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Abstract: Objective: This study was performed to evaluate the cytotoxic effects and synergistic interactions of 
Albendazole combined with Etoricoxib on HeLa cervical carcinoma cells, emphasizing mechanisms involving disruption 
of glycolytic metabolism and cellular pH regulation. 

Materials and Methods: The study investigated the cytotoxic effects of Albendazole, Etoricoxib, their combination, and 5-
Fluorouracil (5-FU) on HeLa cells and normal human foreskin fibroblasts (HFF) via MTT assays. It also calculated the 
Combination Index (CI) and Dose Reduction Index (DRI) using CompuSyn software to evaluate drug synergy. 
Furthermore, lactate production and carbonic anhydrase activity were measured to analyze glycolytic flux and pH 
regulation, and were complemented by molecular docking of the drugs with β-tubulin and carbonic anhydrase IX. 

Results: The combination of Albendazole and Etoricoxib exhibited significant synergistic cytotoxic effects against HeLa 
cells, compared to either agent alone or 5-Fluorouracil (5-FU). The combination also showed high selectivity, indicating a 
sparing impact on HFF cells, unlike 5-FU. Furthermore, the combined treatment markedly inhibited lactate production by 
85.1% and carbonic anhydrase activity by 86.3%. Molecular docking studies corroborated these findings by revealing 
stable binding interactions of Albendazole with β-tubulin and Etoricoxib with CA-IX, with docking scores of -6.7 and -7.1 
kcal/mol, respectively, supporting a dual-targeting mechanism. 

Conclusion: The combined use of Albendazole and Etoricoxib produces a synergistic effect on cervical cancer cells by 
disrupting glycolytic metabolism and cellular pH regulation. This targeted approach offers a promising way to overcome 
chemoresistance and lessen toxicity, thereby improving therapeutic effectiveness in cervical cancer treatment. 
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1. INTRODUCTION 

Cervical carcinoma continues to represent a 
significant public health concern globally, ranking as 
the fourth most prevalent cancer and the leading cause 
of oncologic mortality among women [1]. High-income 
nations have experienced a reduction in the prevalence 
of HPV-related diseases, attributable to comprehensive 
vaccination and screening initiatives. Conversely, 
women in low- and middle-income countries remain 
disproportionately affected, owing to the restricted 
availability of preventive healthcare services [2, 3]. For 
patients presenting with advanced, recurrent, or 
metastatic disease, the primary therapeutic approach 
generally involves administering platinum-based 
chemotherapeutic agents, such as 5-fluorouracil (5-
FU), often in combination with other agents [4, 5]. 
However, the clinical efficacy of these regimens is 
frequently hindered by the development of acquired 
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chemoresistance and notable systemic toxicities, both 
of which limit dosage and significantly impair patients' 
quality of life [6]. 

Chemotherapy resistance constitutes a significant 
obstacle in the management of cervical cancer, fre-
quently resulting in disease recurrence and suboptimal 
prognoses. To mitigate this issue, drug repurposing—
defined as the application of existing pharmacological 
agents with well-established safety profiles, initially 
developed for non-oncological indications—has gained 
prominence as a viable strategy to enhance therapeutic 
efficacy. This approach accelerates the drug 
development process and reduces associated costs. 
Currently, antidiabetic and antiparasitic agents 
represent the most extensively studied candidates for 
repurposing in this context [7-16]. 

Albendazole, a drug traditionally employed as an 
anthelmintic agent, has garnered increasing interest for 
its potential application as an anticancer therapeutic. 
As a broad-spectrum benzimidazole derivative, it was 
initially synthesized to disrupt parasite microtubules by 
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inhibiting β-tubulin polymerization. This mechanism 
appears to exert significant anti-proliferative effects on 
mammalian cancer cells. Preclinical investigations 
have demonstrated that albendazole can mitigate 
tumor progression across various models, including 
hepatocellular carcinoma, ovarian carcinoma, prostate 
cancer, and colorectal carcinoma, predominantly 
through the induction of mitotic arrest and apoptosis 
[17, 18]. Its functions include inhibiting angiogenesis 
and enhancing radiosensitivity, underscoring its 
multifaceted antineoplastic properties [19, 20]. 

Furthermore, Etoricoxib, a selective inhibitor of 
cyclooxygenase-2 (COX-2], has attracted scholarly 
interest for its potential antineoplastic properties be-
yond its conventional anti-inflammatory function. COX-
2 is commonly overexpressed in numerous malignan-
cies, and its inhibition has been associated with the 
suppression of tumor proliferation and angiogenesis 
[21-23]. Furthermore, emerging evidence suggests that 
the anticancer mechanisms of etoricoxib may extend 
beyond prostaglandin suppression. Notably, it has 
demonstrated the ability to disrupt critical metabolic 
pathways in cancer cells, including inhibition of glyco-
lytic flux and modulation of pH-regulatory enzymes, 
such as carbonic anhydrase IX (CA-IX) [22, 24]. This 
multifaceted approach designates etoricoxib as a 
promising candidate for drug repurposing in oncology.  

Although promising, the individual limitations of 
these agents underscore the need for a combination 
strategy. When used as monotherapies, Albendazole 
often demonstrates a high IC₅₀, which may restrict its 
clinical effectiveness against solid tumors. Similarly, 
Etoricoxib's primary anti-inflammatory function may not 
provide sufficient anticancer activity on its own. These 
limitations underscore that their isolated use could be 
suboptimal, providing a compelling rationale for 
exploring their potential synergistic effects to enhance 
cytotoxicity and address individual shortcomings. 

The development of effective cancer therapies is 
increasingly focused on targeting essential biological 
processes that drive tumor progression. Among these, 
the β-tubulin subunit of microtubules and carbonic 
anhydrase IX (CA-IX) are particularly significant, as 
they regulate the "Growth Hub" and "Power Hub" 
mechanisms within cancer cells, respectively. 
Microtubules, predominantly composed of β -tubulin, 
fulfill roles that transcend mere structural support. They 
are essential for critical cellular processes, including 
mitosis and intracellular trafficking, and are 
instrumental in the spatial organization of glycolytic 
enzymes. This organizational capacity is directly linked 

to the metabolic reprogramming commonly observed in 
neoplastic cells [25, 26]. The tumor microenvironment 
is frequently characterized by acidity and hypoxia, 
conditions that strongly induce carbonic anhydrase IX 
(CA-IX) upregulation. This enzyme functions as a 
crucial regulator of pH homeostasis; it catalyzes the 
hydration of carbon dioxide, thereby maintaining an 
optimal intracellular pH. Concurrently, it contributes to 
acidification of the extracellular milieu, thereby 
facilitating tumor invasion, metastasis, and resistance 
to chemotherapy [22, 24, 27]. 

We propose that a strategy combining β-tubulin 
inhibition, which disrupts cellular division and metabolic 
coordination, with targeting carbonic anhydrase IX (CA-
IX), which impairs the cell's capacity to regulate 
metabolic acidosis, may constitute a practical 
therapeutic approach. This dual modality compromises 
both structural integrity and pH homeostasis, thereby 
offering a promising avenue for selectively inducing 
synthetic lethality in malignant cells. 

While the individual anticancer properties of 
Albendazole and Etoricoxib have been examined to 
some extent, the potential synergistic cytotoxic effects 
of their combination remain underexplored, particularly 
in cervical carcinoma. Existing research has 
established the roles of Albendazole in microtubule 
disruption and of Etoricoxib as a COX-2 inhibitor with 
emerging metabolic effects. However, a significant gap 
remains in understanding the mechanistic basis and 
therapeutic potential of their combined application. In 
particular, it is unclear whether concurrent targeting of 
the β -tubulin "Growth Hub" with Albendazole and the 
Carbonic Anhydrase IX (CA-IX) "Power Hub" with 
Etoricoxib can induce synergistic "energetic 
strangulation" in cancer cells, thereby simultaneously 
impairing cellular structural integrity, glycolytic activity, 
and pH regulation. Additionally, the cytotoxic selectivity 
of this combination against cervical cancer cells, 
compared with normal cells and relative to standard 
chemotherapeutics such as 5-Fluorouracil (5-FU), has 
not been systematically investigated. This study aims 
to address this gap by systematically evaluating the 
synergistic cytotoxic effects, metabolic disruptions, and 
molecular binding interactions associated with the 
Albendazole-Etoricoxib combination. 

2. MATERIALS AND METHODS 

2.1. Cytotoxic Assay 

2.1.1 Medications and Tissue Culture 

Medications, including Albendazole, etoricoxib, and 
5-FU, were obtained as raw materials from the 
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Samarra Pharmaceutical Factory in Iraq. These 
substances, along with a mixture of (Albendazole – 
etoricoxib), were diluted in Minimum Essential Medium 
(MEM) to achieve concentrations ranging from 0.1 to 
1000 µg/mL. Specifically, within the mixture, the 
concentrations of Albendazole and etoricoxib ranged 
from 0.05 to 50 µg/mL, resulting in a final concentration 
range of 0.1 to 1000 µg/mL. 

The cytotoxicity of the tested compounds was 
evaluated on the human cervical carcinoma cell line 
HeLa to assess their anticancer efficacy. The com-
pounds investigated included Albendazole, etoricoxib, 
5-Fluorouracil (5-FU), and the mixture. Furthermore, 
the study examined the effects of the mixture on 
normal human foreskin fibroblasts (HFFs), which serve 
as a model for non-malignant tissue, to determine its 
safety profile and potential impact on cell viability.  

