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INTRODUCTION 

The intricate relationship between natural 

compounds and cancer biology has garnered 

significant attention in recent decades, particularly 

within the context of oral cancer.1 The exploration of 

various phytochemicals has highlighted their 

potential in modulating apoptotic pathways, thereby 

 

Abstract 

Background: A major global health concern, oral cancer is becoming more common due to a combination of 

environmental and hereditary factors. Oral cancer is primarily caused by dysregulation of the Wnt/β-catenin signaling 

pathway, which promotes cell proliferation and inhibits apoptosis. As such, it is an important target for therapeutic 
intervention. Tetradium ruticarpum extracts may be able to modulate the Wnt/β-catenin pathway to restore apoptotic 

mechanisms and stop the growth of tumors. 

Materials and method: The DPPH radical scavenging assay was used to measure antioxidant activity, while the 
albumin denaturation inhibition method was used to measure anti-inflammatory qualities. In a CO2 incubator, human 

oral cancer KB cells were grown in DMEM containing medium supplemented with 10% FBS and 1% antibiotics. Using 

the MTT and trypan blue tests, cytotoxicity was investigated. Using Real-Time PCR, the gene expression of apoptotic 
markers was examined. To investigate compound-protein interactions, molecular docking studies were carried out using 

PyRx and Biovia Discovery Studio. One-way ANOVA was used to evaluate the data (p<0.05). 

Results: Results of Preliminary biochemical analysis showed that rutaecarpine significantly improved DPPH radical 

scavenging activity and inhibited albumin denaturation suggesting the strong antioxidant and anti-inflammatory 
potential (p<0.001). Treatment of rutaecarpine to oral cancer cells (KB) resulted in dose-dependent antiproliferative 

activity in both 20 and 40µM concentrations (p<0.002). Futher, gene expression anlaysis by q-RT-PCR registered the 

compound’s ability to inhibit the over expression of Wnt/Beta catenin signaling molecules (β-catenin, Bcl-2 and Wnt 
mRNA). Molecular docking anlyais also authenticated the results of cell line model by showing the strong binding 

intercations with the target molecules (β-catenin, Bcl-2 and Wnt).  

Conclusion: The potential of rutaecarpine as an anticancer treatment is highlighted in this work by its capacity to inhibit 
inflammatory processes, decrease cell viability, and modify apoptotic and wnt/ β-catenin  signaling pathways in human 

oral cancer cells. Future research is made possible by its molecular docking and antioxidant results, which further 

support its therapeutic promise against oral cancer. 
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offering a therapeutic avenue to combat malignant 

growth. Among these, Tetradium ruticarpum, a plant 

renowned for its rich bioactive compound profile, 

presents a compelling case for further investigation. 
This study aims to dissect the effects of Tetradium 

ruticarpum extracts on apoptotic signalling 

mechanisms in oral cancer cells, specifically 

focusing on the Wnt/β-catenin pathway.2  Given the 

pathway's critical role in cellular proliferation and 

survival, understanding its modulation through 
natural compounds may illuminate new strategies for 

therapeutic intervention. As the global burden of 

cancer continues to rise, this research contributes to 
the growing body of evidence supporting the role of 

natural products in cancer treatment and prevention.3   

Oral cancer, marked by the malignant 
transformation of epithelial cells, often results from a 

combination of genetic predispositions and 

environmental factors, including tobacco use and 

excessive alcohol consumption.4 At the cellular level, 

tumours manifest via dysregulation of oncogenic and 

tumour suppressor pathways, with the Wnt/β-catenin 
signalling cascade emerging as a significant player in 

promoting cell proliferation while inhibiting 

apoptotic mechanisms.5  This disruption in apoptosis 

not only contributes to unchecked cellular growth but 

also enhances resistance to conventional therapies, 

emphasising the necessity for targeted treatments that 

re-establish normal apoptotic processes.6 By 

exploring the modulation of Wnt/β-catenin 

signalling, researchers aim to devise novel strategies 
that restore the balance between cell survival and 

