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Abstract 
Cancer remains a major global health concern, with existing therapies like chemotherapy and radiation often limited by serious side effects and the development of drug resistance. These challenges have prompted growing interest in natural alternatives, particularly plant-derived compounds known for their broad range of biological activities. Many of these phytochemicals including curcumin, epigallocatechin-3-gallate (EGCG), withaferin-A, kaempferol, and quercetin have shown the ability to interfere with crucial signalling pathways that cancer cells depend on for growth, survival, and metastasis. Unlike single-target drugs, these natural agents frequently act on multiple cellular pathways, making them especially valuable in the fight against drug-resistant cancers. However, their clinical application faces hurdles such as poor bioavailability, variable pharmacokinetics, and tumor heterogeneity. To address this challenges, recent studies have explored innovative drug delivery approaches, such as nano- formulations, along with the strategic use of combination therapies. Network pharmacology and personalized medicine are also emerging as promising tools for optimizing the therapeutic potential of compounds derived from the plants. This review investigates the processes through which these agents exert their anticancer effects and highlights the advances and remaining challenges on the path to integrating them into advanced oncology.
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Introduction
Globally cancer stands out as a major health challenge that claiming millions of lives each year, primarily due to dysregulated cellular proliferation and the disruption of normal cellular functions (I. C. Lee & Choi, 2016; Shrihastini et al., 2021). There are several traditional cancer therapies like radiation and chemotherapy are most often associated with drug resistance and cause serious negative impact. Consequently, there is increasing interest in exploring substitute therapeutic methods, including the utilization of plant derived compounds. These natural compounds, known for their potent bioactive properties, present a viable path for targeted cancer treatment by modulating the key signaling pathways involved in the development of cancer (Farghadani et al., 2021) and progression (Farooqi et al., 2020b; Qattan et al., 2022a). This review offers in-depth examination of the current comprehend of medicine derived from plants for targeting cancer signaling pathways, along with a particular emphasis on their pathway of action, effectiveness, drawbacks, and future research directions.
Plant-Derived Compounds and Their Anti-Cancer Properties
Various compound derived from plants have exhibited significant anticancer activity in both in vivo and in vitro studies (Asgharian et al., 2021a; Farghadani & Naidu, 2021b; Qattan et al., 2022b). These compounds, which are often classified as phytochemicals, contain a broad spectrum of chemical structures and biological functions. For example, flavonoids, such as kaempferol (Qattan et al., 2022b) and quercetin (Asgharian et al., 2021a), possess notable anti-inflammatory, anti-cancer, and antioxidant qualities. They show these types of effects by controlling diverse mechanisms related to cancer, like metastasis angiogenesis, oxidative stress, apoptosis, proliferation, and cell cycle regulation (Qattan et al., 2022b). Other important secondary metabolites with different mechanisms of action and therapeutic potential include curcumin (Farghadani & Naidu, 2021b), epigallocatechin-3-gallate (EGCG) (Farooqi et al., 2020a), and withaferin-A (I. Lee et al., 2016). Although further investigation is required to comprehensively clarify their mechanisms of action, alkaloids, another class of phytochemicals, also shows promising effect for cancer treatment (Tilaoui et al., 2021).
Mechanisms of Action
Medicines obtained from the plant plays important role by showing anticancer effects by disrupting oncogenic signaling pathways crucial for cancer cell survival, growth, and spread (Farghadani & Naidu, 2021b; Farooqi et al., 2020a; Qattan et al., 2022b). These compounds frequently target multiple pathways simultaneously, thereby enhancing their effectiveness (Farghadani & Naidu, 2021b; Farooqi et al., 2020a). For instance, curcumin has been shown to affect the Phosphatidylinositol 3-kinase (PI3K)/ Protein Kinase B (Akt)/ mammalian target of rapamycin (mTOR), Janus Kinase (JAK)/ Transducers (Farghadani et al., 2021) and Activators of Transcription (STAT), MAPK, NF-κB, p53, and Wnt/β-catenin (Farghadani et al., 2021) pathways in hormone-independent breast cancer (Farghadani & Naidu, 2021b). in the same way, EGCG regulates the Janus Kinase (JAK)/ Transducers and Activators of Transcription (STAT), Wnt/β-catenin, TGF/SMAD, SHH/GLI, (Farghadani et al., 2021) and NOTCH pathways in different cancers. Kaempferol affects several pathways, involving Phosphatidylinositol 3-kinase (PI3K)-(AKT) Protein Kinase B, VEGF, STAT, p53, and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) (Qattan et al., 2022b). By modulating these pathways, which are often disrupted in cancer cells, plant-based medicines can inhibit metastasis, can trigger apoptosis, and can prevent cell proliferation (Farghadani & Naidu, 2021b; Qattan et al., 2022b). Furthermore, certain phytochemicals may exert their anticancer effects through epigenetic pathways by affecting DNA methylation, histone modification, and chromatin remodeling (Bouyahya et al., 2022). Though, the certain mechanisms of action can be different based on a compound, form of the cancer, and the cellular environment (Chirumbolo et al., 2018).