Furthermore, the cytotoxicity and safety profiles of 
these agents were evaluated by assessing cell viability 
across a concentration range of 0.1-1000 µg/mL in 
both malignant and normal cell lines. The cell lines 
used in this study were obtained from the Tissue 
Culture Unit at the Iraqi Center for Cancer and Medical 
Genetics Research at Al-Mustansiriyah University.  

2.1.2. Study Cell Lines and Culture Conditions 

The study employed two cell lines, one of which 
was HeLa, derived from human cervical carcinoma 
tissue [28, 29]. The healthy, normal cell line (HFF) is 
derived from human foreskin fibroblasts [30]. MEM 
medium from US Biological (USA) was used for cell 
culture, supplemented with 10% (v/v) fetal bovine 
serum (FBS) from Capricorn Scientific (Germany), and 
100 IU/mL of penicillin and 100 µg/mL of streptomycin 
to prevent bacterial contamination. The cells were 
cultured in a humidified incubator maintained at 37°C 
throughout the exponential growth phase [31]. 

2.1.3. Assessment of Cytotoxic Activity and IC₅₀ 
Estimation 

The MTT assay represents a widely utilized 
colorimetric method for assessing cellular metabolic 
viability. It is based on the reduction of the tetrazolium 
salt MTT by living cells to insoluble purple formazan 
crystals, a reaction primarily mediated by mitochondrial 
dehydrogenases. Typically, cells are cultured in 96-well 
plates and exposed to various concentrations of test 
compounds. After incubation for 24 or 72 hours, MTT 
reagent is added, and subsequent incubation allows 
the reagent to be reduced by viable cells. The resulting 
formazan is solubilized, and its absorbance is 

measured spectrophotometrically at a specific 
wavelength, providing a quantitative measure of cell 
viability [32]. 

This assay shows a clear correlation between viable 
cell count and formazan production. Pharmacological 
agent administration results in decreased formazan 
levels, indicating cytotoxicity, as evidenced by lower 
absorbance readings. The dose-response curve is 
used to determine the IC50, the drug concentration that 
reduces cell viability by 50%. This parameter was 
calculated using GraphPad Prism software (version 
9.5.0, build 750) [33, 34]. 

Cells were seeded into 96-well microplates at a 
density of 10,000 cells per well and incubated at 37°C 
for 24 hours until reaching confluence. The cytotoxic 
effects of Albendazole, Etoricoxib, 5-Fluorouracil (5-
FU), and the mixture were evaluated using an MTT 
assay. Each concentration was tested in six replicate 
wells, with cells treated with various concentrations 
(0.1, 1, 10, 100, and 1000 µg/mL) alongside untreated 
controls in approximately 20 replicates. After 24 and 72 
hours, 28 µL of 2 mg/mL MTT solution was added to 
each well, followed by a three-hour incubation. 
Subsequently, 100 µL of DMSO was added, and plates 
were incubated for an additional 15 minutes to dissolve 
formazan crystals. Absorbance was measured at 570 
nm using a microplate reader, and cell viability was 
calculated using an appropriate formula [35]. 

Growth inhibition% =

optical density of control wells !
optical density of treated wells
optical density of control wells

"100%  

2.2. Identification of Selective Cytotoxicity 

The selective toxicity index was used to compare 
the cytotoxic selectivity of the Albendazole-Etoricoxib 
combination with that of 5-Fluorouracil (5-FU). This 
metric facilitated the assessment of cytotoxic effects in 
cancer cell lines after incubation for 24 and 72 hours. 
IC50 values for both the combination and 5-FU were 
calculated, and the selective cytotoxicity index was 
subsequently derived from growth curve analyses of 
HeLa cells and normal human foreskin fibroblasts 
(HFF). [36], as illustrated in the following mathematical 
equation 

Selective toxicity Index (SI ) = IC50 of normal cell lines
IC50 of cancer cell lines

 

An SI score greater than 1.0 signifies that a drug is 
more efficient at targeting tumor cells compared to 
normal cells. 
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2.3. Analysis of Drug Interaction: Combination 
Index and Dose Reduction Index 

Compusyn, a computational simulation tool, was 
used to determine the combination index (CI) values 
and the dose reduction index (DRI). The primary 
objective of the CI was to determine whether the 
mixture components exhibited synergistic, additive, or 
antagonistic interactions. This involved analyzing 
concentration-effect curves, which illustrate the 
percentage inhibition of cell proliferation at different 
drug concentrations, measured at 24 and 72 hours 
post-treatment. Values of the combination index (CI) 
below 1 indicate synergism, a CI of exactly 1 signifies 
an additive effect, and a CI above 1 suggests 
antagonism. These calculations were carried out using 
Compusyn software (Biosoft, Ferguson, MO, USA) [37, 
38]. 

Furthermore, an essential metric for evaluating drug 
combinations is the Dose Reduction Index (DRI), which 
quantifies the maximum achievable decrease in each 
drug's concentration in the mixture while maintaining 
cytotoxicity. A DRI score above 1 signifies a beneficial 
reduction in concentration, whereas a score below 1 
indicates an undesirable decrease. The DRI analysis 
was performed using Compusyn software (Biosoft, 
Ferguson, MO, USA) [37, 38]. 

2.4. Morphological Assessment 

Morphological alterations in HeLa and HFF cells 
were examined and documented after 72 hours of 
exposure to the test compounds using inverted light 
microscopy. 

2.5. Evaluation of Glycolytic Rate and Carbonic 
Anhydrase Levels 

To evaluate the effects of the study treatment on 
glycolytic rate and carbonic anhydrase levels, assays 
for lactate production and esterase activity were 
conducted.  

2.5.1. Lactate Production Assessment 

This assessment measured lactate levels in cell 
culture medium using a colorimetric Lactate Assay Kit 
(Abcam, ab65331) according to the manufacturer's 
protocol. It was used to determine the glycolytic rate. 
After the 24-hour treatment, 50 µL of cell culture 
supernatant from each well of treated and untreated 
HeLa and HFF cells was carefully collected without 
disrupting the cell monolayer. The collected samples 
were immediately stored at -80°C until further analysis. 

The assay was conducted in a 96-well plate with 
clear wells. Briefly, 50 µL of each collected supernatant 
was combined with 50 µL of Lactate Assay Reaction 
Mix. The plate was incubated at room temperature for 
30 minutes, protected from light. The absorbance of the 
resulting-colored product was measured at 570 nm 
using a BioTek Synergy H1 microplate reader. A 
standard curve with known lactate concentrations (0-10 
nmol/well) was prepared in parallel to determine lactate 
concentrations in the samples. Results were 
normalized to total protein content, determined using a 
bicinchoninic acid (BCA) protein assay [39]. 

2.5.2. Esterase Activity Assay 

The esterase activity of carbonic anhydrase (CA) in 
cell lysates was measured using 4-nitrophenyl acetate 
(4-NPA) as the substrate. Following a 24-hour 
treatment period, 50 µL of cell culture supernatant was 
carefully collected from each well of treated and 
untreated HeLa and HFF cells, ensuring the integrity of 
the cell monolayer was maintained. The samples were 
then immediately stored at -80°C pending further 
analysis. 

After removing the culture medium designated for 
the lactate assay, the adherent cells cultured in 24-well 
plates were washed twice with ice-cold phosphate-
buffered saline (PBS). Cells were subsequently lysed in 
situ with 100 µL of RIPA buffer supplemented with a 
protease inhibitor cocktail. The lysates were collected, 
incubated on ice for 15 minutes, and centrifuged at 
12,000 × g for 15 minutes at 4°C to remove cellular 
debris. The resulting supernatants were used as a 
source of carbonic anhydrase (CA). 

The enzymatic activity assay was performed in a 
96-well plate. For each sample, 80 µL of cell lysate was 
mixed with 100 µL of assay buffer (20 mM Tris-HCl, pH 
8.0). The reaction was initiated by adding 20 µL of the 
4-nitrophenyl acetate (4-NPA) substrate (final concen-
tration: 1 mM) prepared in acetonitrile. The increase in 
absorbance at 348 nm, indicative of 4-NPA hydrolysis 
to 4-nitrophenol, was monitored immediately at one-
minute intervals over 10 minutes using a microplate 
reader. The reaction rate (Δ Absorbance/min) was det-
ermined from the linear segment of the kinetic curve. 
Protein concentration in the lysates was quantified via 
bicinchoninic acid (BCA) assay, and esterase activity 
was expressed as ΔA/min/mg of total protein [40]. 

2.6. Molecular Docking Assay 

The structural models of Albendazole and Etoricoxib 
were built and optimized using ChemDraw (Cambridge 
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Soft, USA) and Chem3D software. To clarify the 
molecular basis of the proposed dual-mechanism 
action, computational docking studies were performed 
against two key targets. The first target was the human 
wild-type β -tubulin subunit, a core part of the "Growth 
Hub" that supports cell proliferation and intracellular 
transport. The second was Carbonic Anhydrase IX 
(CA-IX), a major regulator of the "Power Hub" that 
manages energy metabolism and microenvironmental 
pH to help tumor survival.  

