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ABSTRACT

Ethnopharmacology stands at the intersection of traditional knowledge systems and modern biomedical
research, providing a scientific framework for exploring the therapeutic potential of natural products.
This interdisciplinary field investigates the cultural, biological, and pharmacological dimensions of
medicinal plant use in indigenous societies. Despite significant progress in cataloging ethnobotanical data
and isolating bioactive compounds, true interdisciplinary integration particularly with anthropological
insights—remains limited. This paper examines the historical development, scientific mechanisms,
phytochemistry, and modern applications of plant-based therapeutics. It further explores engineering
approaches such as synthetic biology, metabolic engineering, and tissue culture to address the
sustainability, standardization, and scalability of therapeutic compounds. Ethical and regulatory
frameworks, including the Nagoya Protocol and WHO guidelines, are assessed to highlight the
challenges and opportunities in protecting indigenous knowledge while fostering innovation. Case
studies, such as Euphorbia peplus and Cordyceps, illustrate successful pathways from traditional use to
clinical validation. The paper concludes by emphasizing the need for ethically responsible, culturally
sensitive, and scientifically rigorous strategies for drug discovery and healthcare integration based on
traditional pharmacopoeias.
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INTRODUCTION
Ethnopharmacology is an interdisciplinary academic field that studies the traditional uses of plants, fungi,
animals, microbes, and other natural products in healing practices and religious ceremonies [1-47]. It
seeks to correlate traditional empirical evidence of biological activity with the chemical and biological
sciences and is used to identify times, places, and cultures that are a rich repository of information on
biomedical entities [5-77. Ethnopharmacology is acknowledged both as a source of new active compounds
and as a major reservoir of information for the selection of species to be tested in pharmacological
laboratories [8-127]. Research has focused on chemical, biological, and pharmacological sciences; social
sciences such as anthropology and traditional knowledge systems have been neglected [13-167. When
anthropological tools have been used, the primary objective has been to compile a catalogue of medicinal
plants and their uses, often detached from their cultural contexts, to help predict the presence of active
compounds [17-197]. Many ethnopharmacologists have documented pharmacopoeias from indigenous
societies, aiming to identify active principles for the development of new drugs or nutraceutical products.
These indications demonstrate the sustainability of manufacturing techniques that have been adapted
over time to preserve the therapeutic capacities of herbal medicines [20-247]. Despite being an inherently
interdisciplinary field and having a multidisciplinary modus operandi, most ethnopharmacological
This is an Open Access article distributed under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited

Page | 51


https://doi.org/10.59298/NIJSES/2025/63.5161

research is not truly interdisciplinary; anthropology and pharmacology are combined in only about 4% of
all publications, although the integration of concepts and methodologies from diverse disciplines appears
to increase over the years [25-287.
Historical Perspectives
Humans have worked towards alleviating physical and psychological afflictions by means of plant-based
therapeutics ever since their evolutionary beginnings. Contemporary societies still incorporate recipes
and techniques that originated in earlier anthropological and prehistoric periods [29-327. To date, plant-
based formulations remain among the most abundant and cost-efficient forms of treatment throughout
the world [83-367. The search for plant-based remedies has stimulated the development of an intensified
scientific endeavour to explore and engineer their efficacies within traditionally originated scopes.
Ethnopharmacology the multidisciplinary scientific exploration of formulated indigenous drugs
represents a valuable, yet underutilized discipline that can contribute considerably towards these
objectives [37-407]. Ethnopharmacological approaches can address the unexplored pharmaceutical
potential of plant entities, develop standardized testing procedures for new plant-based drugs, and
facilitate the integration of traditional remedies within official healthcare systems [41-447].
Plant-Based Therapeutics
Plants serve as the foundation of traditional medicine across various cultures, yet under 10% of
biodiversity has been assessed for biological activity. Key phytochemicals like phenolics, terpenoids, and
alkaloids have diverse bioactivities such as antioxidants and anti-inflammatories [45-47. These bioactive
compounds play a significant role in drug development and natural therapeutics, often exhibiting non-
toxic, synergistic effects. Compounds are divided into primary metabolites crucial for biosynthesis and
secondary metabolites that fulfill specialized functions. With over 200,000 metabolites produced by plants
and fungi, understanding their interactions is vital for creating antimicrobial and anti-inflammatory
agents [48-527]. Traditional Chinese medicine (TCM) is historically significant, supported by clinical
trials affirming its efficacy. Advances in science enhance our understanding of medicinal plants’
pharmacological effects, integrating them into modern healthcare [53-577]. Natural compounds are
primary resources for treating diseases, prompting research into chemical and biotechnological
production to address low availability and high demand. Chemical synthesis is complex and costly, while
wild plant extraction can harm the environment and yield minimal quantities [58-597. Innovations in
tissue culture, fermentation, and synthetic biology facilitate efficient biosynthesis of these compounds,
employing techniques like genetic engineering and metabolic engineering. About 25% of drugs stem from
plant-derived natural products, yet the sourcing process remains inefficient. Microbial biosynthesis ofters
a promising alternative, though challenges remain in replicating plant metabolic pathways [60-637.
