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A B S T R A C T   

Background: Calotropin, a cardiac glycoside obtained from the plant Calotropis gigantea, has demonstrated 
promising potential as an anti-tumorigenesis compound. 
Objective: The main objective of this study was to investigate the potential anti-cancer properties of calotropin 
against HSC-3 oral squamous cancer cells and to elucidate the underlying mechanisms involved in its action. 
Material and method: Calotropin were treated in HSC-3 to evaluate cell viability by MTT assay. Flow cytometry 
analysis divulged that calotropin G0/G1 phase cell cycle arrest and apoptosis in HSC-3 cells. Calotropin displayed 
inhibitory properties against aerobic glycolysis, a metabolic alteration using glucose uptaken, lactose production 
and LDHA activity assays. Furthermore, migration and invasion assays help that calotropin has ability to reduce 
the migratory and invasive of HSC-3 cells, using transwell and Matrigel assay. Validation of mRNA expression 
through RT-PCR. Molecular docking was implemented to validate the binding association of calotropin with 
apoptosis and metastatic regulating targets. 
Result: The results exemplify that increasing doses of calotropin effectively hold back the HSC-3 cell progression. 
Migration and invasion assays help that calotropin has ability to reduce the migratory and invasive of HSC-3 
cells, indicating its potential to inhibit cancer metastasis. These results imply that calotropin may influence genes 
linked to metastasis and apoptosis in order to achieve its beneficial effects on cancer. Docking results provided 
further support, showing a high binding energy between calotropin and metastasis-mediated pathways. 
Conclusion: Overall, our findings shed an experimental evidence on how calotropin inhibits the HSC-3 oral 
squamous cancer cell growth, highlighting the drug’s potential as a treatment for oral cancer. Further, investi-
gation on in-vivo experiment is warranted to explore its potential mechanism of action and to develop a novel 
drug towards clinical trial.   

1. Introduction 

Cancer, known as the “king of all maladies,” is rapidly becoming the 
most common non-communicable disease worldwide.1 It is triggered by 
a mix of internal and external stimuli, leading in the successive accu-
mulation of genetic changes, a process known as multi-step oncogenesis. 
Oral squamous cell carcinoma (OSCC) secure 12th rank in Asia and 8th 
preponderance leading cancer in men. In 2018, the global occurrence of 

oral cancer was 354,864 cases, with 246,420 new cases in men and 108, 
444 in women. In India, according to GLOBOCAN, oral cancer accounted 
for 16.1% among cancers in men, making it the familiar cancer type, and 
4.8% in women, ranking as the 4th most common cancer.2 Another 
study by Rajkumar et al. on the South Indian population found that a low 
body mass index (BMI) was connected to a higher incidence of oral 
cancer. Furthermore, they found that eating fruits and vegetables, both 
raw and cooked, was linked to a lower incidence of oral cancer.3 While 
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surgical therapy for oral cancer is life-saving, it can result in disfigure-
ment due to the need for wide excisional removal. Chemotherapy, 
contrasted with, has various adverse activity on cells and the body as a 
whole. Therefore, there is a rising demand to find new, potent, trust-
worthy phytochemicals for the cancer drug development. Plant-based 
natural remedies have the potential to provide therapies with fewer 
adverse reactions and equivalent or greater efficacy.4,5 Medicinal plants 
have long been used in treating various diseases, including cancer, and 
they remain an essential resource for finding new drugs.6 Despite their 
potential, many plants have yet to be thoroughly investigated for their 
anti-cancer activity specifically against oral squamous cell carcinoma. 

Among them, one of the potent anti-cancer agent calotropin, has 
been explored. Calotropin is a cardiac glycoside derived from Calotropis 
gigantea, also known as giant milkweed possesses anti-proliferative ef-
fects against various types of cancer cells, as well as lung, breast, pros-
tate, leukemia and colon.7–9 According to reports, it causes reduction of 
cisplatin-resistant cell growth in lung cancer cel.10 Calotropin inhibits 
the Na+/K+-ATPase to the alpha-subunit of the enzyme, which causes a 
rise in intracellular calcium levels and the breakdown of ion homeostasis 
in cancer cells as one of its main modes of action as a cancer prevention 
drug.11 Moreover, it can inhibit the PI3K/Akt/mTOR pathway activa-
tion, which are often dysregulated in cancer cells, leading to uncon-
trolled cell growth and survival.12 In animal studies, calotropin has 
shown promising anti-tumor effects. It has been found to prevent tumor 
growth, reduce tumor size, and prolong survival in various cancer 
models.13 