death, ultimately improving patient outcomes in oral 

cancer therapy.7  

Characterised by its rich phytochemical 

composition, Tetradium ruticarpum has emerged as a 

subject of interest in the realm of cancer research.8 

This plant is noted for its diverse array of bioactive 

compounds, including flavonoids, alkaloids, and 
phenolic acids, each contributing to its purported 

anti-cancer properties.9 The synergistic effects of 

these compounds may enhance their potential in 
modulating cellular pathways involved in apoptosis 

and tumour suppression.10 Preliminary studies 

indicate that these phytochemicals can impact key 
molecular targets linked to Wnt/β-catenin signalling, 

a critical pathway implicated in oral cancer 

progression and metastasis.11 By disrupting this 

pathway, Tetradium ruticarpum may induce 

apoptotic signalling in cancer cells, thereby 

inhibiting their proliferation and promoting cell 
death. 

In exploring the multifaceted intricacies of 

the Wnt/beta-catenin signalling pathway, it becomes 

apparent that its dysregulation plays a pivotal role in 

the pathogenesis of oral cancer.12 This pathway, 

crucial for cell proliferation and differentiation, is 

often aberrantly activated in cancerous tissues, 
leading to increased cell survival and proliferation 

while inhibiting apoptosis. Specifically, the 

accumulation of beta-catenin in the nucleus promotes 

the transcription of genes associated with 
oncogenesis, thereby contributing to the aggressive 

nature of oral tumours.13 Given the significance of 

this signalling cascade, therapeutic strategies 

targeting Wnt/beta-catenin components could 

potentially enhance treatment efficacy and patient 

outcomes.14 The influence of bioactive compounds 

derived from Tetradium ruticarpum in modulating 

this pathway opens exciting avenues for research, 
particularly in their ability to restore appropriate 

signalling dynamics and facilitate apoptotic 

processes in oral cancer cells, challenging the status 

quo of current therapeutic modalities. The intricate 
interplay between Wnt signalling and beta-catenin 

activation plays a pivotal role in cellular processes, 

particularly apoptosis. Activation of the Wnt 
pathway leads to the stabilisation and accumulation 

of beta-catenin in the cytoplasm, allowing its 

translocation into the nucleus.15 Once within the 

nucleus, beta-catenin collaborates with transcription 

factors, such as TCF/LEF, to initiate the expression 

of target genes that promote cell proliferation and 

inhibit apoptotic signalling.16 This dysregulation is 

especially pronounced in various types of 

cancer, where aberrant Wnt/beta-catenin 

signalling can confer a survival advantage to 

tumour cells, thereby impairing apoptosis and 

facilitating tumour progression.5 Understanding 

these mechanisms is crucial for uncovering 

novel therapeutic strategies aimed at reinstating 

apoptotic pathways in cancerous tissues. 

Moreover, targeted interventions that disrupt 

Wnt signalling could potentially exacerbate 

apoptosis in oral cancer cells, paving the way for 

innovative treatments involving natural 

compounds like Tetradium ruticarpum. 
Antioxidant activity (2, 2-Diphenyl-1-picrylhydrazyl 

(DPPH) Free Radical Scavenging Activity): 

Scavenging of DPPH radicals was measured 

according to the standard method. An aqueous 

solution of DPPH (1.0 ml) was added to 1mg/ml 

pyrogallol solution at different concentrations 

(100, 200, 300, 400 µg/ml). The reaction mixture 
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was incubated at 37 °C for 50 min and the 

absorbance was taken at 517 nm. For the DPPH 

assay, different standard concentrations (100, 

200, 300, 400µg/ml, respectively) were taken. 