Targeting Specific Signaling Pathways
Phosphoinositide 3-kinase (PI3K)/Protein Kinase B (Akt)/Mammalian Target of Rapamycin (mTOR) Pathway
This signaling pathway is often activated in a range of cancers, facilitating the cell growth, survival, and formation of new blood vessels (Cancers & 2015, 2015; Farghadani & Naidu, 2021b). various plant derived compounds have shown their effectiveness by blocking this pathway (Cancers & 2015, 2015; Farghadani & Naidu, 2021b; Qattan et al., 2022b). For exmple, curcumin inhibits the activity of PI3K, Akt, & mTOR, leading to reduce growth and enhance apoptosis in breast cancer cells (Farghadani & Naidu, 2021b). similarly, also the anti-cancer effects of kaempferol include its ability to inhibit the PI3K-AKT signaling pathway (Qattan et al., 2022b). The utilization of plant-derived treatments to target this pathway holds significant promise for cancer therapy.
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Figure 1. Curcumin suppress the PI3K/Akt/mTOR pathway by downregulating IKKβ, AKT, GSK3β, and HER2, invasion, suppressing cellular growth and metastasis in hormone receptor-negative breast cancer. (Farghadani et al., 2021)
Key elements involve Curcumin, PI3K, AKT (PKB), mTORC1, IKKβ, PTEN, TSC, RTK, GSK3β, and TFs (Farghadani & Naidu, 2021a). 
Janus Kinase (JAK)/Signal Transducers and Activators of Transcription (STAT) Pathway
This pathway is integral to the regulation of cell Proliferation, survival, and inflammation (Farghadani & Naidu, 2021b; Farooqi et al., 2020a). The Dysregulation of this pathway is commonly observed in diverse cancers (Farghadani & Naidu, 2021b; Farooqi et al., 2020a). Research has indicated that curcumin and EGCG inhibit the JAK/STAT pathway, thereby impeding cancer cell development and promoting apoptosis. furthermore, the compound derived from the plant Brassinin influences the JAK/STAT pathway in colorectal cancer cells (Yang et al., 2021). additionally, investigation is warranted to explain the function of this pathway in cancer and explore the ability of plant-derived compounds as effective therapeutic agents.
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Figure 2. Curcumin suppress the JAK/STAT3 pathway by downregulating STAT, JAK, and IL-6, preventing STAT nuclear translocation and suppressing growth, invasion, and metastasis in hormone receptor-negative breast cancer Important elements include Curcumin, IL-6 , JAK, and STAT (Farghadani & Naidu, 2021a). 
Mitogen-Activated Protein Kinase (MAPK) Pathway
The mitogen-activated protein kinase pathway is a crucial signaling sequence that notably impacts cell growth, differentiation, and survival (Cancers & 2015, 2015; Choi et al., 2010; Farghadani & Naidu, 2021b). This pathway repeatedly gets aberrantly activated in cancer, resulting in unrestricted cell growth and tumor development (Cancers & 2015, 2015; Choi et al., 2010; Farghadani & Naidu, 2021b). Curcumin inhibits the MAPK pathway, contributing to its anticancer effects (Farghadani & Naidu, 2021b). Aditional investigation is need to elucidate the specific mechanisms by which plant-derived compounds affect the MAPK pathway and their potential therapeutic advantages. Recent studies have examined the impact of other plant-derived compounds on the MAPK pathway, yielding promising findings for cancer prevention and treatment. Organic materials, such as resveratrol from grapes and EGCG from green tea, have been shown the effect numerous elements of the MAPK cascade. Understanding how these secondary metabolites interact with the MAPK pathway at the molecular level could clear the way to create new targeted treatments for cancer and other illnesses associated with aberrant MAPK signaling.
[image: ]
Fig. 3. Curcumin's modulation of the MAPK pathway inhibits cancer progression by targeting TGF, EGFR, MKK4/7, ERK1/2, JNK, and P38, reducing expression of c-Myc, c-Fos, and c-Jun. This subduing obstructs migration, proliferation and influence apoptosis in hormone receptor-negative breast cancer (Farghadani & Naidu, 2021a).
Wnt/β-catenin Pathway
With the altercations in the Wnt/β-catenin pathway, naturally originated compounds provide great opportunities for the cancer treatment (Farghadani et al., 2021). Combination therapies engaging quite a few organic substances that target this pathway may boost their anticancer effectiveness. Moreover, illuminating the molecular mechanisms by which these compounds attach with the Wnt/β-catenin pathway (Farghadani et al., 2021) could facilitate the development of influential and targeted treatment plans. The Wnt/β-catenin pathway serves a fundamental function in managing cell growth, distiction, and stem cell maintenance (Farghadani & Naidu, 2021b; Farooqi et al., 2020a; Liu et al., 2020). Abnormal triggering of this pathway is repeatedly observed in numerous cancers, encouraging tumor growth and metastasis (Farghadani & Naidu, 2021b; Farooqi et al., 2020a; Liu et al., 2020). Curcumin and EGCG have been proven to inhibit the Wnt/β-catenin pathway, thereby reducing cancer cell augmentation and amplifying apoptosis (Farghadani & Naidu, 2021b; Farooqi et al., 2020a). Another substance that comes from plants, Pheonol, also targets this pathway in Colorectal cancer cells (Liu et al., 2020). Further examination is call for  to explore the therapeutic efficacy of plant derived agents targeting this pathway.
