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Abstract

Objective: This study assessed the anticancer impact of the Metronidazole-Ciprofloxacin mixture,
focusing on its molecular mechanism by examining its ability to target the Ras-MAPK signaling pathway.
Methods: The MTT assay evaluated the anticancer and safety properties of a Metronidazole-Ciprofloxacin
mixture. HeLa cells and human-derived adipose tissue (NHF) cell lines were used in two incubations for 24
and 72 hours, with concentrations ranging from 0.1 to 1000 pg/ml for each treatment. Cisplatin was employed
for comparative purposes. The combination index CI and the selective toxicity index SI were used to assess
the possible synergistic effects of the mixture’s ingredients and selective toxicity. Computational molecular
docking simulations were utilized to investigate the binding affinity of the mixture ingredients to various kinase
signal proteins within the MAPK-RAS pathway. Results: The MTT assay demonstrated that metronidazole,
ciprofloxacin, cisplatin, and the mixture inhibit cervical cancer growth, with the mixture having a significantly
greater impact than the others. The mixture showed a lesser effect on the viability of the NHF cell line and
exhibited a favorable selectivity index compared to cisplatin. Additionally, the CI suggests that the medications
act synergistically when used together. The molecular docking study revealed that the optimal interactions
were between ciprofloxacin and RAS GTPase, and metronidazole and ERK?2 kinase, with docking scores of
-7.3 kecal/mol and -6.3 kcal/mol, respectively. Conclusion: Regarding the study outcomes and the well-known
pharmacokinetic and safety profiles of the mixture ingredients, the metronidazole-ciprofloxacin mixture presents
an attractive and safer alternative for treating cervical cancer.
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1. Introduction

Cervical cancer poses a considerable global health
challenge, especially in low- and middle-income countries
(LMICs), where it is the fourth most prevalent cancer
among women [1]. Chronic infections with high-risk
human papillomavirus (HPV) types, particularly HPV-16
and HPV-18, are the leading causes of about 70% of
cases [2-4]. Although effective screening programs and
HPV vaccinations are accessible, unequal access to
these preventive measures results in higher incidence

and mortality rates in low- and middle-income countries
relative to high-income countries [3, 5, 6]. “Early cervical
cancer detection through Pap smears and HPV testing has
significantly reduced cancer rates in regions with robust
healthcare systems.” [3, 7-10]. The primary treatment
for cervical cancer is chemoradiotherapy. Chemotherapy,
typically involving cisplatin-based regimens, faces notable
challenges such as systemic toxicity, drug resistance,
and adverse effects on healthy cell tissues [11]. Side
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effects such as nephrotoxicity, myelosuppression, and
gastrointestinal distress frequently reduce patients’ quality
of life and restrict the effectiveness of treatment options.
[12].

The adverse effects linked to chemotherapy highlight
the need for safer alternatives. Many trials have been
undertaken to discover an effective treatment for cervical
cancer by repurposing a drug created initially for different
therapeutic uses rather than for cervical cancer [13-19].
Along with this aspect, metronidazole and ciprofloxacin
are two medications that may show anticancer effects.
The selection criteria for these drugs were based on a
comprehensive and established pharmacokinetic and
safety profile, along with their proven effectiveness against
cancer, as demonstrated by several previous studies.

Several studies have explored the anti-cancer effects
of metronidazole. Earlier ones suggest that metronidazole
might inhibit the growth of CHO (Chinese hamster ovary)
cells, HeLa cells (originating from cervical cancer), and
human marrow cells. Nonetheless, this effect appears to be
influenced by both the concentration of the drug and the
degree of hypoxia [20, 21]. Additionally, metronidazole
demonstrated cytotoxic effects on the MDA-MB-231
breast cancer cell line. Cytotoxicity was noted at higher
concentrations, up to 250 pg/ml, following 72 hours of
incubation [22].

A recent study has explored the anticancer properties
of metronidazole, focusing on its selective cytotoxic
effects in low-oxygen settings. Consequently, the tumor
microenvironments often show hypoxia, which results in
the enzymatic reduction of metronidazole’s nitro group.
This process generates reactive intermediates that lead
to DNA damage and activate the death of cancer cells.
[23]. Preclinical studies show that pairing metronidazole
with radiotherapy boosts tumor sensitivity in low-oxygen
regions, thus improving treatment outcomes. [24].
Additionally, in vitro studies with colorectal and
glioblastoma cell lines demonstrate that metronidazole
derivatives exhibit selective antiproliferative effects,
highlighting their potential for repurposing [25].

Likewise, the other mixture component, “ciprofloxacin,”
has demonstrated anticancer properties highlighted by
numerous earlier studies. A recent investigation into
the repurposing of this fluoroquinolone antibiotic has
revealed its potential as an anticancer agent, underscoring
its capacity to affect cellular pathways crucial for tumor
growth. Typically prescribed for bacterial infections, the
drug’s inhibition of DNA gyrase and topoisomerase [V in
prokaryotes has sparked interest in its effects on eukaryotic
topoisomerases, which are frequently overexpressed in
cancer cells to support rapid growth. In vitro research has
shown that ciprofloxacin can induce apoptosis and cause
cell cycle arrest in various cancer cell lines. Specifically,
studies on colorectal cancer cells (HCT-116) indicated that
ciprofloxacin (at concentrations of 50—-100 uM) activates
caspase-3 and downregulates cyclin D1, leading to G1
phase arrest and apoptosis [26-31]. Similarly, in non-small
cell lung cancer (cells from A549), ciprofloxacin inhibited
metastasis by decreasing epithelial-mesenchymal
transition (EMT) through modulation of the TGF-3/Smad3
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pathway [32, 33]. Animal models support these findings.
A 2023 study utilizing xenograft mice with triple-negative
breast cancer (MDA-MB-231 cells) demonstrated that a
daily dose of ciprofloxacin (20 mg/kg) lowered tumor
growth by 40% through ROS-mediated DNA damage and
p53 activation upregulation [34].