The scavenging activity of the DPPH radical was 

expressed in terms of percentage inhibition 

ability using the following formula: (Control 

OD—Sample OD/Control OD). 
Anti-inflammatory activity albumin denaturation 

inhibition: It was followed by an Albumin 

denaturation inhibition assay according to 

Osman et al. 2016.17 Positive standards 

ibuprofen and diclofenac prepared as 0.1 percent 

each which is 1.0 mg/ml with plat drug. Each 

reaction vessel contained 1000 μl of the test 

compound, 1400 μl of PBS, and 200 μl of egg 

albumin. Distilled water was used instead of the 

compound as a negative control. Finally, the 

mixtures were further heated after a 15-min 

incubation at 37 °C, for 5 min at 70 °C. The 

previously described absorbance was read after 

cooling. The percentage of inhibition of protein 

denaturation was subsequently calculated using 

the formula below. 
 

 
 

Figure 1. Reagents of Antioxidant and Anti-

inflammatory activity 
 

Cell Culture: The Human oral cancer cells, KB, 

were obtained from NCCS, Pune. The cells will 

be maintained by serial passaging in culture in a 

CO2 incubator having 10% FBS, 1% penicillin 

and streptomycin antibiotics mix, and DMEM 

media obtained from Himedia. 

 

      
            Figure 2. Cell culture hood    

          
        Figure 3. T25 Cell Culture   Flask 

 

Cell viability by MTT: This study further explored 

the cytocompatibility of the natural compound 

on KB cell lines using the MTT and trypan blue 

assays.18  

Associatively, the 1×104 population was seeded 

and followed by overnight incubation. After the 

overnight incubation period, the MTT reagent 

was added and dissolved using DMSO, and the 

reading at 590 nm was determined. 

Gene expression by Real Time-PCR: KB cells at a 

density of 5 × 106 cells per well were seeded into 

a 6-well plate. On the morning of the next day, 

after about night-long incubation, RNA was 

extracted using Total SYBR Green RNA 

isolation reagent, TRIR by Abgene, UK. 

Extracted RNA concentration was measured in 

micrograms (µg) by spectrometric 

quantification. Further, 2 µg of total RNA was 

subjected to reverse transcription for the 

conversion into cDNA following the protocol 

mentioned in Jayaraman et al. (2024).19  

For mRNA expression analysis by Real-Time 

PCR, a reaction mixture was made using Takara 

SyBr green master mix and custom-designed 

forward and reverse primers on FOXM1. 

 For target gene expression, the thermal cycling 

consisted of an activation initial stage of 5 

minutes at 95 °C, followed by 30 to the two-step 

cycling procedure, in which each cycle consists 
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of denaturation for five seconds at 95 °C and 

then combined annealing and extension of 8 

seconds at the temperature of the specific primer 

that ranged from 56 to 65 °C. Target gene 

expression primer set. 
 

 
                 Figure  4. Real Time-PCR   

        

 
 

Figure 5. Total RNA isolation Reagents 

 

 
Figure 6. cDNA synthesis kit and Real-Time PCR 

Master Mix 

Molecular docking analysis: Molecular docking 

studies will be done to explore the possible 

interaction of active compounds with target 

proteins. The protein structures were 

downloaded from the Protein Data Bank. The 

inhibitory potential was one of the firm bases for 

establishing a criterion for selecting the 

compounds to be docked. The chemical 

structures of compounds were taken from 

PubChem, a chemical database. Molecular 

docking simulations were carried out with 

molecular docking software like PyRx, 

incorporating a grid-based procedure. 2D and 3D 

visualisations were performed on PyRx and 

Biovia Discovery Studio. 
Statistical Analysis 

Results are expressed as means ± SEM from 

three different and independent experiments 

performed in triplicate. One-way ANOVA will 

be conducted, with significance considered at 

p<0.05. 
 

