-
pounds is outlined, along with their UV maximum absorption
and MS2 fragmentation pattern in the negative ESI ionization
mode, and by comparison with data available in the literature.
The identified compounds were numbered in accordance with
their elution order.

Peaks 1, 3 and 4 presented the identical precursor ion at m/z
353 and UV spectra, with maxima at 324 nm and a shoulder at
297 nm. Thus, these compounds were assigned as caffeoyl-
quinic acid and isomers.13,14

It’s worth noting that Peak 5 has displayed a higher peak in
the MS chromatogram Figure 1. Peak 8 (Rt 37.56 min)
showed (273sh, 291sh, 351) in the UV spectrum which are
characteristic of quercetin. Based on the data presented
above, 8 was labelled as rutin. Mass spectra showed the
molecular ion at m/z 609 and base peak (100%) at 301 (indi-
cating quercetin in structure).15

Micromeria fruticosa Extract Possesses an Inhibitory Impact
on Cervical Carcinoma Migration

Cancer migration and invasion constitute together a way for
cancer cells to escape the primary tumor in order to metastasize

Figure 1. UV spectrum of the major identified compounds in Micromeria fruticosa.
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to distant organs and tissues. Metastatic events play major role
in increasing cancer mortality. Interestingly, modulating cancer
migratory capabilities is a powerful preventive/therapeutic
approach. Thus, we investigated the effect of M. fruticosa
extract on the migration of cervical cancer cells. We found

that M. fruticosa significantly decreases the migration capacity
of HeLa cells after 24 h of treatment (Figure 2). When cells
were treated with 500 or 750 mg/mL of M. fruticosa extract,
we observe an inhibition of the migration capacity by around
40% compared to non-treated cells. These results verify that

Table 1. List of major Compounds Identified in Micromeria fruticosa Leaves Infusion.

Peak # Rt [min] Area Area % m/z [M-H]- Identification

1 14.91 6391.59 99.71 353.0882 Caffeoylquinic acid 1
2 17.40 995.73 15.53 373.0931 Casticin1
3 18.02 2539.34 39.61 353.0878 Caffeoylquinic acid 2
4 18.80 6410.40 100.00 353.0879 Caffeoylquinic acid 3
5 23.04 6241.10 97.36 755.2042 Quercetin-di-rhamnosyl-glucoside
6 23.19 667.34 10.41 741.1883 Quercetin-O-trisaccharide
7 25.75 3221.20 50.25 609.1460 Rutin
8 37.54 1599.93 24.96 329.0667 Tricin
9 39.56 5856.17 91.35 359.0777 Thymonin
10 41.52 732.64 11.43 343.0826 Dihydroxy-trimethoxyflavone
11 43.49 1700.06 26.52 373.0933 Casticin 2

Figure 2. Micromeria fruticosa extract possesses an inhibitory activity on cervical carcinoma migration.
(a) HeLa cells spread to confluency were scratched to form a wound and incubated without or with 250, 500 and 750 μg/mL concentrations of
Micromeria fruticosa during 24 h. Images of the wound were taken at 0 h and 24 h. Scale bar is 10 μm. (b) Quantification of migrated area by cells in
presence of 250, 500 and 750 μg/mL ofMicromeria fruticosa at 24 h compared to non-treated cells. Control refers to non-treated cells. Values in each
column represent the percentage of migration inhibition relative to Control. Data are reported in SEM; n= 3. ns means non-significant. *(P< .05),
**(P< .01) indicates statistical difference from the control at each time point (Unpaired t-test).
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M. fruticosa extract (infusion) possesses an inhibitory impact on
uterine cervix cancer cells migration.

Micromeria fruticosa Extract Possesses an Inhibitory Activity
on Cervical Carcinoma Viability

To determine the effect of M. fruticosa extract on HeLa cancer
cells viability, we incubated HeLa cells with 0, 250, 500, 1000,
2000, 4000 and 8000 mg/mL of M. fruticosa extract during
24 h and we evaluated the viability of these cells compared to
non-treated HeLa cells. We found that 4000 mg/mL and
8000 mg/mL of M. fruticosa extract have reduced the prolifera-
tive activity of HeLa cells of about 40% to 80% compared to
non-treated cells (Figure 3). Our data show a significant anti-
proliferative effect of M. fruticosa extract on cervical carcinoma
viability.