The RAS-MAPK signaling pathway governs essential
cellular functions such as proliferation, differentiation,
survival, and apoptosis. Disruption of this pathway is a
hallmark of cancer [35].

The small GTPase family RAS, which includes HRAS,
KRAS, and NRAS, is essential for regulating cellular
growth, survival, and differentiation through signaling
pathways such as MAPK/ERK and PI3K/AKT [36].
Oncogenic RAS mutations, which occur in approximately
19% of cancers, lead to sustained GTP-bound activation,
promoting uncontrolled tumor growth and resistance to
treatment. KRAS mutations are particularly prevalent
in pancreatic cancer (90%), colorectal cancer (40%),
and non-small cell lung cancer (30%) [37]. RAS was
considered “undruggable” due to its smooth structure
and picomolar affinity for GTP, making direct inhibition
difficult. Nevertheless, new developments, including
allele-specific covalent inhibitors designed for KRAS
G12C (such as Sotorasib and Adagrasib), have shown
clinical effectiveness in NSCLC, indicating a significant
shift in the approach to treating RAS-driven cancer
malignancies [38]. These inhibitors maintain KRAS G12C
in a dormant GDP-bound state, inhibiting downstream
signalling. Recent research highlights the importance of
combining counter-resistance strategies, such as KRAS
inhibitors with SOS1, SHP2 inhibitors, or immune
checkpoint blockers, to enhance antitumor responses.
Moreover, cryo-EM and molecular modelling advances
reveal new regions for targeting specific mutants [39, 40].

Moreover, extracellular signal-regulated kinase 2
(ERK2), which is also known as MAPK1, is a key effector
in the MAPK pathway and has a vital role in cancer
progression by influencing cell proliferation, survival, and
metastasis. As one of the primary ERK isoforms (ERK1
and ERK2), ERK2 frequently shows hyperactivation
in tumors caused by upstream RAS/RAF mutations or
growth factor receptor signaling [41]. In contrast to ERK1,
ERK2 possesses distinctive roles in cancer cell motility
and invasion. Studies indicate that it is essential for the
epithelial-mesenchymal transition (EMT) across different
carcinoma types [42]. Continuous ERK?2 activation leads
to uncontrolled cell cycle progression by phosphorylating
targets like RSK and c-Myc and enhancing resistance to
targeted therapies [43]. A recent study has highlighted
the localization of nuclear versus cytoplasmic ERK2 as
a key factor in oncogenic output, with nuclear ERK2
enhancing transcriptional programs that sustain tumor
growth [44]. Despite the development of ERK1/2 dual
inhibitors (e.g., Ulixertinib), selectively targeting ERK2
remains challenging due to the structural similarities
with ERK1. However, novel allosteric inhibitors and
proteolysis-targeting chimeras (PROTACS) are promising
strategies to disrupt ERK2-dependent processes and
signaling processes.
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Due to their crucial roles in cancer, ERK2 and RAS
kinase signaling proteins are positioned as promising
targets for effective cancer treatment therapies. Several
trials have been carried out to identify ERK2 inhibitors,
such as Ulixertinib [45], Temuterkib [46] and MK-8353
[47]. Furthermore, various initiatives were undertaken to
identify an agent that can target the RAS kinase protein.
Such as Sotorasib [48], Adagrasib [49] and GDC-6036
[50].

Marketed drug repositioning for cancer treatment
offers a promising approach for creating effective
therapies. Numerous studies have explored this idea,
including one that showed the amygdalin esomeprazole
combination effectively destroys cervical cancer cells,
with the effectiveness dependent on the medication’s
concentration and the duration of the incubation period.
[13, 14]. A recent study showed that the combination of
laetrile and vinblastine notably reduced the growth of
esophageal cancer, suggesting a synergistic interaction
between the two components [19, 51]. Another study
shows that the pairing of ciprofloxacin and laetrile
significantly hinders the growth of esophageal cancer cells
[15]. Another demonstrated the linagliptin-metformin
combination’s capacity to inhibit the HeLa cancer cell
line’s growth synergistically [17].

Despite numerous studies on this issue, they have not
demonstrated the anticancer effects of the metronidazole-
ciprofloxacin mixture and its capacity to target RAS and
ERK2 kinase signaling proteins. This study investigated
the metronidazole-ciprofloxacin mixture’s anticancer
properties and molecular mechanisms by assessing its
ability to target the MAPK-RAS signaling proteins.

2. Materials and Methods

2-1- Medications

Metronidazole and ciprofloxacin (as raw materials)
were sourced from the Samarra Pharmaceutical Factory
in Iraq. Serial dilutions of each treatment were prepared
using MEM media to achieve concentrations ranging
from 0.1 to 1000 pg/ml. For the mixture, the individual
concentrations of metronidazole and ciprofloxacin varied
between 0.05 and 50 pg/ml, resulting in a combined
concentration of 0.1 to 1000 pg/ml./ml.

2-2- Cytotoxicity Assay

Cytotoxicity assessment was performed on HelLa
cancer cells to evaluate the anticancer capabilities
of metronidazole, ciprofloxacin, cisplatin, and the
metronidazole-ciprofloxacin mixture. Additionally,
despite the mixture’s established pharmacokinetics and
safety profile, the cytotoxicity of the mix was tested on
the NHF cell line, which represents a “normal healthy cell
line.” This was done to assess the safety of the mixture
and to determine whether any drug-pharmaceutical
interactions occurred between the components that might
negatively impact normal cells.

The cytotoxicity and safety characteristics of
metronidazole, ciprofloxacin, cisplatin, and the
metronidazole-ciprofloxacin mixture were examined by
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evaluating the viability of cancerous and healthy normal
cells at concentrations ranging from 0.1 to 100 pg/ml for
each treatment.

2-2-1- Cell Lines Used: The following cell line was used
as a model in the study.

HeLa cell line: The cell line originated from cervical
cancer cells [52, 53].

NHF cell line: The cell line that originated from
Normal human-derived adipose tissue [54].