The selection of these two targets is based on their 
crucial roles in cancer. The human wild-type β -tubulin 
subunit plays a vital role in cancer biology beyond 
merely serving as a structural component of 
microtubules. While isotypes such as βIII-tubulin 
(TUBB3) are linked to chemoresistance, the overall 
pool of wild-type β -tubulin is significantly involved in 
tumor progression. Microtubules underpin essential 
cellular processes, including mitosis, intracellular 
trafficking, and motility—mechanisms exploited by 
cancer cells for growth and invasion. Notably, 
microtubules facilitate the transport of glucose 
transporters such as GLUT4 to the plasma membrane, 
linking β -tubulin integrity to cellular metabolism. 
Additionally, microtubules organize glycolytic enzymes 
into metabolons, enhancing glycolytic efficiency—a 
phenomenon characteristic of cancer’s metabolic 
reprogramming known as the Warburg effect. Thus, 
wild-type β -tubulin is integral to both structural and 
metabolic functions in tumor cells, rendering it a 
validated target for anticancer therapies that disrupt 
microtubule dynamics [25, 26]. 

Moreover, Carbonic Anhydrase IX (CA-IX) is a 
tumor-specific enzyme that significantly modulates the 
tumor microenvironment. Its expression is primarily 
induced under hypoxic conditions via the HIF-1α 
pathway, leading to prominent plasma membrane 
localization in many solid tumors and minimal 
expression in normal tissues. CA-IX facilitates the 
reversible hydration of carbon dioxide to bicarbonate 
and protons, a process essential for cellular pH 
regulation. In malignant cells, this activity contributes to 
extracellular acidification, thereby promoting invasion, 
metastasis, and therapeutic resistance, whereas 
intracellular alkalization supports survival amid 
metabolic acidosis. Consequently, CA-IX plays a dual 
role: enhancing tumor progression by altering pH 
dynamics, making it a compelling target for anticancer 
therapeutics that disrupt tumor-specific pH 
homeostasis and limit tumor aggressiveness [22, 24]. 

This dual-targeting strategy enhances the disruption 
of malignant cells by simultaneously compromising 
structural integrity and pH regulation. Specifically, the 
approach involves inhibiting β -tubulin in the 'Growth 
Hub' with Albendazole to impair microtubule function 
and modulating the pH-regulatory enzyme CA-IX in the 
"Power Hub" with Etoricoxib to disrupt cellular pH 
homeostasis. This multifaceted intervention induces a 
synthetic energetic crisis in cancer cells by disrupting 
fuel transport, glycolytic activity, and mitochondrial 
membrane potential, exploiting the distinct metabolic 
dependencies and proliferative characteristics that 
differentiate transformed cells from normal tissue. 

The three-dimensional structures of these critical 
cancer dependencies were obtained from the Protein 
Data Bank (PDB codes: 5C8Yfor human wild-type β -
tubulin subunit and 5DVXfor Carbonic Anhydrase IX 
(CA-IX)). These structures were used in docking 
analyses because they represent constitutively active, 
disease-associated conformations, which are primary 
therapeutic targets in oncological contexts. 

The selected PDB structures, 5C8Y for human wild-
type β -tubulin and 5DVX for CA-IX, were selected for 
their high-resolution and disease-relevant 
conformations. Structure 5C8Y represents a native, 
polymerizable human β-tubulin isotype and serves as a 
validated model for studying antiproliferative drug 
binding. The 5DVX structure depicts CA-IX in its 
catalytically active form, which is essential for 
evaluating pH-regulatory inhibition. These particular 
entries offer optimal templates for assessing direct, 
therapeutically significant interactions within the context 
of the proposed dual-targeting strategy. 

These critical dependencies in cancer pathogenesis 
were characterized using Auto Dock Tools. This 
process entailed identifying optimal ligand 
conformations and generating PDBQT files to facilitate 
subsequent analyses. Additionally, the molecular 
structures of Albendazole, Etoricoxib, the human wild-
type β -tubulin subunit,and Carbonic Anhydrase were 
imported into Auto Dock Tools for docking. The 
resulting datasets, comprising binding energy scores 
and interaction profiles, were systematically analyzed 
using BIOVIA Discovery Studio, UCSF Chimera, and 
AutoDock software suites [41, 42]. 

2.7. Ethical Approval 

Our investigation was confined to in vitro cell line 
models and did not incorporate human subjects or 
laboratory animals. Nevertheless, we maintained full 
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compliance with our institution's ethical standards 
governing laboratory research throughout the study. 

2.8. Statistical Analysis 

The cytotoxicity assay results are expressed as 
mean ± standard deviation (SD). Intergroup differences 
were evaluated using one-way ANOVA, followed by 
pairwise comparisons with paired t-tests and LSD tests. 
All statistical analyses were performed using SPSS 
version 20, and p-values < 0.05 were considered 
statistically significant [43]. 

In this study, uppercase and lowercase letters in 
data tables are used to distinguish statistical groups 
and significance levels. Identical letters denote no 
statistically significant difference, whereas different 
letters indicate significant differences. Specifically, 
capital letters are used to compare means across 
columns, while lowercase letters compare rows. This 
methodology provides a clear and efficient way to 
present complex statistical data, facilitating rapid 
interpretation by readers without the need for elaborate 
explanations. 

3. RESULTS 

3.1. Cytotoxic assay 

3.1.1. Cytotoxic Efficacy and Selectivity of the 
Albendazole-Etoricoxib Mixture 

The cytotoxic efficacy of the Albendazole-Etoricoxib 
combination was quantitatively evaluated against HeLa 
(cervical carcinoma) and HFF (human foreskin 
fibroblast) cell lines employing the MTT assay at 
exposure durations of 24 and 72 hours. The findings, 
as summarized in Tables 1 and 2, indicate a 
concentration- and time-dependent suppression of 
cellular proliferation, exhibiting notable selectivity for 
the cancerous cell line. 

In HeLa cells, the mixture demonstrated significant 
anti-proliferative activity. Following a 24-hour treatment 
period, percent inhibition ranged from 11.8 ± 1.2% at 
the lowest concentration (0.1 µg/mL) to 66.5 ± 2.4% at 
the highest concentration (1,000 µg/mL). Efficacy was 
markedly enhanced after 72 hours of incubation, with 
inhibition increasing to 24.8 ± 1.2% at 0.1 µg/mL and 
86.8 ± 1.9% at 1,000 µg/mL. This time-dependent 
increase in cytotoxicity was statistically significant (p < 
0.05) across all concentrations tested. The IC₅₀ value 
of the mixture against HeLa cells decreased 
considerably from 150 µg/mL at 24 hours to 87.5 
µg/mL at 72 hours, further corroborating the observed 
increase in potency with extended exposure (Table 1). 

In contrast to the cancerous cell lines, the HFF non-
cancerous cell line exhibited substantial resistance to 
the drug mixture. The maximum inhibition recorded in 
HFF cells was merely 9.7 ± 1.8% at 24 hours and 12.8 
± 1.5% at 72 hours, even when exposed to the highest 
concentration of 1,000 µg/mL. Inhibition rates at lower 
concentrations were minimal or negligible. As a result, 
the IC₅₀ value for HFF cells remained above 1,000 
µg/mL at both time points, signifying very low inherent 
cytotoxicity (Table 2). 

The direct statistical comparison of effects on the 
two cell lines, as presented in Table 2, showed that 
proliferation inhibition was significantly more 
pronounced in HeLa cells than in HFF cells across all 
concentrations and time points. This marked differential 
cytotoxicity highlights a favorable selective index for the 
Albendazole-Etoricoxib combination, indicating its 
preferential targeting of malignant cells while 
minimizing effects on normal fibroblasts. 

3.1.2. Cytotoxicity of 5-Fluorouracil 

The cytotoxicity of 5-Fluorouracil (5-FU) was 
assessed in both HeLa and HFF cell lines to facilitate 

Table 1: The Effect of the Mixture on the Survival of HeLa and HFF Cell Lines at 24 and 72 Hours 

Cellular proliferation inhibition (mean ± SD) 
HeLa cell line HFF cell line 

Con. (µg/ml) 

24 hr. 72 hr. P- value 24 hr. 72 hr. P- value 

0.1 E 11.8 ± 1.2 E 24.8 ± 1.2 <0.001* B 0.0 ± 0.0 E 0.0 ± 0.0 N. S 

1 D 23.8 ± 1.5 D 38.3 ± 1.6 <0.001* B 0.2 ± 0.4 D 1.2 ± 0.8 0.017 

10 C 32.7 ± 1.8 C 42.8 ± 1.5 <0.001* B 2.0 ± 0.9 C 5.0 ± 0.9 <0.001 

100 B 46.8 ± 2.0 B 50.7 ± 1.6 0.003* A 7.3 ± 1.2 B 9.2 ± 1.2 0.005 

1000 A 66.5 ± 2.4 A 86.8 ± 1.9 <0.001* A 9.7 ± 1.8 A 12.8 ± 1.5 <0.001 

IC 50 150 µg/ml 87.5 µg/ml - >1000 µg/ml >1000 µg/ml - 

LSD value 4.28 3.78 - 2.44 2.42 - 

*: indicates p < 0.05. 
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comparison. The findings demonstrated a distinct 
cytotoxic profile compared with the Albendazole-
Etoricoxib combination (Table 3). 