The study mainly gets attention on exploring the anti-tumorigenic 
property of calotropin on HSC-3 cell lines. These findings showed that 
calotropin caused G0/G1 phase cell cycle arrest and curbed cell growth 
in a manner that was dose-dependent, indicating its potential to impede 
cancer cell proliferation. It also triggered apoptosis, inhibited aerobic 
glycolysis, reduced migration and invasion capabilities, and modulated 
genes associated with apoptosis and metastasis. Given the limitations 
and side effects of current cancer therapies, the discovery of a natural 
compound like calotropin with anti-cancer properties would hold sig-
nificant clinical importance. Ultimately, this study’s findings could 
contribute to the advancement of oral cancer research and pave the way 
for future investigations and clinical trials exploring calotropin’s po-
tential as a complementary or alternative therapy for oral squamous 
cancer patients. 

2. Materials and methods 

2.1. Reagents 

Dulbecco’s Modified Eagle’s Medium (DMEM), Fetal Bovine Serum 
(FBS), penicillin/streptomycin antibiotics, Propidium Iodide (PI) stain, 
Dimethyl sulfoxide (DMSO), RNase, metabolic assay kits (Glucose 
uptaken and Lactose production) were purchased from HiMedia and 
abcam. Calotropin was purchased from Sigma Aldrich, India. The total 
RNA isolation kit was provided by Invitrogen, USA. The primers for BAX, 
BCL-2, CDH1, CDH2, SNAI1, SNAI2, CLDN-1, and VIM were provided by 
Eurofins Genomics India Pvt. Ltd, Bangalore, India. 

2.2. Cell lines 

A cell line for human oral squamous carcinoma (HSC-3) was pro-
cured from the American Type Culture Collection (ATCC), Manassas, 
Virginia, USA. The cells were maintained and grown in a controlled 
environment inside a CO2 incubator set at a temperature of 37 ◦C. 
DMEM, together with 10% FBS and 1% penicillin-streptomycin antibi-
otics, was the culture media utilized for cell growth. 

2.3. Cell viability assay 

In this study, the cytotoxicity of the natural compound calotropin 

against the HSC-3 cell line was investigated by the MTT colorimetric 
test. Briefly, 1 × 104 cells of HSC-3 were seeded and concentrations 
ranging from 10 to 100 μM were prepared in serum-free media. The 
wells containing the HSC-3 cells received the diluted calotropin samples, 
which were then incubated in a CO2 incubator for either 24 or 48 h. 
Following the period of treatment, the supernatant was discarded and 
then filled with MTT solution for an hour, DMSO was used to dissolve 
the formazan crystals and used to detect the absorbance at 590 nm. 

2.4. Trypan blue exclusion assay 

This study used the trypan blue exclusion test, which was previously 
reported14 to regulate the effect of calotropin on viable cells. Briefly 2 ×
104 of HSC-3 cells were sown into each well of a 96-well plate and 
treatment underwent with calotropin, ranging from 20 to 100 μM, for 
either 24 or 48 h. An equivalent amount of a 0.4% trypan blue solution 
in 1xPBS was added to the cell suspension after it had formed. The 
combination was then let to keep at room temperature for an additional 
5 min so that the dye could stain any non-viable cells. 

2.5. Metabolic assays 

1 × 105 HSC-3 cells were sown in each well of 96-well plates, and 
grown for 24 h and treated for 24 and 48 h. The glucose uptake test 
colorimetric kit was used in accordance with the directions provided by 
the manufacturer to measure glucose uptake. A pre-treatment with 5 
mM and 10 mM D-glucose (2-DG) was given to HSC-3 cells at a popu-
lation of 1 × 105 cells for 6 h before the intended drug treatment. 
Following the directions provided by the company, colorimetric kits 
were used to test lactate levels. HSC-3 cells were planted at a population 
density of 1 × 105 cells to measure LDH enzyme activity after being 
exposed to calotropin for 24 and 48 h. After extracting the cell lysates 
and incubating them for an hour with the LDH enzymatic mix together, 
the samples were assessed at an optical density (OD) of 450 nm. 