2-2-2- Cell culture conditions

The cell lines were cultured in MEM media (US
Biological, USA), supplemented with 10% (v/v) fetal
bovine serum (FBS) (Capricorn-Scientific, Germany). To
prevent bacterial contamination, the medium contained
100 TU/mL penicillin and 100 pg/mL streptomycin
(Capricorn-Scientific, Germany). Cells were maintained
in a humidified incubator at 37°C, and all experiments
were conducted using cells in the exponential growth
phase [55].

2-2-3- MTT cytotoxicity assay

The MTT colorimetric assay measures cell
viability through mitochondrial activity. In this
method, metabolically active cells reduce the yellow
MTT tetrazolium salt to purple formazan crystals via
mitochondrial dehydrogenase enzymes. The assay is
performed by culturing cells in 96-well plates and treating
them with varying concentrations of test compounds.
After an appropriate incubation period, MTT reagent
is added to each well and incubated for further use.
Only viable cells with active metabolism convert MTT
into the insoluble purple formazan product. Following
the dissolution of these crystals, the absorbance of the
resulting solution is quantified spectrophotometrically at
a specific wavelength, providing a quantitative measure
of cell viability.

The number of viable cells precisely determines the
amount of formazan generated. Cytotoxicity is indicated
by a reduction in formazan generation after treatment with
the test chemical, affecting absorbance. The dose-response
curve helps determine the half-maximal inhibitory
concentration (IC50) [19].

Cells were seeded in 96-well microplates at a density
0f 10,000 cells per well and cultured at 37°C for 24 hours
to achieve monolayer confluence. The cytotoxicity of
compounds was assessed using the MTT assay, evaluating
metronidazole, ciprofloxacin, cisplatin, and their mixture
over a concentration range of 0.1 to 1000 pg/ml, with six
replicates for each concentration. Untreated wells served
as negative controls.

Following 24- and 72-hour treatment periods, 28 puL
of MTT solution (2 mg/ml) was added to each well and
incubated for 3 hours. The formazan crystals were then
solubilized with 100 uL. DMSO during a 15-minute
incubation. Absorbance measurements at 570 nm
were obtained using a microplate reader. Cytotoxicity
percentages were calculated using the following formula:
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Growth inhibition %= (optical density of control
wells-optical density of treated wells)/(optical density of
control wells)*100%

OD control signifies the mean optical density of
untreated wells, whereas OD Sample represents the optical
density of treated wells [56].

2-2-3-1- Selective toxicity index

The selective toxicity index score was calculated
to evaluate the selective toxicity of the metronidazole-
ciprofloxacin mixture and cisplatin against cancer
cells over 24- and 72-hour incubation periods. After
determining the IC50 levels for the mixture and cisplatin,
the selective cytotoxicity index was estimated using a
mathematical equation derived from cell growth curves
for each HeLa and NHF cell line [57].

Selective toxicity Index (SI)=(IC 50 ofnormal cell
lines)/(IC 50 ofcancer cell lines)

An SI score greater than 1.0 indicates that a drug
targets cancer cells more effectively than normal cells.

2-2-3-2- Molecular docking

Using the ChemDraw application (Cambridge Soft,
USA), the chemical structures of metronidazole and
ciprofloxacin were generated and refined with Chem3D
version. Results from a pilot study that performed a
screening of the chemical docking of metronidazole and
ciprofloxacin with the RAS-MAPK signaling pathway
indicated that the best interaction of metronidazole and
ciprofloxacin was with human ERK2 and RAS GTPase.
The molecular structures of human ERK2 (PDB: 2Y9Q)
and human RAS (PDB: 61Y1) were sourced from the
Protein Data Bank.

AutoDock Tools optimized and modified protein
structures. This program identified the best ligand
configurations and generated PDBQT files for them. Once
optimization was complete, the structures of the ligands
(metronidazole and ciprofloxacin) and the human ERK2
and RAS GTPase were processed in AutoDock Tools.
The docking procedure was then performed using the
same software. The docking energy scores and binding
interactions were analyzed with BIOVIA Discovery
Studio, UCSF Chimera, and AutoDock Vina [58, 59].

2-2-3-3- (Combination Index- CI) Scoring

Compusyn, a computational simulator, was utilized
to determine the combination index (CI) and dose
reduction index (DRI) scores. The evaluation of the
CI score sought to assess the likelihood of synergistic,
additive, or antagonistic interactions among the mixture’s
components. Concentration-effect curves can demonstrate
the percentage of cells displaying reduced growth
concerning drug concentration, assessed after 24 and 72
hours of treatment. CI values below 1 suggest synergistic
impact, equal to 1 denotes additivity, and values above
1 reflect antagonism. Compusyn software (Biosoft,
Ferguson, MO, USA) calculated the combination index
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values [60, 61].

2-2-3-4- (dose reduction index- DRI) Scoring
Compusyn, a computational simulator, was used to
determine the dose reduction index (DRI) scores. The DRI
score estimation quantifies how much the concentration of
each drug in a mixture can be reduced while maintaining
its cytotoxic effectiveness. A DRI exceeding 1 indicates
a favorable concentration reduction, whereas a DRI
below | indicates an unfavorable concentration reduction.
Compusyn software (Biosoft, Ferguson, MO, USA)
calculated the dose reduction index values [60, 61].

2-2-3-5- Ethical approval

This study was conducted solely using in vitro cell
line models, without any experimentation involving
human participants or laboratory animals. All research
procedures complied with institutional ethical guidelines
for laboratory-based investigations.

2-2-3-6- Statistical Analysis

Cytotoxicity results are reported as mean + standard
deviation (SD). We evaluated intergroup variability using
one-way ANOVA and post-hoc pairwise comparisons
with LSD tests. For direct group comparisons, we applied
paired t-tests. All analyses were conducted in SPSS
(version 20), with statistical significance determined as
p <0.05 [62].

To enhance data interpretation, we implemented
a letter-coding system in our tables. Where Groups
sharing the same letter indicate statistically similar
means. Different letters denote significant differences (p
< 0.05) between groups. This visual method Simplifies
comparison of multiple groups at a glance, reduces the
need for repetitive statistical annotations, and maintains
rigor while improving readability.

