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Abstract 

Cancer is a primary cause of morbidity and mortality worldwide and represents a substantial burden on health care 

systems. In 2020, there were more than 19.3 million new cases and over 10 million deaths from cancer annually. Despite 

the progress in traditional therapy, problems like as drug resistance, toxicity and recurrence are still present. Medicinal 

plant phytochemicals have attracted a lot of interest in the recent years as potential anticancer medications because of 

their structural diversity, biological activity and relatively low toxicity. The study was conducted to evaluate the anticancer 

efficacy of some phytochemicals extracted from five traditionally used medicinal plants i.e. Curcuma longa (turmeric), 

Azadirachta indica (neem), Allium sativum (garlic), Solanum lycopersicum (tomato) and Withania somnifera 

(ashwagandha) against important oncogenic protein targets by using a structure based molecular docking methodology. 

A preliminary screening of more than 60 phytochemicals was identified by a detailed literature study and validated by the 

IMPPAT 2.0 database. The proteins KRAS, EGFR, HER2, HRAS and CTNNB1 crystal structures were retrieved from the 

RCSB Protein Data Bank. The three-dimensional ligand structures were retrieved from the PubChem database. Molecular 

docking simulation was performed using CB-Dock2 platform. CB-Dock2 predicts the ligand-protein binding affinity by 
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integrating cavity detection and scoring mechanism of AutoDock Vina. The maximum binding affinity was observed with 

azadiradione from Azadirachta indica with KRAS (Vina score = –15.3 kcal/mol) showing a somewhat persistent 

association in the active region of the protein. Other important chemicals included bisdemethoxycurcumin binding to HRAS 

(–9.4 kcal/mol), sitoindosidelx interacting with EGFR (–10.7 kcal/mol) and nicotiflorin targeting KRAS (–10.9 kcal/mol). 

Beta-carotene, isotretinoin, and zeaxanthin, carotenoid chemicals from Solanum lycopersicum, showed strong interactions 

with HER2. The results suggest that phytochemicals from medicinal plants like turmeric, ashwagandha and neem have 

great anticancer potential and might be lead molecules for developing novel medications. 

Keywords: Phytochemicals, Molecular Docking, Anticancer Activity, Oncogenic Proteins. 
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1. Introduction 

One of the most significant public health issues is the 

prevalence of cancer globally. In 2020, there were about 

10 million cancer-related fatalities and 19.3 million new 

cases per year (Park et al., 2024). It is a leading cause of 

death worldwide and has a significant negative impact on 

economies and healthcare systems everywhere. By 2040, 

it is predicted that low- and middle-income countries 

(LMICs) would bear more than 75% of the world's 

cancer burden (Sivaram et al., 2021). The need for 

accessible, efficient, and innovative treatment methods is 

shown by the variations in cancer incidence and 

mortality among nations as well as the growing costs of 

healthcare (Guerra-Londono et al., 2025). Due to certain 

inherent limitations, conventional cancer therapies 

including radiation, chemotherapy, and surgery have 

become less successful. Medication resistance, 

incomplete tumour excision, serious side effects, and the 

potential for cancer recurrence are among of them 

(Bandara & Raveendran, 2025; Chaudhari et al., 2024; 

Burris, 2009). However, most patients develop resistance 

to non-specific chemotherapeutic therapies, such as those 

used to treat non-small-cell lung cancer (NSCLC), which 

provide only modest survival improvements and are 

linked to high toxicity (Burris, 2009). Furthermore, 

considering that many patients need long-term, intensive 

care, the financial expense of these medications is a 

significant worry (Park et al., 2024). These restrictions 

highlight the urgent need for more advanced and 

effective cancer treatments. Immunotherapy and 

microneedle-based drug delivery systems are examples 

of innovations that are expanding possibilities, although 

worries about resistance and response variability still 

exist (Bandara & Raveendran, 2025; Ganeson et al., 

2023). Because of their broad spectrum of bioactivity and 

chemical variation, phytochemicals—bioactive 

compounds derived from plants—are becoming a 

promising class of candidates for the creation of 

anticancer drugs. 