Progress is evident with yeast production platforms for compounds like medicinal opioids, highlighting
the intersection of synthetic biology, genomics, and informatics as a catalyst for advancements in
medicine production and discovery [64-687.
Ethnobotanical Research Methods
In the absence of archeological remains, historical medicinal practices are inferred through ethnomedical
systems in traditional societies. Monitoring living traditions provides a route for understanding historical
therapeutics. Ethnopharmacology investigates the biological activities of natural products or agents
traditionally used. It studies the molecules and mechanisms to understand their actions [69-737. Access
to reliable information on natural products is essential; when it's unavailable, local knowledge becomes
important, as it is also a focus of ethnopharmacology. Field-based research programs measuring the
cultural significance of medicinal species are another valuable data source. Informants can be found by
observing the use of medicinal plants in homes and farms, and quantitative data are gathered by recording
the names of medicinal plants over several days [74-787. This work presents techniques to select and
analyze quantitative data from field studies, primarily through standardized Structured interviews.
Practitioners can analyze these interviews without needing extensive social sciences training.
Ethnopharmacological field investigations yield new data, and developing techniques for efficient analysis
encourages further research [79-807. Additionally, this fosters collaboration among biologists, chemists,
pharmacists, and other professionals. Data from accessible sources often become distorted through
secondary recitation, making reliable information from original sources crucial. The quality of data relies
on the collection method and source reliability [81-85]. Ethnopharmacology aims to produce dependable
data from primary sources, highlighted by researchers’ efforts to obtain data on Euphorbia peplus. In such
cases, quality takes precedence over quantity. Even poorly collected information holds more value than
second-hand data and can serve as a basis for further research. Advanced efforts can address emerging
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scientific issues. Several studies have utilized this principle regarding Euphorbia peplus, which treats
specific skin conditions and is now in clinical trials after pharmacological study [7-137.
Phytochemistry
The phytochemical composition of natural therapeutic products undeniably plays a central and crucial
role in determining their pharmacological properties and effectiveness. The natural constituents that
these products contain are often recognized for their non-toxic qualities and their synergistic effects,
which can enhance the efficacy of one another when combined [15-207. Organic compounds present in
these natural products are typically categorized into two main types: primary metabolites, which are
fundamentally involved in the biosynthesis of essential components necessary for cell development and
survival, and secondary (or specialized) metabolites, which serve specific functions despite their limited
distribution throughout nature. It is remarkable to note that plants, fungi, and bacteria collectively
produce an incredibly vast diversity of metabolites, with estimates suggesting the existence of more than
200,000 distinct compounds [21-247]. Numerous natural constituents such as phenolics, terpenoids, and
alkaloids have been attributed with a range of beneficial effects, including antioxidant, antimicrobial, anti-
inflammatory, antiviral, cytotoxic, and neuroprotective activities. This section is dedicated to a focused
examination of phytochemicals found in medicinal plants, thoroughly exploring their biological
properties, their synergistic effects, and their potential applications as antimicrobial, anti-inflammatory,
cytotoxic, antiprotozoal, and antifungal agents. Within this discourse, we will delve into various studies
on plant extracts, essential oils, and their bioactive components, providing a comprehensive overview of
their therapeutic potentials and implications for health and medicine [25-267.
Mechanisms Of Action
Medicinal plants have been widely used throughout history to treat several ailments, and the use of
traditional medicines still constitutes one of the main alternatives worldwide. Despite the fact that the
exact compounds responsible for a given therapeutic effect remain mostly unknown and the available data
is broadly distributed, recent efforts linking plants with metabolites, interacting proteins, and disease
indications offer a promising path towards elucidating these mechanisms [27-307]. Many databases aim at
connecting plants to the underlying biochemical mechanisms, but most of them suffer from significant
gaps that prevent the full understanding of the medicinal action. The isolation of chemical structures in
the different medicinal parts of a plant is costly and often inefficient, although more than 50,000 plant
metabolites have already been identified. In vitro affinity data between plant metabolites and all human
proteins are very limited, and large efforts are still necessary to close the gap separating therapeutic use
and mechanism of action [82-357]. High-throughput screening of compounds versus relevant targets is
extremely helpful and remains the most reliable option when a rich experimental screening is feasible and
affordable. When this is not the case, computational approaches can offer rapid and accurate low-cost
estimations of compound-target binding affinities that may be used to prioritize further experiments.