3. Results

3-1- Cytotoxic study

Initially, we evaluated the cytotoxicity of metronidazole
and ciprofloxacin separately before assessing the cytotoxic
effects of their mixture. This preliminary evaluation aimed
to clarify the mechanisms of cytotoxicity and investigate
the interactions between the mixture’s components,
specifically examining whether these interactions
demonstrate synergistic, antagonistic, or additive effects.

3-1-1- Metronidazole Cytotoxicity

The study results on metronidazole’s efficacy in
inhibiting HeLa cell proliferation depended on the
concentration of metronidazole and the duration of
incubation. A reduction in the IC, value supported the
time interval effect (Table 1).

3-1-2- Ciprofloxacin cytotoxicity

Ciprofloxacin exhibited cytotoxic effects on cervical
cancer cells, inhibiting cellular proliferation, which
intensified with higher concentrations of ciprofloxacin
and more extended incubation periods. The latter factor
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Table 1. The Impact of Metronidazole on Cervical Cancer Cell Line Survival at 24 and 72 hours

Concentration (pg/ml) Inhibition of cellular proliferation (mean + SD) P- value
24 hr. 72 hr.

0.1 B 0.00 £ 0.000 C 3.00 +2.000 0.026*
1 B 1.00 = 1.000 BC 10.00 £ 5.000 0.038*
10 A 6.00 £ 3.000 B 18.00 = 5.000 0.023*
100 A 11.00 = 1.000 B 22.00 +£2.000 0.001%*
1000 AB 16.00 = 6.000 A 37.00 £ 2.000 0.005%*
LSD value 11.16 12.82 -
IC 50 3651 pg/ml 1489 pg/ml -

*, significant at (P<0.05)

Table 2. The Impact of Ciprofloxacin on Cervical Cancer Cell Line Survival at 24 and 72 hours
Concentration (pg/ml) Inhibition of cellular proliferation (mean + SD) P- value

24 hr. 72 hr.

0.1 C 0.00 £ 0.000 C 4.00 +2.000 0.026*
1 C 0.00 £ 0.000 C 11.00 + 3.000 0.004*
10 C 3.00 £2.000 B 32.00 = 2.000 0.000*
100 B 19.00 £ 4.000 A 43.00 £+ 3.000 0.001*
1000 A 29.00 £2.000 A 47.00 £ 1.000 0.0001*
LSD value 7.98 8.46
IC 50 1771 pg/ml 1035 pg/ml

*, significant at (P<0.05)

has a more pronounced effect on growth inhibition than
concentration. The decline in the IC50 level between each
incubation period indicated a time-dependent manner of
growth inhibition (Table 2).

3-1-3- Cisplatin cytotoxicity

For comparative purposes, cisplatin was selected as
a positive control. Its cytotoxicity revealed its ability to
inhibit the growth of each cell line (HeLa and NHF) in
a concentration and time-dependent manner. IC50 level
dropping at 72 hours compared to 24 hours of incubation,
supporting a time-dependent manner of inhibition
(Table 3).

3-1-4- (metronidazole-ciprofloxacin) mixture cytotoxicity

The study outcomes indicated that the metronidazole-
ciprofloxacin mixture suppressed the growth of human
cervical cancer, with the inhibitory mechanism influenced

by both the mixture’s concentration and the duration of
treatment. Moreover, the cytotoxicity of the mixture on
the NHF cell line was less pronounced than that on the
cancer cell line, suggesting a favorable safety profile and
selective toxicity toward cancer cells (Table 4, 5).
During each incubation period, particularly during the
24-hour incubation, the growth inhibition of the mixture
was significantly greater than that of cisplatin and its
components (Table 6, 7, 10 and Figure 1, 2).

3-2- Selective toxicity index study

The SI score for the mixture was 6.1 at 24 hours and
7.2 at 72 hours, indicating favorable selective toxicity
toward cancer cells compared to normal healthy cells.
The cisplatin SI score was 0.76 at 24 hours and 0.69 at
72 hours, respectively, indicating lower selective toxicity
toward cancer cells than healthy cells (Figure 3).

Table 3. Cisplatin Effects on HeLa and NHF Cell Viability at 24 and 72 hours

Concentration (pg/ml)

Inhibition of cellular proliferation (mean + SD)

HeLa cell line NHEF cell line

24 hr. 72 hr. P- value 24 hr. 72 hr. P- value
0.1 C 0.00 +0.000 C 5.00 +2.000 0.012* D2.00+1.000 E11.00+1.000 0.0001%*
1 B2.00+£2.000 BCI11.00+£1.000 0.002* CD10.00+5.000 D 22.00+2.000  0.018*
10 BC 10.00 £2.000 B 18.00 + 3.000 0.018* C17.00+4.000 C35.00+2.000  0.002*
100 A33.00£3.000 A43.00=+3.000 0.015* B 34.00 £4.000 B49.00+5.000 0.015%
1000 A41.00£1.000 A 56.00=+6.000 0.013* A51.00£1.000 A66.00+2.000 0.0001*
LSD value 6.9 12.5 - 12.3 10.04 -
IC 50 1213 pg/ml 800 pg/ml - 933 ng/ml 556 ng/ml -

*, significant at (P<0.05)
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Figure 1. A Comparison of 24-hour Growth Inhibition among Metronidazole, Ciprofloxacin, a Mixture, and

Chemotherapy

3-3- Molecular docking studies

A computational molecular docking simulation
examined the binding affinity of the drug mixture
(metronidazole and ciprofloxacin) with various signal
protein kinases in the Ras-MAPK pathway. The results
indicated that ciprofloxacin had a higher affinity for
binding with RAS GTPase (PDB code: 6iyl), yielding
a docking score equal to (-7.3) kcal/mol. At the same
time, metronidazole exhibited a greater affinity for ERK2
kinase proteins (PDB code: 2y9q), with a docking score
equivalent to (-6.3) kcal/mol.