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Fig 4. Curcumin subdues the Wnt/β-catenin pathway by downregulating Dvl, β-catenin, and inert GSK3, blocking β-catenin's nuclear translocation. This inhibition minimizes growth and metastasis in hormone receptor-negative breast cancer (Farghadani & Naidu, 2021a).
Other Signaling Pathways
Other signaling pathways related to cancer, such as the p53 (Farghadani & Naidu, 2021b; Qattan et al., 2022b; Singh et al., 2026), NF-κB (Denlinger et al., 2004; Farghadani & Naidu, 2021b; Qattan et al., 2022b), and different receptor tyrosine kinase (RTK) signaling pathways have also demonstrated to be regulated by plant derives agents (Cancers & 2015, 2015; Choi et al., 2010). These pathways play important roles in managing cell growth, apoptosis, survival, and their dysregulation contribute to the development of cancer and its progression. Alteration of these pathways by plant-derived compound can subdue cancer cell growth, induce apoptosis, and inhibit metastasis (Cancers & 2015, 2015; Choi et al., 2010; Denlinger et al., 2004).
Clinical Significance and Future Directions
Although several preclinical examinations have indicated the inspiring anti-cancer properties of substances derived from plants (Asgharian et al., 2021a; Farghadani & Naidu, 2021b; Farooqi et al., 2020a; I. Lee et al., 2016; Qattan et al., 2022b), their clinical conveyance  has been challenging (Farghadani & Naidu, 2021b; Farooqi et al., 2020a) due to the complex pharmacokinetics and bioaccessibility of these compounds, the need for improved drug delivery systems, and the ingrained heterogeneity of cancer (Farooqi et al., 2020a; Mondal et al., 2023). Additionally, these medicines and their pleiotropic nature presents difficulties in directing their exact mechanisms of action and forecasting their clinical success, even though it is beneficial in addressing many pathways (Chirumbolo et al., 2018; I. Lee et al., 2016). However, current investigations efforts are addressing these restrictions. The evolution of nano formulations to intensify bioavailability and target drug delivery is the notable area of focus (Farooqi et al., 2020a; Mondal et al., 2023). To combat drug resistance and improve therapeutic efficacy, combinatorial medicines that combine plant-derived compounds with traditional chemotherapeutic agents or other targeted therapies are also being investigated (pharmacology &nh 2020, 2020; Uzoigwe et al., 2012; Yang et al., 2021). Moreover, the use of network pharmacology approaches provides worthwhile insights into the complex interactions between plant-derived compounds and their molecular targets, paving the way for the development of more efficient and personalized cancer therapies (Jenča et al., 2024; Zheng et al., 2018).
Overcoming Challenges in Clinical Translation
The translation of promising preclinical findings to clinical success requires addressing several challenges. A major obstacle is the low bioavailability and poor absorption of many plant-derived compounds (Farooqi et al., 2020a; Mondal et al., 2023). This necessitates the evolution of inventive drug delivery systems such as nano formulations to enhance their uptake and distribution in the body (Farooqi et al., 2020a; Mondal et al., 2023). Another notable  challenge is the heterogeneity of cancer, with divergent tumors displaying  distinct genetic and molecular attributes (Farghadani & Naidu, 2021b; Wang et al., 2020). This requires the development of personalized therapies customized to the particular molecular profile of each patient's tumor (Farghadani et al., 2021; Wang et al., 2020). Furthermore, it is challenging to predict the clinical efficacy and possible unfavourable effects of plant-derived medicines due to their pleiotropic effects, even though they may be advantageous in addressing many pathways (Chirumbolo et al., 2018; I. Lee et al., 2016). Thus, thorough preclinical research is necessary to work out the best dosage, delivery method, and possible medication interactions (Chirumbolo et al., 2018; I. Lee et al., 2016)
Nanotechnology and Drug Delivery
Enhancing the delivery of plant-derived compounds to cancer cells is made possible by Nanotechnology (Farooqi et al., 2020a; Mondal et al., 2023; Singh et al., 2026). By summarizing these substances, nanoparticles can prevent deterioration and increase their bioavailability (Farooqi et al., 2020a; Mondal et al., 2023). Additionally, to minimize off-target effects, nanoparticles can be modified with targeting ligands to deliver plant-derived compounds to cancer cells accurately (Farooqi et al., 2020a; Mondal et al., 2023). This targeted delivery approach can notably escalate therapeutic effectiveness and reduce side effects. Research on the application of natural polymeric nanobiocomposites for medication delivery is very exciting (Mondal et al., 2023). These biocompatible and biodegradable substances provide a secure and environmentally friendly substitute for artificial nanoparticles (Mondal et al., 2023).
Combination Therapies