2.6. Cell cycle arrest 

Using the methods outlined by flow cytometric analysis was used to 
examine the circulation of DNA content in cell cycle phases. Around 1 ×
106 cells in each well, HSC-3 cells were seeded and treated with calo-
tropin for 24 and 48 h following a 24-h incubation period, the cells were 
fixed in 70% ice-cold ethanol. Propidium iodide (PI) dye was then used 
to stain the fixed cells after they had been treated with RNase A at a 
dosage of 10 mg/mL. Using a flow cytometer (BD FACS Calibur, Becton 
Dickinson, USA), the fluorescence that the PI-labelled nuclei produced 
was quantified. 

2.7. Analysis of apoptosis by annexin V-FITC/PI double stain 

To evaluate apoptotic cells, Annexin V-FITC Apoptosis Kit was uti-
lized following the manufacturer’s protocol.15 HSC-3 cells were first 
incubated for 24- and 48-h following administration with the IC50 dose 
of calotropin. Subsequently, Propidium iodide (PI) and Annexin V-FITC 
were used to stain the cells for 15 min at 25 ◦C in dark conditions. To 
analyze the apoptotic index, flow cytometry was used by BD FACS 
Calibur and data interpreted using Cell Quest Pro V 3.2.1 (Becton 
Dickinson, USA). 

2.8. Drug-protein interacting network analysis 

To better comprehend the interactions between proteins and drugs, 
computational methods have emerged as a valuable tool for predicting 
protein targets specific to drug molecules.16 To facilitate this investi-
gation, the STITCH database, developed by the European Molecular 
Biology Laboratory (EMBL), serves as a valuable resource for both 
known and predicted drug-protein interactions by inputting target genes 
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into the STITCH database, it becomes possible to construct a 
drug-protein interaction network, providing insights into the relation-
ships between drugs and their respective protein targets. 

2.9. Migration and invasion assay 

At a population density of 2 × 104 cells per well, HSC-3 cells were 
plated in 6-well plates. Following the initial incubation period, the cells 
were exposed to calotropin treatment for 24- and 48-h’ time interval. 
Subsequently, the cell suspension was filled to the upper chamber of a 
transwell insert, which may have been previously coated with Matrigel, 
to evaluate the cells’ migration and invasion abilities. After, a culture 
plate with full media was used to hold the transwell inserts, and they 
were cultured for an additional 24 or 48 h. Crystal violet was used to 
stain the cells that had successfully penetrated the membrane and 
attached to the lower surface. After staining, the invaded cells were 
visualized using an inverted microscope (4×). 

2.10. mRNA expression analysis 

HSC-3 cells were planted at a density of 5 × 104 cells per well. Cal-
otropin in serum-free media was applied to the cells after an incubation 
period, utilizing IC50 concentrations for both 48 and 24 h of treatment. 
After harvesting the HSC-3 cells, RNA was extracted using the TRIR kit 
(Ab gene, UK). The concentration of the isolated RNA was determined 
through spectrometric quantification.17 Forward and reverse primers 
were specifically designed, and their patterns, as well as the reaction 
conditions, can be found in Table 1. For this procedure, the CFX96 
Touch Real-Time PCR detection equipment was used. 

2.11. Molecular docking analysis 

The binding interactions of calotropin (CID: 16142) with various 
apoptotic and metastatic regulating targets, including BAX (PDB ID: 
2K7W), BCL-2 (PDB ID: ZW3L), CDH1 (PDB ID: 4ZT1), CDH2 (PDB ID: 
3G2W), and VIM (PDB ID: 1GK4) crystal structures of these proteins 
were sourced from the Protein Data Bank (https://www.pdb.org/pdb). 
During the docking scrutiny, a grid box with dimensions of 90 Å × 90 Å 
× 90 Å and a grid spacing of 0.45 Å was used. The docking calculations 
were carried out using the Lamarckian genetic algorithm (LGA) with 
100 genetic algorithm cycles using AutoDock 1.5.4. To visualize the 
outcomes of the 3D structured complex docking results, BIOVIA Dis-
covery Studio software was utilized. 