The exploration of molecular docking interactions
between ciprofloxacin and RAS GTPase yielded the
following outcomes. Four “conventional hydrogen
bonds” with the ASN A:124, LYS A:125, LEU A:156,
and UNK A:42 amino acid residues at 2.48 A, 2.65 A,
2.15 A, and 2 A of distance formed subsequently. Two
“carbon-hydrogen bond” constrictions occur with GLY
A:23 and LEU A:38 amino acid residues at 3.29 A and
3.6 A of distance. Two “pi-cation bonds” formed with the
two LYA A:125 amino acid residues at a 4.17 A and 4.24
A distance, respectively, and one “pi-pi T-shaped bond”
with PHE A:36 amino acid residues at 5.34 A of distance.
Two “alkyl bonds” with LYS A:125 and LEU A:128 amino
acid residues ata 4.78 A and 4.88 A distance, respectively.
Finally, one “Pi-alkyl bond” constrains with LY'S A:125
amino acid residues at 4.37 A of distance (Figure 4).

A molecular docking study was conducted for

comparative purposes to assess the interaction between
Sotorasib, a “RAS GTPase inhibitor” [63, 64]. And RAS
GTPase, revealing a docking score of -7.6 kcal/mol for
binding and presenting. One “conventional hydrogen
bond” constrains the LYS A:41 amino acid residues at
a distance of 1.88 A. Two “carbon-hydrogen bonds”
constrict with GLU A:47 and PHE A:48 amino acid
residues at a distance of 3.48 A and 3.27 A, distance.
Two “pi-pi anion bond” constrictions are formed with
two GLU A:47 amino acid residues at 3.35 A and 3.51
A of distance. Two “pi-pi sigma bond” constrains with
two LYS A:41 amino acid residues at 3.68 A and 3.81 A
of distance subsequently. Finally, one “amine pi-stacked
bond” constrains with LY'S A:194 amino acid residues at
4.54 A of distance (Figure 5).

Moreover, The analysis of molecular docking for the
interaction of “metronidazole” with the ERK2 protein
kinase revealed the following bonds: seven “conventional
hydrogen bonds” involving four ARG A:148 and three
ARG A:172 amino acid residues at distances of 2.96
A,2.01A,2344,2.05A4,2.06A4,2.68 A, and 2.40 A.
Additionally, there were two “carbon-hydrogen bonds”
involving GLN A:66 and GLU A:169 amino acid residues
at distances of 3.48 A and 3.66 A, respectively. There
were also two “alkyl bonds” involving ARG A:67 and
LEU A:170 amino acid residues at distances of 4.22 A and
5.18 A. Finally, one “alkyl bond” involved the LEU A:170
amino acid residue at a distance of 5.36 A (Figure 6).
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Table 4. Mixture Effects on HeLa and NHF Cell Viability at 24 and 72 hours

Concentration (pg/ml)

HeLa cell line

Inhibition of cellular proliferation (mean + SD)

NHEF cell line

24 hr. 72 hr. P- value 24 hr. 72 hr. P- value
0.1 D 5.00 + 3.000 C 13.00£3.000  0.031%* B 0.00 £+ 0.000 B 0.00 = 0.000 N.S
1 CD 11.00£1.000  C20.00+5.000  0.038* B 0.00 = 0.000 B 0.00 £ 0.000 N.S
10 C24.00£4.000 B36.00+3.000 0.014* AB1.00£1.000 AB2.00+2.000 0.482
100 B 39.00+1.000 B 47.00 +5.000 0.053 A 7.00 £2.000 A '10.00 + 1.000 0.081
1000 A56.00+1.000 A71.00+£1.000 0.0001* A11.00£3.000 A 15.00+5.000 0.3
LSD value 8.62 13.52 - 6.08 8.92 -
IC 50 805 pg/ml 501 pg/ml - 4937 pg/ml 3627 pg/ml -
*, significant at (P<0.05)
Table 5. Comparing the Mixture's effects on HeLa and NHF Cell Lines' growth at 24 and 72 hours
Concentration (pg/ml) Inhibition of cellular proliferation (mean + SD)
24 hr. 72 hr.

HeLa cell line NHF cell line P- value HeLa cell line NHF cell line P- value
0.1 D 5.00 + 3.000 B 0.00 £ 0.000 0.045*  C13.00+3.000 B 0.00+0.000 0.002*
1 CD 11.00+1.000 B 0.00 + 0.000 0.0001*  C20.00£5.000 B 0.00=0.000 0.002*
10 C 24.00£4.000 AB 1.00+ 1.000 0.001*  B36.00+3.000 AB2.00+2.000 0.0001%*
100 B 39.00+1.000 A 7.00=+2.000 0.0001* B 47.00£5.000 A10.00+1.000 0.0001*
1000 A56.00+1.000 A11.00+3.000 0.0001* A71.00+1.000 A15.00£5.000 0.0001*
LSD value 8.62 6.08 - 13.52 8.92 -
1C 50 805 pg/ml 4937 pg/ml - 501 pg/ml 3627 pg/ml -

*, significant at (P<0.05)

Temuterkib was chosen as an “ERK2 inhibitor.” [64]
To compare its docking with the ERK2 kinase protein
against metronidazole. The molecular docking results
from the interaction between Temuterkib and the ERK2
kinase protein yield a docking score of (-8.4) kcal/mol.
One “conventional hydrogen bond” constricted with ARG
A:24 amino acid residues at a distance of 2.45 A. Three
“carbon-hydrogen bond” constrictions are observed with
GLN A:97, PHE A:354, and PHE A:354 at 3.37 A, 3.43
A, and 3.74 A of distance. Two “pi-anion bonds” constrict
with two ASP A:20 amino acid residues at 4.48 A, 4.58 A
of distance subsequently. Two “amide-pi-stacked bonds”
constrict with two ARG A:91 amino acid residues at 5.08
A, 4.09 A of distance; subsequently, one “alkyl bonds”
constrict with ALA A:91 amino acid residues at 3.76 A
of distance. And finally, five “pi-alkyl bond” constrictions
are formed with ILE A:90, PRO A:356, ALA A:92, PRO
A:93, and ALA A:92 amino acid residues at 2.62 A, 5.17
A,521A,4.74 A, and 4.18 A of distance (Figure 7).