Micromeria fruticosa Extract Hinders Cervical Cancer 3D
Aggregates Formation

As a significant advancement over 2D culture methods, innova-
tive three-dimensional (3D) in vitro models recapitulating
tumor architecture and behavior within its microenvironment
have been developed. Using three-dimensional models provides
more accurate prediction approaches for personalized medi-
cine, targeted therapies screening, and preclinical investiga-
tion.16,17 The capacity of cancer cells to form spheroids
reveals an increased chemoresistance and cancer stemness.15,18

Therefore, we investigated whether M. fruticosa extract can

perturb HeLa cancer cells’ ability to form spheroids. HeLa
cells were able to form mainly a large cluster when incubated
in complete media without any treatment. Once treated with
M. fruticosa extract, HeLa cells clumped together in a smaller
and more distorted cluster (Figure 4a). Clusters area and circu-
larity were analyzed (Figure 4b, c and d). Our data show signifi-
cant reductions in clusters area and roundness in M. fruticosa
treated condition compared to Control. Together, our investiga-
tions demonstrate M. fruticosa extract ability to hinder cervical
cancer 3D aggregates formation.

Discussion

Plants natural products and their phytochemical components
are taking on greater importance in disease prevention and
treatment. M. fruticosa is a Mediterranean medicinal plant
that has been broadly used in folk medicine. Our study
shows that M. fruticosa extract has an inhibitory activity on
the 3D Spheroid formation, 2D cell migration and prolifera-
tive capacities. We are first to demonstrate that non-cytotoxic
concentrations of M. fruticosa extract has an anti-migratory
impact on uterine cervical cancer cells (Figure 2). In our
prior studies, it was demonstrated that both Rhus coriaria
and Nepeta curviflora exhibit a reduction in the migration
capacity of cervical cancer cells.11,19 Variations observed in
the effective concentrations are attributed to differences
between the plant species.

Multicellular tumor clusters have been identified in the sys-
temic circulation, at tumor invasive fronts and invading
distant organs.20-22 In many cancer types, tumor cell clusters
found in circulation are associated with bad prognosis.23,24 In
addition, tumor-derived spheroids are different in that they
are intended for the enrichment of cancer stem cells (CSCs)
or cells with stem cell-like features.25 Cancer stem-like cells
(CSCs) have been linked to tumor recurrence and the develop-
ment of chemoresistance.26 Remarkably, Cheung and cowork-
ers have shown that inducing cancer cells to cluster increases
their propensity to generate metastases by 500-fold compared
to single cell metastasis.27

We have also found out that M. fruticosa extract has an anti-
proliferative effect on cervical cancer cells (Figure 3).
Previously, it has been shown that M. fruticosa extract has an
inhibitory activity on the cell proliferation and induces cell
cycle arrest in mammary and colorectal carcinomas.28

Differences in concentrations in comparison to our study
may be related to extract preparation and cell type differences.
Altogether, those results confirm the anti-proliferative activity
of M. fruticosa extract and suggest extending these findings to
other cancer cells’ types.

Our work manifestsM. fruticosa extract capacity to inhibit the
production of cervical cancer 3D spheroids (Figure 4). Previous
studies showed plant extracts capacity to perturb tumor spher-
oids’ formation.29,30 In conjunction, those data prove for the
first time M. fruticosa extract impact on aggregates formation
indicating its anti-tumorigenic properties.