This study demonstrated that 5-fluorouracil (5-FU) 
exerted a concentration-dependent inhibitory effect on 
both cell lines. Specifically, in HeLa cells, proliferation 
decreased from 4.2 ± 0.8% at 0.1 µg/mL to 59.8 ± 2.4% 
at 1,000 µg/mL after 24 hours of treatment. Notably, 
after 72 hours of exposure, the inhibitory effect on 
HeLa cells was generally attenuated at higher 
concentrations, with the reduction in proliferation 
decreasing to 46.5 ± 2.4% at 1,000 µg/mL. This 
temporal decline in efficacy was statistically significant 
(p < 0.05) at concentrations of 1 µg/mL or higher. The 
calculated IC₅₀ values for HeLa cells were 365.7 µg/mL 
at 24 hours and exceeded 1,000 µg/mL at 72 hours, 
indicating a reduction in sensitivity over time. 

In contrast, 5-FU exhibited a more potent and time-
dependent cytotoxic effect on the non-malignant HFF 
cell line. Inhibition rates in HFF cells increased from 2.8 
± 1.2% at 24 hours to 10.7 ± 1.2% at 72 hours at a 
concentration of 0.1 µg/mL, consistent across all tested 
concentrations. At the highest concentration tested 
(1,000 µg/mL), inhibition significantly increased from 
54.5 ± 3.8% at 24 hours to 72.0 ± 2.8% at 72 hours (p 
< 0.001). The half-maximal inhibitory concentration 
(IC₅₀) for HFF cells markedly decreased from 370.1 
µg/mL at 24 hours to 50.2 µg/mL at 72 hours, reflecting 
a pronounced increase in cytotoxicity towards normal 
fibroblasts over time. 

A comparative analysis of the two cell lines reveals 
a significant finding: after 72 hours of exposure, 5-
fluorouracil (5-FU) showed greater cytotoxicity against 
normal HFF cells (IC₅₀ = 50.2 µg/mL) than against 
HeLa cancer cells (IC₅₀> 1,000 µg/mL). This 
observation suggests the absence of selective 

cytotoxicity under the experimental conditions, as 
normal cells were more adversely affected than 
targeted cancer cells after extended treatment. 

3.1.3. Cytotoxicity of Individual Mixture Medications 

The study comprehensively examines the cytotoxic 
effects of Albendazole and Etoricoxib to elucidate their 
combined mechanisms of toxicity. Additionally, it 
evaluates the nature of their interaction to determine 
whether their effects are synergistic, antagonistic, or 
additive. 

3.1.3.1. Albendazole Cytotoxicity 

The cytotoxicity of Albendazole on HeLa cells was 
assessed at 24 and 72 hours. Results demonstrated a 
concentration- and time-dependent inhibition of cell 
proliferation. At 24 hours, the maximum inhibition 
observed was 40.8 ± 2.4% at 1000 µg/mL, indicating a 
modest effect. In contrast, after 72 hours, the anti-
proliferative activity was markedly enhanced, reaching 
52.7 ± 2.5% at the highest concentration. Additionally, 
the IC₅₀ value decreased significantly from greater than 
1000 µg/mL at 24 hours to 702.3 µg/mL at 72 hours, 
further confirming the increased efficacy of 
Albendazole with prolonged exposure against cervical 
cancer cells (see Table 4). 

3.1.3.2. Etoricoxib Cytotoxicity 

The antiproliferative effects of Etoricoxib on HeLa 
cells were evaluated, demonstrating concentration-
dependent inhibition of cell proliferation at both 24 and 
72 hours. The inhibitory effect was notably amplified 
over time at concentrations up to 10 µg/mL. However, 
the efficacy plateaued at higher concentrations, with 
100 µg/mL and 1000 µg/mL exhibiting comparable 
potency. Accordingly, the IC₅₀ value remained above 
1000 µg/mL at both time points. These findings 
suggest that although Etoricoxib exerts a statistically 

Table 2: Comparison of the Cytotoxic Effects of the Mixture on HeLa and HFF Cells 

Cellular proliferation inhibition (mean ± SD) 
24 hr. 72 hr. Con. (µg/ml) 

HeLa cell line HFF cell line P- value HeLa cell line HFF cell line P- value 

0.1 E 11.8 ± 1.2 B 0.0 ± 0.0 <0.001* E 24.8 ± 1.2 E 0.0 ± 0.0 <0.001* 

1 D 23.8 ± 1.5 B 0.2 ± 0.4 <0.001* D 38.3 ± 1.6 D 1.2 ± 0.8 <0.001* 

10 C 32.7 ± 1.8 B 2.0 ± 0.9 <0.001* C 42.8 ± 1.5 C 5.0 ± 0.9 <0.001* 

100 B 46.8 ± 2.0 A 7.3 ± 1.2 <0.001* B 50.7 ± 1.6 B 9.2 ± 1.2 <0.001* 

1000 A 66.5 ± 2.4 A 9.7 ± 1.8 <0.001* A 86.8 ± 1.9 A 12.8 ± 1.5 <0.001* 

IC 50 150 µg/ml >1000 µg/ml - 87.5 µg/ml >1000 µg/ml - 

 LSD value 4.28 2.44 - 3.78 2.42 - 

*: indicates p < 0.05. 
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significant cytotoxic effect on HeLa cells, its 
monotherapy potency appears limited. 

3.1.4. Comparison of Cytotoxicity among 
Albendazole, Etoricoxib,5-FU, and the Mixture 

The anti-proliferative activity of Albendazole, 
Etoricoxib, 5-FU, and their combination was evaluated 
against HeLa cells over 24 and 72 hours. Results 
indicated that after 24 hours, the drug combination 
exhibited the highest potency, with 66.5% inhibition at 
1000 µg/mL. The IC₅₀ value for the combination was 
150 µg/mL, markedly lower than that of 5-FU (365.7 
µg/mL) and the individual agents, which all exhibited 
IC₅₀ values exceeding 1000 µg/mL (Tables 6 and 7).  

This enhanced effect was more evident following 72 
hours of exposure. The mixture achieved a remarkable 
86.8% inhibition at the highest concentration, 
significantly surpassing the maximal effect observed 
with any single agent. Correspondingly, its IC₅₀ value 
decreased to 87.5 µg/mL, whereas the individual 
agents, with Albendazole being the most potent (IC₅₀ = 
702.3 µg/mL), demonstrated substantially lower 
efficacy. Across all tested concentrations and time 
points, the combination consistently yielded the highest 

growth inhibition, indicating a markedly synergistic 
cytotoxic response relative to monotherapies (Tables 6 
& 7). 

3.2. Selective Toxicity Assay 

The study demonstrated an increase in the 
selectivity index (SI) of the Albendazole–Etoricoxib 
mixture, from 6.66 at 24 hours to 11.42 at 72 hours, 
indicating enhanced targeted efficacy against cancer 
cells over time. Conversely, the SI for 5-fluorouracil (5-
FU) declined significantly, from 1.01 at 24 hours to 
0.050 at 72 hours, suggesting diminished specificity for 
cancer cell targeting with extended exposure. This 
reduction may be attributed to the development of 
resistance mechanisms by cancer cells in response to 
prolonged 5-FU treatment (Table 8). 

3.3. Synergistic Anticancer Effects of the Etoricoxib 
and Albendazole Combination 

The combined anticancer effects of Etoricoxib and 
Albendazole were tested in vitro, demonstrating 
concentration-dependent synergism, as determined 
using the Chou-Talalay method with Compusyn 
software. The key Combination Index (CI) and Dose 

Table 3: The Impact of 5-FU on Survival Rates of HeLa and HFF Cell Lines at 24 and 72 hours 

Cellular proliferation inhibition (mean ± SD) 
HeLa cell line HFF cell line Con. (µg/ml) 

24 hr. 72 hr. P- value 24 hr. 72 hr. P- value 

0.1 E 4.2 ± 0.8 E 3.2 ± 0.8 0.056 E 2.8 ± 1.2 E 10.7 ± 1.2 <0.001* 

1 D 16.0 ± 1.4 D 9.8 ± 1.2 <0.001* D 16.5 ± 1.9 D 24.7 ± 2.1 <0.001* 

10 C 23.7 ± 1.8 C 20.8 ± 1.5 0.009* C 25.8 ± 2.7 C 40.8 ± 2.1 <0.001* 

100 B 43.5 ± 2.3 B 32.7 ± 1.9 <0.001* B 46.2 ± 3.3 B 58.5 ± 2.4 <0.001* 

1000 A 59.8 ± 2.4 A 46.5 ± 2.4 <0.001* A 54.5 ± 3.8 A 72.0 ± 2.8 <0.001* 

IC 50 365.7 µg/ml >1000 µg/ml  370.1 µg/ml 50.2 µg/ml - 
 LSD value 4.32 3.85  6.34 5.32 - 

*: significant at (P<0.05) 
 

Table 4: The Effect of Albendazole on the Survival Rates of Cervical Cancer Cells at 24 and 72 hours 

Cellular proliferation inhibition (mean ± SD) 
Concentration (µg/ml) 

24 hr. 72 hr. 
P- value 

0.1 E 0 ± 0.00 E 4.0 ± 0.9 <0.001* 

1 D 8.8 ± 1.2 D 12.3 ± 1.6 0.002* 

10 C 12.0 ± 1.4 C 26.8 ± 1.5 <0.001* 

100 B 32.5 ± 1.9 B 42.8 ± 1.5 <0.001* 

1000 A 40.8 ± 2.4 A 52.7 ± 2.5 <0.001* 

IC 50 >1000 µg/ml 702.3 µg/ml - 

 LSD value 3.92 4.1 - 

*: significant at (P<0.05) 
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Reduction Index (DRI) values for a 1:1 molar ratio at 24 
and 72 hours are shown in Table 9.  