Finally, the connection of interacting proteins with the desired disease indication is comparatively simple
due to the extensive collections of databases based on the association of human genes with diseases. The
underlying objective is to aggregate and analyze all available information to generate new mechanistic
hypotheses that explain the therapeutic effect of the plant [36-407.
Case Studies
A comprehensive case study that highlights the myriad beneficial effects of natural products examines
specific instances where these remarkable substances provide significant therapeutic advantages in
various areas of AAS use [41-487. This thorough example underscores the considerable potential of
ethnopharmacologically derived natural products as not only promising candidates but also as invaluable
components in the development of innovative therapeutic agents. Their thoughtful integration into
pharmaceutical formulations positions them as exemplary clinical supplements that can cater to a wide
range of health applications and needs. The entire intricate development process—from the careful
identification of potent herbal mixtures and the associated active compounds to the detailed elucidation of
their underlying mechanisms and the establishment of robust quality control protocols—underpins the
critical transition towards clinical and pharmaceutical deployment of these resources as either synthetic
drugs or natural supplements in therapeutic contexts. The present study deeply explores the integration
of such natural products, including but not limited to Cordyceps, Rhodiola, and caffeic acid, within a
comprehensive theoretical investigation tailored to suit phytopharmacological applications that may
unleash their full potential [44-45].
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Regulatory Considerations
Many herbal ingredients from indigenous cultures and traditional medicine have entered first-world
markets as foods, supplements, cosmetics, or medicines. Historically, explorers, settlers, and traders
dispersed traditional remedies, contributing to their integration into markets like Europe and the USA.
Recently, stricter regulations have slowed this trend, increasing investment barriers for new botanical
ingredients [46-487. The Nagoya protocol and Access-Benefit-Sharing agreements aim to protect
traditional knowledge, but proprietary manufacturing knowledge remains difficult to safeguard,
discouraging product development. Regulatory barriers and loopholes create a heterogeneous landscape,
with some markets more open and others highly restrictive, making market entry costly and challenging.
In South Africa, environmental management is governed by the National Environmental Management:
Biodiversity Act, which aligns with the Nagoya Protocol. Product composition and formulation—whether
a pure molecule (API), a botanical drug, or an herb, nutraceutical, or dietary supplement—determine
regulatory requirements for market approval. Regulatory approval from agencies like the US FDA or
recognition by WHO adds value. In vitro cultures can serve as raw materials for various formulations,
including nutraceuticals and herbal medicines. Dietary supplements are regulated as food by the US FDA,
and some products may be studied and approved as botanical drugs with multiple or characterized APIs.
The US FDA's regulations often serve as a reference for drug approvals in other countries. Botanical
drugs have an intended use that affects body structure or function, such as diagnosis or treatment, and
exclude chemically modified substances like artesunate [49-527. In the US, botanicals and natural
products are categorized based on their intended use, such as foods, cosmetics, drugs, biologics, or
medical devices. When a product is used for disease diagnosis, treatment, or prevention in humans and
animals, it is classified as a drug. Pure drugs are derived from single small molecules focused on small, as
opposed to large, molecules [15-167].
Ethical Implications
Ethnopharmacological research undoubtedly presents a vast array of ethical challenges that can prove to
be quite complex and multifaceted in nature. These challenges extend well beyond the mere acquisition of
necessary research permits and the addressing of various intellectual property concerns that can arise. It
is crucial to fully recognize that the original holders of ethnopharmacological knowledge possess a
fundamental right to receive proper healthcare services and the utmost respect for their invaluable
contributions to both science and society [17-197. In this context, fostering effective, meaningful, and
collaborative partnerships between ethnopharmacologists and local healthcare providers becomes
essential. Such cooperation plays a vital role in the successful and effective implementation of the valuable
research findings derived from their extensive and rich knowledge. These partnerships not only facilitate
improved health outcomes for local communities but also ensure that the benefits of the research are
equitably shared and distributed with those who have significantly contributed to this important body of
knowledge and wisdom. Ethical considerations must be carefully taken into account throughout every
stage of the research process to ensure transparency, fairness, and inclusivity in all interactions among all
parties involved. By addressing these ethical challenges head-on, researchers can create a more just and
equitable framework for ethnopharmacological research that honors the contributions of indigenous
knowledge holders and promotes a sustainable, collaborative approach to healthcare [17-187.
