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Abstract

Cancer continues to be a leading global health problem, which has motivated continual endeavors to develop more effective and creative
treatments to address this disease. Plant-based materials have become of particular interest for their use as anticancer properties, arising
from centuries of traditional use in medicine from all cultures. The chapter examines the world of ethnopharmacology, which serves as a link
between ancestral knowledge and new scientific research methods for discovering potential plant-based treatments for cancer.
Ethnopharmacology explores how cultures utilize medicinal plants and allows for the discovery of bioactive properties that may be a part of
the ethnopharmacologist's toolbox. There are numerous examples of this, including the plant Catharanthus roseus (Madagascar periwinkle)
obtained vincristine and vinblastine and Taxus brevifolia (Pacific yew) produced Ivdar and paclitaxel, two of the main anticancer treatments
developed to date. The chapter will provide an overview of the primary classes of plant-derived anticancer compounds, including alkaloids,
flavonoids, terpenoids, and phenolics, and examine how plant-derived compounds target cancer via inducing apoptosis, inhibiting
angiogenesis, and/or blocking the cell cycle. This chapter also considers ethnopharmacology's role in the search for anticancer products,
examining the research components ethnobotanical fieldwork, isolation of bioactive compounds, and movement through preclinical to clinical
issues. The aforementioned case studies of paclitaxel, vincristine, and camptothecin reflect several interesting features of natural products
research for cancer. Importantly, major issues and challenges around biodiversity, sustainable use, and ethical considerations around the use
of indigenous knowledge and equitable sharing of benefits complicate the field. Addressing these challenges will require sustainable
harvesting practices, compliance with international agreements, and the protection of indigenous knowledge and access to medicinal plants.
Ethnopharmacology can contribute to anticancer therapy discovery by combining accumulated knowledge with robust scientific research
methodologies, thereby adding to the ongoing endeavor to provide holistic answers to the global cancer burden.

Keywords: Plant-derived compounds, Cancer treatment, Ethnopharmacology, Traditional medicine, Bioactive compounds, Sustainable
drug discovery

Cite this Article as: Igba T, Fatima A and Altaf S, 2025. Plant-Derived compounds in cancer treatment: An ethnopharmacological perspective.
In: Khan A, Hussain R, Tahir S and Ghafoor N (eds), Medicinal Plants and Aromatics: A Holistic Health Perspective. Unique Scientific
Publishers, Faisalabad, Pakistan, pp: 15-22. https://doi.org/10.47278/book.HH/2025.424

_o"'""j§¢ A Publication of Chapter No: Received: 25-Jan-2025
z H Unique Scientific 25-003 Revised: 21-Apr-2025
L, USSP .
- Publishers Accepted: 20-May-2025
Introduction

Throughout the world, the disease cancer is an ongoing serious healthcare problem with millions of new cases every year and significant
death rates meaning it is considered one of the leading causes of death in the world. While conventional therapies, such as chemotherapy,
radiation and immunotherapy, have made significant advances over the years, these treatments are often not without several disadvantages
including tolerability and adverse effects, increased resistance to drugs, and substantial cost. These factors have led to considering new and
complementary treatment options, with many of these in the forms of plant-based compounds, thus raising new interest in plant-based
compounds as traditional medicine and sources of new anticancer drugs. Ethnopharmacology, the understanding medicinal properties of plants
in context, is a useful tool in the discovery and scientific validation of natural products in the research of bioactive natural products. This
research demonstrates the ability of traditional plant-based knowledge to be studied with contemporary research to create better cancer
treatments that are more effective, more accessible and less toxic (Umair et al., 2022).