The use of plant-based agents in combination with traditionall cancer therapies or other targeted agents holds important assurance for improving treatment outcomes (pharmacology & 2020, 2020; Siddiqui et al., 2025; Singh et al., 2026; Uzoigwe et al., 2012; Yang et al., 2021). Merging these agents can result in synergistic effects, enhancing their anticancer activity and overcoming drug resistance (pharmacology & 2020, 2020; Uzoigwe et al., 2012; Yang et al., 2021). For instance, Brassinin amplify the anti-cancer effects of paclitaxel in colorectal cancer cells (Yang et al., 2021). This symbiotic effect can be accredited to the capability of plant-based agents to regulate numerous signaling pathways, often distinct from those targeted by traditional therapies. To determine the best combinations of plant-based drugs and traditional medications and to understand the underlying processes of their synergistic interactions, more study is mandatory (pharmacology & 2020, 2020; Uzoigwe et al., 2012; Yang et al., 2021).
Network Pharmacology and Personalized Medicine
Network pharmacology offers an effective approach for understanding the complex interactions between plant-derived agents and their molecular targets in cancer cells (Siddiqui et al., 2025; Zheng et al., 2018). This systems biology perspective allows for the identification of principal pathways and networks taking part in the anticancer effects of these compounds (Zheng et al., 2018). By merging proteomic, genomic, and metabolomic data, network pharmacology can provide insights into the mechanisms of action and potential synergistic interactions of plant-based agents (Zheng et al., 2018). The development of personalized treatments based on the unique molecular characteristics of each patient’s tumor benefits greatly from these details. Additionally, useful biomarkers for predicting treatment outcomes and refining therapeutic approaches can be found with the aid of network pharmacology (Zheng et al., 2018).
Specific Plant-Derived Agents and Their Targets
Using specific examples of plant-derived agents and their mechanisms of action in targeting cancer signaling pathways, this section highlights some of the most extensively researched compounds from the existing literature, though it should be noted that this is not a comprehensive list, as many other plant-derived agents are currently being studied. These substances have shown encouraging results in preclinical and clinical research, suggesting that they could be used as anti-cancer treatments. The substances discussed here were selected because of their capacity to modulate key signaling pathways involved in cancer development, including angiogenesis, cell proliferation, and apoptosis. By explaining the mechanisms of action of these plant-derived agents, researchers aim to develop more powerful and targeted cancer treatments with minimal side effects than conventional chemotherapy.
Curcumin
Curcumin, a polyphenol derived from turmeric, has attracted considerable attention for its wide-ranging anti-cancer properties (Farghadani et al., 2021; Jenča et al., 2024; Tsai et al., 2016). It acts by regulating multiple signaling pathways, including JAK/STAT, PI3K/Akt/mTOR, NF-κB, p53, MAPK, and Wnt/β-catenin (Farghadani et al., 2021). In hormone- independent breast cancer, curcumin has been shown to block cell proliferation, angiogenesis, survival, and metastasis (Farghadani et al., 2021). Despite these promising effects, its low bioavailability and rapid metabolism limit its clinical impact. Ongoing research is focused on developing improved formulations that enhance absorption and maximize its therapeutic potential (Farghadani et al., 2021).
Epigallocatechin-3-gallate (EGCG)
Catechuic acid, a compound found in tea, is another promising plant derived agent with anti-cancer properties. It influences several keys signaling pathways, including JAK/STAT, Wnt/β-catenin, NOTCH, TGF/SMAD, and SHH/GLI (Farghadani et al., 2021; Farooqi et al., 2020a). EGCG, in particular, has been shown to slow cancer cell growth, trigger apoptosis, and suppress metastasis across different cancer types. Yet, like curcumin, its low bioavailability remains a major challenge for clinical use. To address this, researchers are developing nano- formulations aimed at improving drug delivery and enhancing its therapeutic effectiveness  (Farooqi et al., 2020a).
Kaempferol
Kaempferol, a flavonoid present in many fruits and vegetables, shows strong anti-cancer activity. It regulates several signaling pathways-including VEGF, STAT, NF-κB, p53, and P13K-AKT (Qattan et al., 2022b; Tsai et al., 2016). And has been found to inhibit cell proliferation, trigger apoptosis, and angiogenesis in different cancer cell lines (Qattan et al., 2022b). to fully realize its therapeutic potential, further research is needed to assess its clinical application and to optimize delivery methods (Qattan et al., 2022b).
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Figure 5. Chemical structure of Kaempferol (Qattan et al., 2022a).
Withaferin-A
Withaferin-A, a steroidal lactone derived from withania somnifera, has shown promise as an anticancer agent (I. Lee et al., 2016; Tsai et al., 2016). It act by modulating multiple signaling pathways, leading to reduced cell growth, induction of apoptosis, and greater sensitivity of cancer cells to standard chemotherapy drugs, however, more research is needed to fully understand its toxicity and potential side effects before it can be safely applied in clinical settings (Jenča et al., 2024; I. Lee et al., 2016; Tsai et al., 2016).
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Fig 6. Structure of withaferin-A (I. C. Lee & Choi, 2016).