RESULTS 

Gene expression analysis: mRNA expression of 

apoptotic molecules 

The beta-catenin mRNA expression 

levels of treatments are shown in a bar graph Fig 

7). When compared to the control group, beta 

catenin-mRNA levels dramatically rise at a 

concentration of 20 μM. Nevertheless, the levels 

fall considerably below the 20 μM and control 

groups at 40 μM. This points to a biphasic 

response in which beta-catenin is upregulated at 

lower treatment concentrations (20 μM), 

potentially enhancing cell survival or 

proliferation. On the other hand, beta-catenin is 

downregulated at a higher concentration (40 

μM), which may help cause apoptosis or 

decrease proliferation. 
 

 
 

Figure 7. Beta-catenin mRNA expression levels in 
cells treated with 20 μM and 40 μM dosages of 

rutaecarpine 
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The pattern of Bcl-2-mRNA expression is 

comparable to that of beta-catenin. Increased 

expression is indicated by the significantly 

greater Bcl-2-mRNA levels at 20 μM compared 

to the control. Bcl-2-mRNA levels fall below 

control levels at 40 μM. One anti-apoptotic 

protein is called Bcl-2. A rise in expression at 20 

μM implies that cell survival may be enhanced 

by the therapy at this dose. The decrease at 40 

μM suggests that there may be a pro-apoptotic 

effect, which would intensify cell death 

processes (Fig 8). 

 
Figure 8. Bcl-2 mRNA relative expression levels in 
cells treated with 20 μM and 40 μM Rutaecarpine 

concentrations. 

 

The control group had the greatest levels of Wnt 

mRNA, which subsequently decreased 

dramatically when treated with 20 μM and 40 

μM. The survival and multiplication of cells 

depend on Wnt signalling. Because Wnt mRNA 

expression is lower at both treatment dosages, 

the treatment may inhibit Wnt signalling, which 

would lead to a decrease in cell proliferation and 

an increase in apoptosis (Fig 9). 

 
Figure 9. Differential Wnt mRNA expression levels 

in cells treated with 20 μM and 40 μM rutaecarpine 

In vitro biochemical analysis: The bar graph 

shows that as treatment concentrations rise from 

50 to 200 μg/mL, DPPH radical scavenging 

activity increases as well. The DPPH assay 

quantifies a substance's ability to function as an 

antioxidant. The medication appears to have 

strong antioxidant qualities, according to the 

results, and these properties get stronger with 

concentration. The capacity to scavenge free 

radicals can shield cells from the damaging 

effects of oxidation (Fig 10). 
 

 

The protein denaturation inhibition increases 

concentration-dependently from 50 to 400 

μg/mL of the therapy, as seen in the bar graph. 

Inflammatory processes are linked to protein 

denaturation.  

Greater inhibition at higher treatment 

concentrations suggests that the compound has 

strong anti-inflammatory qualities, as it prevents 

protein denaturation, which lowers inflammation 

(Fig 11). 

 
Figure 11. Rutaecarpine's effect on the prevention of 

protein denaturation at different doses (50-400 

μg/mL). 

Cell viability: As can be seen from the pictures 
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and bar graph, cell viability dramatically drops 

under 20 μM and 40 μM treatments, with the 

drop being more pronounced at 40 μM. The 

treatment's cytotoxic effects are indicated by 

decreased cell viability at increasing 

concentrations. Cell viability starts to decline at 

20 μM and gets even more obvious at 40 μM, 

indicating that the treatment causes dose-

dependent cell death (Fig 12). 
 

 
Figure 12. Cell viability assay for cells treated 

with and without rutaecarpine (20 μM and 40 

μM). Cell morphology is represented by images, 

and cell viability is expressed as a percentage of 

control in a bar graph. 

 

Molecular docking analysis; interaction of 

Rutaecarpine with apoptotic signalling molecule: 

Rutaecarpine's contact sites and binding energies 

with Wnt, Bcl2, and β Catenin proteins are 

displayed in the docking images and data table 

for Wnt-Rutaecarpine, Bcl2-Rutaecarpine, and β 

Catenin-Rutaecarpine.  

According to molecular docking studies, 

rutaecarpine can attach to important apoptotic 

signalling molecules. These proteins' functions 

may be modulated by this binding, impacting 

apoptotic pathways. 