It has been discovered that phytochemicals influence 

important biological processes associated with cancer, 

including angiogenesis, metastasis, and apoptosis. Their 

diversity and structural complexity provide a wealth of 

distinctive chemical scaffolds that are often difficult to 

replicate artificially. These substances are thus helpful in 

the hunt for novel drugs (Permaul Flores et al., 2023). 

Additionally, their long history of usage in conventional 

medicine points to a generally favourable safety profile, 

reducing concerns about undesirable side effects. The 

importance of phytochemicals is further shown by the 

practical applications of plant-based anticancer 

compounds. For example, Paclitaxel (Taxol), produced 

from the Pacific Yew tree, is often used to treat ovarian, 

breast, and lung cancers. Similarly, vincristine, which is 

made from the Madagascar periwinkle plant, has 

revolutionised the treatment of lymphoma, leukaemia, 

and a number of childhood cancers (Murayama et al., 

2023). 

Traditional medical systems across the world have long 

employed plant-based remedies to treat a variety of 

illnesses, including cancer. Ethnopharmacology has a 

role in identifying potential drug candidates from 

traditional medicinal practices and serves as a crucial 



The American Journal of Applied Sciences 
ISSN 2689-0992  Volume 08 - 2026 

 
 

The Am. J. Appl. Sci. 2026                                                                                                                         156 

link between traditional knowledge and contemporary 

scientific research (Su et al., 2021). Since many modern 

drugs, including certain anticancer therapies, have their 

roots in traditional medicine, it is crucial to validate and 

expand this body of knowledge using rigorous scientific 

methods. There are still significant gaps in our 

understanding of the precise mechanism of action of 

phytochemicals, such as flavonoids, polyphenols, 

terpenoids, and alkaloids, despite the growing evidence 

of their anticancer potential. These substances have been 

shown to alter pathways implicated in the development 

of cancer, such as nuclear factor kappa B (NF-κB) 

activation, apoptosis, cellular migration, and reactive 

oxygen species (ROS) signalling (Zheng et al., 2022). To 

further understand these pathways and use these findings 

in therapeutic applications, more research is required. By 

focusing on many molecular sites, curcumin is one of the 

substances that, when combined with resveratrol and 

quercetin, has shown superior anticancer benefits. 

However, challenges including poor absorption restrict 

these combinations' clinical efficacy. Therefore, co-

delivery techniques and formulations based on 

nanoparticles need further research (Ghobadi & 

Asoodeh, 2023). Additionally, new research indicates 

that phytochemicals have a role in immune checkpoint 

suppression and immunological modulation. Certain 

phytochemicals may enhance treatment response and 

reduce immunogenic side effects when used with 

immune checkpoint inhibitors (Lee et al., 2021; Paudel 

et al., 2023). Nevertheless, little research has been done 

on the specific molecular pathways of the immune 

system components and phytochemicals. 

Furthermore, a wide range of bioactivities against cancer 

cell lines are shown by less well-known compounds, 

particularly those obtained from plants like Catharanthus 

roseus. Even while alkaloids like vincristine and 

vinblastine are used therapeutically, certain newly 

discovered alkaloids need further research (Pham et al., 

2020). The potential of phytochemicals to lower cancer 

risk has been shown by epidemiological studies; 

nevertheless, these results usually do not transfer into 

clinical trials, underscoring the necessity for further well 

planned human research to determine efficacy and safety 

(Rudzińska et al., 2023). Examining phytochemicals for 

less studied cancers is another area of current research 

that is understudied. Malignancies including bladder and 

prostate cancer have attracted a lot of attention, but there 

are opportunities to study these compounds in other 

cancer types and signalling pathways (Xia et al., 2021). 

A computer-based technique called "molecular docking" 

determines which molecule (ligand) will suit a target 

(such a protein or nucleic acid) the best. Because it 

simulates interactions between tiny drugs and target 

macromolecules, it is essential to structure-based drug 

development (Dnyandev et al., 2021). Preparing ligands 

and receptors, performing simulations, and evaluating 

predicted binding positions and affinities are the typical 

steps in docking (Schäfer et al., 2024). Without the need 

for wet-lab research, molecular docking is a quick and 

affordable method of digitally screening large chemical 

libraries to identify the most promising drug candidates 

(Muhammed & Aki-Yalcin, 2024). This expedites the 

first phases of drug development and improves the 

effectiveness of subsequent experimental validation 

(Sahoo et al., 2022). Among the available tools, CB-

Dock2 is now a reliable docking platform thanks to the 

addition of cavity identification, blind docking, and 

homologous template fitting. With a success rate of over 

85% for binding posture prediction, CB-Dock2 is very 

accurate and user-friendly, making it perfect for 

cheminformatics and bioinformatics applications (Liu et 

al., 2022). 