Figure 3. Micromeria fruticosa extract possesses an inhibitory activity on
cervical carcinoma viability.
Quantification of the viability of HeLa cells incubated with 250, 500,
1000, 2000, 4000 and 8000 μg/mL of Micromeria fruticosa at 24 h
compared to non-treated cells. Control stands for non-treated cells.
Values in each column represent the percentage of inhibition relative to
Control. Data are reported in SEM; n= 3. ns means non-significant.
*(P< .05), **(P< .01), indicates statistical difference from the control
at each time point (Unpaired t-test).
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Recent studies revealed an anti-bacterial, antifungal and anti-
oxidant effects of M. fruticosa extract.2) In this paper, the study
entails the phytochemicals’ characterization and the hindering
abilities on cell proliferation, cell migration and three-
dimensional spheroids’ formation capacity of theMicromeria fru-
ticosa infusion which sheds light on the potential in vitro anti-
cancer properties of M. fruticosa plant infusion against uterine
cervix cancer cells. However, few limitations are noteworthy
such as: The research primarily relies on in vitro experiments
using HeLa cell line, offering valuable insights through applying
two dimensional and three-dimensional settings but lacking the
complexity of interactions within a living organism. Careful
interpretation is needed before extrapolating to clinical settings.
Several signalling pathways are involved in the progression of
cervical carcinoma such as JAK/STAT, Wnt/Beta catenin,

PI3 K/AKT and NFKB signalling pathways.31 Interestingly,
M. fruticosa was shown to induce a cell cycle arrest of breast
and colon carcinomas via hindering the expression levels of sur-
vivin, cyclin dependent kinase 1 (cdk1) and cyclin B1.28 In addi-
tion,M. fruticosa inhibited melanoma cell migration and reduced
tumor growth in vivo through regulating MMP-9 and NFKB
pathway.32 Because of restricted funding, this study solely con-
ducted nontargeted phytochemical identification without using
commercial standards which comes with certain constraints.
While major phytochemical compounds are identified,
in-depth exploration of their mechanisms of action is not men-
tioned. Previous studies have validated the effect of M. fruticosa
on melanoma tumor growth. We understand that an in vivo val-
idation experiment for cervical cancer is essential for confirm-
ing observed effects in a physiologically relevant context.

Figure 4. Micromeria fruticosa extract hinders cervical cancer 3D aggregates formation.
(a) Morphology of Hela cancer cells 3D aggregates formed in the absence or presence of 4 mg/mL of Micromeria fruticosa extract during 72 h. At
right, masked black-colored images of each condition. NT stands for Control. The main large cluster formed in each condition in labeled in yellow
color. Other clusters are labeled in Cyan. (b) The main cluster (labeled in yellow) area (in μm²) and (c) the circularity of clusters formed in
non-treated or treated conditions. (d) Clusters’ area (labeled in Cyan in A) excluding the main large cluster (in μm²). Scale bar in images equals 5 μm.
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Further research is essential for advancing the understanding of
Micromeria fruticosa’s potential as a therapeutic agent for cervical
cancer. Notably, it has been proved that multiplex chemother-
apy is required and unavoidable once compared to single che-
motherapeutic approach. Nevertheless, traditional
chemotherapy lacks cell selectivity between normal and cancer
cells, which can have major adverse effects.33 (Wang
J. Combination Treatment of Cervical Cancer Using
Folate-Decorated, pH-Sensitive, Carboplatin and Paclitaxel
Co-Loaded Lipid-Polymer Hybrid Nanoparticles. Drug Des
Devel Ther. 2020 Feb 26;14:823-832. doi: 10.2147/
DDDT.S235098. PMID: 32161442; PMCID: PMC7049774.)
Altogether, these data may suggest M. fruticosa as a natural
product that might be included in a combined therapy approach
to reduce cell migration capacity and tumor growth.

M. fruticosa is an abundant source of functional compounds
with anticancer properties which may encourage the frequent
use of this plant as an enriched source of phytochemicals and
can have promising use in the nutraceutical and pharma indus-
tries. Nevertheless, more research is still in need to reveal the
other bioactivities and to separate the individual components
to explore the functional and the bioactive compounds in
charge of the anticancer and anti-migration activities.

Conclusion

Our findings show that M. fruticosa plant infusion holds an anti-
migratory, anti- tumorigenic and anti-proliferative properties on
uterus cervix cancer cells. The major functional components
identified in the Micromeria infusion could be the main compo-
nents responsible for this bioactivity. M. fruticosa represents a
promising source of functional ingredients with anticancer
properties, which may encourage the further use of this plant
as an enriched source of phytochemical and might be promising
for the nutraceutical and pharma industries’ use.

Acknowledgements

We are thankful to our university: An-Najah National University (www.
najah.edu), for giving us all possible facilities to carry out this work.

