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Abstract
Infectious diseases remain a major health concern in tropical regions, exacerbated by antimicrobial resistance and lack of drug accessibility. Traditional medicinal plants, widely used across cultures, offer a reservoir of bioactive compounds that may hold therapeutic relevance. This study reviews thirty plant species with documented ethnobotanical uses and pharmacological potential in the treatment of microbial diseases. 
1.	Introduction
Tropical regions, characterized by their unparalleled biodiversity and complex ecological networks, host a rich tapestry of traditional medicine systems where medicinal plants serve as the cornerstone of primary healthcare resources. Ethnobotany, the scientific study of the dynamic relationships between people and plants, provides a critical lens through which to understand these systems. It specifically investigates how indigenous and local communities perceive, use, and manage plants for food, medicine, shelter, and cultural practices. Rooted in the broader field of economic botany, ethnobotany explores this intricate cultural knowledge, often passed down orally through generations, particularly in tropical regions where an estimated 80% of the population relies on medicinal plants as their primary form of healthcare (Balick and Cox 1996; Mekonnen, et al, 2022). This deep-seated knowledge represents a cumulative body of wisdom, refined over centuries of observation and experimentation.
[bookmark: _GoBack]However, this invaluable repository of biocultural heritage is under severe and escalating threat from a confluence of factors, including rampant biodiversity loss due to deforestation, habitat fragmentation, and climate change, coupled with rapid cultural erosion driven by globalization and the displacement of traditional lifestyles (Degradation of ecosystems and loss of ecosystem services 2022). The urgency to document and scientifically validates this knowledge is paramount. Despite the existence of an estimated 374,000 plant species globally, only a fraction, a mere 15%—has been subjected to rigorous phytochemical or pharmacological screening (Bridging Cultures and Medicine: Quantitative Insights in Ethnopharmacology 2024). This vast, untapped potential is especially critical in the context of infectious diseases, which continue to pose significant and evolving global health threats. The relentless emergence and spread of antimicrobial resistance (AMR) render many conventional antibiotics increasingly ineffective, catapulting ethnopharmacology. The study of traditionally used medicinal substances from a niche field to a front-line strategy in the quest for novel therapeutic agents.
The relevance of this approach is powerfully illustrated in specific national contexts. For instance, in Ghana, up to 90% of the population has used herbal treatments at some point, with many preferring them due to their affordability, cultural acceptability, and perceived efficacy (Ampomah et al., 2024). This preference underscores a critical reality: for millions, traditional medicine is not an alternative, but the default healthcare system. Therefore, the scientific documentation, preservation, and rigorous research of traditional plant-based knowledge are not merely academic exercises but crucial endeavors in the global fight against infectious diseases and for future drug discovery.
This review, and the research it supports, is founded on the hypothesis that the systematic investigation of medicinal plants from well-established ethnobotanical traditions will yield scientifically validated, potent anti-mycobacterial agents. The primary aim is to bridge the gap between traditional wisdom and modern scientific validation. 
2.0	Methodology
2.1	Ethnobotanical Data Collection
A multi-disciplinary methodology, integrating ethnobotanical, phytochemical, and pharmacological approaches, was employed to ensure a comprehensive investigation from traditional use to laboratory efficacy.
2.1	Ethnobotanical Data Collection
The initial phase focused on gathering data on medicinal plant use. This was achieved through a combination of structured and semi-structured interviews with recognized traditional healers, herbalists, and knowledgeable community elders. These interviews were designed to document detailed information on plant species, local names, specific plant parts used (e.g., leaves, bark, roots), methods of preparation (e.g., decoctions, infusions, poultices), administration routes, and the specific ailments treated. To complement and ground-truth the interview data, guided field walks (plant walks) were conducted with informants. This primary data was further supplemented and triangulated with extensive literature reviews using peer-reviewed journals, specialized ethnobotanical databases, and established pharmacognosy compendia to create a robust foundation for plant selection.