Based on their documented phytochemical richness and 

historic use, five plants were selected for the study. 

Curcuma longa (turmeric), Azadirachta indica (neem), 

Allium sativum (garlic), Solanum lycopersicum 

(tomato), and Withania somnifera (ashwagandha) were 

the plants chosen. These plants are known to have 

compounds with pro-apoptotic, anti-inflammatory, and 

antioxidant properties that are crucial for cancer 

treatment. For instance, via many cell signalling 

pathways, curcumin from turmeric inhibits the 

development of cancer cells and encourages their death 

(Ahmad et al., 2020). Garlic's anticancer potential is 

attributed to its organosulfur compounds, which aid in 

DNA repair and modify immune responses (Bouyahya et 

al., 2022). These specific phytochemicals have been 

selected because of their ability to decrease 

chemoresistance and boost the chemosensitivity of 

existing cancer treatments (Bouyahya et al., 2022). 

Additionally, they may be helpful adjuvants in the 

prevention and treatment of cancer due to their 

immunomodulatory and anti-inflammatory properties (G 

Ravelo et al., 2004). 

KRAS, EGFR, HRAS, HER2, and CTNNB1 were 

identified as important oncogenic targets for this study. 

Members of the RAS family of oncogenes, KRAS and 

HRAS, are often mutated in several malignancies, 
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leading to the unchecked activation of cell growth 

pathways (Aunoble et al., 2000). Members of the 

epidermal growth factor receptor family, EGFR and 

HER2, are often overexpressed or mutated and play 

crucial roles in cell survival and proliferation. β-catenin, 

a crucial component of the Wnt signalling pathway that 

has been linked to cancer via its control of gene 

transcription and cell adhesion, is encoded by the 

CTNNB1 gene (Sahu & Pattanayak, 2020). 

In order to bridge traditional medicine and contemporary 

drug discovery, the study intends to assess the anticancer 

potential of phytochemicals from five medicinal plants 

using molecular docking to ascertain their binding 

affinities to important cancer protein targets like KRAS, 

EGFR, HER2, HRAS, and CTNNB1 using the CB-

Dock2 platform. Their docking performance will be 

contrasted with that of well-known synthetic anticancer 

medications, and in-depth atomic-level molecular 

interaction studies will be carried out to elucidate the 

binding mechanisms. Additionally, the study's goal is to 

identify interesting and understudied phytochemicals 

from a structural standpoint for upcoming in-vitro and in-

vivo validation. By combining pharmacological data 

with computer predictions, the work also advances the 

scientific validation of ethnomedical knowledge. All 

things considered, our approach finds natural compounds 

that may be low-toxicity, multi-target anticancer 

prospects and offers a foundation for the creation of safer 

and more efficient treatment plans. 

2. Methodology 

2.1 Phytochemicals Selection/ Selection of 

Phytochemicals 

Molecular docking investigation was examined for 

phytochemicals with antioxidant benefits and probable 

anticancer impact. The present study was conducted on 

five well known Indian medicinal plants namely 

Withania somnifera (Ashwagandha), Azadirachta indica 

(Neem), Curcuma longa (Turmeric), Allium sativum 

(Garlic) and Solanum lycopersicum (Tomato), that has 

been extensively used in traditional medicine for its 

therapeutic properties including anticancer potential. 

Through extensive literature surveys, including 

databases such as PubMed Central 

(https://pmc.ncbi.nlm.nih.gov/), Google Scholar 

(https://scholar.google.com/), Scopus, ScienceDirect, 

and SpringerLink, an initial pool of more than 60 

phytochemicals was shortlisted based on key terms such 

as “phytochemicals,” “anti-cancer activity,” and specific 

plant names. 