Plants have long been at the forefront of traditional medicine systems in numerous societies, historically providing healing for many of
the conditions encountered in the human experience, including cancer. Historical documents from ancient societies, such as those in China,
India, Egypt and Greece, referenced the medicinal properties of plants to address tumors and to counteract problems from abnormal tissue
growth showing that different traditions have acknowledged the therapeutic properties of the naturally occurring plant compounds in foods
and drags. In Traditional Chinese Medicine (TCM) herbs such as Artemisia annua and Curcuma longa (turmeric), have presumably anticancer
properties; Ayurveda, India’s traditional medical system, has used plants such as Withania somnifera (ashwagandha) and Ocimum sanctum
(holy basil) for their healing properties, including conditions related to cancer. The indigenous communities of the Americas, Africa, and other
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parts of the world have similarly sought to heal and alleviate symptoms with native species such as Vinca rosea (Madagascar periwinkle),
Uncaria tomentosa (cat’s claw), and other species as part of their indigenous traditional practices related to the management of symptoms
related to cancer and many other illnesses. For centuries, traditional healing practices based on practical knowledge and cultural experience
have laid the groundwork for modern scientific studies on plant-based compounds. Many of the old remedies are being studied for their active
chemical agents—including alkaloids, flavonoids, and terpenoids—which have shown remarkable effectiveness in combating cancer disease.
The historical use of medicinal plants has established that ethnopharmacology remains a guiding paradigm in the quest for new therapeutic
agents to combat cancer and other diseases (M. U. Igbal et al., 2024).

Ethnopharmacology provides an important connection between traditional healing practices and modern drug development, to show a
systematic way to evaluate potential therapeutic effects of natural products used in folklore healing. By examining the cultural and historical
contexts of folklore medicines, one can find promising candidate natural products to further explore for drug development opportunities in
evidence where modern approaches have not yet been effective. Among others, vincristine from Catharanthus roseus and paclitaxel from Taxus
brevifolia are significant examples of compounds from ethnopharmacological research that became key elements of modern cancer treatment
(Pirintsos et al., 2022).

Ethnopharmacology gives unique insight into the synergistic properties of complex plant products used in traditional systems of
medicine, a concept largely ignored in contemporary pharmacology. Ethnopharmacology reinforces the need for the preservation of
traditional knowledge and the importance of biodiversity, while developing drug discovery strategies that are sustainable and culturally
respectful. Ethnopharmacology serves to integrate traditional medicinal knowledge and practice with scientific knowledge and approach, a
very important and promising means to identify new, effective, and safer therapeutic agents for many diseases, including cancer (T. Igbal,
Altaf, Salma, et al., 2024).

2. Ethnopharmacology: Bridging Traditional Knowledge and Modern Science
Scope of Ethnopharmacology

Ethnopharmacology is a multi-faceted area that studies the use of plants and natural materials as medicine in traditional healing systems,
and aims to evaluate these practices in a scientific manner for efficacy and safety. Ethnopharmacology explores indigenous knowledge and
cultural traditions of natural remedies, and integrates the information into modern biomedical and pharmacological research.
Ethnopharmacology studies not just the identification of biologically active compounds, but also considers cultural, ecological, and ethical
considerations of traditional medicine. Documenting and critically reviewing these practices can offer important leads for development of
drugs, and for improving conditions like cancer, for which current drug therapies may be limited. This methodology validates the knowledge
held by traditional healers, and provides the possibility for the identification of newer agents. In this way ethnopharmacology serves as a bridge
between traditional knowledge and contemporary science, while supporting if not protecting the responsible use of natural resources and
recognizing and respecting the cultural views of this knowledge (Igbal & Altaf, 2024).

Ethnopharmacology in Cancer Research

Ethnopharmacology has made an important contribution to anticancer agent discovery based largely on the body of traditional knowledge
that has been preserved and passed down through timeFor centuries, Indigenous healers and conventional medicinal drug practitioners have
depended on precise plant life to deal with signs and symptoms which include tumors, irritation, and abnormal tissue increase—conditions
typically associated with cancer. This longstanding use of medicinal flowers bureaucracy a precious foundation for current medical studies into
bioactive compounds with potential anticancer properties. One brilliant instance is Catharanthus roseus, additionally known as Madagascar
periwinkle, which has been a part of Ayurvedic medication for generations. From this plant, the alkaloids vincristine and vinblastine had been
extracted—each of that are now extensively used in chemotherapy treatments. Another example is paclitaxel, a effective anticancer drug at the
beginning derived from the bark of Taxus brevifolia (the Pacific yew tree), which were used by Native American tribes lengthy earlier than its
lively compound become scientifically identified (Altaf et al., 2024).