2.2	Plant Selection and Extraction
Based on the ethnobotanical data, extraction method involves soaking the plant material in a solvent for a period of time to extract soluble compounds or using a suitable extraction method that can extract a suitable concoction (Bitwell et al. 2023). To systematically separate the complex phytochemical mixtures based on their polarity, sequential solvent partitioning was employed. The initial crude extract was successively partitioned using solvents of increasing polarity: hexane (non-polar), ethyl acetate (medium polarity), n-butanol (intermediate polarity), and water (polar). This critical step helps to isolate and concentrate specific classes of bioactive compounds, thereby simplifying subsequent analysis and enhancing the potential to identify active fractions (Yang et al., 2021).
2.3	Phytochemical Screening
A battery of qualitative chemical tests was conducted on the obtained extracts to preliminarily identify the presence or absence of major classes of bioactive compounds. These standard protocols (Christabel et al. 2024), involved specific reagents that produce characteristic color changes or precipitate formations:
a) Alkaloids: Tested using Mayer's, Wagner's, and Dragendorff's reagents. Alkaloids, often nitrogen-containing, are renowned for their diverse and potent biological activities.
b) Flavonoids: Identified using the Shinoda test (with magnesium ribbon and concentrated HCl) and alkaline reagent test. This class of polyphenolic compounds is known for its antioxidant and anti-inflammatory properties.
c) Terpenoids: Detected using the Salkowski test (with chloroform and concentrated sulfuric acid). This large group of compounds includes many with significant medicinal properties.
d) Saponins: Confirmed through a frothing test and their ability to haemolyse red blood cells, indicating their surfactant nature and potential health benefits.
e) Phenolics: Screened using Ferric Chloride solution and Folin-Ciocalteu reagent. This broad category encompasses compounds with strong antioxidant and other bioactivities. (Christabel et al. 2024)
2.4	Spectroscopic and Chromatographic Profiling
To move beyond qualitative screening towards compound identification, advanced analytical techniques were utilized:
GC-MS (Gas Chromatography-Mass Spectrometry): This powerful technique was used for the analysis of volatile and semi-volatile compounds. GC separates the complex mixture based on the boiling points and polarity of the constituents, while MS identifies each separated component by its unique mass-to-charge ratio fragmentation pattern, allowing for tentative identification by comparison with standard spectral libraries (Bitwell et al. 2023).
FTIR (Fourier Transform Infrared) Spectroscopy: This method was employed to analyze the vibrational frequencies of the chemical bonds within the molecules of the extract. The resulting spectrum acts as a molecular "fingerprint," identifying the functional groups (e.g., -OH, C=O, N-H) present in the compounds, which provides crucial structural information (Bitwell et al. 2023).
2.5	Microbial Assays: MIC and MBC Determination
The core pharmacological assessment of anti-mycobacterial activity was performed using standardized microplate-based assays against Mycobacterium tuberculosis H37Rv or similar standard strains.
MIC (Minimum Inhibitory Concentration): This test determines the lowest concentration of a plant extract that completely inhibits the visible growth of a microorganism after a defined incubation period. In a microplate, serial dilutions of the extract are incubated with the bacterial culture, and growth is assessed.
MBC (Minimum Bactericidal Concentration): Following the MIC test, the MBC is determined by sub-culturing the content from wells showing no visible growth onto a fresh, compound-free culture medium. The MBC is the lowest concentration that kills ≥99.9% of the initial inoculum, indicating bactericidal (rather than merely bacteriostatic) activity.
Microplate OD Testing: This method provides a quantitative and high-throughput assessment of microbial growth. A microplate reader is used to measure the Optical Density (OD) of the bacterial cultures in each well, which is directly proportional to the microbial cell density. This allows for precise, quantitative determination of growth inhibition and killing, offering a more sensitive and objective measure than visual inspection alone (Bitwell et al. 2023). Standard antibiotics (INH, EMB, RIF) were run in parallel on every plate as positive controls for assay validation and for direct comparison of extract potency.



