To clarify the effectiveness of the mixture’s ability
to target the kinase signaling proteins (RAS and ERK2),
their docking scores and conventional hydrogen bonds
were compared with those of standard medicine (Table 8).

3-4- (Combination Index- CI) Scoring

The CI score indicated a diverse pattern of
combinations among the mixture ingredients. After 24
hours of incubation, concentrations of 0.1, 1, and 10
pg/ml exhibited very strong synergism, while 100 pg/
ml displayed strong synergism. Furthermore, 10 pg/ml

revealed a nearly additive effect pattern.

After 72 hours of incubation, 0.1 and 1 pg/ml
concentrations exhibited very strong synergism, while
10 pg/ml showed moderate synergism. Furthermore,
a concentration of 100 pg/ml demonstrated strong
synergism. Lastly, 1000 pg/ml displayed very strong
synergistic effects (Table 9,10 and Figure 8§, 9)

3-5- (dose reduction index- DRI) Scoring

Throughout each incubation period, the dose reduction
index score indicated that the concentrations of each
ingredient in the mixture, which produced a significant
cytotoxicity, were lower than their corresponding
significant cytotoxic concentrations when used individually.
The observed decline in concentrations suggests a reduced

~
™
-
| I
MIX

Figure 3. Comparison of the Mixture with Cisplatin SI
over 24 and 72 hours. (An SI greater than 1.0 indicates that
a drug is more effective against tumor cells compared to
its toxicity towards normal cells)
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Figure 4. 2D and 3D Structures for the Binding Site of
Ciprofloxacin with Human RAS GTPase.
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Figure 5. 2D and 3D Structures for the Binding Site of
Sotorasib with Human RAS GTPase

likelihood of side effects from the mixture compared to
the probability of side effects connected with each drug
individually (Table 9, 10 and Figure 8, 9).

3-6- Morphological Assessment of Cytotoxicity
Microscopic examination of HeLa and NHF cells after
72 hours of treatment revealed notable morphological

changes, as demonstrated in Figures 10 and 11.

4. Discussion

Reassessing existing non-cancer medications offers an
opportunity to provide alternative treatments. Accordingly,
this study investigates the anticancer effects of combining
ciprofloxacin and metronidazole. This choice of drugs
stems from various earlier studies indicating their
anticancer potential. Furthermore, both drugs were
rigorously evaluated for their pharmacokinetics and
safety profile.

Anas K. Awn, et al: Assessing the Synergistic Anticancer impact of Metronidazole and Ciprofloxacin in Cervical

The MTT assay results showed that the metronidazole-
ciprofloxacin combination inhibited cervical cancer
growth and exhibited reduced cytotoxicity towards
normal healthy cell lines. The mixture showed improved
anticancer effectiveness compared to the cytotoxicity
of cisplatin and each component of the mix. The CI
score suggests that the two medications work together
synergistically. Furthermore, regarding safety, the DRI
score indicated that this mixture presents a reduced risk
of adverse effects compared to its components. The safety
of the mix is supported by its favorable selectivity index
score, indicating selective toxicity towards cancer cells
compared to healthy cells.

The anticancer mechanism of the mixture can be
understood through two approaches: first, by analyzing
the suggested anticancer mechanisms of each component
from various previous studies, and second, by considering
the novel anticancer mechanism introduced through our
molecular docking study.

A variety of studies have explored the anticancer
effects of metronidazole. Earlier research suggests that
metronidazole might help decrease the growth of CHO
(Chinese hamster ovary), HelLa cells (from cervical
cancer), and human marrow cells. Nonetheless, this effect
appears to be influenced by both the concentration of the
drug and the degree of hypoxic conditions [20, 21], and
showed cytotoxic effects on the MDA-MB-231 breast
cancer cell line. Cytotoxicity was noted at elevated
concentrations, up to 250 pg/ml, after 72 hours of
incubation [22].

Recent studies have examined the anticancer potential
of metronidazole, particularly its selective cytotoxic effects
in low-oxygen environments. Tumor microenvironments
frequently exhibit hypoxia, leading to the enzymatic
reduction of the nitro group in metronidazole, which
produces reactive intermediates that harm DNA and
initiate cancer cell death [23]. Preclinical studies
show that combining metronidazole with radiotherapy
enhances tumor sensitivity in hypoxic regions, improving
therapeutic outcomes [24]. Furthermore, in vitro
studies involving colorectal and glioblastoma cell lines
demonstrate that metronidazole derivatives exhibit
selective antiproliferative effects, highlighting their
potential for repurposing [25].

Several studies have examined the anticancer effects of

Table 6. A Comparison of 24-hour Growth Inhibition among Metronidazole, Ciprofloxacin, a Mixture, and

Chemotherapy
Concentration (pg/ml) Growth inhibition (mean + SD) LSD value
Cisplatin Metronidazole Ciprofloxacin Mix
0.1 C 0.00 +0.000 a B 0.00 £ 0.000 a C 0.00 +0.000 a D 5.00 +3.000 a N.S
1 B 2.00+£2.000 b B 1.00 +1.000 b C0.00£0.000b CD 11.00+1.000 a 4.62
10 BC 10.00 +2.000 b A 6.00+3.000b C3.00+£2.000b C 24.00 £4.000 a 10.82
100 A 33.00+3.000 a A11.00£1.000b B 19.00£4.000b B 39.00+ 1.000 a 9.78
1000 A41.00£1.000b AB16.00£6.000c A29.00+£2.000b  A56.00+1.000a 12.2
LSD value 6.9 11.16 7.98 8.62 -
IC 50 1213 pg/ml 3651 pg/ml 1771 pg/ml 805 pg/ml -
significant at (P<0.05)
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Figure 6. 2D and 3D Structures for the Binding Site of
Metronidazole with Human ERK2.
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Figure 7. 2D and 3D Sructures for the Binding Site of
Temuterkib with Human ERK2.