Authors contributions

SA developed ideas and concepts. SA designed and performed 3D
Spheroids’ formation, cancer migration, proliferation experiments.
AM performed proliferation experiments. IA designed, performed,
analysed and wrote phytochemical analysis part. SA analysed data
and wrote the manuscript.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, authorship,
and/or publication of this article.

ORCID iD

Ibrahim Abu-Reidah https://orcid.org/0000-0002-7477-7854

References

1. Koc K, Ozdemir O, Kizilkaya OF, Sengul M, Turkez H. Cytotoxic
activity of the aqueous extract of Micromeria fruticosa (L.) Druce
subsp. serpyllifolia on human U-87 MG cell lines. Arch Biol Sci
[Internet]. 2017Aug.11 [cited 2024Apr.17];69(3):449‐453.

2. Al-Nuri M, Abu-Reidah IM, Alhajeh AA, Omar G, Adwan G,
Warad I. GC–MS-Based metabolites profiling, in vitro antioxidant,
anticancer, and antimicrobial properties of different solvent extracts
from the botanical parts of Micromeria fruticosa (Lamiaceae). Processes.
2022;10(5):1016. https://doi.org/10.3390/pr10051016

3. Shehab NG, Abu-Gharbieh E. Constituents and biological activity of
the essential oil and the aqueous extract of Micromeria fruticosa (L.)
Druce subsp. serpyllifolia. Pak J Pharm Sci. 2012;25(3):687‐692.

4. El-Huneidi W, Shehab NG, Bajbouj K, et al. Micromeria fruticosa
induces cell cycle arrest and apoptosis in breast and colorectal
cancer cells. Pharmaceuticals (Basel). 2020;13(6):115. Published
2020 Jun 3. doi:10.3390/ph13060115

5. Abu-Gharbieh E, Ahmed NG. Bioactive content, hepatoprotec-
tive and antioxidant activities of whole plant extract of
Micromeria fruticosa (L) Druce ssp Serpyllifolia F Lamiaceae
against Carbon tetrachloride-induced hepatotoxicity in mice.
Trop J Pharm Res. 2016;15(10):2099‐2106.

6. Abu-Reidah IM, Arráez-Román D, Al-Nuri M, Warad I,
Segura-Carretero A. Untargeted metabolite profiling and phytochemi-
cal analysis of Micromeria fruticosa L. (Lamiaceae) leaves. Food Chem.
2019;279:128‐143. https://doi.org/10.1016/j.foodchem.2018.11.144

7. Tungmunnithum D, Thongboonyou A, Pholboon A, Yangsabai A.
Flavonoids and other phenolic compounds from medicinal plants
for pharmaceutical and medical aspects: an overview. Medicines.
2018;5(3):93‐93. https://doi.org/10.3390/medicines5030093

8. Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Piñeros M. Global
cancer observatory: Cancer today. International Agency for Research on
Cancer; 2020. https://gco.iarc.fr/today

9. Yu J, Xu Z, Li A, et al. The efficacy and safety of apatinib treat-
ment for patients with metastatic or recurrent cervical cancer: a
retrospective study. Drug Des Devel Ther. 2019;13:3419‐3424.
https://doi.org/10.2147/dddt.s214743

10. Abu-Reidah IM, Gil-Izquierdo Á, Medina S, Ferreres F. Phenolic
composition profiling of different edible parts and by-products of
date palm (Phoenix dactylifera L.) by using HPLC-DAD-ESI/
MSn. Food Res Int. 2017;100:494‐500. https://doi.org/10.1016/j.
foodres.2016.10.018

11. Abdallah S, Abu-Reidah I, Mousa A, Abdel-Latif T. Rhus coriaria
(sumac) extract reduces migration capacity of uterus cervix cancer
cells. Revista Brasileira de Farmacognosia. 2019;29(5):591‐596. https://
doi.org/10.1016/j.bjp.2019.06.004

12. Foty R. A simple hanging drop cell culture protocol for generation
of 3D spheroids. J Visualized Exp. 2011(51). https://doi.org/10.
3791/2720