2.12. Statistical analysis 

The GraphPad prism 8 software was used to evaluate the statistical 
data, which is presented as mean standard deviation (S.D.). The data 
were analyzed using the t-test, and statistically significant p-values of 
less than 0.05, 0.01, and 0.001 were observed as demonstrating the 
presence of significant differences across groups. 

3. Results 

3.1. Effect of calotropin on the viability of HSC-3 cells 

The cytotoxicity of calotropin on HSC-3 cells in oral cancer were 
evaluated by MTT assay. HSC-3 cells were exposed with an increasing 
concentration of calotropin from 10 to 100 μM for two-time interval. The 
results clearly demonstrated a significant dose-dependent reduction in 
cell viability upon exposure to calotropin (Fig. 1a). Notably, the cyto-
toxic effect of calotropin was more pronounced after 48 h of treatment 
compared to 24 h. The half-maximal inhibitory concentration (IC50) of 
calotropin was found to be 27.53 μM following 48 h of treatment and 
61.17 μM after 24 h of treatment. These results were further validated by 
the Trypan blue assay (Fig. 1b), which confirmed a remarkable decrease 
in HSC-3 cell viability induced by calotropin. These findings underscore 
the potent cytotoxic properties of calotropin against HSC-3 cells, 
emphasising its curative value for the management of oral cancer. 

3.2. Identifying the potent role of calotropin by STITCH 

To further support the significant role of calotropin in oral tumori-
genesis, we conducted an analysis using the STITCH database. In our 
study, we utilized the STITCH database to explore the role of calotropin. 
The results obtained from the STITCH database revealed that calotropin 
has an interaction with the regulation of metabolic reprogramming in 
cancer, specifically aerobic glycolysis (Warburg effect). Furthermore, 
Calotropin was discovered to an eminent role in number biological 
functions, notably epithelial-mesenchymal transition, cell cycle arrest, 
and apoptosis. The network clustering analysis highlights the intercon-
nectedness of calotropin with targets involved in aerobic glycolysis, 
apoptosis, and metastasis-mediated signalling (Fig. 2 a and b). Overall 
our bioinformatics analysis utilizing the STITCH database strengthens 
the understanding of calotropin’s potential mechanisms of action and its 
significance in oral cancer research. 

3.3. Calotropin alters promotion of cell proliferation and aerobic 
glycolysis in HSC-3 cells 

We performed a cell viability experiment in HSC-3 oral squamous 
carcinoma cells to establish if aerobic glycolysis serves an important part 
in cell proliferation in order to examine the biological relevance of 
calotropin in oral carcinogenesis. We employed the glycolytic inhibitor, 
namely, 2DG in combination with calotropin to examine its effect on cell 
proliferation of HSC-3 cells were significantly decreased when admin-
istered calotropin and 2DG (Fig. 3a. Additionally, we examined the 
function of calotropin in aerobic glycolysis and observed that it mark-
edly decreased glucose uptake, lactate production, and LDHA activity in 
HSC-3 cells (Fig. 3b–d). These findings clearly demonstrate that calo-
tropin effectively suppresses cell proliferation and aerobic glycolysis in 
HSC-3 cells. 

3.4. Calotropin inhibits cell cycle regulation in HSC-3 cells 

Previous research suggests the arrest of cell cycle progression at a 
specific phase is a recognized mechanism by which various anticancer 
agents exert their inhibitory effects on tumor growth.18 Building upon 
these findings, assessed the cell cycle distribution, flow cytometric 
analysis of DNA content was performed. The results indicate that after 

Table 1 
Real-time PCR primers.  

