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a Synergistic Anticancer Therapy in Cervical Cancer: Insight
into Inhibition of Metastasis via Targeting the EMT Pathway
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Abstract

Objective: This study assessed the anticancer and antimetastatic impact of rivaroxaban-ciprofloxacin mixture and
explored its molecular mechanism by examining its ability to target the epithelial-mesenchymal transition (EMT)
pathway. Methods: Following incubation periods of 24 and 72 hours, HeLa and normal human fibroblast (NHF) cell
lines were employed to investigate the anticancer and safety properties of rivaroxaban, ciprofloxacin, rivaroxaban-
ciprofloxacin mixture, and carboplatin, with concentrations varying from 0.1 to 1000 pg/ml. The wound healing assay
(WHA) of cervical cancer cells was employed to assess the anti-metastatic effects of the mixture at three time points:
0, 12, and 24 hours.. A combination index (CI) and selectivity toxicity index (SI) score were estimated to assess the
potential synergistic effects of the mixture’s components and their selectivity toxicity. A computational molecular
docking simulation was conducted to evaluate the binding affinity of rivaroxaban and ciprofloxacin to different regulatory
signals in the EMT pathway. Results: The MTT and WHS assays outcomes revealed that the rivaroxaban-ciprofloxacin
mixture possesses anticancer and antimetastatic properties. This combination significantly suppresses the growth of
cervical cancer cells more effectively than carboplatin, rivaroxaban, or ciprofloxacin alone. Additionally, the mixture
results in a 98% delay of cancer cell migration after 24 hours of incubation. Furthermore, the mixture’s cytotoxicity
on NHF cells was significantly lower than carboplatin. The combination of rivaroxaban and ciprofloxacin showed
synergistic cytotoxic effects, as confirmed by the CI score. Also, it displays a selective cytotoxicity toward cancer
cells, as indicated by the SI score. The molecular docking study results revealed that the most favorable interactions for
rivaroxaban and ciprofloxacin occurred with the matrix metalloprotease and Tankyrase enzyme, with docking scores
of -9 kcal/mol and -8.9 kcal/mol, respectively. Conclusion: The study’s findings and the established pharmacokinetic
and safety profiles of mixture drugs suggest that the pairing of rivaroxaban and ciprofloxacin offers a promising and
safer option for treating cervical cancer.
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Introduction

Cervical cancer poses a major global health challenge,
especially in low- and middle-income countries (LMICs),
where it is the fourth most prevalent cancer among
women [1]. Infections with high-risk types of human
papillomavirus (HPV), especially HPV-16 and HPV-18,
are the leading cause of around 70% of cases [2, 3]. Even
with effective screening programs and HPV vaccination
available, disparities in access to these preventive
measures result in higher incidence and mortality rates
in low- and middle-income countries than in high-income
countries [3-5]. Early use of Pap smears and HPV testing
has notably reduced cervical cancer rates in areas with
strong healthcare systems. Nevertheless, attaining global
fairness in prevention and treatment remains a significant
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public health challenge [3, 6-9]. Chemoradiotherapy
serves as the primary treatment choice for cervical cancer.
The chemotherapy used, usually based on cisplatin
regimens, encounters substantial challenges such as
systemic toxicity, drug resistance, and adverse effects
on healthy tissues [10, 11]. The side effects, including
nephrotoxicity, myelosuppression, and gastrointestinal
distress, frequently reduce patients’ quality of life and
restrict treatment options [12].

The adverse effects associated with chemotherapy
highlight the urgent need for safer alternatives. Numerous
trials have been carried out to find a suitable treatment for
cervical cancer by repurposing a drug initially developed
for different therapeutic applications in cancer [13-21]. In
line with this concept, rivaroxaban and ciprofloxacin are
examples of medications that may have anticancer effects.
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The criteria for selecting these drugs were determined
through extensive pharmacokinetic research and safety
evaluations. Furthermore, they have shown anticancer
effectiveness, supported by numerous earlier studies.

Rivaroxaban, an oral anticoagulant and direct factor Xa
inhibitor, has garnered attention for its potential anticancer
effects alongside its primary use in thromboembolic
disorders. Preclinical research suggests that rivaroxaban
may hinder cancer progression by impacting mechanisms
like tumor-associated thrombosis, which is connected to
tumor growth and metastasis [22]. Moreover, Rivaroxaban
has reduced the expression of pro-inflammatory and pro-
angiogenic factors like tissue factor (TF) and vascular
endothelial growth factor (VEGF). This action helps to
limit tumor angiogenesis and metastasis [23]. Recent
findings indicate that rivaroxaban could directly affect
cancer cell survival by promoting apoptosis and hindering
proliferation via the modulation of signaling pathways
like PI3K/AKT [24, 25]. Rivaroxaban is structurally
identified by the molecular formula CisHisCINsOsS. It
includes a morpholinone core, a chlorothiophene group,
and an oxazolidinone ring, which selectively inhibit
Factor Xa. These structural elements improve binding
affinity and pharmacokinetics, permitting administration
once daily [26]