At 24 hours, the combination exhibited strong 
synergism (CI < 0.1) at lower concentrations (0.1–10 
µg/mL total mixture), with CI values ranging from 
0.00736 to 0.07892. This synergistic effect diminished 
at higher concentrations, with a CI of 0.30776 at 100 
µg/mL, and approached additivity (CI = 0.92533) at 
1000 µg/mL. DRI values across the concentration 
range remained significantly above 1, indicating a 
substantial potential for dose reduction when both 
drugs are used together Table 9, Figure 2. 

This synergistic profile was further enhanced and 
sustained over an extended period. After 72-hour 
incubation, the combination maintained Very Strong 
Synergism across most concentrations, including the 
highest concentration of 1000 µg/ml (CI = 0.01651), at 
which the effect was nearly additive at 24 hours. A 
transition to Strong Synergism was observed only at 
the 100 µg/ml concentration (CI = 0.23860). Notably, 
the Drug Reduction Index (DRI) values remained 
significantly high after 72 hours, particularly at the 
lowest concentration (0.1 µg/ml), where values 
exceeded 300 for Albendazole and 500 for Etoricoxib. 

Table 5: The Effect of Etoricoxib on the Survival Rates of Cervical Cancer Cells after 24 and 72 hours 

Cellular proliferation inhibition (mean ± SD) 
Concentration (µg/ml) 

24 hr. 72 hr. 
P- value 

0.1 C 1.0 ± 0.8 D 3.0 ± 0.9 0.001 

1 C 3.8 ± 1.2 D 6.8 ± 1.2 0.001 

10 B 21.7 ± 2.2 C 29.7 ± 2.1 <0.001 

100 A 41.7 ± 2.2 B 40.7 ± 2.1 0.441 

1000 A 42.8 ± 2.4 A 47.5 ± 2.7 0.013 

IC 50 >1000 µg/ml >1000 µg/ml - 
b LSD value 4.46 4.73 - 

*: indicates p < 0.05. 
 

Table 6: Comparison of Albendazole, Etoricoxib, 5-FU, and the Mixture for Inhibiting the Growth of HeLa Cancer Cells 
over 24 hours 

Cellular proliferation inhibition (mean ± SD) 

Concentration (µg/ml) 
Albendazole  Etoricoxib  5-FU  mix 

LSD  

0.1 E 0 ± 0.00 C 1.0 ± 0.8 E 4.2 ± 0.8 E 11.8 ± 1.2 2.14 

1 D 8.8 ± 1.2 C 3.8 ± 1.2 D 16.0 ± 1.4 D 23.8 ± 1.5 3.17 

10 C 12.0 ± 1.4 B 21.7 ± 2.2 C 23.7 ± 1.8 C 32.7 ± 1.8 4.24 

100 B 32.5 ± 1.9 A 41.7 ± 2.2 B 43.5 ± 2.3 B 46.8 ± 2.0 4.97 

1000 A 40.8 ± 2.4 A 42.8 ± 2.4 A 59.8 ± 2.4 A 66.5 ± 2.4 5.94 

IC 50 >1000 µg/ml >1000 µg/ml 365.7 µg/ml 150 µg/ml - 

 LSD value 3.92 4.46 4.32 4.28 - 

*: indicates p < 0.05. 
 

Table 7: Comparison of Albendazole, Etoricoxib, 5-FU, and the Mixture for Inhibiting the Growth of HeLa Cancer Cells 
over 72 hours 

Cellular proliferation inhibition (mean ± SD) 

Concentration (µg/ml) 
Albendazole  Etoricoxib  5-FU  mix 

bLSD value 

0.1 E 4.0 ± 0.9 D 3.0 ± 0.9 E 3.2 ± 0.8 E 24.8 ± 1.2 2.27 
1 D 12.3 ± 1.6 D 6.8 ± 1.2 D 9.8 ± 1.2 D 38.3 ± 1.6 3.42 
10 C 26.8 ± 1.5 C 29.7 ± 2.1 C 20.8 ± 1.5 C 42.8 ± 1.5 4.03 
100 B 42.8 ± 1.5 B 40.7 ± 2.1 B 32.7 ± 1.9 B 50.7 ± 1.6 4.26 
1000 A 52.7 ± 2.5 A 47.5 ± 2.7 A 46.5 ± 2.4 A 86.8 ± 1.9 6.03 
IC 50 702.3 µg/ml >1000 µg/ml >1000 µg/ml 87.5 µg/ml - 

 LSD value 4.1 4.73 3.85 3.78 - 
*: indicates p < 0.05. 
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This underscores a substantial dose-reduction 
advantage and a decreased risk of toxicity with 
prolonged exposure. Collectively, these findings 
suggest that the combination of Etoricoxib and 
Albendazole is highly synergistic and therapeutically 
advantageous, capable of eliciting potent cytotoxic 
effects at markedly reduced concentrations of each 
agent Table 9, Figure 1. 

3.6. Lactate Production Assessment 

To clarify the individual and combined effects of 
Albendazole and Etoricoxib on cancer cell metabolism 
(cellular glycolytic rate), we measured extracellular 
lactate levels—a direct indicator of glycolytic activity—
in HeLa and HFF cell lines after 24 hours of treatment. 
The results demonstrate both specific and synergistic 
anti-glycolytic effects. 

As a single agent, Etoricoxib caused a moderate, 
concentration-dependent decrease in lactate produc-
tion in HeLa cells, reaching maximum inhibition at 1000 
µg/mL (reducing from 12.1 to 7.0 nmol/mg protein). In 
contrast, albendazole monotherapy produced a 
greater, dose-dependent reduction in lactate levels at 
the same concentration. Notably, combining Albend-
azole with Etoricoxib resulted in a strongly synergistic 
suppression of glycolysis. At 1000 µg/mL, the com-
bination lowered lactate production to 1.8 nmol/mg 
protein, a level significantly lower than with either drug 
alone. Additionally, the IC₅₀ values for glycolytic inhi-
bition highlight this synergy, with the combination (45.2 
µg/mL) demonstrating greater potency than albend-
azole (185.5 µg/mL) or Etoricoxib (IC₅₀> 1000 µg/mL). 

This study shows that the anti-metabolic effect was 
definite to cancer cells. In the non-cancerous HFF cell 

Table 8: Selective Toxicity Index (SI) of the Albendazole-Etoricoxib Mixture and 5-FU 

Treatment Group Incubation Time IC₅₀ (HeLa) IC₅₀ (HFF) Selective Toxicity Index (SI) 

24 hours 150 µg/mL >1000 µg/mL 6.66 
Mixture 

72 hours 87.5 µg/mL >1000 µg/mL >11.42 

24 hours 365.7 µg/mL 370.1 µg/mL 1.01 
5-FU 

72 hours >1000 µg/mL 50.2 µg/mL 0.050 

The Selective Toxicity Index (SI) was calculated as SI = IC₅₀ of normal HFF cells / IC₅₀ of cancerous HeLa cells. An SI > 1 indicates 
preferential cytotoxicity toward cancer cells. The IC₅₀ values were derived from MTT assays after 24 and 72 hours of incubation. 

 

Table 9: Mixtures CI and DRI following 24 and 72 Hours of Incubation 

24-hour incubation period 

DRI value 
(concentration µg/ml) 

The ratio of Albendazole, etoricoxib in the 
combination is 1:1 

Etoricoxib Albendazole 

Combination pattern CI score 

Etoricoxib Albendazole mixture 

175.773* 598.040* Very Strong Synergism 0.00736 0.05 0.05 0.1 

95.8909* 164.588* Very Strong Synergism 0.01650 0.5 0.5 1 

23.2173* 27.8968* Very Strong Synergism 0.07892 5 5 10 

7.61555* 5.66747* Synergism 0.30776 50 50 100 

3.88132* 1.49771* Nearly Additive 0.92533 500 500 1000 

72-hour incubation period 

525.205* 308.166* Very Strong Synergism 0.00515 0.05 0.05 0.1 

265.208* 180.548* Very Strong Synergism 0.00931 0.5 0.5 1 

42.7871* 30.4359* Very Strong Synergism 0.05623 5 5 10 

9.65879* 7.40376* Strong Synergism 0.23860 50 50 100 

111.676* 132.389* Very Strong Synergism 0.01651 500 500 1000 

Compusyn software was used to calculate the Combination Index (CI) and Dose Reduction Index (DRI) values. A CI above 1 signifies 
antagonism, a CI of exactly 1 indicates an additive effect, and a CI below 1 suggests synergy. A DRI greater than 1 reflects decreased 
toxicity. An asterisk (*) marks a beneficial reduction in the effective cytotoxic concentration [44]. 
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Figure 1: The logarithm of the combination index (CI) on the left and the logarithm of the dose reduction index (DRI) on the right 
for the mixture observed at 24 hours (top panel) and 72 hours (bottom panel) of incubation. etx: Etoricoxib, abz: Albendazole, CI: 
combination index, and DRI: dose reduction index. 
 