Quercetin
Quercetin, a flavonoid widely distributed in plants, demonstrates significant anticancer activity against many types of cancer, including pancreatic cancer (Asgharian et al., 2021a). it influences several cellular processes-including autophagy, apoptosis, redused cell growth, epithelial mesenchymal transition (EMT), and oxidative stress and also increases the sensitivity of cancer cells to chemotherapy (Asgharian et al., 2021a). its effectiveness in both cancer cell lines and animal models underscores its potential as a supportive therapy, especially when used alongside other treatments. Still, like many flavonoids, challenges such as bioavailability and clinical translation need further exploration (Asgharian et al., 2021a).

	Sr. no.
	Activity
	Administration 
	Model 
	Dose (in)

	1
	Apoptosis induction and anticancer effect 
	Direct treatment 
	MCF-7 and MDA-MB-231
	25 μM (Asgharian et al., 2021a)

	2
	autophagy and promoted cell survival 
	Direct treatment
	Human umbilical vein endothelial cells (HUVECs)
	20 μM
(Asgharian et al., 2021a)

	3
	ROS and free radical scavenging activity 
	Direct treatment
	Erythrocystes 
	5.7 μM
DPPH Assay 

	4
	Supressed autophagic flux, decreased liver injury by ethanol consumption 
	gavage 
	C57BL/6J mice on ethanol containing liber De Carli liquid diet 
	100 mg kg⁻¹
(Asgharian et al., 2021a)

	5
	Antimicrobial effect against streptococcus suis
	Subcutaneous 
	Streptococcus suis infected mice 
	100 mg kg⁻¹
(Asgharian et al., 2021a)

	6
	Decreased fat accumulation in liver (ethanol induced)
	Oral 
	Chronic ethanol feeding C57BL/6J MICE 
	100 mg kg⁻¹
(Asgharian et al., 2021a)