ciprofloxacin. A recent survey regarding the repurposing
of this fluoroquinolone antibiotic has uncovered its
potential as an anticancer agent, emphasizing its ability
to influence cellular pathways essential for tumor growth.
Traditionally prescribed for bacterial infections, the
drug’s inhibition of DNA gyrase and topoisomerase [V in
prokaryotes has raised interest in its impact on eukaryotic
topoisomerases, which are often overexpressed in cancer
cells to facilitate rapid growth. In vitro studies have
shown that ciprofloxacin can induce apoptosis and cause
cell cycle arrest in various cancer cell lines. Specifically,
studies on colorectal cancer cells (HCT-116) indicated that

Anas K. Awn, et al: Assessing the Synergistic Anticancer impact of Metronidazole and Ciprofloxacin in Cervical

ciprofloxacin (at concentrations of 50-100 uM) activates
caspase-3 and downregulates cyclin D1, resulting in
G1 phase arrest and apoptosis [26-28, 66]. Similarly, in
non-small cell lung cancer (A549 cells), ciprofloxacin
inhibited metastasis by reducing epithelial-mesenchymal
transition (EMT) via modulation of the TGF-B/Smad3
pathway [32, 33, 67].

Animal models reinforce these results. A study from
2023, which used xenograft mice with triple-negative
breast cancer (MDA-MB-231 cells), revealed that a
daily dosage of ciprofloxacin (20 mg/kg) reduced tumor
growth by 40% via ROS-mediated DNA damage and p53
activation upregulation [34].

Furthermore, in addition to the anticancer mechanisms
elucidated earlier, the current study examines novel
anticancer mechanisms for each metronidazole and
ciprofloxacin, as demonstrated by the findings of the
molecular docking study, which suggests their affinity to
target ERK2 and RAS GTPase.

The RAS-MAPK pathway regulates cellular functions
such as proliferation, differentiation, survival, and
apoptosis. An imbalance in this pathway is a defining
characteristic of cancer [35].

The RAS family of small GTPases, which includes
HRAS, KRAS, and NRAS, is essential for controlling
cellular growth, survival, and differentiation via signaling
pathways like MAPK/ERK and PI3K/AKT [36].
Oncogenic RAS mutations, found in roughly 19% of
cancers, result in persistent GTP-bound activation, driving
uncontrolled tumor growth and resistance to treatment
therapy. KRAS mutations are widespread, particularly
in pancreatic cancer (90%), colorectal cancer (40%), and
non-small cell lung cancer (30%) [37]. Generally, RAS
was considered “undruggable” due to its smooth surface
and picomolar affinity for GTP, which limited direct
inhibition. However, recent breakthroughs, including
allele-specific covalent inhibitors that target KRAS G12C
(such as Sotorasib and Adagrasib), have shown clinical

Table 7. A Comparison of 72-hour Growth Inhibition among Metronidazole, Ciprofloxacin, a Mixture, and

Chemotherapy.
Concentration (pg/ml) Growth inhibition (mean + SD) LSD value
Cisplatin Metronidazole Ciprofloxacin Mix
0.1 C 0.00 +0.000 a B 0.00 £ 0.000 a C 0.00 +0.000 a D 5.00+3.000 a N.S
1 B 2.00+2.000 b B 1.00 £ 1.000 b C0.00£0.000b CD 11.00+1.000 a 4.62
10 BC 10.00 +2.000 b A 6.00 £3.000 b C3.00+2.000b C24.00 £4.000 a 10.82
100 A 33.00+3.000 a A11.00 £ 1.000 b B 19.00+4.000b B 39.00=1.000 a 9.78
1000 A41.00+1.000b AB16.00+6.000c A29.00£2.000b  AS56.00+1.000a 12.2
LSD value 6.9 11.16 7.98 8.62 -
IC 50 1213 pg/ml 3651 pg/ml 1771 pg/ml 805 pg/ml -
significant at (P<0.05)

Table 8. Comparison of Docking Scores and the Number of Conventional Hydrogen Bonds for each Mixture Ingredient

to its Standard Medication

Cellular target (docking scores) kcal/mol

metronidazole ~ Temuterkib  ciprofloxacin

Sotorasib

Number of conventional hydrogen bonds

metronidazole ~ Temuterkib  ciprofloxacin Sotorasib

RAS GTPase - - -1.3
ERK2 kinase protein -6.3 -8.4 -

-7.6 - - 4 1

- 7 1 - R
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Table 9. CI and DRI for the Mixture Following a 24-hour Incubation Period
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Concentration pg/ml Cl score Combination pattern DRI score
Metronidazole Ciprofloxacin Mix Ratio metronidazole ciprofloxacin
0.05 0.05 0.1 1:01 0.0016  Very Strong Synergism 1025.82* 1598.28*
0.5 0.5 1 0.00736  Very Strong Synergism 248.532% 299.514%*
5 5 10 0.03196  Very Strong Synergism 65.7159* 59.7224%
50 50 100 0.1729 Strong Synergism 13.6523* 10.0348*
500 500 1000 0.95931 Nearly Additive 2.78701%* 1.66526*
Table 10. CI and DRI for the Mixture Following a 72-hour Incubation Period
Concentration pg/ml Cl score Combination pattern DRI score
Metronidazole  Ciprofloxacin ~ Mix ratio metronidazole  ciprofloxacin
0.05 0.05 0.1 1:01 0.03909 Very Strong Synergism 109.400* 33.3930*
0.5 0.5 1 0.08074 Very Strong Synergism 73.4551* 14.8970*
5 5 10 0.70397 Moderate Synergism 14.7602* 1.57178*
50 50 100 0.18208 Strong Synergism 79.5381* 5.89960*
500 500 1000 0.09159 Very Strong Synergism 340.729* 11.2796*

The CI (Combination Index) and DRI (Dose Reduction Index) Values were estimated by using Compusyn software. (A CI >1 indicates antagonism,
a CI =1 denotes an additive effect, and a CI <1 suggests synergism. A (DRI) >1 correlates with reduced toxicity. * denotes a positive reduction in

the effective cytotoxic concentration [65].

efficacy in NSCLC, indicating a paradigm shift in targeting
RAS-driven malignancies [38]. These inhibitors keep
KRAS G12C in a dormant GDP-bound Form, hindering
downstream signaling. Recent research emphasizes
combining counter-resistance approaches, such as
KRAS inhibitors alongside SOS1, SHP2 inhibitors, or
immune checkpoint blockers, to boost antitumor
responses. Furthermore, cryo-EM and molecular modeling
improvements uncover new regions for targeting specific
mutants [ 14, 39, 40].