Gene(s) Primer 5′-3′ References 

BAX F-TTCTGACGGCAACTTCAACTG Chen S et al., 2015 
R-TGAGGAGTCTCACCCAACCA 

BCL2 F-GACGCTTTGCCACGGTGGTG Chen S et al., 2015 
R-GGGGCAGGCATGTTGACTTCAC 

CDH1 F-CACCTGGAGAGAGGCCATGT Guo W et al., 2012 
R-TGGGAAACATGAGCAGCTCT 

CDH2 F—ATGTGCCGGATAGCGGGAGC Guo W et al., 2012 
R–TACACCGTGCCGTCCTCGTC 

SNAI1 F-CTCACCTCGGGAGCATACAG Guo W et al., 2012 
R-GACTTACACGCCCCAAGGATG 

SNAI2 F-GAGCCGGGTGACTTCAGAG Guo W et al., 2012 
R-GGCGTTGAAATGTTTCTTGA 

CLDN1 F-GGGGACAACATCGTGACCG Guo W et al., 2012 
R-AGGAGTCGAAGACTTTGCACT 

VIM F-AGGAGTCGAAGACTTTGCACT Guo W et al., 2012 
GTCAGGCTTGGAAACGTCC 

β-actin F-AACAAGATGAGATTGGCA Chen S et al., 2015 
R-AGTGGGGTGGCTTTTAGGAT 

F- Forward; R- Reverse. 
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48 h of calotropin administration, the cell percentage arrested in the 
G0/G1 phase raised to 74.37%, compared to 66.03% later 24 h of 
treatment. In contrast, the control group exhibited 46.52% of cells in the 
G0/G1 phase (Fig. 4). These results illustrate that calotropin induces cell 
cycle arrest in HSC-3 cells during the G0/G1 phase, supporting its po-
tential as an agent for inhibiting cell proliferation in oral cancer. 

3.5. Calotropin induces cell death in HSC-3 cells by annexin V-FITC/PI 

Using annexin V-FITC/PI double labelling, we analyzed cell death to 
find out more about whether calotropin affects oral cancer. Our out-
comes showed that calotropin administration for 48 h significantly 
induced cell death, with an apoptotic rate of 21.24%. In comparison, the 
apoptotic rate was lower at 10.06% after 24 h of treatment, while the 
control group exhibited a basal level of apoptosis at 2.16% in HSC-3 cells 
(Fig. 5). These findings strongly indicate that calotropin treatment ex-
erts potent anticancer activity in HSC-3 cancer cells by inducing 
apoptosis. 

3.6. Calotropin inhibits migration and invasion in oral cancer cells 

Calotropin is supposed to play a substantial part in cancer cells’ 
ability to metastasize, according to earlier studies.19 To look into the 
inhibiting influence of calotropin on metastasis in HSC-3 cells, migration 
and invasion assays were conducted after treating the cells for 24 h and 
48 h. The results demonstrate that calotropin treatment suppresses 

invasive and motility of oral cancer cells (Fig. 6). When compared to the 
untreated group, the quantification of the migratory and invaded cells 
clearly shows a decrease in cell counts. These findings further emphasize 
the potent anti-metastatic properties of calotropin in oral cancer cells. 

3.7. Effect of calotropin on the expression of apoptosis and metastatic- 
mediated genes 

After establishing that calotropin can inhibit migration and invasion 
while inducing cell death in HSC-3 cells, our goal was to look into the 
underlying mechanistic processes. RT- PCR was used to evaluate the 
mRNA expression of genes implicated in apoptosis and metastasis in 
HSC-3 cells and the results revealed several significant findings. The pro- 
apoptotic gene metastatic regulating genes BAX, CDH1, and CLDN-1 
mRNA expression increased in response to calotropin, indicating its 
role in promoting apoptosis and metastasis (Fig. 7). Furthermore, the 
anti-apoptotic gene Bcl-2, and CDH2, SNAI1, SNAI2, and VIM mRNA 
expression was reduced by calotropin treatment in HSC-3 cells sug-
gesting its involvement in promoting cell death and inhibition of 
metastasis. Overall, these findings offer compelling proof that calotropin 
is a potent anti-cancer drug capable of repressing EMT in oral cancer 
cells. 

3.8. Molecular docking studies 

In order to examine the relationship between calotropin and 

Fig. 1. Cytotoxicity of calotropin in HSC-3 cells. (a) HSC-3 administrated with 10–100 μM dose of calotropin for 24 h and 48 h cytotoxicity was analyzed by MTT 
assay. (b) Cell viability was evaluating by trypan blue assay (right). The software Graph Pad Prism8 was used to determine IC50 values. Data were shown as means ±
S.D. 