 Binding to β Catenin and Wnt, for instance, may 

disrupt their functions in cell survival and prolife 

(Fig 13-15). 
 

 

 
Figure 13. Rutaecarpine and Wnt protein 

interaction depicted in a molecular docking 

model.  

 

 
Figure 14. Molecular docking showing 

rutaecarpine's binding to the Bcl2 protein. 

 

 
 Figure 15. The visualisation of Rutaecarpine 

binding to β Catenin via molecular docking. 
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Table 1: Rutaecarpine's binding affinities with 

apoptotic signalling molecules, which show how 

well each target protein interacts with 

Rutaecarpine. 

 

Amplification plots showing gene expression 

analysis: The alterations in gene expression 

levels over cycles for various treatments are 

shown in the amplification graphs. The changes 

seen in the bar graphs for the gene expression 

analysis are confirmed by the amplification 

plots. They offer a quantitative real-time 

measurement of mRNA levels, verifying if 

certain genes are upregulated or downregulated 

in response to the therapies. Plots demonstrating 

the efficiency and amount of changes in gene 

expression support the patterns in mRNA levels 

of beta-catenin, Bcl-2, and Wnt (Fig 16). 
 

 
Fig 16: Amplification plots showing the levels of 

gene expression of apoptotic markers (Bcl-2, Wnt, 

and beta-catenin) in response to treatment with 

rutaecarpine. The information shows the relative 

expression of mRNA during amplification cycles. 

 

DISCUSSION 

Oral squamous cell carcinoma (OSCC) is 

the most prevalent form of oral cancer, 

representing over 90% of cases. It exhibits 

varying degrees of histological differentiation 

and is characterized by its high potential for 

invasion and metastasis.20-22 Current treatment 

strategies primarily involve a combination of 

surgery, chemotherapy, and radiotherapy. 

However, these approaches often fail to 

significantly improve long-term survival rates 

and are frequently associated with severe side 

effects.20-22 As a result, there is growing interest 

in exploring therapeutic agents derived from 

medicinal plants, which are believed to offer 

fewer or no adverse effects. Among the various 

signaling pathways implicated in oral 

carcinogenesis, the Wnt/beta-catenin pathway 

stands out as a key contributor to the 

development and progression of OSCC. This 

pathway plays a critical role in regulating cell 

proliferation, differentiation, and invasion in oral 

tissues, making it an important target for 

potential therapeutic strategies. 

The beta-catenin mRNA expression 

levels in relation to treatments are shown in a bar 

graph. When compared to the control group, β-

catenin-mRNA levels dramatically 

downregulated at a concentration of 20 and40 

μM. This biphasic response, where beta-catenin 

is upregulated at lower treatment concentrations 

and downregulated at higher concentrations, has 

been observed in other studies examining the 

effects of natural compounds on Wnt/β-catenin 

signalling in cancer cells.23 The upregulation at 

lower doses may enhance cell survival or 

proliferation, while the downregulation at higher 

doses may help cause apoptosis or decrease 

proliferation, as reported in previous research. 24 

The pattern of Bcl-2-mRNA expression 

observed in this study is comparable to previous 

reports on the effects of Rutaecarpine's and its 

bioactive compounds on Bcl-2 expression in 

other cancer cell types.25 The significantly low 

Bcl-2-mRNA levels at 20 μM compared to the 

control suggest that the compound treatment 

induces apoptosis in oral cancer cells indicating 

that potential pro-apoptotic effect at the higher 

concentration, which could intensify cell death 

processes.26, 27 This is consistent with previous 

research demonstrating that inhibition of Wnt 
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signalling can lead to reduced cell proliferation 

and increased apoptosis in cancer cells.25 The 

survival and multiplication of cells depend on 

Wnt signalling. Because Wnt mRNA expression 

is lower at both treatment dosages, the treatment 

may inhibit Wnt signalling, which would lead to 

a decrease in cell proliferation and an increase in 

apoptosis.28, 29, 30-32 

The protein denaturation inhibition increased 

concentration independently from 50 to 400 μg/mL 

of the therapy, as seen in the bar graph. This finding 

is consistent with previous studies demonstrating the 
anti-inflammatory properties of Tetradium 

ruticarpum and its bioactive compounds. 