Case studies from numerous cultural traditions spotlight the enormous contribution of ethnopharmacology to cancer studies. A
remarkable instance comes from Traditional Chinese Medicine, where Artemisia annua (commonly called candy wormwood) has been used for
hundreds of years to treat fever and irritation. Its active compound, artemisinin, has proven the potential to selectively goal most cancers cells
while causing minimal damage to regular, healthful cells. In the case of African traditional medicine, the bark of Prunus africana is used to treat
ailments related to the prostate and contemporary research is exploring this plant for prostate cancer. In the Amazon rainforest, indigenous
groups have used Uncaria tomentosa (cat's claw) and attributed its effectiveness to anti-inflammatory and immune enhancing properties
(tasleem et al., 2025), which are also being explored for anticancer activity (Igbal et al., 2024).

These examples show that traditional knowledge is a great reservoir of information, pointing researchers to plants and substances they
may not have considered otherwise. Combining this traditional knowledge with contemporary scientific methods, ethnopharmacology has been
able to pinpoint anticancer agents that can lead to effective treatments that are more culturally relevant (Abdoul-Latif et al., 2023).

Ethical Considerations

There are some serious ethical dilemmas in ethnopharmacology, particularly when it comes to using the knowledge and using equity, and
benefit-sharing. Traditional medicine is both care and culture, and many indigenous peoples have provided the knowledge base for traditional
medicines and practiced for generations in their own voices as custodians of knowledge. When that information is used in research and
commercialization, it is critical to respect their rights and contributions. This means: getting informed consent, respecting intellectual property
rights, and providing fair compensation for knowledge and materials (Igbal et al., 2024).
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3. Plant-Derived Compounds with Anticancer Potential
Major Classes of Plant-Derived Anticancer Compounds

Plant-derived compounds have been a rich source of anticancer agents, and many classes have exhibited potent therapeutic activity. Among
the most famous plant-derived compounds utilized in most cancers treatment are alkaloids like vincristine and vinblastine, which are extracted
from Catharanthus roseus. These dealers intervene with microtubule formation, successfully halting cellular department and targeting
unexpectedly developing cancer cells. Another critical elegance of compounds is flavonoids—which includes quercetin and genistein—which can
be usually discovered in fruits, veggies, and legumes. Flavonoids are recognized for his or her antioxidant, anti-inflammatory, and
antiproliferative residences, making them sturdy applicants for each most cancers prevention and therapeutic applications ( Igbal et al., 2024).

Terpenoids, which includes paclitaxel from Taxus brevifolia and artemisinin from Artemisia annua, have established large anticancer
properties. Paclitaxel works by means of stabilizing microtubules, thereby preventing most cancers cells from dividing, whilst artemisinin
induces the production of reactive oxygen species that selectively break most cancers cells. Another crucial group of bioactive compounds
includes phenolics like curcumin, found in turmeric (Curcuma longa), and resveratrol, present in grapes (Vitis vinifera). These materials
influence more than one biological pathways related to most cancers progression, which include the ones worried in infection, apoptosis
(programmed cell dying), and angiogenesis (formation of new blood vessels) (Altaf & Igbal, 2023).

Mechanisms of Action

Plant-derived anticancer compounds act thru a spread of biological pathways, making them treasured and adaptable dealers in most
cancers remedy. One of their major activities is the induction of apoptosis, or programmed cell death, in cancer cells. Bioactive agents like
curcumin and resveratrol induce intrinsic and extrinsic pathways of apoptosis, leading to the elimination of malignant cells. The second major
mechanism is the inhibition of angiogenesis—the development of new blood vessels that tumors need to grow and survive. These substances
such as genistein and artemisinin act against major signaling pathways, such as vascular endothelial growth factor (VEGF), thus starving
tumors of nutrients and oxygen (Igbal et al., 2023).