Fig. 2. Drug-protein interaction networking. (a) DPI network constructed by STITCH database. The link of calotropin with aerobic glycolysis, cell cycle, apoptosis, 
and metastatic associated genes were indicated. (b) Network of interactions between the high nodal strength targets with the calotropin were highlighted using 
Enrichr database. 
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Fig. 3. Calotropin inhibits aerobic glycolysis 
regulation in HSC-3 cells. (a) HSC-3 cells 
were exposed with 2DG (5 mM, 10 mM) for 
24 h and 48 h. Cell viability was measured. 
(b–d) Glucose uptaken, lactose production, 
and LDH activity were calculated at 24 h and 
48 h treatment of calotropin in HSC-3 cells. 
Glucose uptake, lactate production, and LDH 
activity were counted. The t-test was used to 
evaluate the statistical significance (*p <
0.05, **p < 0.01, ***p < 0.001, and ****p <
0.0001).   

Fig. 4. Calotropin induces cell cycle arrest in HSC-3 cells. Human oral squamous carcinoma cell line, HSC-3 were analyzed for cell cycle distribution by flow 
cytometry. The t-test was used to investigate the statistical significance (*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001). 
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apoptotic and metastasis-related proteins using molecular docking, and 
VIM. Specifically, calotropin exhibited higher binding energy with BAX 
(− 8.8 kcal/mol), BCL-2 (− 8.9 kcal/mol), CDH1 (− 8.6 kcal/mol), CDH2 
(− 8.3 kcal/mol), SNAI1 (− 8.1 kcal/mol), SNAI2 (− 8.2 kcal/mol), 
CLDN1 (− 7.5 kcal/mol), and VIM (− 9.9 kcal/mol), suggesting a strong 
affinity for these proteins as mentioned in Table 2. Furthermore, the 
molecular docking studies revealed the creation of hydrogen bonds 
between calotropin and the active sites of various proteins, including 
BAX (GLU61), BCL-2 (HIS186), CDH1 (SER8, LYS19), CDH2 (SER1098), 

SNAI1 (VAL181, SER25, GLU21), SNAI2 (PRO184, VAL186), CLDN1 
(LYS65, SER53), and VIM (ASN62). These hydrogen bonds are crucial 
for the stability of the protein-ligand complex and indicate that calo-
tropin may disrupt the structure of these proteins, potentially inhibiting 
their activity (Fig. 8). The results obtained indicate that calotropin may 
interfere with the apoptosis and metastasis mediated signaling pathway, 
leading to cell death and the suppression of epithelial-mesenchymal 
transition. These molecular interactions confirm calotropin’s promise 
as a therapeutic drug for cancer treatment and shed light on probable 

Fig. 5. Calotropin induces cell death in HSC-3 cells. OSCC cell line, HSC-3 were analyzed for apoptotic rate using annexin V-FITC by flow cytometry. (LL-Live cells; 
UL-early apoptosis; UR-Late apoptosis; LR-Necrosis). The t-test was used to test the statistical significance (*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001). 

Fig. 6. Calotropin inhibits motility and invasive of oral cancer cells. The treatment of calotropin for 24 h and 48 h in HSC-3 shows inhibition of migration and 
invasion. Cell invasion was examined using Matrigel-coated Transwell chambers in the HSC-3 cells and treated with calotropin. Quantification of the migration and 
invasion were displayed as the percentage of migration and invasion representing the number of cells per field compared with the control. The t-test was used to 
determine the statistical significance (*p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001). 
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processes behind its anti-cancer activities. 