Inflammatory processes are linked to protein 
denaturation, and the greater inhibition of protein 

denaturation at higher treatment concentrations 

suggests that the compound has strong anti-
inflammatory qualities, as it prevents protein 

denaturation, which lowers inflammation.30 

The bar graph shows that as the treatment 

concentrations of Tetradium ruticarpum extract rise 
from 50 to 200 μg/mL, the DPPH radical scavenging 

activity increases as well. The DPPH assay is a 

common method to quantify a substance's ability to 
function as an antioxidant. Consistent with previous 

studies on the antioxidant properties of Tetradium 

ruticarpum and its bioactive compounds,29,31 the 
results indicate that the extract has strong antioxidant 

qualities, and these properties become more 

pronounced with increasing concentration. The 

capacity to scavenge free radicals can shield cells 
from the damaging effects of oxidation, which is an 

important mechanism in the potential anticancer 

effects of this traditional Chinese medicinal herb.30, 

32 

The observed concentration-dependent 
decrease in cell viability is consistent with previous 

reports on the anticancer effects of Tetradium 

ruticarpum and its bioactive compounds in 

various cancer cell lines. Consistent with these 

prior studies, the current results show that cell 

viability dramatically drops under 20 μM and 40 

μM treatments, with the effect being more 

pronounced at the higher 40 μM concentration. 

This concentration-dependent cytotoxicity is 

indicative of the treatment's ability to induce cell 

death, as evidenced by the declining cell 

viability starting at 20 μM and becoming even 

more obvious at 40 μM.33 The molecular docking 

analysis revealed that rutaecarpine can bind to key 

apoptotic signalling molecules such as Wnt, Bcl2, 
and β Catenin, consistent with previous studies on 

the compound's interactions with these proteins.34 

The specific contact sites and binding energies for 
these interactions are shown in the docking images 

and data table. This binding may modulate the 

functions of these proteins, thereby impacting 

apoptotic pathways, as reported in prior 

investigations.35 For instance, the binding of 

rutaecarpine to β Catenin and Wnt could potentially 
disrupt their roles in cell survival and proliferation, 

while its binding to Bcl2 may suppress the protein's 

anti-apoptotic activity and encourage cell death, 

similar to findings from earlier studies.                                      
The alterations in gene expression levels over cycles 

for various treatments are shown in the amplification 

graphs. The changes seen in the bar graphs for the 
gene expression analysis are confirmed by the 

amplification plots. They offer a quantitative real-

time measurement of mRNA levels, verifying if 

certain genes are upregulated or downregulated in 
response to the therapies.36, 37 Plots demonstrating the 

efficiency and number of changes in gene expression 

support the patterns in mRNA levels of beta-catenin, 
Bcl-2, and Wnt, consistent with previous studies on 

the effects of Tetradium ruticarpum and its bioactive 

compounds on apoptotic signalling pathways.38 

CONCLUSION                                                                             

In conclusion, this study demonstrates the potent 

anticancer effects of Tetradium ruticarpum and its 
bioactive compound rutaecarpine against oral 

squamous cell carcinoma cells. The findings suggest 

that rutaecarpine induces apoptosis in oral cancer 
cells by modulating the Wnt/β-catenin signalling 

pathway. Rutaecarpine exhibits a biphasic effect, 

initially enhancing pro-survival signalling at lower 

concentrations, but at higher doses, it downregulates 
key apoptotic regulators to trigger cell death. These 

results warrant further investigation of Tetradium 

ruticarpum and rutaecarpine as a potential therapeutic 
strategy for the treatment of oral squamous cell 

carcinoma. 
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