Future Directions In Ethnopharmacology

The primary aim of ethnopharmacology is developing new drugs from traditional medicines. Although
methodologies like bioprospecting and reverse pharmacology are significant, no new drug from
ethnobotanical sources has been added to the Northern pharmacopoeia in fifty years. The focus of natural-
product drug discovery has shifted towards biodiversity-rich areas rather than merely traditional
medicine efficacy. Most global traditional medicines consist of raw herbs and extracts rather than isolated
compounds, yet ethnopharmacology continues to attract interest despite this limitation.
Ethnopharmacologists have advanced the understanding of traditional pharmacological practices,
encompassing cultural perceptions and the various applications of remedies [20-257]. Research
underscores the barriers to using traditional remedies effectively and embracing herbal medicines
alongside conventional treatments. Comparisons regarding the toxicity of culturally important remedies
often utilize rodent LD50 assays, linking cultural preferences to biomedical significance. Recently, the
dependence on ethnopharmacological data for new therapies comprises only a small part of the broader
field. Indigenous pharmacopoeias once contributed to lead compounds, but indigenous communities often
experience poorer health outcomes than their neighbors. Ethical concerns related to using ethnobotanical
knowledge have led organizations like the WHO to advocate for protecting indigenous medical
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knowledge, although intellectual property rights remain unclear. Researchers call for fair compensation
and ethical standards to safeguard indigenous insights [21-247]. The Convention on Biological Diversity
(CBD) seeks to address these issues, but enforcement mechanisms are still developing. As
ethnopharmacology evolves from focusing solely on compound discovery to examining broader cultural
contexts, it must confront new ethical issues regarding the rights of indigenous peoples sharing
traditional knowledge. In developing areas, particularly in Latin America, integrating indigenous and
allopathic medicine into health systems improves efficacy for both, emphasizing the need to enhance the
health of indigenous populations and translate research into effective treatments aligned with traditional
practices [19-207.
Collaborative Approaches
Ecopharmacognosy recognizes and emphasizes the critical importance of collaborative approaches that
merge various disciplines. This multidisciplinary approach is rooted in the dynamic interplay of
established fields, such as ecological chemistry, biological and resource plant geography, analytical
chemistry, botany, and pharmacognosy [1-57. The collaboration between ecopharmacognosy and other
scientific domains significantly enhances our ability to establish rational bio-prospecting strategies aimed
at identifying new bioactive compounds that hold pharmacological interest. For instance, the synergistic
co-effect observed when combining the efforts and insights from different disciplines has been eftectively
demonstrated across several botanical families, including Apiaceae, Asparagaceae, Primulaceae,
Solanaceae, and Asteraceae. In light of the notable prevalence of plants that contain pyrrolidine alkaloids,
delving deeper into this area of study may yield promising results that could facilitate the systematic
discovery of new drugs. These drugs could play a vital role in combating cholera, especially considering
that alpha-terpinyl acetate has shown efficacy in acting on the GABA receptor, indicating potential
therapeutic avenues worth exploring further [21- 227].
Global Perspectives
The remarkable number of diverse plant species found on Earth provides an exceptional opportunity to
discover an array of new drugs. Ambitious and innovative drug discovery programs have managed to
convert only a mere 6% of the vast plant species found in Latin America into potential phytomedicines
[18-227]. Despite the limited number of species that have been actively harvested, the rich and extensive
ethnopharmacological knowledge that exists within Latin America, alongside the sheer number of plant
species that have been analyzed, as well as the substantial quantity of ethnobotanical, phytochemical, and
biological data that has been generated, strongly justifies the continuing and vital research into plants.
Complementary and alternative botanical strategies that can be employed in this research include the
utilization of local and regional inventories; the focus on attractive and significant families and genera; the
implementation of phylogenetic approaches; the examination of particular types of secondary metabolites
that are commonly associated with certain families or genera; and the application of chemical ecology,
chemosystematics, and ecological principles. Moreover, hybridization techniques and the formation of
hybrids can also play a crucial role, combined with the collection of unexploited species from distinct and
particular environments. The paper further highlights the promising prospects of telemigration within
the drug discovery industry, emphasizing the potential benefits and advancements that could be achieved
through this innovative approach [23-247.