4. Discussion 

Cancer is a prevalent non-communicable disease worldwide, char-
acterized by a multi-step process called carcinogenesis. During this 
process, genetic occurrences during this phase interfere with the com-
mon regular regulatory mechanisms that regulate dynamic biological 
processes including cell differentiation and cell death, eventually lead-
ing to the growth of invasive tumours.20 The generation of oxygen free 
radicals within cells has been implicated in the pathogenesis of cancer, 
as they contribute to DNA mutations and tumor progression.21 Several 
key genes have been identified to have significant involvement in the 
progression of oral cancer, including TP53, NOTCH1, EGFR, CDKN2A, 
STAT3, Cyclin D1, and Rb.22 These genes play critical roles in regulating 
crucial cellular function such as cell cycle control, apoptosis, prolifera-
tion, and differentiation. Dysregulation or mutations in these genes can 
result in uncontrolled cell growth and the development of tumours in the 
mouth.23,24 Oral squamous cell carcinoma frequently exhibits dysregu-
lation of NOTCH1, which is important in cell differentiation.25 EGFR 
(epidermal growth factor receptor) is a cell surface receptor which 
regulates cell extension and division, and that oral cancer growth is 
linked to its overexpression.26 CDKN2A is a tumour suppressor gene that 
crucial role in cell cycle progression inhibition, and its inactivation 
contributes to oral cancer development.27 

Traditional medicine, particularly phytomedicine, has a long- 
standing history and is still widely practiced today. India, in 

particular, possesses a vast wealth of medicinal plants, contributing to 
its rich traditional medicine heritage.28 In the pursuit of natural rem-
edies for diseases, especially cancer, which is one of the most debili-
tating non-communicable diseases globally, researchers have 
extensively explored different plant parts for their therapeutic poten-
tial.29 By focusing on natural sources, such as medicinal plants, re-
searchers aim to uncover bioactive compounds and substances that may 
possess anti-cancer attributes.30 The study of phytocompounds com-
pounds for their medicinal value holds promise for developing novel 
cancer treatments. 

The study focused on investigating the anti-cancer effects of calo-
tropin on HSC-3 oral squamous cancer cells, shedding light on its po-
tential as a therapeutic agent. The results revealed several significant 
findings that contribute to our understanding of calotropin’s anti-cancer 
mechanisms. Firstly, calotropin exhibited potent anti-cancer properties 
by inhibiting cell proliferation in a concentration-dependent manner by 
cell viability assays. MTT and trypan blue assay indicates its ability to 
impede the multiplication of HSC-3 cancer cells. The half-maximal 
inhibitory concentration of calotropin is 27.53 μM following 48 h of 
treatment and 61.17 μM after 24 h of treatment. Moreover, using bio-
informatics tools, we confirmed that calotropin having a strong associ-
ation with apoptosis and metastatic mediated targets using STITCH 
database. And also, we predicted that calotropin having a huge part in 
regulation of aerobic glycolysis, epithelial-mesenchymal transition, cell 
cycle arrest and apoptosis. Furthermore, to validate the previous report, 
calotropin demonstrated inhibitory effects on aerobic glycolysis, a 
metabolic pathway often upregulated in cancer cells. By reducing 

Fig. 7. Effect of calotropin in HSC-3 cells. The effect of calotropin on Apoptosis-Related Genes expression (Bax, BCL2, CDH1, CDH2, SNAI2, SNAI1, CLDN1, and VIM) 
in HSC-3 Cells. As previously mentioned, the expression capacities were measured using qRT-PCR. The relative level of each gene obtained by normalization with 
β-actin in the untreated group was set subjectively at 1, and Values are reported as the mean ± SEM of three independent experiments, with the level in other groups 
having been determined in accordance. (*p < 0.05, **p < 0.01; ***p < 0.001) with untreated groups. 

Table 2 
Molecular docking analysis for calotropin with metastasis target genes.  

S. no Drug Protein Binding energy (kcal/mol) No. of H bonds involved Amino acid residues 

1. 

Calotropin (16142) 

BAX ¡8.8 1 GLU61 
2. BCL2 ¡8.9 1 HIS186 
3. CDH1 ¡8.6 2 SER8, LYS19 
4. CDH2 ¡8.3 1 SER1098 
5. SNAI1 ¡8.1 3 VAL181, SER25, GLU21 
6. SNAI2 ¡8.2 2 PRO184, VAL186 
7. CLDN1 ¡7.5 2 LYS65, SER53 
8. VIM ¡9.9 1 ASN62  
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glucose uptake, lactate production, and LDHA activity, calotropin dis-
rupted the cancer cells’ reliance on aerobic glycolysis for energy pro-
duction. This highlights calotropin’s ability to target metabolic 
reprogramming in cancer cells, potentially weakening their survival and 
development mechanisms in oral cancer cells. 