Additionally, numerous studies have been conducted
regarding the possible anticancer effects of another
ingredient, ciprofloxacin. A recent survey investigating
the repurposing of this fluoroquinolone antibiotic
has uncovered its potential as an anticancer agent,
emphasizing its ability to affect cellular pathways vital for
tumor development. Initially intended for treating bacterial
infections, the drug’s interaction with DNA gyrase and
topoisomerase IV in prokaryotes has piqued interest
regarding its influence on eukaryotic topoisomerases,
which are frequently overexpressed in cancer cells to
facilitate rapid growth. In vitro studies have shown that
ciprofloxacin can initiate apoptosis and induce cell cycle
arrest across various cancer cell lines. A recent survey
of colorectal cancer cells (HCT-116) demonstrated that
ciprofloxacin (at concentrations ranging from 50 to 100
puM) activates caspase-3 and decreases cyclin D1 levels,
resulting in G1 phase arrest and apoptosis [27-30]. In non-
small cell lung cancer (A549 cells), ciprofloxacin reduced
metastasis by inhibiting epithelial-mesenchymal transition
(EMT) via modulation of the TGF-/Smad3 pathway
[31-33]. Animal models bolster these conclusions. A
2023 study on xenograft mice with triple-negative breast
cancer (utilizing MDA-MB-231 cells) found that a daily
treatment of ciprofloxacin (20 mg/kg) reduced tumor
growth by 40% by inducing ROS-related DNA damage
and activating p53 upregulation [34].

Ciprofloxacin’s molecular formula is Ci7HisFN3Os.
Its structure features a fluorine atom at position six and
a piperazine ring at position 7, contributing to enhanced
DNA gyrase inhibition and improved bacterial cell
penetration. The bicyclic quinolone core provides broad-
spectrum activity, making it effective against Gram-
negative and some Gram-positive pathogens [35].

Understanding the EMT pathway is crucial for
developing effective cancer therapies, as it is closely linked

4196 4sian Pacific Journal of Cancer Prevention, Vol 26

to cancer metastasis. The current study highlights how the
combination addresses this significant pathway in cancer.

Matrix metalloproteases and Tankyrase enzymes
are vital regulatory factors in the EMT pathway. These
zinc-dependent enzymes drive cancer progression
by degrading ECM proteins, promoting invasion,
metastasis, and angiogenesis. MMP-2 and MMP-9 are
key aggressiveness markers due to their collagen-cleaving
ability. They also modulate tumor signaling by releasing
growth factors. However, some MMPs, like MMP-8, can
suppress tumors, highlighting their context-dependent
roles in cancer biology [36-38]. MMP-2 and MMP-9
drive cervical cancer progression by degrading ECM,
promoting invasion, metastasis, and angiogenesis, making
them potential therapeutic targets [39]. Several studies
have investigated matrix metalloproteinase (MMP)-
targeted therapies, emphasizing the use of agents such as
Batimastat and Tanomastatin. These selective inhibitors
operate by mitigating the pro-tumorigenic effects of MMPs
while maintaining normal physiological functions [40].
However, clinical success is still restricted due to the
complicated relationships of MMPs within the tumor [41].

Additionally, Tankyrase (TNKS), an enzyme belonging
to the PARP family, promotes cancer progression by
stabilizing AXIN2 and activating Wnt/B-catenin signaling.
It enhances proliferation, stemness, and chemoresistance
in colorectal, breast, and ovarian cancers. Its increased
expression is linked to metastasis and unfavorable
outcomes. Recent research also indicates that TNKS
modifies the tumor microenvironment, affecting immune
evasion and angiogenesis, posing it as a potential
therapeutic target [42]. Another study showed that
Tankyrase inhibitors XAV939 and G007-LK impede Wnt-
driven tumor growth in preclinical testing [43].

Despite the numerous studies on this issue, they have
been insufficient in demonstrating the anticancer and
antimetastatic effects of the rivaroxaban-ciprofloxacin
combination and its ability to target regulatory enzymes in
the EMT pathway. To address this gap, the present study
assessed the anticancer properties of the rivaroxaban-
ciprofloxacin mixture, examining its antimetastatic impact
and underlying molecular mechanisms by evaluating its
ability to target the EMT pathway.

Materials and Methods

Study medication

Study medications were sourced as raw materials from
the Samarra Pharmaceutical Factory in Iraq. Both drugs
and their mixture underwent serial dilution using MEM
media, resulting in concentrations ranging from 0.1 to
1000 pg/ml. For the rivaroxaban-ciprofloxacin mixture,
the concentrations were adjusted from 0.05 to 50 pg/ml
for each drug, culminating in a final concentration of 0.1
to 1000 pg/ml.

Cytotoxicity study

A cytotoxicity assessment was conducted on the
human cervical cancer cell line (HeLa) to investigate
the anticancer properties of rivaroxaban, ciprofloxacin,
Carboplatin, and the mixture. Additionally, the cytotoxic



DOI:10.31557/APJCP.2025.26.11.4195

Rivaroxaban and Ciprofloxacin, Anticancer Therapy in Cervical Cancer, Metastasis via Targeting the EMT Pathway

effects of this mixture on the NHF cell line, which serves
as a “normal healthy cell line,” were analyzed to evaluate
its safety and determine if any drug interactions could
negatively impact normal cells.

The cytotoxic and safety profiles of rivaroxaban,
ciprofloxacin, Carboplatin, and the mixture were assessed
by measuring the viability of cancerous and normal
healthy cells at 0.1 to 100 pg/ml concentrations.

Cell Lines

Cancer and normal healthy cell lines were employed,
including the HeLa cell line, which originates from human
cervical cancer tissue [27, 44]. And the NHF cell line,
which originates from Normal human-derived adipose
tissue [45].