Challenges In Ethnopharmacology
Ethnopharmacology stands as an interdisciplinary field that bridges the vast domains of medical, natural,
and social sciences. Thus far, the discipline has largely emphasised the chemical, biological, and
pharmacological facets, with comparatively limited incorporation of social-scientific perspectives and
traditional-knowledge systems that are vital to understanding the full scope of medicinal practices. When
employed, anthropological methodologies tend to concentrate predominantly on cataloguing the varied
and intricate utilisation of medicinal plants, frequently neglecting to consider the rich cultural contexts
and histories that surround these practices. This oversight is significant and may lead to a skewed
understanding of how these plants are woven into the fabric of different societies. The predominant focus
of ethnopharmacological investigations continues to remain firmly anchored in the documentation of
indigenous pharmacopoeias. This focus is intended to identify potentially pharmacologically active
compounds that could be developed into drugs or nutraceuticals in the context of modern medicine. A
comprehensive review of published scholarship highlights this disciplinary bias: from 1984 to the end of
the 2000s, approximately eighty-six per cent of ethnobotanical studies found in eight leading
pharmacological and phytochemical journals were primarily concerned with pharmacology and
pharmacognosy, while a mere three per cent could be said to adopt a genuinely interdisciplinary approach

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited

Page | 55



that encompasses a wider range of social and cultural dimensions. Over a decade later, review articles that
incorporate interdisciplinary citations accessible via platforms such as Google Scholar confirm the
persistence of this pattern, revealing that roughly seventy-five percent of cited articles still employ
combinations of anthropology, pharmacology, and pharmacognosy, thereby underscoring the ongoing
challenge of integrating diverse perspectives within the field of ethnopharmacology. It is becoming
increasingly clear that a more holistic approach, blending these varied yet interconnected disciplines, is
not just beneficial but necessary for the advancement of ethnopharmacological research and practice [25,
267.
Public Health Implications
Natural products have historically served as vital medicinal agents, still available as dietary supplements
for potential health benefits. However, the risk of undesired interactions when taken simultaneously calls
for careful consideration. To understand the mechanisms at play, specific herbal mixtures and their
individual compounds must be identified, necessitating quality-control measures for standardization.
Challenges such as quality variability, active compound isolation, and suitable plant material acquisition
hinder natural product development [40-477]. Furthermore, the stability and application of essential oils
complicate progress. Demonstrating efficacy and safety of these products requires rigorous investigations,
including in vitro and in vivo studies, though toxicological evaluations often demand large quantities of
material that are not easily accessible or might require complex synthetic methods. In vivo research raises
ethical concerns that require careful review. Plant-based therapeutics have significant implications for
public health by combating biofilm-related infections and antimicrobial resistance. Their complex
compound mixtures attack bacteria through multiple mechanisms, reducing the likelihood of resistance
evolution. The synergy among different compounds can enhance treatment effectiveness while
minimizing host toxicity [49-537. Understanding interactions among natural product compounds is
essential for grasping their effects and mechanisms. Developing systematic approaches that encompass
reagent screening, bacterial physiology, modeling, pathogen-host interactions, and microbiome influences
is crucial. Progress in understanding plant therapeutics is vital for tackling current infectious disease
treatment challenges. An integrated approach analyzing public health data, treating conditions conducive
to infections, and utilizing advanced models can significantly advance related fields. Establishing such a
framework will inform public health strategies through disease measurement and prediction, integrating
ethnopharmacological approaches for effective outbreak control and reduced antimicrobial resistance
emergence. The multidisciplinary nature of ethnopharmacological research requires an integration of
expertise from diverse disciplines, including chemistry, ecology, genomics/genetics, medicine,
microbiology, pharmacology, and toxicology. Fields like genomics, computational and chemical biology,
and informatics present notable opportunities to expedite the discovery and development of new
medicines [27-287.
CONCLUSION
Ethnopharmacology represents a valuable yet underutilized scientific frontier in the development of
innovative plant-based therapeutics. By harnessing traditional knowledge systems and integrating them
with advanced technologies such as genomics, synthetic biology, and phytochemical analysis, researchers
can identify novel bioactive compounds and engineer their scalable production. However, the full
potential of ethnopharmacology can only be realized through genuine interdisciplinary collaboration that
bridges anthropology, pharmacology, biotechnology, and ethics. Respecting and protecting indigenous
intellectual property, addressing regulatory complexities, and involving local communities in the research
process are essential for sustainable and equitable outcomes. As the global healthcare landscape evolves,
ethnopharmacology offers a promising pathway to not only discover new drugs but also to strengthen
culturally resonant, accessible, and holistic medical practices. The future lies in a balanced, respectful
fusion of ancient wisdom and cutting-edge science.
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