2.2 Phytochemical Validation 

To ensure accuracy and biological relevance, the selected 

phytochemicals were validated using the IMPPAT 2.0 

database (Indian Medicinal Plants, Phytochemistry, and 

Therapeutics) (https://cb.imsc.res.in/imppat/). This 

ensured that only well-characterized and experimentally 

supported phytochemicals from Indian medicinal plants 

were used. Additional details such as their phytochemical 

class, therapeutic activity, and plant part were verified 

and cross-referenced. 

2.3 Ligand Structure Retrieval, Preparation, and 

Optimization 

The three-dimensional structures of the validated 

phytochemicals were retrieved from the PubChem 

(https://pubchem.ncbi.nlm.nih.gov/) database in .sdf 

format. The downloaded structures were directly used for 

docking without additional optimization, as CB-Dock 2 

directly supports the, sdf format. 

2.4 Selection and Preparation of Target Proteins 

(Protein preparation) 

The protein EGFR (PDB ID: 1M17), HER2 (PDB ID: 

3PPO), KRAS (PDB ID: 4JV8), HRAS (PDB ID: 

7OGC), and CTNNB1 (PDB ID: 8Y0G) were prepared 

by retrieved the three- dimensional crystal structures of 

each from the RCSB Protein Data Bank 

(https://www.rcsb.org/). Only Homo sapiens-derived, 

high-resolution X-ray diffraction structures (≤ 2.0 Å) 

without mutations were selected to ensure data fidelity. 

Energy minimization and geometry optimization of all 

structures were performed using PyMOL v2.5, a built-in 

tool for preparing structures before docking in UCSF 

Chimera to add hydrogen atoms and charges to the 

receptors; then, the proteins were later saved in PDBQT 

format. This ensured a precise and isolated binding 

pocket for receptor-ligand interaction analysis. 

2.5 Structure-Based Molecular Docking simulation 

via CB-Dock2 

CB-Dock2, a cavity-detection guided molecular docking 

tool (http://cadd.labshare.cn/cb-dock2/), was employed 

to predict the binding interactions between selected 

phytochemicals and protein targets. The program uses 

AutoDock Vina as docking engine, and provides auto 

cavity identification, receptor-ligand preparation and 

https://pmc.ncbi.nlm.nih.gov/
https://scholar.google.com/
https://cb.imsc.res.in/imppat/
https://pubchem.ncbi.nlm.nih.gov/
https://www.rcsb.org/
http://cadd.labshare.cn/cb-dock2/
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docking simulation. For each run, the protein structures 

(.pdb format) and ligands (.sdf format) were submitted to 

the server. The docking was performed against the top 

five anticipated binding cavities. Binding affinity scores 

(kcal/mol), cavity coordinates and docking postures were 

obtained. The best scoring ligand-protein complexes 

according to the binding affinity were chosen for 

visualisation and additional interaction analysis. 

3. Results 

3.1 Docking Success rate 

All the selected phytochemicals effectively docked with 

the target proteins and were compatible with the binding 

pockets identified. 

3.2 Phytochemical Selection and Validation 

Compounds were chosen based on their reported 

anticancer efficacy, structural diversity and recognised 

biological routes. These covered a wide array of 

chemical classes such flavonoids, terpenoids, 

carotenoids, withanolides and organosulfur compounds. 

The chosen compounds were evaluated using IMPPAT 

2.0 database which gave thorough information on plant 

source, medicinal significance and traditional use of each 

phytochemical. This resulted in a refined list of 

representative phytochemicals. Key examples are 

azadiradione, nicotiflorin, and rutin from neem; 

withaferin A and sitoindosidelx from ashwagandha; 

curcumin and bisdemethoxycurcumin from turmeric; 

lycopene and beta-carotene from tomato; and allixin 

from garlic. The choice of these phytochemicals is 

consistent with the research emphasising their function 

in cancer-related processes including activation of 

apoptosis, angiogenesis inhibition, regulation of 

oxidative stress and interference with oncogenic 

signalling. 

3.3 Target Proteins 

Five human cancer-associated proteins were selected as 

molecular targets based on their relevance to key 

oncogenic pathways and their association with specific 

phytochemicals as suggested by literature. High-

resolution crystal structures corresponding to EGFR, 

HER2, KRAS, HRAS, and CTNNB1 were successfully 

obtained. Each structure displayed a well-defined 

binding domain and was free from major structural 

irregularities upon inspection. Post-refinement, all 

protein models were confirmed to be structurally intact, 

with active sites preserved and cavity regions accessible. 