Table 10: Effect of Albendazole, Etoricoxib, and their Mixture on Lactate Production in HeLa and HFF Cell Lines after 24 
Hours 

Lactate Production (nmol/mg protein, Mean ± SD) 
Concentration (µg/mL) Treatment 

HeLa cell line HFF cell line 
P-value (HeLa vs. HFF) 

0 (Control) - A12.1 ± 0.8 a A12.1 ± 0.7 a 1.000 

100 Albendazole  C 6.2 ± 0.4 b A 11.6 ± 0.5 a <0.001* 

 Etoricoxib B 8.5 ± 0.6 b A 11.8 ± 0.6 a <0.001* 

 Mixture E 2.7 ± 0.2 b B 11.0 ± 0.6 a <0.001* 

1000 Albendazole D 5.0 ± 0.3 b A 11.2 ± 0.6 a <0.001* 

 Etoricoxib C 7.0 ± 0.5 b A 11.5 ± 0.7 a <0.001* 

 Mixture E 1.8 ± 0.2 b C 10.2 ± 0.6 a <0.001* 

IC₅₀ (Glycolysis) Albendazole >1000 µg/mL >1000 µg/mL - 

 Etoricoxib 185.5 µg/mL >1000 µg/mL - 

 Mixture 45.2 µg/mL >1000 µg/mL - 

LSD value  0.95 1.02  
Data are presented as mean ± standard deviation (SD), with a sample size of six (n = 6). Within each treatment group, different uppercase superscripts (A, B, C) 
indicate significant differences among concentrations. Conversely, within each row, different lowercase superscript letters (a, b, c, d) denote significant 
differences among treatments at the same concentration. Statistical significance was determined using one-way ANOVA followed by the least significant 
difference (LSD) post-hoc test; letters represent p-values less than 0.05. The p-value in the final column reflects the significance of differences between the two 
cell lines for each treatment and concentration, assessed via a paired t-test. An asterisk (*) indicates a p-value less than 0.05. 

 

line, treatments did not cause a significant drop in 
lactate production at concentrations below 100 µg/mL. 
At the highest concentration tested, only a slight 
decrease was observed in the mixture, whereas the 
cells largely maintained baseline glycolytic activity 
when exposed to the individual drugs Table 10. 

3.7. Esterase Activity Assay 

To clarify the individual and combined effects of 
Albendazole and Etoricoxib on cellular pH regulatory 
mechanisms, the esterase activity of Carbonic 
Anhydrase (CA) in cell lysates was evaluated. It was 
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shown that etoricoxib was the main agent responsible 
for CA inhibition. This inhibitory effect was notably 
increased when etoricoxib was used in combination 
therapy. 

Monotherapy with Albendazole produced only a 
modest, non-statistically significant decrease in 
carbonic anhydrase (CA) activity in HeLa cells, even at 
the highest concentrations tested. In contrast, 
Etoricoxib monotherapy showed an apparent, 
concentration-dependent inhibition, reducing CA 
activity at 1000 µg/mL. Notably, the combination of 
Albendazole and Etoricoxib produced the most 
significant effect, with CA activity decreased at 1000 
µg/mL—a reduction that was significantly greater than 
with Etoricoxib alone. The IC₅₀ for CA inhibition by the 
combination was 38.7 µg/mL, indicating greater 
potency than Etoricoxib monotherapy (IC₅₀ = 205.8 
µg/mL). 

This targeted disruption of pH regulation was 
uniquely specific to cancer cells. In HFF cells, carbonic 
anhydrase (CA) activity remained mostly unaffected 
across all treatment groups. The minor reductions 
observed at the highest mixture concentration were 
negligible relative to the significant inhibition in HeLa 
cells, indicating a favorable therapeutic window. These 
results are further supported by molecular docking 
data, which show specific binding of Etoricoxib to the 
cancer-associated CA-IX isoform Table 11. 

3.5. Molecular Docking Studies 

Molecular docking simulations were conducted to 
investigate the interactions of Albendazole and 
etoricoxib with key components of the "Growth Hub" 
and "Power Hub.' represented by the human wild-type 
β-tubulin subunit (PDB ID: 5C8Y) and Carbonic 
Anhydrase IX (CA-IX) (PDB ID: 5DVX). The selection 
of these targets was based on their structural stability 
and relevance to disease pathology, rendering them 
potential candidates for cancer therapeutic strategies. 
The analyses were performed using established 
computational tools, including AutoDock Tools 1.5.7, 
BIOVIA Discovery Studio, UCSF Chimera, and 
AutoDock [45]. 

3.5.1. Docking with β-tubulin Subunit 

The molecular docking analysis indicated that 
Albendazole interacts with the human wild-type β -
tubulin subunit, yielding a docking score of -6.7 
kcal/mol. The interaction profile includes two 
conventional hydrogen bonds: one with ASN A:206 at a 
distance of 2.80 Å and another with TYR A:224 at 2.35 
Å. Additionally, a single-carbon hydrogen bond was 
identified between GLU A:183 and a water molecule at 
3.39 Å. An alkyl bond was observed with ALA A:99 at 
5.30 Å, and a pi-alkyl interaction occurs with ALA A:12 
at 4.83 Å (see Figure 3). 

For comparison, a molecular docking study was 
conducted using Plinabulin, a β-tubulin inhibito [46], 

Table 11: Effect of Albendazole, Etoricoxib, and their Mixture on Carbonic Anhydrase Esterase Activity in HeLa and 
HFF Cell Lines after 24 Hours 

Carbonic Anhydrase Activity (ΔA/min/mg protein, Mean ± SD) 
Concentration (µg/mL) Treatment 

HeLa cell line HFF cell line 
P-value (HeLa vs. HFF) 

0 (Control) - A15.3 ± 0.9 a A15.3 ± 0.8 a  1.000 

100 Albendazole A14.2 ± 0.8 a A15.0 ± 0.9 a  0.112 

 Etoricoxib B8.1 ± 0.5 b  A14.7 ± 0.7 a  <0.001* 

 Mixture D3.2 ± 0.3b  AB14.3 ± 0.7 a  <0.001* 

1000 Albendazole A13.8 ± 0.9 a  A14.9 ± 0.8 a  0.058 

 Etoricoxib C6.1 ± 0.4 b  AB14.5 ± 0.8 a  <0.001* 

 Mixture D2.1 ± 0.3 b  B13.4 ± 0.8a  <0.001* 

IC₅₀ (Glycolysis) Albendazole >1000 µg/mL >1000 µg/mL - 

 Etoricoxib 205.8 µg/mL >1000 µg/mL - 

 Mixture 38.7 µg/mL >1000 µg/mL - 

LSD value  1.11 1.18  

Data are expressed as mean ± standard deviation (SD) with a sample size of six (n=6). Within each treatment group, different uppercase superscripts (A, B, C) 
indicate significant differences among concentrations. Within each row, different lowercase superscript letters (a, b, c) denote significant differences between 
treatments at the same concentration. Statistically significant differences (p < 0.05) were identified using one-way ANOVA followed by LSD post-hoc tests. The P-
value presented in the final column reflects the significance of differences between the two cell lines for each treatment and concentration, as assessed by a 
paired t-test. An asterisk (*) indicates a p-value less than 0.05. 
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with the human wild-type β-tubulin subunit, which 
yielded a docking score of -8.2 kcal/mol. The 
interaction profile reveals two conventional hydrogen 
bonds: one with ALA A:12 at 2.79 Å and another with 
ASN A:101 at 2.73 Å. Additionally, a two-carbon 

hydrogen bond was observed with two ASP A:69 
residues at 3.78 Å and 3.69 Å. A pi-anion interaction 
was identified with GLU A:183 at 3.76 Å, along with a 
pi-alkyl interaction involving ALA A:12 at 4.93 Å (see 
Figure 2). 

3.5.2. Docking with Carbonic Anhydrase IX (CA-IX) 

The molecular docking analysis between Carbonic 
Anhydrase IX and etoricoxib showed a binding affinity 
of -7.1 kcal/mol. The interaction interface included four 
conventional hydrogen bonds: two with ARG A:196 at 
2.22 Å and 2.31 Å, one with ASN A:198 at 2.02 Å, and 
one with THR A:333 at 2.98 Å. Additionally, a carbon-
hydrogen bond was observed with ARG A:196 at 3.67 
Å, along with a pi-donor hydrogen bond with THR 
A:333 at 2.68 Å. Other interactions consisted of a pi-
sigma bond with HIS A:226 at 3.75 Å, a pi-pi T-shaped 
interaction with HIS A:226 at 5.12 Å, and an alkyl bond 
with PRO A:335 at 4.47 Å (Figure 4). 

In a comparative analysis, molecular docking was 
performed for Slc-0111, a carbonic anhydrase inhibitor 
[47], against carbonic anhydrase IX. The docking score 
was -7.4 kcal/mol. The interaction profile showed three 
conventional hydrogen bonds: one with GLY A:144 at 
1.91 Å, another with TRP A:149 at 2.48 Å, and a third 
with GLY A:145 at 2.18 Å. Additionally, a hydrogen 
bond was observed with TYR A:143 at 3.71 Å. The 
study also identified pi-pi stacking interactions involving 
TRP A:149 residues at 3.75 Å and 3.90 Å, as well as 
pi-alkyl interactions with ARG A:376 at 5.39 Å and ALA 
A:157 at 5.13 Å (Figure 3). 