Examples of Clinically Used Plant-Derived Anticancer Drugs

Several plant-derived agents have evolved from ancient medicines to clinically accepted anticancer agents, underlining the potential
contribution of natural products in modern medicine. The Vinca alkaloids vincristine and vinblastine, derived from the Madagascar periwinkle
Catharanthus roseus, represent one such prominent example. These compounds interfere with microtubule formation at some stage in the
mobile cycle, thereby blockading the increase of most cancers cells. They have long been applied in chemotherapy to deal with various cancers,
such as leukemia and lymphoma (Fatima et al., 2023).

Taxanes, consisting of paclitaxel and docetaxel, constitute a vital organization of plant-primarily based anticancer retailers. Initially
extracted from the bark of the Pacific yew tree (Taxus brevifolia), these compounds function via stabilizing microtubules and preventing their
breakdown, thereby halting cell department. Paclitaxel, specifically, plays a essential position within the remedy of numerous cancers, together
with those of the breast, ovaries, and lungs (Humaira et al., 2023).

Camptothecins, which include topotecan and irinotecan, are plant-derived alkaloids acquired from the Chinese tree Camptotheca
acuminata. These compounds exert their anticancer consequences by using inhibiting the enzyme topoisomerase I, which is critical for DNA
replication and repair. This inhibition results in DNA damage and in the end leads to the dying of most cancers cells. These capsules are
generally employed within the treatment of cancers inclusive of colorectal, ovarian, and small cell lung most cancers. Such examples
demonstrate the a success incorporation of plant-based natural compounds into scientific oncology and emphasize the crucial role of
ethnopharmacology and herbal product research in advancing most cancers therapies (sharif et al., 2025, Altaf et al., 2023).

4. Ethnopharmacological Approaches to Discovering Anticancer Compounds
Ethnobotanical Surveys and Documentation

Ethnobotanical surveys and thorough documentation play an important position inside the ethnopharmacological method to identifying
ability anticancer compounds. These equipments are used to systematically acquire traditional understanding about medicinal vegetation from
Indigenous groups, local healers, and conventional practitioners. Researchers collaborate carefully with these organizations to reap correct
insights into the flora used for treating ailments, consisting of most cancers, as well as information about education techniques, modes of
management, and dosage practices. This manner typically entails fieldwork, interviews, and participatory remark to ensure the respectful and
accurate recording of conventional recovery strategies (Saqib et al., 2023).

Ethnobotanical survey records function a critical basis for deciding on plants with capability anticancer properties. Species regularly stated
for treating tumors or abnormal growths are normally prioritized for exact clinical research. Beyond guiding studies efforts, this documentation
performs a key position in preserving Indigenous understanding, which faces threats from cultural erosion and globalization. By integrating
traditional expertise with modern-day medical techniques, researchers can verify the therapeutic potential of these vegetation and isolate
energetic compounds with anticancer outcomes. In this manner, ethnobotanical surveys act as an critical hyperlink between conventional
restoration practices and modern-day drug improvement, permitting comprehensive exploration of herbal products at the same time as
honoring their cultural origins (Altaf, Khan, et al., 2023).

Screening and Isolation of Bioactive Compounds

The manner of screening and separating bioactive compounds from medicinal plant life employs advanced techniques to extract, identify,
and characterize the substances responsible for their therapeutic outcomes. It generally starts with the gathering and education of plant
elements consisting of leaves, roots, or bark. These materials are then subjected to extraction the use of solvents like ethanol, methanol, or
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water. Common extraction strategies consist of maceration, Soxhlet extraction, and supercritical fluid extraction, which yield crude extracts
containing a complicated aggregate of compounds (Saleem et al., 2023).

Once the crude extract is received, bioassay-guided fractionation is employed to isolate the energetic compounds. This method includes
separating the extract into smaller fractions the usage of chromatographic strategies like column chromatography, high-performance liquid
chromatography (HPLC), or thin-layer chromatography (TLC). Each fraction is then evaluated for biological activity, which includes anticancer
effects on cancer cells, to pinpoint the most robust elements (Das & Shafi, 2023).