The cleaned and validated protein files (Table 1) were 

confirmed to be suitable for molecular docking, ensuring 

reliable ligand–target interaction analysis in subsequent 

simulations. The following PDB IDs were selected for 

each plant were shown and describe in table 1. 

 

Table 1: Selected plants with their PDBIDs 

SL/NO Plant PDB IDs 

1. Solanum lycopersicum 3PPO 

2. Curcuma longa 7OGC 

3. Allium sativum 8Y0G 

4. Azadirachta indica 4JV8 

5. Withania somnifera 1M17 

3.4 Molecular Docking  

Molecular docking of all validated phytochemicals with 

their respective cancer-associated protein targets was 

successfully completed using the CB-Dock2 platform. 

Vina scores, which represent binding energy in kcal/mol, 

were used to evaluate the interaction strength: the lower 

(more negative) the score, the stronger the binding 

potential of the phytochemical to the target protein. 

Of all the combinations, the phytochemicals from Neem, 

Ashwagandha, Turmeric and Tomato showed especially 

robust binding characteristics. Azadiradione from 

Azadirachta indica had the greatest binding affinity for 

KRAS with a Vina score of -15.3 kcal/mol suggesting a 
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very favourable and stable interaction. Next up, 

Nicotiflorin, once again from neem, binds to KRAS with 

–10.9 kcal/mol. Sitoindosidelx, a molecule from 

Withania somnifera, showed significant binding with 

EGFR with a docking score of –10.7 kcal/mol. The 

synthetic reference molecule, Topotecan, which was 

utilised for comparison with the turmeric compounds, 

scored –10.6 kcal/mol against HRAS. 

Other substances such as Rutin (Neem), Beta-carotene, 

Isotretinoin and Zeaxanthin (Tomato) and 

Bisdemethoxycurcumin (Turmeric), Withaferin A 

(Ashwagandha) also showed significant binding affinity 

with docking scores in the range of –9.8 to –9.3 kcal/mol. 

Table 2. Ranked list of the top ten ligand–protein 

interactions based on their Vina binding scores 

Table 2: Top 10 docking results of selected phytochemicals against cancer-associated target proteins 

Rank Plant Source Phytochemical Target Protein (PDB ID) Vina Score 

(kcal/mol) 

1 Neem Azadiradione KRAS (4JV8) –15.3 

2 Neem Nicotiflorin KRAS (4JV8) –10.9 

3 Ashwagandha Sitoindosidelx EGFR (1M17) –10.7 

4 Turmeric Topotecan HRAS (7OGC) –10.6 

5 Neem Rutin KRAS (4JV8) –9.8 

6 Tomato Beta-Carotene HER2 (3PPO) –9.8 

7 Tomato Isotretinoin HER2 (3PPO) –9.7 

8 Tomato Zeaxanthin HER2 (3PPO) –9.6 

9 Turmeric Bisdemethoxycurcumi

n 

HRAS (7OGC) –9.4 

10 Ashwagandha Withaferin A EGFR (1M17) –9.3 
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Figure 1: Docking results of top 10 phytochemicals against cancer-associated target proteins, showing binding interactions 

and docking scores. Each panel A. Azadiradione (Neem, Target: KRAS, Vina: –15.3), B. Nicotiflorin (Neem, Target: 

KRAS, Vina: –10.9), C. Sitoindosidelx (Ashwagandha, Target: EGFR, Vina: –10.7),  D. Topotecan (Turmeric, Target: 

HRAS, Vina: –10.6), E. Rutin (Neem, Target: KRAS, Vina: –9.8), F. Beta-Carotene (Tomato, Target: HER2, Vina: –9.8), 

G. Isotretinoin (Tomato, Target: HER2, Vina: –9.7), H. Zeaxanthin (Tomato, Target: HER2, Vina: –9.6),  I. 

Bisdemethoxycurcumin (Turmeric, Target: HRAS, Vina: –9.4),  J. Withaferin A (Ashwagandha, Target: EGFR, Vina: –9.3) 

corresponds to one phytochemical. 

 

 

Figure 2: Bar graph showing the top 10 ligand–protein interactions based on their Vina docking scores (kcal/mol). 