3.5.3. Comparative Analysis of Molecular Docking 
with Reference Inhibitors 

Molecular docking analyses were conducted to 
compare the binding of Albendazole and Etoricoxib 
with those of standard inhibitors at their respective 
targets. Albendazole exhibited a binding affinity for the 
β-tubulin subunit (PDB ID: 5C8Y) with a docking score 
of -6.7 kcal/mol. Its interaction was characterized by 
the formation of conventional hydrogen bonds with 
ASN A:206 and TYR A:224, along with hydrophobic 
contacts involving ALA A:12 and ALA A:99. In 
comparison, the reference β -tubulin inhibitor, 
Plinabulin, demonstrated a higher affinity of -8.2 

 

 
Figure 2: The structural configurations of the human wild-type β -tubulin subunit binding sites are depicted in both two-
dimensional (upper image) and three-dimensional (lower image) views, illustrating the binding sites of albendazole (right image) 
and Plinabulin (left image) on the β-tubulin subunit. 
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kcal/mol, establishing hydrogen bonds with ALA A:12 
and ASN A:101, as well as a significant pi-anion 
interaction with GLU A:183, supplemented by 
additional stabilizing interactions. 

For the targeted Carbonic Anhydrase IX (CA-IX; 
PDB ID: 5DVX), Etoricoxib exhibited a binding affinity 
of -7.1 kcal/mol. The compound interacted with the 
active site through multiple hydrogen bonds involving 
residues ARG A:196, ASN A:198, and THR A:333, as 

well as pi-interactions with HIS A:226. The established 
CA-IX inhibitor SLC-0111 demonstrated a slightly 
superior binding score of -7.4 kcal/mol, mediated by 
hydrogen bonds with residues GLY A:144, TRP A:149, 
and GLY A:145, and stabilized by pi-pi stacking 
interactions with TRP A:149. 

Overall, although the conventional inhibitors 
Plinabulin and SLC-0111 exhibited marginally superior 

 

 
Figure 3: The structural configurations of the Carbonic Anhydrase IX binding sites are shown in both two-dimensional (upper 
image) and three-dimensional (lower image) views, depicting the binding sites of etoricoxib (right image) and Slc-0111 (left 
image) on the Carbonic Anhydrase enzyme. 
 

 
Figure 4: The morphological features of HeLa cells were observed under an inverted microscope. (A) Untreated HeLa cells 
acted as controls. (B) HeLa cells were treated with 100 µg/mL of Etoricoxib for 72 hours. (C) HeLa cells were exposed to 1,000 
µg/mL of Albendazole for 72 hours. (D) HeLa cells were also treated with a 1,000 µg/mL mixture for the same duration.  
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binding affinities and more complex interaction profiles, 
both Albendazole and Etoricoxib demonstrated notable 
and specific binding to their respective targets. This 
observation offers a credible structural basis for their 
biological activities and underscores their potential 
utility in synergistic anti-cancer regimens. 

3.6. Morphological Assessment of Cytotoxicity 

The cytotoxic effects of Etoricoxib, Albendazole, 
and their combination on HeLa cervical cancer cells 
and non-cancerous human foreskin fibroblast (HFF) 
cells were further assessed by examining 
morphological changes under an inverted microscope 
following the MTT assay. 

In HeLa cells (Figure 5A-5D), the untreated controls 
exhibited a characteristic epithelial-like morphology, 
characterized by adherence, widespread spreading, 
and a densely packed cobblestone appearance (Figure 
5A). Treatment with 100 µg/mL of Etoricoxib for 72 
hours induced notable cytotoxic effects (Figure 5B), 
including a decrease in cell density and a shift towards 
a rounded, shrunken morphology indicative of 
apoptosis. Additionally, a significant number of cells 
detached from the culture surface, leaving observable 
gaps in the monolayer. 

Exposure to a high concentration of Albendazole 
(1,000 µg/mL) for 72 hours induced significant 
morphological alterations (see Figure 5C). The HeLa 
cell monolayer showed considerable disruption, with 
numerous cells detaching or losing adherence. 
Remaining adherent cells displayed pronounced 
shrinkage, membrane blebbing, and a loss of their 
characteristic polygonal morphology. The combined 
treatment with both drugs at the same concentration 
(Figure 5D) yielded effects comparable to Albendazole 

alone, characterized by extensive cell detachment and 
morphological abnormalities, indicative of pronounced 
cytotoxicity. 

The non-cancerous HFF cell line exhibited 
significant resistance to the drug treatment under 
identical conditions. Untreated HFF control cells 
(Figure 5A) displayed the characteristic elongated, 
spindle-shaped morphology typical of healthy 
fibroblasts, forming a confluent and organized 
monolayer. Notably, after 72 hours of exposure to the 
high-concentration drug mixture (1,000 µg/mL), the 
HFF cells (Figure 5B) maintained their fibroblastic 
morphology and adhesion properties. Although a slight 
reduction in overall confluency was occasionally 
observed, the cells largely remained intact and spread, 
with no evident signs of severe cytotoxicity, unlike in 
the HeLa cell line (Figures 4,5). 

4. DISCUSSION 

Managing advanced cervical cancer remains a 
major clinical challenge, mainly because of the 
toxicities linked to standard chemotherapies and the 
frequent development of chemoresistance. This 
highlights an urgent need for innovative treatments that 
are both effective and selective. Drug repurposing 
offers a promising path to implement these strategies 
quickly. The current study aims to fill a critical 
knowledge gap: the largely unexplored potential of 
combining Albendazole, a microtubule-disrupting 
anthelmintic, with Etoricoxib, a COX-2 inhibitor, to 
achieve synergistic cytotoxicity against cervical cancer. 
We hypothesize that this combination could disrupt 
glycolytic metabolism and cellular pH regulation in 
cancer cells by simultaneously targeting structural 
integrity and metabolic pathways, which we term 
(Energetic Strangulation). 

 
Figure 5: Morphological features of human foreskin fibroblast cells (HFF) were observed under an inverted microscope. (A) 
Untreated HFF cell line. (B) HFF cells were treated with a 1000 µg/ml mixture for 72 hours. 
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Our findings robustly confirm this hypothesis. The 
results demonstrate that the combination of 
Albendazole and Etoricoxib exhibits potent, synergistic 
cytotoxic effects against HeLa cervical cancer cells, 
significantly surpassing the efficacy of either agent 
alone or the standard chemotherapeutic agent 5-FU. 
This synergy was quantified using a Combination Index 
(CI) below one and a favorable Dose Reduction Index 
(DRI), suggesting that lower, potentially safer doses of 
each drug could be used effectively. Importantly, this 
combination showed remarkable selectivity for 
malignant cells, sparing non-malignant human foreskin 
fibroblasts (HFF), whereas 5-FU exhibited increased 
toxicity toward normal cells over time. Mechanistic 
studies indicated that the combination markedly 
suppressed glycolytic flux, as evidenced by reduced 
lactate production, and strongly inhibited carbonic 
anhydrase (CA) esterase activity. Molecular docking 
analyses provided structural insights, demonstrating 
credible binding of Albendazole to β-tubulin and 
Etoricoxib to Carbonic Anhydrase IX (CA-IX), thereby 
supporting a dual-targeting strategy aimed at disrupting 
the "Growth Hub" and "Power Hub" of cancer cells. 

Our findings highlight the strong synergy between 
Albendazole and Etoricoxib, as evidenced by 
decreased IC₅₀ values from high levels in monotherapy 
to significantly lower concentrations when combined. 
The combination shows time-dependent potency, with 
CI values indicating 'Very Strong Synergism' (CI < 0.1), 
and high DRI values suggest effective dose reduction, 
which could reduce toxicity. Additionally, the 
combination shows notable selectivity, with the SI 
increasing over time, whereas 5-FU shows a 
decreasing SI. Morphological assessments confirmed 
that apoptosis occurs specifically in cancer cells, 
sparing normal fibroblasts, emphasizing the potential to 
exploit cancer-specific metabolic vulnerabilities for 
therapeutic advantage. 

The cytotoxic mechanisms of albendazole and 
etoricoxib, along with their potential synergy in cancer 
treatment, can be thoroughly understood by reviewing 
existing research on their individual anticancer actions. 
Historically, albendazole's anticancer potential has 
been attributed to its well-known microtubule-disrupting 
activity. As a benzimidazole compound, it binds to β-
tubulin, prevents polymerization, and causes mitotic 
arrest and apoptosis [17, 18]. However, emerging 
research indicates that albendazole's influence may 
extend beyond its effects on cytoskeletal dynamics. 
Specifically, it has been demonstrated to induce 
mitochondrial dysfunction, leading to increased 

intracellular reactive oxygen species (ROS) and 
disruption of cellular energy metabolism [25, 48, 49]. 
This statement supports the hypothesis that 
microtubules function beyond structural support, 
playing a crucial role in intracellular trafficking. These 
processes include the transport of glucose transporters 
and the assembly of glycolytic enzymes into 
metabolons to enhance metabolic efficiency [25, 26]. 
Therefore, the mechanism of Albendazole can be 
interpreted as a dual-targeted approach that affects 
both the "Growth Hub" (cell division) and the "Power 
Hub" (energy production) by disrupting their respective 
functions. 