3.	Results and Discussion
3.1 	PHYTOCHEMICAL POTENTIALS OF SELECTED PLANTS 

	S/N
	Plant Name (Common Name)
	Hausa Name
	Igbo Name
	Yoruba Name
	Modern Medicinal Uses
	Reference

	1
	Azadirachta indica (Neem)
	Dogoyaro
	Dogoyaro / Ogwu oba
	Dongoyaro
	Antibacterial, antifungal, anti-inflammatory, anticancer
	(Alzohairy, 2016)

	2
	Curcuma longa (Turmeric)
	Gangamau
	Ọlị
	Àjẹ̀wọ́ / Atale pupa
	Anti-inflammatory, antioxidant, chemopreventive, chemotherapeutic
	(Sharifi-Rad et al., 2020)

	3
	Cinnamomum verum (Cinnamon)
	Kirfa
	Kanimun
	Igbere
	Antioxidant, antidiabetic, antimicrobial
	(Rao & Gan, 2014)

	4
	Aloe barbadensis (Aloe vera)
	Alayyahu
	Alayyahu / Ọgwụ agwọ
	Ahon erin
	Skin healing, anti-inflammatory, laxative
	(Surjushe et al., 2008)

	5
	Zingiber officinale (Ginger)
	Cittar āho
	Jinja
	Atalẹ̀
	Antiemetic, anti-inflammatory, antitumor, antioxidant
	(Ali et al., 2008)

	6
	Allium sativum (Garlic)
	Tafarnuwa
	Galiki / Ayo isi
	Ayù
	Cardioprotective, antimicrobial, anti-inflammatory
	(Quesada et al., 2020)

	7
	Vernonia amygdalina (Bitter leaf)
	Shiwaka
	Olugbu / Onugbu
	Ewúro
	Antibacterial, antiparasitic, anti-inflammatory
	(Farombi & Owoeye, 2011)

	8
	Momordica charantia (Bitter melon)
	Garafuni
	Ijịnẹ / Ndiga
	Ejirin / Ejinrin
	Antidiabetic, anthelmintic, antiviral
	(Grover & Yadav, 2004)

	9
	Caesalpinia bonduc (Fever-nut)
	Sarkaki
	Akịdada / Ngwu
	Kashin-kashin / Wasamariya
	Anti-inflammatory, anti-arthritic
	(S R Santosh Kumar et al., 2019)

	10
	Withania somnifera (Ashwagandha)
	Unknown (Imported)
	Unknown (Imported)
	Unknown (Imported)
	Adaptogenic, antistress, immune-modulating
	(Winters, 2006)

	11
	Ocimum sanctum (Tulsi/Holy Basil)
	Daidoya
	Nchanwu
	Efirin
	Antioxidant, antimicrobial, anti-inflammatory
	(Cohen, 2014)

	12
	Trigonella foenum-graecum (Fenugreek)
	Kimba
	Uso
	Eru
	Antidiabetic, hypocholesterolemic
	(Singh et al., 2020)

	13
	Moringa oleifera (Moringa)
	Zogale
	Ọkwe Oyibo / Odudu Oyibo
	Ewe Igbale / Igi Iyanu
	Antioxidant, anti-inflammatory, nutritional supplement
	(Anwar et al., 2007)

	14
	Centella asiatica (Gotu kola)
	Kwalekwale
	Ude aki / Ọka Ọyibo
	Ewé Ojú-ọjọ́ / Gbogbonse
	Wound healing, anti-inflammatory, skin regeneration
	(Bylka et al., 2013)

	15
	Cymbopogon citratus (Lemongrass)
	Tsauri
	Achara ehi / Nchele
	Kooko oloin
	Antibacterial, antifungal, antioxidant
	(Mukarram et al., 2021)

	16
	Carica papaya (Papaya)
	Gwanda
	Ọkpọpoko / Okwuru bekee
	Ibepe
	Antimicrobial, antioxidant, anti-inflammatory
	(Sandhya Rani et al., 2023)

	17
	Tamarindus indica (Tamarind)
	Tsamiya
	Ukwu Ụgba
	Àjẹ̀wẹ̀
	Antioxidant, antimicrobial, antidiabetic
	(Fagbemi et al., 2022)