4. Discussion 

Cancer is one of the most difficult and complicated 

diseases to cure. Cancer is marked by uncontrolled cell 

proliferation, evasion of programmed cell death 

(apoptosis), persistent angiogenesis, and the ability to 

invade distant organs and metastasise. The tumourigenic 

behaviours are generally ascribed to genetic aberrations 

that disrupt important regulatory signalling pathways 

such as MAPK/ERK, PI3K/AKT, Wnt/β-catenin, and 

EGFR, culminating in tumour development and 

progression (Ademosun OT et al., 2024). 

Cancer burden globally is increasing at an alarming rate. 

For example, in 2018, over 18 million new cases were 

reported, and the number is predicted to exceed 23 

million year by 2030 (Majrashi TA et al., 2023). Lung 

and breast cancers were the most frequent, with over 2.09 

million cases each, followed by prostate (1.28 million). 

With the exception of thyroid cancer where the incidence 

is disproportionately higher in women (ratio 0.30), 

cancer incidence is often higher in males than in women, 

excluding sex-specific malignancies. Cancer is one of the 

top causes of mortality globally with over 20 million new 

cases and over 10 million deaths in 2022 . In the US 

alone, the number of deaths is expected to treble (Fakhri 

KU et al, 2025), with 6.9 million people aged 80 years or 

older expected to be diagnosed with cancer (20.5% of all 

cases) by 2050. 

Lung cancer is one of the deadliest cancers, with more 

than two million new cases diagnosed each year. 

Preventative approaches should be stressed, since they 

are the most effective strategy to reduce incidence and 

death. Plant-based diets have been found to have promise 

as agents, especially in the prevention of lung cancer and 

in targeting lung cancer stem cells (Heng WS et al., 

2021).  Breast cancer is the largest cause of cancer 

mortality in women, representing 11.6% of all cancer 

diagnoses, one in four cancers, and one in six cancer-

related deaths worldwide (Kodali N et al., 2025). 

Pancreatic cancer is also a severe concern since it is 

aggressive and has a dismal prognosis. According to the 

American Cancer Society Cancer Statistics Center, 

pancreatic cancer is predicted to be the 10th most 
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diagnosed cancer and the third most deadly disease in 

2023 (Casarcia N et al., 2025). 

Chemotherapy and radiation are classic medicines that 

have been proved to be useful in retarding cancer 

progression, but their usage is limited by adverse effects. 

This has heightened the attention on the phytochemicals, 

the natural compounds contained in spices, fruits, 

vegetables, grains and legumes as possible promising 

adjuncts to increase the therapeutic efficacy and reduce 

the toxicity (Jain A et al., 2021). The notion of cancer 

prevention is phytochemicals, bioactive and non-

nutritive substances that are naturally present in plants . 

They are usually grouped into five major families: 

phenolics, carotenoids, organosulfur compounds, 

nitrogen containing compounds and alkaloids. They are 

responsible for the colour, smell and flavour of plant 

foods. They have a wide range of biological activities and 

have been shown to have a high potential to decrease the 

risk of cancer and regulate pathways implicated in 

carcinogenesis (Rudzińska A et al., 2023). Over the years 

several natural compounds have been extensively 

investigated for their cancer preventative potential. The 

growing evidence of chemopreventive and therapeutic 

effects of plant-derived compounds in vitro and in vivo 

investigations has prompted researchers to launch 

clinical trials to investigate their pharmacokinetics, 

efficacy, and safety (George BP et al., 2021). 

The structure based molecular docking was performed to 

evaluate the anticancer potential of phytochemicals from 

five traditionally used medicinal plants, namely 

Azadirachta indica, Withania somnifera, Curcuma longa, 

Solanum lycopersicum, and Allium sativum against five 

major oncogenic targets, KRAS, EGFR, HRAS, HER2, 

and CTNNB1.  Molecular docking is an in-silico 

approach to predict the binding mode and binding 

affinity of small molecules to the macromolecular target 

[3]. It predicts binding poses by sampling and scoring 

and estimates the binding strength. It is industry standard 

in drug design to screen candidates, propose binding 

modalities, and enhance leads (Le Menestrel T, & Rivas 

MA, 2024). The docking of these target proteins was 

done with each phytochemical individually to check the 

binding affinity and inhibitory effects. This assisted in 

recognising the powerful ligand-protein interaction, 

ranking the compounds based on the docking scores, 

visualising the key binding sites and it underscores 

molecular docking as a viable method for early stage 

anticancer drug discovery (Priyadharshini G et al., 2024). 