Etoricoxib, a selective inhibitor of cyclooxygenase-2 
(COX-2), has been shown to possess off-target 
antineoplastic properties that are independent of its 
primary anti-inflammatory effects. COX-2 
overexpression is a common feature of various 
malignancies, and its inhibition can suppress tumor 
proliferation and angiogenesis. Nevertheless, its role 
within the proposed mechanism is complex and 
multifaceted. Recent research indicates an interaction 
between inflammatory signaling pathways and tumor 
metabolic processes. Notably, some COX-2 inhibitors 
have been reported to modulate cellular pH 
homeostasis [22, 24]. A vital aspect of tumor biology is 
regulated by enzymes such as Carbonic Anhydrase IX 
(CA-IX). [39, 40]. CA-IX is a hypoxia-inducible enzyme 
that catalyzes the hydration of CO₂, facilitating acid 
extrusion to maintain a conducive intracellular pH while 
acidifying the extracellular matrix to promote invasion 
and metastasis [47]. 

Furthermore, by building on previously proposed 
mechanisms, our metabolic assays providea critical 
exploration of the mixture's anticancer activity and the 
synergistic anticancer pattern among its ingredients, 
showing that the drug combination synergistically 
inhibits lactate production, implying a catastrophic 
disruption of glycolytic flux. Although Albendazole 
alone demonstrated a significant anti-glycolytic effect, 
its efficacy was substantially enhanced when combined 
with Etoricoxib. This suggests that Albendazole's 
disruption of microtubule-based transport impairs the 
cell's capacity to effectively mobilize glycolytic 
machinery, thereby increasing the cell's sensitivity to 
Etoricoxib's metabolic inhibition.  

Targeting lactate production is a promising 
therapeutic approach that disrupts the fundamental 
metabolic vulnerability characteristic of cancer cells. 
Many malignancies exhibit the Warburg effect, relying 
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heavily on increased glycolytic flux and lactate 
production for energy and biosynthesis even under 
normal oxygen levels [50]. Therapeutic inhibition of 
lactate production, exemplified by targeting lactate 
dehydrogenase A (LDHA) or the monocarboxylate 
transporter 4 (MCT4), directly disrupts this metabolic 
reprogramming [51]. The result is a profound 
bioenergetic and biosynthetic crisis that impairs ATP 
production and the synthesis of macromolecules 
essential for rapid cellular proliferation [52]. 
Furthermore, the accumulation of glycolytic 
intermediates may induce toxic metabolic stress. 
Additionally, disrupting the lactate-rich tumor 
microenvironment can impair immune evasion and 
metastatic potential, thereby promoting selective 
apoptosis of cancer cells [53]. 

Furthermore, our metabolic assays demonstrated 
significant suppression of carbonic anhydrase esterase 
activity, primarily induced by Etoricoxib, with an 
enhanced effect observed when combined. This 
suggests a considerable impairment of the cancer cell's 
primary pH-regulation mechanism. Inhibition of 
carbonic anhydrase (CA), especially the tumor-
associated CA-IX isoform, is a promising therapeutic 
approach to disrupt a vital survival pathway in cancer 
cells. CA-IX plays a critical role in maintaining pH 
homeostasis by catalyzing the hydration of CO₂, 
thereby facilitating proton extrusion and acidifying the 
extracellular tumor microenvironment. This 
microenvironment promotes tumor invasion, 
metastasis, and chemotherapy resistance, 
underscoring the potential impact of targeting CA-IX in 
cancer treatment [22, 24]. Inhibition of this enzymatic 
activity, thereby impairing pH regulation, results in 
intracellular acidification [47]. This metabolic stress, in 
conjunction with additional insults such as glycolytic 
inhibition, has the potential to induce a lethal 
bioenergetic crisis. This mechanism selectively targets 
cancer cells that depend heavily on carbonic 
anhydrase IX (CA-IX) for survival in hypoxic, acidic 
microenvironments [53-56]. 

This dual mechanism—entailing the concurrent 
inhibition of glycolytic energy production and disruption 
of pH homeostasis—ultimately results in an 
insurmountable bioenergetic crisis, herein designated 
"energetic strangulation." 

The molecular docking results offer a solid structural 
explanation for our metabolic assay findings. Notably, 
the binding of albendazole to the human wild-type β-
tubulin subunit, indicated by a favorable docking score 

and specific interactions with residues such as ASN 
A:206 and TYR A:224, supports its well-known 
microtubule-disrupting activity. Additionally, the docking 
of etoricoxib within the active site of carbonic 
anhydrase IX (CA-IX), involving multiple hydrogen 
bonds with key residues including ARG A:196 and ASN 
A:198, suggests a new direct mechanism. This 
indicates that etoricoxib may act as a CA-IX inhibitor, 
directly blocking the tumor's ability to control metabolic 
acidosis driven by increased glycolytic activity. The 
inhibition of CA-IX by Etoricoxib represents a 
noteworthy secondary mechanism. While primarily 
recognized for its COX-2 inhibitory activity, the 
molecular docking and enzymatic studies presented 
here indicate a direct off-target interaction with CA-IX. 
This finding extends the known pharmacological profile 
of Etoricoxib, as direct CA-IX inhibition is not frequently 
reported. Such a discovery positions Etoricoxib as a 
multi-target agent in this therapeutic context, capable of 
modulating both inflammatory pathways and pH 
regulation, thereby disrupting cancer cell energetics. 
Although the binding affinity of Etoricoxib for CA-IX was 
marginally lower than that of the reference inhibitor 
SLC-0111, its biological efficacy was enhanced when 
combined with Albendazole, suggesting the potential 
for synthetic lethality in this combinatorial approach. 

Despite promising findings, this study has notable 
limitations. Although the pharmacokinetics and safety 
profiles of both albendazole and etoricoxib are well 
documented, concerns remain about in vitro conditions. 
These conditions cannot fully replicate the complexities 
of the tumor microenvironment, pharmacokinetics, or 
immune interactions inherent in in vivo systems. 
Therefore, further validation using animal models is 
necessary. 

CONCLUSION 

This study tackles the significant issues of 
chemoresistance and limited selectivity in traditional 
cervical cancer treatments by exploring a new drug 
repurposing method. The combination of Albendazole 
and Etoricoxib exhibited strong synergistic cytotoxic 
effects against HeLa cervical cancer cells, substantially 
exceeding those of the standard chemotherapy drug 5-
fluorouracil (5-FU).  

This synergism was achieved through a 
mechanistically coherent, dual-target strategy: 
Albendazole weakened the structural integrity by 
targeting β -tubulin and reducing glycolytic activity, 
while Etoricoxib inhibited Carbonic Anhydrase and 
disrupted cellular pH regulation. Importantly, this 
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combination caused a selective "energetic deprivation' 
in cancer cells, leading to metabolic collapse and 
apoptosis, while sparing non-malignant fibroblasts.  

Another support for this finding comes from in silico 
molecular docking results, which showed that 
albendazole and etoricoxib can target each β-tubulin 
subunit and the enzyme Carbonic Anhydrase IX, with 
docking scores of -6.7 and -7.1 kcal/mol, respectively. 
These findings indicate a promising therapeutic 
approach with a mechanistic rationale and the potential 
to overcome current treatment limitations, thereby 
justifying further preclinical investigation of this 
repurposed drug combination. 

To translate these promising in vitro findings into 
clinical application, immediate subsequent steps are 
necessary. Validation across a diverse panel of cervical 
cancer cell lines, including those resistant to 
chemotherapy, would establish broader efficacy. 
Following this, in vivo studies utilizing cervical cancer 
xenograft models are crucial to assess the 
pharmacokinetics, tolerability, and antitumor activity of 
the combination within a complex tumor 
microenvironment, thereby directly supporting 
progression toward preclinical development. 
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ABBREVIATIONS 

5-FU = 5-Fluorouracil 

MTT = 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide 

CI = Combination Index 

DRI = Dose Reduction Index 

CA = Carbonic Anhydrase 

CA-IX = Carbonic Anhydrase IX 

COX-2 = Cyclooxygenase-2 

MEM = Minimum Essential Medium 

FBS = Fetal Bovine Serum 

HFF = Human Foreskin Fibroblasts 

DMSO = Dimethyl Sulfoxide 

SD = Standard Deviation 

ANOVA = Analysis of Variance 

LSD = Least Significant Difference 

4-NPA = 4-Nitrophenyl Acetate 
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PBS = Phosphate-Buffered Saline 

BCA = Bicinchoninic Acid 

PDB = Protein Data Bank 

SI = Selective Index 

ROS = Reactive Oxygen Species 

LDHA = Lactate Dehydrogenase A 

MCT4 = Monocarboxylate Transporter 4 

ATP = Adenosine Triphosphate 

HIF-1α = Hypoxia-Inducible Factor 1-alpha 

GLUT4 = Glucose Transporter Type 4 

SPSS = Statistical Package for the Social Sciences 

IC₅₀ = Half Maximal Inhibitory Concentration 
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