Table 1: An overview of plant-derived compounds, their sources, mechanisms, applications, and intersection of ethno pharmacology and
modern medicine.

Sr.No Compound Examples Source Mechanism of Action Clinical Challenges References
Class Applications
1 Alkaloids Vincristine, Catharanthus Microtubule Leukemia, Overharvesting, (Chunarkar-
Vinblastine roseus (Madagascar disruption, cell cycle lymphoma low natural Patil et al.,
periwinkle) arrest abundance 2024)
2 Alkaloids Camptothecin ~ Camptotheca Topoisomerase I Colorectal, ovarian Poor solubility, (Adak et al.,
acuminata (Chinese tree) inhibition cancer toxicity 2024)
3 Terpenoids Paclitaxel Taxus brevifolia (Pacific Microtubule Breast, ovarian, Sustainability, (Sabzehzari
(Taxol) yew) stabilization, cell lung cancer habitat et al., 2020)
cycle arrest destruction
4 Terpenoids Artemisinin Artemisia annua (Sweet Reactive oxygen Investigational for Limited (Colone et
wormwood) species generation  cancer bioavailability al., 2020)
5 Flavonoids Quercetin Fruits, vegetables (e.g., Antioxidant, anti- Cancer prevention, Low  potency, (Roszkowski,
apples, onions) inflammatory, adjunct therapy  requires high 2023)
apoptosis induction doses
6 Flavonoids Genistein Soybeans, legumes Angiogenesis Breast, prostate Variable (Pejci¢ et al,,
inhibition, cell cycle cancer efficacy in 2023)
arrest clinical trials
7 Phenolic Curcumin Curcuma Anti-inflammatory, Investigational for Poor (Moon,
Compounds longa (Turmeric) apoptosis induction  various cancers  bioavailability, 2024)
rapid
metabolism
8 Phenolic Resveratrol Grapes, berries Antioxidant, cell cycle Cancer prevention, Low (Farhan &
Compounds arrest adjunct therapy  bioavailability = Rizvi, 2023)
9 Lignans Podophyllotoxin Podophyllum Microtubule Precursor for Toxicity, (Shen et al,
peltatum (Mayapple) disruption etoposide (used in complex 2022)
cancer) synthesis
10 Glycosides Digitoxin Digitalis Na+/K+ ATPase Investigational for Narrow (Fender et
purpurea (Foxglove) inhibition cancer therapeutic al., 2024)
window
11 Steroids Withanolides Withania Apoptosis induction, Investigational for Limited clinical (Kashyap et
somnifera (Ashwagandha) immune modulation various cancers data al., 2022)
12 Polysaccharides Lentinan Lentinus edodes (Shiitake Immune system Adjunct therapy in Variable (Venturella
mushroom) activation gastric cancer efficacy et al., 2021)
13 Tannins Ellagic acid Pomegranate, berries Antioxidant, Cancer prevention Limited (Kleszcz et
apoptosis induction bioavailability al., 2023)
14 Coumarins Scopoletin Angelica Anti-inflammatory, Investigational for Limited (Zeki &
archangelica (Angelica)  cell cycle arrest cancer research Mustafa,
2024)
15 Essential Oils ~ Thymoquinone Nigella sativa (Black seed) Antioxidant, Investigational for Low solubility, (Sarkar et
apoptosis induction  various cancers ~ formulation al., 2021)
challenges

Preclinical and Clinical Evaluation

Preclinical and scientific opinions are essential steps in converting conventional treatments into contemporary medical remedies. The
technique starts off evolved with in vitro research, wherein remoted compounds or plant extracts are examined against cancer cell lines to
evaluate their cytotoxic effects, mechanisms of action, and specificity towards cancer cells. These initial screenings offer treasured insights into
the compounds’ effectiveness. Following this, in vivo studies are completed using animal fashions to observe therapeutic efficacy,
pharmacokinetics, and toxicity inside a dwelling gadget. These preclinical checks are critical for identifying the most promising applicants for
superior development (Zhang et al., 2024).