Tissue culture conditions

MEM media (US Biological, USA) was used to grow
cell lines, supplemented with 10% (v/v) fetal bovine
serum (FBS) (Capricorn-Scientific, Germany), 100 IU of
penicillin, and 100 pg of streptomycin to avoid bacterial
contamination. The cells were incubated in a humidified
atmosphere at 37 °c using exponentially growing cells
[46].

cytotoxicity study

MTT assay is a colorimetric assay that utilizes the
capacity of live cells to convert MTT stain into purple
formazan crystals, which is made possible by the
dehydrogenase enzyme produced by mitochondria. In
the MTT assay, cells are typically cultured in a 96-well
plate and exposed to different concentrations of test
agents. After an incubation period, MTT is added to each
well and incubated again. Viable cells convert MTT into
formazan, which can be solubilized, and its concentration
is quantified by measuring the absorbance at a specified
wavelength using a spectrophotometer.

The quantity of viable cells influences the level
of formazan production. A reduction in formazan
production after applying the tested medications indicates
cytotoxicity, which impacts absorbance. The dose-
response curve helps identify the half-maximal inhibitory
concentration (IC50), which refers to the concentration
of the tested medications that decreases cell viability
by 50%. It’s calculated via employed GraphPad Prism
(version 9.5.0 (750) [19, 47].

Cells were placed in a 96-well microplate at a density
0f 10,000 cells per well and incubated at 37 °C for 24 hours
until they became confluent. The MTT cytotoxicity assay
utilized six wells for each concentration of rivaroxaban,
ciprofloxacin, Carboplatin, and the mixture. Cells were
treated with concentrations (0.1, 1, 10, 100, and 1000 pg/
ml). A negative control was set up with several untreated
wells. Following 24 and 72 hours of treatment, 28 pL of
MTT dye solution (2 mg/ml) was introduced to each well,
followed by three hours of incubation. Afterward, 100
pL of DMSO was added to each well and incubated for
15 minutes. Optical density readings were taken at 570
nm using a microplate reader. The following equation is
employed to calculate the percentage of growth inhibition
[48].

optical density of control wells - optical density of treated wells

Growth inhibition % =
rowth tnhibition % optical density of control wells

*100%

Selective toxicity index

The selective toxicity index score was estimated
to scrutinize the selective toxicity of the rivaroxaban-
ciprofloxacin mixture and carboplatin against cancer
cells over 24 and 72 hours of incubation. Once the IC50
levels for the mixture and carboplatin were established,
the selective cytotoxicity index was determined using a
mathematical formula based on cellular growth curves for
both HeLa and NHF cell lines [49].

IC 50 ofnormal cell lines
IC 50 of cancer cell lines

Selective toxicity Index (SI) =

An SI score above 1.0 indicates a drug’s enhanced
targeting of tumor cells compared to its toxicity towards
normal cells.

Wound-healing Assay

A wound-healing assay was employed to identify the
ability of the mixture to inhibit cancer cell metastasis.
HeLa cells were seeded in a 6-well plate at 1.5 x 1076
cells/well in 1.0 mL of media with serum. The cells were
then incubated for 24-48 hours to achieve confluency. A
marker pen was used to draw horizontal lines evenly on the
back of the 6-well plate, spaced 0.5—-1 cm apart, crossing
through the holes. Once the cells reached 90-100%
confluency, a gentle, straight scratch was made using a
sterile 200 pL pipette tip. Next, the cells were washed three
times with PBS to remove the scratched cells, followed
by adding a Low serum medium (5% FBS), and cultured
at 37 °C in a 5% CO2 atmosphere incubator.

Untreated (control wells) and treated wells with
each of the following (rivaroxaban, ciprofloxacin, and
mixture) were incubated for 0, 12, and 24 hours. Cell
migration at the scratch site was observed under an
inverted microscope at the time of scratching and at the
end of the incubation period. The distances of the wound
area were estimated after capturing images using Image
J software. After calculating the wound area at 0, 12, and
24 hours of incubation, the percentage of wound closure
can be calculated by applying the following equation [50].

At
% wound closure = <1 — F) * 100

(At: the wound area at a specific time. A°: Wound
area at zero time)

Molecular docking

Using the ChemDraw application (Cambridge
Soft, USA), the chemical structures of rivaroxaban
and ciprofloxacin were generated and refined with
Chem3D version. Based on the outcomes of a pilot study
to explore the chemical docking of rivaroxaban and
ciprofloxacin with the regulatory signals of epithelial-
mesenchymal transition EMT pathway, Tankyrase and
matrix metalloproteinase enzymes were selected. The
molecular structures of each enzyme were obtained from
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the Protein Data Bank, with the codes (PDB:4wS5s) and
(PDB:20oxu) for each enzyme, respectively.

Enzyme structures were optimized and adjusted
utilizing AutoDock Tools. This software identified the best
configuration for the ligands and produced a PDBQT file
for them. After optimization, the structures of the ligands,
rivaroxaban and ciprofloxacin, as well as the human
Tankyrase and matrix metalloproteinase enzymes, were
entered into AutoDock Tools. The docking procedure
was subsequently carried out using the same application.
The docking energy scores and binding interactions were
assessed through BIOVIA Discovery Studio, UCSF
Chimera, and AutoDock Vina [51, 52].

Drug Interaction Mapping
(Combination Index- CI) Scoring

Compusyn, a computational simulator, calculated
the combination index (CI) scores. This evaluation
aimed to assess the potential for synergistic, additive, or
antagonistic interactions among the mixture components.
Concentration-effect curves illustrate the percentage
of cells that show reduced growth relative to drug
concentration, assessed after 24 and 72 hours of treatment.

CI values below 1 indicate synergistic effects, values
equal to 1 suggest additivity, and values above 1 represent
antagonism. The combination index was calculated using
Compusyn software (Biosoft, Ferguson, MO, USA)
values [53, 54].