Additionally, extracellular signal-regulated kinase
2 (ERK?2), another critical effector kinase protein in
the MAPK pathway, significantly contributes to cancer

progression by modulating cell proliferation, survival, and
metastasis. Being one of the two primary ERK isoforms
(ERK1 and ERK2), ERK2 is frequently hyperactivated in
tumors due to upstream RAS/RAF mutations or growth
factor receptor signaling [41]. Unlike ERK1, ERK2
appears to have distinct functions in cancer cell motility
and invasion. Studies have demonstrated its necessity
for epithelial-mesenchymal transition (EMT) in multiple
carcinoma types [42]. Persistent ERK2 activation drives
uncontrolled cell cycle progression by phosphorylating
substrates such as RSK and c-Myc, while also promoting
resistance to targeted therapies [43]. A recent study has
highlighted nuclear versus cytoplasmic ERK2 localization
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Figure 8. Log CI (left) and Log DRI (right) for the Mixture after a 24-hour Incubation Period. MTZ: metronidazole,
CIP: ciprofloxacin, CI: combination index, DRI: dose reduction index.
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Figure 9. Log CI (left) and Log DRI (right) for the Mixture after a 72-hour Incubation Period. MTZ: metronidazole,
CIP: ciprofloxacin, CI: combination index, DRI: dose reduction index.
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Figure 10. Morphological Characteristics of the HeLa cell line (400x). (A) (Hela cell cancer line), untreated. (B) Hela
cells were treated with 100 pg/ml metronidazole for 72 hours. (C) Hela cells exposed to 1000 pg/ml of ciprofloxacin
for 72 hours. (D) Hela cells were exposed to a metronidazole-ciprofloxacin mixture at a 1000 pg/ml concentration for

72 hours

Figure 11. Morphological Characteristics of the NHF
Cell Line (400x). (A) (NHF cell line) untreated. (B)
NHF normal cells underwent exposure to a mixture of
metronidazole and ciprofloxacin at a concentration of
1000 pg/ml for 72 hours.

as a determinant of oncogenic output, with nuclear
ERK2 enhancing transcriptional programs that sustain
tumor growth [44]. Despite the development of ERK1/2
dual inhibitors (e.g., Ulixertinib), selective targeting of
ERK2 remains challenging due to structural similarities
with ERK1. However, novel allosteric inhibitors and
proteolysis-targeting chimeras (PROTACs) are emerging
as promising strategies to disrupt ERK2-dependent
signaling [68].

Given the crucial role of the previously mentioned
signal proteins, this study aims to examine the marketing of
drugs that target these cellular entities. The findings of our
molecular docking study revealed that both metronidazole
and ciprofloxacin target specific signal proteins in the
RAS-MAPK pathway. This diversity in targeting suggests
that using these medications together can potentially have
a synergistic effect. The combination index study supports
the mixture’s synergistic behavior, which indicates that
the combination of drugs acts synergistically when used
together. Furthermore, targeting diverse tyrosine kinase
proteins within the RAS-MAPK pathway provides a
therapy that reduces the development of resistance in
cancer cells, thereby enhancing its effectiveness.

The crucial role of ERK2 and RAS GTPase in cancer
positions them as promising targets for effective cancer
treatment therapies. Several trials have been conducted
to identify ERK2 inhibitors, such as Ulixertinib [45],
Temuterkib [46], MK-8353 [47]. Furthermore, various
initiatives were undertaken to identify an agent that can
target the RAS GTPase. Such as Sotorasib [48], Adagrasib
[49] and GDC-6036 [50].

Although there are several cancer-targeted therapies,
they have notable disadvantages that need to be considered,
such as toxicity and side effects, the emergence of
resistance, limited efficacy in certain cancers, a narrow
spectrum of activity, and high costs [36, 37, 69, 70].
The present study aims to address these gaps.

The research faces limitations, including laboratory
validation linked to molecular studies, which are
influenced by financial constraints and obstacles.

In conclusion, this study focused on identifying
a safe and effective anticancer treatment for cervical
cancer through the repurposing of a combination of
metronidazole and ciprofloxacin. Results from the MTT
assay showed that the combination of metronidazole
and ciprofloxacin inhibits the proliferation of cervical
cancer cells, significantly more than the growth inhibition
caused by chemotherapy (cisplatin), metronidazole,
and ciprofloxacin. Metronidazole and ciprofloxacin
synergistically enhance their effects, as the CI score
indicates.

From a safety standpoint, the drug concentrations in
the mixture that induce cytotoxicity are lower than those
used individually, indicating that the mixture is relatively
safe regarding the occurrence of its side effects.

The mixture shows selectivity, indicating its specific
targeting of cancer cells instead of healthy cells.
Furthermore, the study explores a novel anticancer
mechanism of the mix by focusing on two essential kinase
signaling proteins within the MAPK-RAS pathway. This is
achieved by targeting the RAS GTPase with ciprofloxacin
and the ERK2 kinase protein with metronidazole. This
dual targeting of the MAPK-RAS pathway supports
the synergistic anticancer effect of the mixture, as
demonstrated by the combination index assessment.

In light of these findings, the metronidazole-
ciprofloxacin combination offers an attractive alternative
therapeutic option for cervical cancer, particularly
considering its established pharmacokinetic properties
and safety profile.
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