13. Abu-Reidah IM, Arráez-Román D, Segura-Carretero A,
Fernández-Gutiérrez A. Extensive characterisation of bioactive

Abdallah et al. 7

http://www.najah.edu
http://www.najah.edu
https://orcid.org/0000-0002-7477-7854
https://orcid.org/0000-0002-7477-7854
https://doi.org/https://doi.org/10.3390/pr10051016
https://doi.org/https://doi.org/10.3390/pr10051016
https://doi.org/10.3390/ph13060115
https://doi.org/https://doi.org/10.1016/j.foodchem.2018.11.144
https://doi.org/https://doi.org/10.1016/j.foodchem.2018.11.144
https://doi.org/https://doi.org/10.3390/medicines5030093
https://doi.org/https://doi.org/10.3390/medicines5030093
https://gco.iarc.fr/today
https://gco.iarc.fr/today
https://doi.org/https://doi.org/10.2147/dddt.s214743
https://doi.org/https://doi.org/10.2147/dddt.s214743
https://doi.org/https://doi.org/10.1016/j.foodres.2016.10.018
https://doi.org/https://doi.org/10.1016/j.foodres.2016.10.018
https://doi.org/https://doi.org/10.1016/j.foodres.2016.10.018
https://doi.org/https://doi.org/10.1016/j.bjp.2019.06.004
https://doi.org/https://doi.org/10.1016/j.bjp.2019.06.004
https://doi.org/https://doi.org/10.1016/j.bjp.2019.06.004
https://doi.org/https://doi.org/10.3791/2720
https://doi.org/https://doi.org/10.3791/2720
https://doi.org/https://doi.org/10.3791/2720


phenolic constituents from globe artichoke (Cynara scolymus L.)
by HPLC–DAD-ESI-QTOF-MS. Food Chem. 2013;141(3):
2269‐2277. https://doi.org/10.1016/j.foodchem.2013.04.066

14. Abu-Reidah IM, del Mar Contreras M, Arráez-Román D,
Fernández-Gutiérrez A, Segura-Carretero A. UHPLC-ESI-QTOF-
MS-based metabolic profiling of Vicia faba L. (Fabaceae) seeds as a
key strategy for characterization in foodomics. Electrophoresis.
2014;35(11):1571‐1581. https://doi.org/10.1002/elps.201300646

15. Zhang S, Zhang H, Ghia EM, et al. Inhibition of chemotherapy
resistant breast cancer stem cells by a ROR1 specific antibody.
Proc Natl Acad Sci U S A. 2019;116(4):1370‐1377.

16. Guzzeloni V, Veschini L, Pedica F, Ferrero E, Ferrarini M. 3D
Models as a tool to assess the anti-tumor efficacy of therapeutic
antibodies: advantages and limitations. Antibodies. 2022;11(3):46‐
46. https://doi.org/10.3390/antib11030046

17. Andrew, Rodriguez L, Grundy TJ, Fang G, Valdes-Mora F,
Gallego-Ortega D. Advancements in 3D cell culture systems for
personalizing anti-cancer therapies. Front Oncol. 2021;11. https://
doi.org/10.3389/fonc.2021.782766

18. Mitra T, Prasad P, Mukherjee P, Chaudhuri SR, Chatterji U, Roy
SS. Stemness and chemoresistance are imparted to the OC cells
through TGFβ1 driven EMT. J Cell Biochem. 2018;119(7):
5775‐5787. https://doi.org/10.1002/jcb.26753

19. Jaradat N, Al-Maharik N, Abdallah S, Shawahna R, Mousa A,
Qtishat A. Nepeta curviflora essential oil: phytochemical compo-
sition, antioxidant, anti-proliferative and anti-migratory efficacy
against cervical cancer cells, and α-glucosidase, α-amylase and
porcine pancreatic lipase inhibitory activities. Ind Crops Prod.
2020;158:112946‐112946. https://doi.org/10.1016/j.indcrop.
2020.112946

20. Aceto N, Toner M, Maheswaran S, Haber DA. En route to metas-
tasis: circulating tumor cell clusters and epithelial-to-mesenchymal
transition. Trends Cancer. 2015;1(1):44‐52. https://doi.org/10.
1016/j.trecan.2015.07.006