(dose reduction index- DRI) Scoring

Compusyn, a computational simulator, was utilized
to calculate dose reduction index (DRI) scores. The DRI
score estimates how much the concentration of each drug
in a mixture can be lowered while still preserving its
cytotoxic effectiveness.

A DRI score greater than 1 signifies an advantageous
reduction in concentration, whereas a score below 1
suggests a disadvantageous reduction. The Compusyn
software (Biosoft, Ferguson, MO, USA) performed the
DRI calculations [53, 54].

Ethical approval

This research exclusively utilized in vitro cell
line models, with no experiments involving human
participants or laboratory animals. All research methods
complied with institutional ethical standards for laboratory
investigations.

Statistical Analysis

The cytotoxicity assay results are presented as mean =
standard deviation (SD). A one-way analysis of variance
(ANOVA) was conducted to assess variation among the
research groups. Differences between individual groups
were analyzed using the paired t-test and LSD tests.
Statistical analysis was performed using SPSS version
20, with a significance level of p < 0.05 [55].

The study used lowercase and uppercase letters in
data tables to differentiate between statistical groupings
or significance levels. Means (averages) that share the
same letter are not significantly different, whereas means
assigned different letters are statistically significant. This
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approach offers a fast and straightforward way to convey
intricate statistical results without elaborate explanations.
Readers can quickly understand which groups are alike
or distinct based on the letters assigned.

Results

Cytotoxic study

We first evaluated the cytotoxicity of rivaroxaban
and ciprofloxacin separately, then assessed their
combined effects. This preliminary evaluation aimed
to clarify the mechanisms of cytotoxicity and analyze
the interactions between the mixture’s components,
specifically determining whether these interactions exhibit
synergistic, antagonistic, or additive effects.

Rivaroxaban Cytotoxicity

Rivaroxaban showed the ability to inhibit cervical
cancer growth; cytotoxicity significantly rises with
increased rivaroxaban concentrations and extended
incubation durations. The influence of incubation time
on cytotoxicity was more pronounced than that of
concentration (Table 1).

Ciprofloxacin cytotoxicity

In the same line as rivaroxaban cytotoxicity,
ciprofloxacin also showed an ability to inhibit the growth
of cervical cancer, with a pattern that depended on the
ciprofloxacin concentration and time of incubation
(Table 2).

Carboplatin cytotoxicity

Carboplatin was chosen as a positive control for
comparative purposes. To determine its selective toxicity,
its cytotoxicity against each cancer cell and a healthy
normal cell was tested.

The cytotoxicity assay of carboplatin indicated that
its cytotoxic effects on each cell line depended on the
concentration and duration of exposure (Table 3).

(Rivaroxaban -ciprofloxacin) mixture cytotoxicity

The study findings showed that combining rivaroxaban
and ciprofloxacin suppressed cervical cancer growth, with
the extent of inhibition mainly affected by the mixture’s
concentration and the incubation duration. Additionally,
the mixture’s cytotoxic effect on the NHF cell line was
significantly less than its effect on the cancer cell line,
indicating a favorable safety profile and targeted toxicity
towards cancer cells (Tables 4,5).

The comparison of cytotoxicity among the mixture,
rivaroxaban, ciprofloxacin, and carboplatin showed that
the mixture has significantly higher cytotoxicity than any
of these drugs alone, especially at higher concentration
levels for each incubation period, indicating a synergistic
cytotoxic effect among the components of the mixture
and positioning it as a superior alternative to traditional
chemotherapy treatments Supplementary Tables (1,2).

Selective toxicity index assessment
The selectivity index (SI) for the rivaroxaban—
ciprofloxacin mixture was 2.33 and 14.99 at 24 and 72
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Concentration (pg/ml) Cellular proliferation inhibition (mean + SD) P- value
24 hr. 72 hr.

0.1 C 3.00 £ 1.000 C 14.00 = 4.000 0.010%*

1 BC 12.00 + 2.000 B 27.00 +2.000 0.001*

10 AB 23.00 + 3.000 B 34.00 £ 3.000 0.005*

100 A 34.00 £4.000 A 47.00 £ 3.000 0.011*

1000 A 33.00 +4.000 A 45.00 +1.000 0.007*

LSD value 11.04 10.16

IC,, >1000 pg/ml >1000 pg/ml

*, significant at (P<0.05)

Table 2. The Effect of Ciprofloxacin on the Survival Rates of Cervical Cancer Cells after 24 and 72 Hours

Concentration (pg/ml) Cellular proliferation inhibition (mean + SD) P- value
24 hr. 72 hr.

0.1 C 0.00 +0.000 C 3.00 £ 3.000 0.158%*
1 C 1.00 + 1.000 B 12.00 +2.000 0.001*
10 C 5.00+2.000 B 29.00 +2.000 0.0001*
100 B 21.00 + 1.000 A 41.00 £ 1.000 0.0001*
1000 A 30.00 +3.000 A 46.00 = 1.000 0.001*
LSD value 6.3 7.1

IC >1000 pg/ml >1000 pg/ml

* significant at (P<0.05)

hours, respectively, demonstrating that this mixture was
more selective in targeting cancer cells than its effects on
healthy cells. Additionally, the SI increased with more
extended incubation periods. The SI for carboplatin was
0.856 and 0.243 at 24 and 72 hours, reflecting a lower
selectivity for cancer cells than its effects on healthy cells
(Figure 1).