Clinical assessment of chemical substances entails engaging in phased trials with human contributors. Phase I trials commonly recognition
on assessing protection and determining suitable dosage degrees. Phase II trials then compare the treatment’s efficacy even as monitoring for
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any ability aspect effects. Phase III trials test the new treatment against existing standard therapies to determine its relative advantages. Its
successful passage through these phases is necessary before regulatory approval can be achieved and the treatment made available for clinical
practice (Salma et al., 2023). An overview of plant-derived compounds, their sources, mechanisms, applications, and intersection of ethno
pharmacology and modern medicine has been elaborated in Table 1.

5. Case Studies: Success Stories of Plant-Derived Anticancer Drugs
Paclitaxel (Taxol)

Paclitaxel, also known under the brand name Taxol, is among the most widely recognized plant anticancer drugs. Initially extracted from
the bark of the Pacific yew tree (Taxus brevifolia), a species of plant long employed by Native American tribes due to its therapeutic attributes,
paclitaxel was first identified in the 1960s as a pioneering anticancer discovery through its distinct mechanism of action. Paclitaxel works by
stabilizing microtubules, blocking their disintegration during cell division. This disruption interferes with the cell cycle, especially at the M
phase, eventually stopping cancer cell growth and initiating programmed cell death (apoptosis) (Gallego-Jara et al., 2020).

Vincristine and Vinblastine

Vincristine and vinblastine are significant anticancer agents isolated from the Madagascar periwinkle (Catharanthus roseus). The plant
has been used for centuries in traditional medicine, particularly in Ayurvedic medicine, to treat diabetes and infections. The discovery of these
alkaloids in the mid-1900s was a significant advancement in cancer treatment (Gulnaz et al., 2023).

Vincristine and vinblastine attack cancer by acting on tubulin, a protein essential for the assembly of microtubules. By disrupting
the assembly of the mitotic spindle, they stop the division of cancer cells, leading to cell death. While both drugs act in the same way,
they are employed to treat different medical conditions. Vincristine is primarily prescribed for acute lymphoblastic leukemia (ALL) and
Hodgkin's lymphoma, while vinblastine is used to treat Hodgkin's lymphoma, non-Hodgkin's lymphoma, and testicular cancer (Dhyani
et al.,, 2022).

Camptothecin

Camptothecin, a powerful anticancer agent, was originally extracted from the Chinese tree Camptotheca acuminata, which has a long
history of use in traditional Chinese medicine. Identified in the 1960s, camptothecin exerts its effects by blocking topoisomerase I, an enzyme
essential for DNA replication and repair. By stabilizing the temporary bond between topoisomerase I and DNA, camptothecin causes DNA
damage that results in the destruction of cancer cells (T. Igbal et al., 2024).

Even though camptothecin promised much with its novel mechanism, it was limited by poor solubility and significant toxicity in clinical
use. In response to these limitations, researchers developed synthetic analogs with improved pharmacological properties. Of these, irinotecan
and topotecan have been extensively used in clinical practice. Irinotecan finds major application in the treatment of colorectal cancer, while
topotecan can treat ovarian cancer and small cell lung cancer (Kamle et al., 2024).

6. Challenges and Limitations
Biodiversity Loss and Sustainability

Loss of biodiversity and sustainability issues pose most important demanding situations in ethnopharmacology and the development of
anticancer drugs derived from flora. Many medicinal species face threats due to overharvesting, habitat destruction, and weather exchange.
The developing demand for natural remedies frequently results in excessive exploitation, endangering the survival of these flowers. A first-rate
instance is the Pacific yew tree (Taxus brevifolia), the unique source of paclitaxel, which experienced vast population declines earlier than
sustainable harvesting practices and semi-synthetic production techniques were brought (Faisal et al., 2024).

Habitat destruction as a result of deforestation, urban development, and agricultural boom hurries up the loss of biodiversity. This no
longer best endangers plants with medicinal significance but additionally disrupts ecosystems and the conventional information that relies on
them. Additionally, climate exchange complicates the state of affairs via shifting environmental situations and geographic distributions of these
flowers, which may additionally lower their availability and therapeutic effectiveness (Hald-Mortensen, 2023).