21. Cheung KJ, Ewald AJ. A collective route to metastasis: seeding by
tumor cell clusters. Science. 2016;352(6282):167‐169. https://doi.
org/10.1126/science.aaf6546

22. Friedl P, Gilmour D. Collective cell migration in morphogenesis,
regeneration and cancer. Nat Rev Mol Cell Biol. 2009;10(7):445‐
457. https://doi.org/10.1038/nrm2720

23. Au SH, Edd J, Haber DA, Maheswaran S, Stott SL, Toner M.
Clusters of circulating tumor cells: a biophysical and technological

perspective. Curr Opin Biomed Eng. 2017;3:13‐19. https://doi.org/
10.1016/j.cobme.2017.08.001

24. Giuliano M, Shaikh A, Lo HC, et al. Perspective on circulating

tumor cell clusters: why it takes a village to metastasize. Cancer

Res. 2018;78(4):845‐852. https://doi.org/10.1158/0008-5472.

can-17-2748
25. Ishiguro T, Ohata H, Sato A, Yamawaki K, Enomoto T, Okamoto

K. Tumor-derived spheroids: relevance to cancer stem cells and

clinical applications. Cancer Sci. 2017;108(3):283‐289. https://doi.
org/10.1111/cas.13155

26. Ward MR, Mehta P, Bregenzer M, et al. Engineered 3D model of

cancer stem cell enrichment and chemoresistance. Neoplasia.

2019;21(8):822‐836. https://doi.org/10.1016/j.neo.2019.06.005
27. Wrenn ED, Yamamoto A, Moore BM, et al. Regulation of

collective metastasis by nanolumenal signaling. Cell. 2020;183(2):

395‐410.e19. https://doi.org/10.1016/j.cell.2020.08.045
28. El-Huneidi W, Shehab NG, Bajbouj K, et al. Micromeria fruticosa

induces cell cycle arrest and apoptosis in breast and colorectal

cancer cells. Pharmaceuticals. 2020;13(6):115‐115. https://doi.org/
10.3390/ph13060115

29. Fan JJ, Hsu WH, Lee KH, et al. Dietary flavonoids luteolin and

quercetin inhibit migration and invasion of squamous carcinoma

through reduction of src/Stat3/S100A7 signaling. Antioxidants.

2019;8(11):557‐557. https://doi.org/10.3390/antiox8110557
30. Dong R, Chen P, Chen Q. Inhibition of pancreatic cancer stem

cells by Rauwolfia vomitoria extract. Oncol Rep. Published online

September 2018;18. https://doi.org/10.3892/or.2018.6713
31. Rasi BF, Baghbanzadeh A, Ghaseminia M, et al. Molecular path-

ways in the development of HPV-induced cervical cancer. EXCLI

J. 2021:320‐337. doi: 10.17179/excli2021-3365. PMID: 33746665;

PMCID: PMC7975633.
32. Salama Y, Al-Maharik N. Micromeria fruticosa and Foeniculum

vulgare essential oils inhibit melanoma cell growth and migration

by targeting MMP9 and NFkB signaling. Chem Biol Technol Agric.

2024;11:6. https://doi.org/10.1186/s40538-023-00522-4
33. Wang J. Combination treatment of cervical cancer using folate-

decorated, pH-sensitive, carboplatin and paclitaxel co-loaded lipid-

polymer hybrid nanoparticles. Drug Des Devel Ther. 2020;14:

823‐832. doi: 10.2147/DDDT.S235098. PMID: 32161442;

PMCID: PMC7049774.