Wound-healing Assay

During wound healing, cervical cancer cells proliferate
and migrate to close the wound and restore the confluent
monolayer [56]. Multiple wells containing HeLa cells,
treated with rivaroxaban, ciprofloxacin, and their mixture,
were scratched and incubated for 12 and 24 hours to
evaluate the ability of the combination of rivaroxaban and
ciprofloxacin to delay migration rates. The effect of time
on the migration rate for each treatment was assessed.

Image] was used to estimate the cell-free area, and the cell
migration rate was calculated by determining the reduction
in the cell-free area as a percentage of the wound closure.

This finding indicates that after 12 hours of incubation,
the wound closure percentage was 44% for untreated
wells, compared to 10%, 43%, and 9% for rivaroxaban,
ciprofloxacin, and the mixture, respectively. After 24
hours of incubation, the percentage of wound closure
increased to 98% for untreated wells, while it was 32%,
76%, and 9% for rivaroxaban, ciprofloxacin, and the
mixture, respectively.

Statistically, the findings indicated that the wound
closure caused by rivaroxaban and the mixture after
12 hours of incubation was lower than that caused
by ciprofloxacin. After 24 hours of incubation, the
mixture displays a significant delay in wound closure
compared to the other treatments. Supplementary Table

Table 3. The Effect of Carboplatin on the Viability of HeLa and NHF Cell Lines after 24 and 72 Hours

Concentration (pg/ml)

Cellular proliferation inhibition (mean + SD)

HeLa cell line NHEF cell line

24 hr. 72 hr. P- value 24 hr. 72 hr. P- value
0.1 D 1.00 + 1.000 D 6.00 £=2.000 0.018* D 3.00 +2.000 D 9.00+£2.000 0.021*
1 CD 7.00+2.000 CD 13.00+3.000 0.045* CD 12.00+2.000 D 20.00+5.000 0.062
10 C 12.00 +2.000 C21.00£1.000  0.002* C20.00+£2.000 C33.00£3.000 0.003*
100 B 30.00 = 3.000 B 44.00+4.000  0.008* B 36.00£2.000 B47.00+3.000 0.006*
1000 A 42.00 £ 2.000 A 54.00+2.000  0.002%* A 54.00+4.000 A68.00+2.000 0.006*
LSD value 7.64 9.48 - 9.2 11.62 -
IC, >1000 pg/ml 601.4 pg/ml - 856.4 pg/ml 146.2 pg/ml -

*, significant at (P<0.05)
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Figure 1. Comparison of the Mixture with Carboplatin SI at 24 and 72 Hours. (An SI above 1.0 suggests a drug is more

effective against tumor cells than normal cells.)

Table 4. The Impact of Mixture on the Survival Rates of HeLa and NHF Cell Lines at 24 and 72 Hours

Concentration Cellular proliferation inhibition (mean + SD)
(ng/ml) HeLa cell line NHF cell line

24 hr. 72 hr. P- value 24 hr. 72 hr. P- value
0.1 D 11.00 = 1.000 D 31.00+£4.000  0.001* C 0.00 £ 0.000 D 0.00 + 0.000 N.S
1 C 24.00 £ 2.000 C 40.00+1.000  0.0001* C 0.00 + 0.000 CD 3.00 £ 2.000 0.060
10 C31.00+£1.000 BC46.00+2.000 0.0001* BC 5.00 £ 1.000 BC 10.00 +2.000 0.018%*
100 B 44.00 = 4.000 B 52.00+2.000  0.036* AB 8.00 +3.000  AB 14.00 = 4.000 0.106
1000 A 58.00 +3.000 A71.00£1.000  0.002* A 14.00 £2.000 A 22.00 +2.000 0.008*
LSD value 9.06 8.3 - 6.08 8.62 -
IC 428.5 pg/ml 66.7 ng/ml - >1000 pg/ml >1000 pg/ml -

50

3 and Figures 2, 3).

Molecular docking studies
A computational molecular docking simulation
assessed how the mixture components (rivaroxaban and

ciprofloxacin) interact with the regulatory signals of
epithelial-mesenchymal transition (EMT). The findings
revealed that rivaroxaban displayed the strongest
interaction with the matrix metalloproteinase enzyme
(PDB code: 20xu), achieving a docking score of -9 kcal/

zero hrs.
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- |
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Figure 2. Compares Wound Closure Rates between Untreated and Treated Wells Using Rivaroxaban, Ciprofloxacin,

and Their Mixture at 0, 12, and 72 Hours.
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Figure 3. Images from Light Microscopes Depicting Wound Healing assays on HeLa Cancer Cells Treated with
Rivaroxaban, Ciprofloxacin, and Their Mixture at 12- and 24-hour post-scratch. 10x.

Table 5. Comparing the Mixture's Effects on the Growth of HeLa and NHF Cell Lines at 24 and 72 Hours

Concentration Cellular proliferation inhibition (mean + SD)
(ng/ml) 24 hr. 72 hr.

HeLa cell line NHEF cell line P- value HeLa cell line NHEF cell line P- value
0.1 D 11.00 = 1.000 C0.00+0.000 0.0001* D 31.00+4.000 D 0.00 + 0.000 0.0001*
1 C 24.00 £ 2.000 C0.00+0.000  0.0001*  C40.00=+1.000 CD 3.00 +2.000 0.0001*
10 C 31.00 £ 1.000 BC5.00+1.000 0.0001* BC46.00+2.000 BC 10.00 +2.000 0.0001*
100 B 44.00 £+ 4.000 AB 8.00+3.000 0.0001* B 52.00+2.000 AB 14.00 +4.000 0.0001*
1000 A 58.00 +3.000 A 14.00£2.000 0.0001*  A71.00+ 1.000 A 22.00 £2.000 0.0001*
LSD value 9.06 6.08 - 8.3 8.62 -
IC,, 428.5 pg/ml >1000 pg/ml - 66.7 ng/ml >1000 pg/ml -

* significant at (P<0.05)

mol. In contrast, ciprofloxacin exhibited a greater affinity
for interaction with Tankyrase (PDB code: 4w5s), resulting
in a docking score of -8.9 kcal/mol. The study employed
AutoDock tools version 1.5.7, BIOVIA Discovery Studio,
UCSF Chimera, and AutoDock Vina [57].