Azadirachta indica has been used in traditional Indian 

medicine for long time because of its wide spectrum of 

therapeutic properties. It contains many phytochemicals 

such as limonoids, flavonoids, phenols, catechins, gallic 

acid and nimbins which possess high anti-feedant, 

antiviral, antimalarial, antibacterial and anticancer 

effects (Sandhir R et al., 2021). Neem showed the most 

inhibitory potential. Among phytochemicals, 

azadiradione exhibited the strongest interaction with 

KRAS with a Vina score of − 15.3 kcal/mol, which was 

the best among the tested compounds. It established 

stabilising H-bonds with residues like Gly60 and Lys117 

in the GTP-binding pocket, often regarded as 

“undruggable” owing to its high affinity for GTP/GDP. 

The two compounds, Nicotiflorin (–10.9 kcal/mol) and 

Rutin (–9.8 kcal/mol) demonstrated substantial 

interactions which indicates the potential of synergy in 

multi-target engagement. Interestingly, another neem 

chemical, Nimbolide, has been reported to inhibit breast 

cancer development by disrupting RNF114-mediated 

ubiquitination and stabilising tumour suppressors such as 

p21 (Batra N et al, 2022). Withania somnifera 

(ashwagandha) has anti-cancer, anti-inflammatory and 

protective properties. It possesses active compounds like 

Withaferin A and Withanone in its root which induces 

apoptosis in the breast cancer cells by activation of 

caspase-3 and downregulation of Bcl-2 and also 

increases the effectiveness of chemotherapy and 

radiation (Jawarneh S et al., 2022). Ashwagandha 

showed potential anti-oncogenic activity particularly 

against EGFR. Withaferin A specifically inhibited 

activity of EGFR. The selective interaction was 

highlighted in the study of Kori et al. (2022). Molecular 

docking studies indicated the remarkable potential of 

Withaferin A to act as an EGFR inhibitor in non-small 

lung cell cancer. Sitoindoside showed highest binding 

affinity of (-10.7 kcal/mol) followed by Withaferin A (-

9.3 kcal/mol) and Withanolide D. Withanone also 

demonstrated significant binding (-8.3 kcal/mol). These 

phytochemicals have the pro-apoptotic effects via 

modifying mitochondrial and endoplasmic reticulum 

functioning and by affecting pathways such STAT3, 

Notch and Akt (Atteeq M et al., 2022; Dutta R et al., 

2019). Thus, withania phytochemicals emulate ATP-

competitive inhibitors and bind to the kinase domain of 

EGFR and interfere with signal transduction in tumours 

over expressing EGFR. Curcuma longa is widely known 

for its chemopreventive potential where Curcumin has 

been proven to have powerful effects via ROS 

scavenging, regulation of signalling pathways, induction 
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of apoptosis and control of cancer microenvironment 

(George BP et al., 2021). Curcumin is low-cost, has little 

adverse effects on normal cells and is frequently used in 

Asian countries. Compounds had strong binding 

affinities notably towards HRAS. Bisdemethoxy 

curcumin (-9.4 kcal/mol) and Curcumin (-9.3 kcal/mol) 

interacted with key residues like Tyr32 and Ser17, in line 

with their known capabilities to suppress MAPK 

signalling and trigger apoptosis (Cui J et al., 2025). 

Solanum lycopersicum contains large amount of 

carotenoids such Beta-Carotene, which exhibited strong 

binding to HER2 (−9.8 kcal/mol), Isotretinoin (−9.7 

kcal/mol) and Zeaxanthin (−9.6 kcal/mol) respectively. 