Scientific and Regulatory Hurdles

Standardizing plant-primarily based remedies is challenging due to the herbal variability of their chemical composition, that's prompted
by way of factors inclusive of geographic area, soil situations, climate, and cultivation techniques. Unlike synthetic tablets with described
molecular structures, plant extracts incorporate numerous active compounds, making it difficult to reap regular healing effects. This complexity
is further heightened by the version in secondary metabolites no longer only among one of a kind species but also among unique harvests of
the equal species. Ensuring batch-to-batch consistency requires strict first-rate manipulate the usage of superior analytical strategies like
excessive-performance liquid chromatography (HPLC), mass spectrometry, and nuclear magnetic resonance (NMR) spectroscopy. Nonetheless,
the absence of universally common standards for phytochemical evaluation and bioactivity assessment stays a great barrier to the broader
integration of plant-based totally treatment plans into mainstream remedy (Gupta et al., 2021).

Regulatory barriers make the process of developing and approving plant-derived medicines more complicated. The U.S. Food and Drug
Administration (FDA) and the European Medicines Agency (EMA) demand comprehensive clinical data to ensure the safety, efficacy, and quality
of new drugs. But plant-based medicines tend to contain uncharacterized active components, so pharmacokinetic and pharmacodynamic studies
in detail become complicated (Altaf & Igbal, 2024).
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Cultural and Ethical Issues

The incorporation of plant therapies raises significant cultural and ethical concerns, particularly in terms of intellectual property rights
and biopiracy. Most medicinal plants have been used for centuries by indigenous populations, who possess valuable traditional knowledge on
their medicinal value. But when drug companies commodify these therapies without sufficiently acknowledging and remunerating the original
custodians, this causes exploitation. Such an exercise, labeled biopiracy, trespasses the right of native populations and brings ethical issues into
contention concerning the privatization of collective knowledge for profits (Mushtaq et al., 2024).

7. Future Perspectives

The future prosperity of botanical medicine depends on integrating ancient wisdom and advanced scientific tools. Technology such as
artificial intelligence, genomics, and metabolomics is accelerating drug discovery by identifying active molecules, projecting their medicinal
benefits, and optimizing extraction procedures. Al software analyzes large volumes of ethnobotanical data to correlate traditional uses and
pharmacological activity, speeding up research advancement. Genomic sequencing enables the enrichment of plant-derived compounds, and
metabolomics ensures consistency and efficacy in drug design. These traits improve the reliability and consistency of plant-based remedies
while preserving their therapeutic effectiveness. At the equal time, implementing sustainable conservation practices is important to protect
medicinal plant variety and prevent the depletion of natural assets (Chaachouay & Zidane, 2024).

Conclusion

Plant-derived compounds have performed a vital role in cancer treatment, supplying a numerous array of bioactive molecules with good
sized therapeutic ability. Well-recognised anticancer pills consisting of paclitaxel and vinblastine highlight the importance of botanical resources
in current oncology. Ongoing studies into medicinal flowers is critical for coming across new compounds that provide enhanced effectiveness
with fewer facet consequences. Ethnopharmacology acts as a precious link between time-venerated conventional knowledge and modern
clinical advancements, permitting researchers to harness centuries of recuperation wisdom for drug development. By combining historic
remedies with superior technology like synthetic intelligence, genomics, and metabolomics, the development of novel, plant-primarily based
cancer remedies can be extended at the same time as ensuring consistency and reliability. At the identical time, retaining medicinal plant
populations to make certain their lengthy-time period sustainability is crucial. Protecting biodiversity and honoring Indigenous expertise
through fair gain-sharing agreements are key to balancing clinical development with cultural admire. Collaboration amongst researchers,
policymakers, and pharmaceutical agencies is vital to aid complete studies, sell ethical commercialization, and foster worldwide cooperation.
By advancing plant-primarily based cancer studies in a sustainable and responsible manner, we are able to develop effective therapies at the
same time as safeguarding this useful botanical history for future generations.
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