Analysis of molecular docking for the interaction

of rivaroxaban with matrix metalloproteinase yields
one “conventional hydrogen bond” with the THR
A:239 amino acid residue at A distance of 2.90 A. Two
“carbon-hydrogen bonds” occur with ALA A:234 and
LYS A:241 amino acid residues at distances of 3.14 A
and 3.22 A, respectively. One “pi-cation bond” is formed
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Figure 4. Binding Site Structure in 2D and 3D for Human Matrix Metalloproteinase with Rivaroxaban
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Figure 5. Binding Site Structure in 2D and 3D for Human Matrix Metalloproteinase with Marimastat

with HIS A:218 amino acid residue at a distance of 4.52
A. Two “pi-sigma bonds” are formed with two VAL
A:243 amino acid residues at distances of 3.54 A and
3.92 A. Subsequently, one “pi-sulfur bond” occurs with
TYR A:240 amino acid residue at a distance of 4.83 A,
and one “pi-pi stacked bond” is formed with HIS A:218
amino acid residue at a distance of 3.96 A. Finally, one
“alkyl bond” forms with LEU A:181 amino acid residue
at a distance of 4.24 A (Figure 4).

For comparative purposes, a molecular docking
study assessed the interaction between Marimastat,
a “ matrix metalloproteinase inhibitor.” [58], and the
matrix metalloproteinase enzyme, resulting in a docking
score of -5.9 kcal/mol for binding and presenting. Three
“conventional hydrogen bond” constraints with ASN
A:211, PHE A:213, and THR A:204 amino acid residues
at distances of 2.52 A, 2.28 A, and 2.48 A, respectively.
Two “carbon-hydrogen bonds” constrict with THR A:205
and ASP A:129 amino acid residues at distances of 3.53 A
and 3.67 A, respectively. One “pi-sigma bond” constricts
with PHE A:213 amino acid residues at a distance of 3.51
A. One “alkyl bond” constricts with LYS A:136 amino
acid residues at a distance of 4.09 A. Finally, one “pi-alkyl
bond” constricts with TYR A:132 amino acid residues at
a distance of 5.17 A of distance (Figure 5).

Regarding the other mixture ingredient, “ciprofloxacin,”
an analysis of molecular docking for interaction with the
Tankyrase enzyme revealed one “conventional hydrogen
bond” formed with HIS A:120 amino acid residues at a
distance of 2.83 A, one “carbon-hydrogen bond” formed
with HIS A:120 amino acid residues at a distance of 3.09
A, two “pi-sigma bonds” formed with TYR A:1203 and
TYR A:1224 amino acid residues at distances of 3.84 A
and 3.45 A, one “pi-pi-stacked bond” formed with TYR
A:1203 amino acid residues at a distance of 5.03 A, one
“alkyl bond” formed with two ILE A:1212 amino acid
residues at a distance of 5.36 A, and finally, one “pi-alkyl
bound” formed with HIS A:1184 amino acid residues at
a distance of 4.87 A distance (Supplementary Figure 1).

For comparative purposes, a molecular docking study
assessed the interaction between G007-LK (Tankyrase
inhibitors) [59]. And the Tankyrase enzyme. This
resulted in a docking score of (-9.2) kcal/mol for binding,
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highlighting one “conventional hydrogen bond” formed
with HIS A:1201 amino acid residues at a distance of 2.20
A. Additionally, one “pi-pi-stacked bond” forms with TYR
A:1224 amino acid residues at a distance of 3.73 A. Lastly,
one “pi-alkyl bond” interacts with ILE A:1204 amino acid
residues at a distance of 5.31 A (Supplementary Figure 2).

To clarify the effectiveness of the mixture’s ability
to target regulatory signals of the EMT pathway, a
comparison of its docking score with standard medications
that target the same regulatory signals of the EMT pathway
was performed (Supplementary Table 4).

Drug Interaction Mapping
(Combination Index- CI)

The CI score revealed a diverse combination pattern
between the mixture ingredients. After 24 hours of
incubation, concentrations of 0.1, 1, and 10 pg/ml showed
very strong synergism, while 100 pg/ml exhibited strong
synergism. Furthermore, 1000 pg/ml illustrated a pattern
of synergistic effects.

After 72 hours of incubation, all concentrations showed
a very strong synergistic effect pattern Supplementary
Table (5,6) Supplementary Figure (3,4).

(dose reduction index- DRI)

During each incubation period and across all
concentrations, the DRI score exceeded 1, indicating
that the concentration of each ingredient in the mixture
that led to significant cytotoxicity was lower than the
significant cytotoxic concentrations of each ingredient
when used separately. This reduction in concentrations
suggests a lower likelihood of side effects from the mixture
compared to the risks of side effects associated with each
drug when used individually (Supplementary Tables (5,6)
Supplementary Figures (3,4)).

Morphological Observations of HeLa Cancer Cells

Figure 10 shows the morphological changes in the
HeLa and NHF cell lines after 72 hours of treatment.