Tomato lycopene is a red pigment and its significant anti-

oxidant property has been demonstrated to have 

chemopreventive benefits in various types of 

malignancies such as prostate, liver, breast and colon 

(Perveen R et al., 2015). It has dual behaviour, 

functioning as an antioxidant at low concentration and 

pro-oxidant at high dose to induce apoptosis (Lekhak N 

et al., 2024; Kapała A et al., 2024). Besides, S. 

lycopersicum offers a wide range of medicinal benefits 

such as anti-inflammatory, anticancer and 

cardioprotective activities (Abdel-Razek MA et al., 

2025). Allium sativum compounds revealed poor 

docking scores but strong contact with CTNNB1 (β-

catenin), a major effector in Wnt signalling. Allixin (–5.5 

kcal/mol) and S-Allylmercapto-L-Cysteine (–4.4 

kcal/mol) were shown to bind to transcriptionally active 

regions of β-catenin, potentially limiting the production 

of genes that are crucial for the proliferation of the cancer 

cells. 

Comparative docking studies demonstrated that 

Azadiradione was the most potent phytochemical with 

substantial affinity towards KRAS. Similarly, good 

binding affinities of Sitoindosidelx and Curcumin 

analogues for EGFR and HRAS respectively were also 

reported which correspond well with their conventional 

medicinal use in anti-cancer treatment. These 

compounds can interact with a broad range of targets, 

reinforcing the concept of polypharmacology, which is 

mostly considered a required approach to combat tumour 

heterogeneity and treatment resistance. The highest rated 

compounds, Azadiradione, Nicotiflorin, Sitoindosidelx, 

Topotecan, Rutin and Beta-Carotene, showed combined 

docking scores with high likelihood of interaction with 

their respective targets. These connections suggest 

numerous modes of anticancer activity include 

suppression of receptor tyrosine kinases (EGFR, HER2), 

interference with GTPase mediated signalling (KRAS, 

HRAS) and control of transcriptional co-activators (β-

catenin). The docking data suggests that these 

phytochemicals might be used as lead molecules for 

further in vitro, in vivo and structure based drug 

development studies. 

Molecular docking is an important first step in the search 

for potential anticancer drugs but it is a predictive 

technology and must be handled with caution. High 

Docking scores imply strong binding affinities; however, 

this doesn't necessarily mean biological activity. 

Therefore, compounds such as azadiradione and 

sitoindosidelx, which showed extremely high binding 

affinities, should be studied further in vitro for their 

cytotoxicity, pharmacokinetic profile and mode of action 

to prove therapeutic potential. This investigation 

underlines the role of phytochemicals in influencing the 

key oncogenic proteins. Interestingly, the most potent 

interaction was found with Azadirachta indica where 

Azadiradione demonstrated binding affinity to KRAS (-

15.3 kcal/mol) showing its prospective relevance in 

inhibiting a prominent cancer-driver gene. Also 

Sitoindosidelx and Withaferin A from Withania 

somnifera showed potential interactions targeting EGFR. 

Likewise, Curcuma longa compounds like Curcumin and 

Bisdemethoxycurcumin exhibited strong affinities to 

HRAS, indicating their ability to control the MAPK 

pathway. Meanwhile compounds of Solanum 

lycopersicum and Allium sativum revealed weak but 

significant interaction with HER2 and β-catenin 

respectively. The data show that Neem, Ashwagandha 

and Turmeric are extremely promising sources of 

anticancer phytochemicals. Computational techniques 

coupled with ethnomedicinal knowledge provide a solid 

basis for the discovery of novel plant-derived anti-cancer 

medicines and the most promising results need 

experimental validation. 

5. Conclusion 

This research brings to light phytochemicals from 

medicinal plants as promising possibilities in the 

development of anticancer medicines.  Their high 

binding affinities and positive interactions with the key 

oncogenic protein targets, including KRAS, EGFR, 

HER2, HRAS, and CTNNB1, have been pointed out by 

the study using molecular docking with the CB-Dock2 

platform.  The comparative comparison with synthetic 

anti-cancer medicines further supports the therapeutic 

significance of the compounds. The discovery of 

structurally intriguing and underexplored compounds 

provides a basis for future experimental validation.  This 
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integration is very important because it links the ancient 

ethnomedicinal knowledge with modern computational 

pharmacology, which may help to design low-toxicity, 

multi-target anticancer drugs.  Finally, the findings 

provide a good basis for the advancement of 

phytochemicals from in silico predictions to in vitro and 

in vivo investigations, aiming at the improvement of the 

effectiveness and safety of cancer treatments. 
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