Moreover, calotropin potent to cell cycle arrest at the G0/G1 phase, 
further supporting its role in inhibiting cell growth. This finding is 
important as arresting cell cycle progression at specific phases is a 
recognized mechanism through which anti-cancer agents inhibit tumor 
growth. Additionally, calotropin also triggered apoptosis, a process of 
programmed cell death which is vital to understanding preventing 
cancer progression.31 The significant induction of cell death observed 
after calotropin treatment suggests its potential as an apoptosis-inducing 
agent in HSC-3 cancer cells. This finding aligns with previous studies 
that have reported calotropin’s role in promoting cell death in different 
cancer cell lines. Metastasis, the spread of cancer cells to distant sites, is 
a crucial element in cancer development and treatment resistance. By 
inhibiting migration and invasion, calotropin may help impede the 
metastatic potential of HSC-3 cancer cells, reducing their ability to 
spread and establish secondary tumours. The research also showed that 
calotropin inhibited the ability of HSC-3 cancer cells in the oral cavity to 
migrate and invade. 

Moreover, the study looked at how calotropin administration 
affected the expression of genes related to apoptosis and metastasis. 

Calotropin treatment led to an upregulate the pro-apoptotic BAX 
expression, indicating its role in promoting apoptosis. Additionally, 
calotropin treatment resulted an increased expression of metastatic 
regulating genes such as CDH1 and CLDN-1, which are associated with 
the inhibition of metastasis. The findings revealed that reduced the 
target metastatic genes expression namely CDH2, SNAI1, SNAI2, and 
VIM in HSC-3 cells. This suggests that calotropin may directly influence 
the activity of these genes, further supporting its anti-cancer effects in 
oral cancer cells. 

Molecular docking studies provided additional insights into the po-
tential interactions between calotropin and key proteins involved in 
apoptosis and metastasis. The strong binding energies observed between 
calotropin and proteins such as BAX, BCL-2, CDH1, CDH2, SNAI1, 
SNAI2, CLDN1, and VIM indicate the potential for direct interaction and 
modulation of their apoptotic and metastatic activities. The hydrogen 
bonds are created between calotropin and active sites of these proteins 
further suggests the potential disruption of their structure and function 
by calotropin. Overall, the findings suggest that calotropin has the po-
tential to disrupt the signaling pathway involved in apoptosis and 
metastasis, resulting in cell death and inhibition of the transition from 
epithelial to mesenchymal cells (Fig. 9). Consequently, a comprehensive 
understanding of the specific molecular mechanisms underlying calo-
tropin’s actions remains elusive. To address this limitation, future 
studies are needed to explore calotropin’s targets and enriched 

Fig. 8. Association of high binding energy in calotropin (a–h) The binding affinity of calotropin in the active docking site of apoptotic and metastatic regulating 
targets (BAX, BCL2, CDH1, CDH2, SNAI1, SNAI2, CLDN1, and VIM) the binding site is lined by important residues. The hydrogen bond lined with active residues. The 
molecular docking analysis were performed in Autodock 1.5.4 and visualized using Biovia Discovery tool. 
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pathways involved in the development of oral squamous cell carcinoma 
(OSCC). This additional research would provide valuable insights into 
the intricate interactions between calotropin and the molecular com-
ponents of OSCC, potentially leading to the identification of promising 
therapeutic targets and pathways for more effective cancer treatment 
strategies. 

5. Conclusion 

This study provides a comprehensive evidence of anti-cancer effect 
of calotropin on HSC-3 oral squamous cancer cells. The findings high-
light its potential as a therapeutic agent by inhibiting cell proliferation, 
inducing G0/G1 phase cell cycle arrest, triggering cell death, inhibiting 
aerobic glycolysis, and suppressing migration and invasion and further 
supports its anti-cancer mechanisms by gene expression studies. The 
molecular docking results provide insights into the potential in-
teractions between calotropin and key proteins involved in the apoptosis 
and metastatic processes. These findings contribute to our understand-
ing of calotropin’s therapeutic potential in oral cancer treatment and 
warrant further investigation for its use for therapeutic approaches. 
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