Discussion

One option to explore an effective and safer alternative
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anticancer drug is repositioning currently available
non-anticancer medicines. In line with this concept,
this study examined the anticancer effects of combining
the antibacterial ciprofloxacin with the anticoagulant
rivaroxaban. Drug selection is supported by multiple
prior studies suggesting that both possess anticancer
properties. Additionally, a comprehensive evaluation of
the pharmacokinetics and safety of each medication was
conducted.

The MTT cytotoxicity assay results showed that
the mixture of rivaroxaban and ciprofloxacin inhibited
cervical cancer proliferation while demonstrating lower
cytotoxicity to normal cell lines. This combination
displayed superior anticancer effectiveness compared to
carboplatin and each mixture’s individually medications.

The combination index score indicates that the two
drugs work together synergistically. The dosage reduction
index score also suggests that the combination carries a
lower risk of adverse effects than individual drugs. The
safety of the mixture is further supported by its favorable
selectivity index score, which shows that it selectively
targets cancer cells while sparing healthy ones.

The mixture’s anticancer properties can be understood
from two perspectives: first, by assessing the suggested
anticancer mechanisms of each component from various
previous studies, and second, by the novel anticancer
mechanism proposed in the current molecular docking
study.

Several studies assessed the anticancer effects of
rivaroxaban. One study found that rivaroxaban could
decrease cancer growth and invasion in mice with
fibrosarcoma. A suggested mechanism is its role in
boosting immune response against cancer, particularly by
increasing the presence of dendritic and cytotoxic T-cells
[61]. A different study reveals that Rivaroxaban enhances
immunotherapy, leading to more significant cancer growth
inhibition than immunotherapy alone. It activates CD103
+ F4/80 - CCR7 + dendritic cells and GrB + cytotoxic
CDB8+ T cells specifically in the tumor microenvironment
[62, 63]. Another study shows that rivaroxaban exerts
an antiangiogenic effect in a dose-dependent manner,
achieving a score of 0.7 at a concentration of 10—4 umol/l
[64]. Conversely, another study showed that although the
direct oral anticoagulants rivaroxaban and dabigatran
effectively suppress coagulation, they did not impede the
growth and spread of cancer in orthotopic models [65].

Additionally, various studies have explored the
anticancer properties of ciprofloxacin. A recent survey
of repurposing this fluoroquinolone antibiotic revealed
its potential as an anticancer agent. Ciprofloxacin is a
drug used to treat bacterial infections. Researchers are
interested in how it affects DNA gyrase and topoisomerase
IV, which are enzymes in prokaryotes. This has led to
studies on its impact on topoisomerases in eukaryotes,
particularly because these enzymes are often overproduced
in cancer cells to help them grow quickly. Another in vitro
study has demonstrated that ciprofloxacin can trigger
apoptosis and induce cell cycle arrest in multiple cancer
cell lines. Research on colorectal cancer cells indicated
that ciprofloxacin, in concentrations of 50—100 uM,
activates caspase-3 and lowers levels of cyclin D1. This

process leads to a stop in the G1 phase of the cell cycle
[66-69]. Likewise, in non-small cell lung cancer (A549
cells), ciprofloxacin reduced metastasis by dampening
epithelial-mesenchymal transition (EMT) via modulation
of the TGF-B/Smad3 pathway [70, 71].

Animal models verify these conclusions. A recent study
utilizing xenograft mice with triple-negative breast cancer
(MDA-MB-231 cells) showed that a daily administration
of ciprofloxacin (20 mg/kg) resulted in a 40% reduction
in tumor development, attributed to ROS-induced DNA
damage and upregulation of p53 activation [72].

Alongside the previously discussed anticancer
mechanisms for each mixture ingredient, the present study
explores new anticancer mechanisms of rivaroxaban and
ciprofloxacin, The molecular docking results indicate
their potential to inhibit two necessary cancer enzymes:
matrix metalloproteinase, targeted by rivaroxaban, and
Tankyrase, targeted by ciprofloxacin, with respective
docking scores of -9 kcal/mol and -8.9 kcal/mol.

Both of these enzymes are crucial for cancer. Matrix
metalloproteinases (MMPs) are pivotal in cancer
progression, as they degrade extracellular matrix (ECM)
components, which aid tumor invasion, metastasis, and
angiogenesis. These zinc-dependent endopeptidases
are upregulated in various cancers, encouraging the
breakdown of basement membranes and allowing cancer
cells to infiltrate surrounding tissues and blood vessels.
Notably, MMP-2 and MMP-9 are closely linked to tumor
aggressiveness because of their capability to cleave
type 1V collagen, a key structural protein in the ECM.
Furthermore, MMPs influence signalling in the tumor
microenvironment by liberating growth factors and
cytokines, thereby enhancing cancer cell proliferation
and immune evasion. Recent research underscores the
dual role of MMPs in cancer. Some isoforms demonstrate
tumour-suppressive effects depending on the context and
substrate specificity. For example, MMP-8 has been shown
to inhibit melanoma progression by stimulating anti-tumor
immune responses [73-75] .

Matrix metalloproteinases (MMPs), especially
MMP-2 and MMP-9, significantly contribute to cervical
cancer progression by breaking down extracellular matrix
components, enhancing tumor invasion and metastasis.
Their increased expression correlates with later stages
of the disease and a poorer prognosis. Additionally,
MMPs influence angiogenesis and immune evasion,
which increases tumor aggressiveness. A recent study
underscores the potential of MMPs as biomarkers and
therapeutic targets in cervical cancer [76].