8 Natural Product Communications

https://doi.org/https://doi.org/10.1016/j.foodchem.2013.04.066
https://doi.org/https://doi.org/10.1016/j.foodchem.2013.04.066
https://doi.org/https://doi.org/10.1002/elps.201300646
https://doi.org/https://doi.org/10.1002/elps.201300646
https://doi.org/https://doi.org/10.3390/antib11030046
https://doi.org/https://doi.org/10.3390/antib11030046
https://doi.org/https://doi.org/10.3389/fonc.2021.782766
https://doi.org/https://doi.org/10.3389/fonc.2021.782766
https://doi.org/https://doi.org/10.3389/fonc.2021.782766
https://doi.org/https://doi.org/10.1002/jcb.26753
https://doi.org/https://doi.org/10.1002/jcb.26753
https://doi.org/https://doi.org/10.1016/j.indcrop.2020.112946
https://doi.org/https://doi.org/10.1016/j.indcrop.2020.112946
https://doi.org/https://doi.org/10.1016/j.indcrop.2020.112946
https://doi.org/https://doi.org/10.1016/j.trecan.2015.07.006
https://doi.org/https://doi.org/10.1016/j.trecan.2015.07.006
https://doi.org/https://doi.org/10.1016/j.trecan.2015.07.006
https://doi.org/https://doi.org/10.1126/science.aaf6546
https://doi.org/https://doi.org/10.1126/science.aaf6546
https://doi.org/https://doi.org/10.1126/science.aaf6546
https://doi.org/https://doi.org/10.1038/nrm2720
https://doi.org/https://doi.org/10.1038/nrm2720
https://doi.org/https://doi.org/10.1016/j.cobme.2017.08.001
https://doi.org/https://doi.org/10.1016/j.cobme.2017.08.001
https://doi.org/https://doi.org/10.1016/j.cobme.2017.08.001
https://doi.org/https://doi.org/10.1158/0008-5472.can-17-2748
https://doi.org/https://doi.org/10.1158/0008-5472.can-17-2748
https://doi.org/https://doi.org/10.1158/0008-5472.can-17-2748
https://doi.org/https://doi.org/10.1158/0008-5472.can-17-2748
https://doi.org/https://doi.org/10.1158/0008-5472.can-17-2748
https://doi.org/https://doi.org/10.1158/0008-5472.can-17-2748
https://doi.org/https://doi.org/10.1111/cas.13155
https://doi.org/https://doi.org/10.1111/cas.13155
https://doi.org/https://doi.org/10.1111/cas.13155
https://doi.org/https://doi.org/10.1016/j.neo.2019.06.005
https://doi.org/https://doi.org/10.1016/j.neo.2019.06.005
https://doi.org/https://doi.org/10.1016/j.cell.2020.08.045
https://doi.org/https://doi.org/10.1016/j.cell.2020.08.045
https://doi.org/https://doi.org/10.3390/ph13060115
https://doi.org/https://doi.org/10.3390/ph13060115
https://doi.org/https://doi.org/10.3390/ph13060115
https://doi.org/https://doi.org/10.3390/antiox8110557
https://doi.org/https://doi.org/10.3390/antiox8110557
https://doi.org/https://doi.org/10.3892/or.2018.6713
https://doi.org/https://doi.org/10.3892/or.2018.6713
https://doi.org/10.17179/excli2021-3365
https://doi.org/10.17179/excli2021-3365
https://doi.org/https://doi.org/10.1186/s40538-023-00522-4
https://doi.org/https://doi.org/10.1186/s40538-023-00522-4
https://doi.org/https://doi.org/10.1186/s40538-023-00522-4
https://doi.org/https://doi.org/10.1186/s40538-023-00522-4
https://doi.org/https://doi.org/10.1186/s40538-023-00522-4
https://doi.org/10.2147/DDDT.S235098

	 Introduction
	 Materials and Methods
	 Chemicals
	 Micromeria Fruticosa Plant Extraction
	 Phytochemicals’ Analysis by LC-MS (RRLC-DAD-ESI/MS)
	 Culture of Hela Carcinoma Cells
	 Cell Proliferation Assay
	 Wound Healing Migration Assay
	 Migration Capacity Analysis
	 Three-Dimensional Spheroids’ Formation
	 Data Analysis

	 Results
	 Phytochemicals Identification by Liquid Chromatography–Mass Spectrometry (LC-MS)
	 Micromeria fruticosa Extract Possesses an Inhibitory Impact on Cervical Carcinoma Migration
	 Micromeria fruticosa Extract Possesses an Inhibitory Activity on Cervical Carcinoma Viability
	 Micromeria fruticosa Extract Hinders Cervical Cancer 3D Aggregates Formation

	 Discussion
	 Conclusion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