	7
	Higher insulin levels, improved dyslipidaemia, reduced serum blood glucose levels, decreased oxidative stress 
	Intraperitoneal 
	STZ induced diabetic rats 
	30 mg kg⁻¹
(Asgharian et al., 2021a)

	8
	Controlled insulin resistance, reduced blood sugar, pancreatic cells protection  
	Oral 
	STZ induced diabetic wistar rats
	100- 200 mg kg⁻¹
(Asgharian et al., 2021a)

	9
	Controlled body weight and blood glucose, performance in the Morris water test 
	Oral 
	STZ induced diabetic rats
	5- 20 mg kg⁻¹
(Asgharian et al., 2021a)

	10
	Enhanced the time spent by mice in the target quadrant in the Morris water maze task 
	Oral 
	STZ induced diabetic mice in the Morris water maze task 
	40 mg kg⁻¹
(Asgharian et al., 2021a)



 Table 1: A number of pharmacological activities of quercetin reported in recent studies (Asgharian et al., 2021b).

Other Intriguing Agent 
Many other compounds which are derives from plants are currently being investigated for their ability to target signaling pathways in cancer. Among these are, but are not restricted to, resveratrol, genistein, and other flavonoids and polyphenols (Mohan Shankar et al., 2022). The different chemical structure of phytochemicals and the different biological activities of thes phytochemicals provide a great potential for developing novel cancer therapies. Further study is needed to fully interpret their mechanisms of action, effectiveness, and safety profiles before clinical application.
Limitations and Future Research Directions
Although there has been considerable advancement in the understanding the anti-cancer properties of plant-based compounds, several obstacles persist. Further investigation is required to better understand (Farghadani et al., 2021) the bioavailability and pharmacokinetics of these compounds to maximize their therapeutic potential (Farooqi et al., 2020a; Mondal et al., 2023). Developing targeted drug delivery systems, such as nano formulations, is essential for improving their delivery to cancer cells while reducing unintended effects (Farooqi et al., 2020a; Mondal et al., 2023). 
Further, the different types of cancer cells for the development of customized and personalized treatments tailored to the tumor having unique and different molecular characters (Farghadani & Naidu, 2021b; Singh et al., 2026; Wang et al., 2020). Further studies are required to identify predictive biomarkers for treatment response and to comprehend the interaction between compounds derived from the plants and the tumor microenvironment (Farghadani & Naidu, 2021b; Wang et al., 2020). Combining plant-derived agents with traditional treatments may provide synergistic effects and help to overcome drug resistance. Clinical trials are essential for evaluating the safety and effectiveness of these natural agents across different cancer types and to validate their potential as anticancer therapies. Investigating the molecular mechanisms of compound derived from the plant can lead to the discovery of novel therapeutic approaches and pharmacological targets for the cancer treatment. Integrating interdisciplinary techniques is essential for future of plant derived medicines in cancer treatment. Network pharmacology brings together computer-based analysis and lab experiments, helping us better understand how these compounds interact with their molecular targets (Zheng et al., 2018). This approach can help uncover useful biomarkers and pave the way for more personalized treatments (Zheng et al., 2018). Developing innovative drug delivery systems- such as nano formulations and other advanced technologies is crucial for boosting bioavailability and ensuring that these compounds reach their intended targets (Farooqi et al., 2020a; Mondal et al., 2023). In addition, combining plant derived agents with conventional cancer therapies or other targeted tratments shows strong potential to improve patient outcomes (pharmacology & 2020, 2020; Uzoigwe et al., 2012; Yang et al., 2021). By tackling these challenges and pursuing new research directions, we can unlock the full therapeutic promise of plant-based agents in the fight against cancer.
Conclusion
Plant derived agents represent a promising alternative to conventional cancer therapies, showing strong anti-cancer effects by influencing key signalling pathways. Their ability to act on multiple pathways at once, combined with lower toxicity compared to standard chemotherapy, makes them compelling candidates for treatment. Still, challenges remain-such as improving bioavailability, achieving precise delivery, and fully understanding their complex behavior within the tumor microenvironment. Future studies should aim to overcome these hurdles through advanced drug delivery systems, personalized medicine strategies, and the use of network pharmacology. By bringing these approaches together, we can unlock the full therapeutic potential of plant-based agent to improve cancer care and enhance patients’ quality of life.
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