Several studies investigated MMP-targeted therapies,
such as selective inhibitors and monoclonal antibodies, to
mitigate their pro-tumorigenic properties while preserving
normal physiological function functions [77]. However,
clinical success is still limited due to the complexity of
MMP interactions within the tumor microenvironment
[78].

Additionally, Tankyrase (TNKS), an enzyme belonging
to the poly (ADP-ribose) polymerase (PARP) family, is
crucial in cancer progression as it regulates Wnt/B-catenin
signaling, maintains telomeres, and promotes cellular
proliferation. Through its Parylation, Tankyrase stabilizes
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AXIN2, a vital part of the B-catenin destruction complex,
activating the Wnt pathway a characteristic of various
cancers, including those of the colorectal, breast, and
ovarian types. Elevated levels of Tankyrase correlate with
increased cancer stemness, metastasis, and resistance
to chemotherapy, positioning it as a valuable target
for therapy. Moreover, recent research has suggested
Tankyrase’s role in altering the tumor microenvironment,
affecting immune evasion and angiogenesis [28]. Due
to their crucial role in cancer, small-molecule inhibitors
like XAV939 and G007-LK selectively inhibit Tankyrase
activity, suppressing Wnt-driven tumor growth in
preclinical models [29]. Despite progress, clinical
efficacy faces challenges from off-target effects and
compensatory signalling pathways. New studies are
investigating combination therapies that pair Tankyrase
inhibitors with immune checkpoint blockers or traditional
chemotherapeutics to boost anti-tumor responses [30] .

The aforementioned role of each enzyme in cancer
is primarily related to inhibiting cancer metastasis,
particularly through the EMT pathway. According to the
findings of our molecular docking study, the present study
employed a combination of drugs, each demonstrating
the ability to target Tankyrase and matrix metalloprotease
enzymes. Tankyrase and matrix metalloproteinases drive
epithelial-mesenchymal transition (EMT) and cancer
metastasis. Tankyrase, by regulating the Wnt/p-catenin
pathway, promotes EMT by downregulating E-cadherin
and upregulating N-cadherin and vimentin, key markers of
mesenchymal transition. Meanwhile, MMPs, particularly
MMP-2 and MMP-9, facilitate ECM degradation, enabling
tumor cell invasion and dissemination. Recent studies have
revealed that TNKS enhances MMP expression through
Wnt/B-catenin signalling, creating a feed-forward loop
that amplifies metastatic potential [31-33]. In cervical and
breast cancers, the TNKS-MMP pathway is associated
with advanced tumor stages and reduced survival rates
[34].

Findings from our study’s wound healing assay
support the previously suggested mechanism by which the
rivaroxaban-ciprofloxacin mixture inhibits cervical cancer
metastasis. The mixture’s ability to delay wound closure
after 24 hours of incubation shows a superior impact
compared to the effects of rivaroxaban and ciprofloxacin
when used individually. This suggests a synergistic pattern
in the combination of these medications, particularly at 24
hours of incubation. The combination index score further
supports this.

Tankyrase and matrix metalloprotease enzymes play
a crucial role in cancer, positioning them as promising
targets for effective treatment therapies. Several trials
were performed to identify Tankyrase inhibitors, such
as ( XAV939) [79], GO007-LK [36] , E7449 [37]
and AZ6102[38]. Along these lines, several attempts
were made to identify an agent that targets the matrix
metalloprotease enzymes. Such as Marimastat [39] ,
Tanomastat [40] and Ecaliximab [41]

Although several Tankyrase and matrix metalloprotease
enzyme inhibitors have been identified, their use remains
challenging. These include toxicity and side effects, the
development of resistance, limited efficacy in specific
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cancers, a narrow therapeutic range, and high costs [42,
43, 80, 81]. These consequences motivate us to conduct
this current study.

The study presents limitations, notably in laboratory
validation related to the molecular analysis, attributed to
various factors, including financial constraints.

In conclusion, this study aimed to identify an effective
and safe anticancer option by repurposing a combination of
two marketed medications (rivaroxaban and ciprofloxacin)
for malignant cervical cancer treatment. MTT assay
findings indicate that the mixture of rivaroxaban and
ciprofloxacin significantly inhibits cervical cancer growth
compared to the cytotoxicity of carboplatin, linagliptin,
and rivaroxaban alone. Rivaroxaban and ciprofloxacin
exhibit synergistic effects when used in combination, as
indicated by the combination index score, particularly
after 72 hours of treatment incubation. Regarding safety,
the effective cytotoxic concentrations of the drugs in
the mixture were lower than when used individually,
indicating that the mixture is less likely to cause adverse
effects. The mixture displays a favorable selectivity index,
suggesting it selectively targets cancer cells rather than
healthy cells. Moreover, the mixture demonstrated the
ability to delay cancer metastasis, as shown by the wound
healing assay results, indicating it reduces cancer cell
migration by 98% and is significantly more effective than
the individual effects of rivaroxaban and ciprofloxacin.

The study explores a novel anticancer mechanism of
the mixture, demonstrating dual targeting of two crucial
enzymes in the EMT pathway: matrix metalloproteinase
enzyme targeting by rivaroxaban and Tankyrase targeting
by ciprofloxacin, with molecular docking scores of -9
and -8.9 kcal/mol, respectively. This novel mechanism
elucidates the anticancer and antimetastatic effects of
the mixture. Furthermore, this mechanism clarifies
the synesthetic effects of a complementary anticancer
mechanism.

Based on these findings, the combination of
rivaroxaban and ciprofloxacin presents a promising and
safer alternative for treating cervical cancer, particularly
considering their well-established pharmacokinetic and
safety profiles.
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