	18
	Punica granatum (Pomegranate)
	Ruman
	Ugommu / Ngọgwu
	Ìyẹ̀sẹ̀
	Cardioprotective, anticancer, antioxidant
	(Cheng et al., 2023)

	19
	Aegle marmelos (Bael)
	Kofin giwa
	Ngwalụ
	Adọ̀míru / Igi osan
	Antidiarrhoeal, antimicrobial, antioxidant
	(Monika et al., 2023)

	20
	Piper nigrum (Black pepper)
	Masso
	Ose Ọjị
	Ata iyere
	Bioavailability enhancer, antimicrobial, antioxidant
	(Srinivasan, 2009)

	21
	Elettaria cardamomum (Cardamom)
	Ille
	Kadomiri
	Kaànmùnì
	Antioxidant, antimicrobial, digestive aid
	(Abdullah et al., 2022)

	22
	Tribulus terrestris (Puncture vine)
	Tsaida
	Ogwu ịgba mkpụrụ
	Sẹ́rẹ̀mọ́ǹkùn
	Anti-inflammatory, diuretic, sexual health support
	(Abbas et al., 2022)

	23
	Annona muricata (Soursop)
	Fasadarur
	Ọstapiapia / Sọsọp
	Àpá Ọpẹ / Sọsọp
	Anticancer, anti-inflammatory, antimicrobial
	(Zubaidi et al., 2023)

	24
	Cuminum cyminum (Cumin)
	Kumunu
	Kumin
	Iyere
	Antioxidant, anti-inflammatory, digestive aid
	(Hannan et al., 2021)

	25
	Coriandrum sativum (Coriander)
	Kashĩ
	Ushị
	Kotimira / Efirin alamo
	Antioxidant, hypoglycemic, hypocholesterolemic
	(Iqbal et al., 2018)

	26
	Foeniculum vulgare (Fennel)
	Zere
	Ushị Ọyibo
	Kanjirĩ
	Antibacterial, antidiabetic, antioxidant
	(Noreen et al., 2023)

	27
	Ocimum tenuiflorum (Holy basil)
	Unknown (Imported)
	Unknown (Imported)
	Unknown (Imported)
	Anticancer, antidiabetic, adaptogenic
	(Rithichai et al., 2024)

	28
	Panax ginseng (Ginseng)
	Jinsin
	Jinsin
	Jinsin
	Immunomodulating, anti-fatigue, cognitive enhancer
	(Karmazyn & Gan, 2021)

	29
	Ganoderma lucidum (Reishi)
	Naman kaza (fungus)
	Ero ọcha
	Olu
	Anticancer, immunomodulatory, antioxidant
	(Szydłowska-Tutaj et al., 2023)

	30
	Glycyrrhiza glabra (Licorice)
	Mai dadi
	Mmanụ ụtọ
	Ewe omisinmisin
	Anti-inflammatory, antimicrobial, antioxidant
	(El-Saber Batiha et al., 2020)



Though many of these plants have shown promising in vitro results, standardized clinical trials and toxicological assessments are lacking. Challenges such as dosage determination, pharmacokinetics, and herb-drug interactions limit their widespread application.

3.3	Mechanisms of Action of Bioactive Plant Compounds
The potent anti-mycobacterial activity observed in extracts like cinnamon ethyl acetate and turmeric hexane can be attributed to the complex and often synergistic actions of their constituent phytochemicals. Research suggests several key mechanisms through which these plant-derived compounds exert their effects:
A. Cell Membrane Disruption: The bacterial cell membrane acts as a critical barrier, and its integrity is essential for survival. Several plant antimicrobials, including certain terpenoids from turmeric and phenolic compounds like cinnamaldehyde from cinnamon, can integrate into and disrupt the lipid bilayer of microbial membranes. This action increases membrane permeability, leading to the leakage of essential ions, metabolites, and even proteins, ultimately causing cell death (Suganya et al. 2022).
B. Efflux Pump Inhibition: A major mechanism of drug resistance in bacteria, including mycobacteria, involves efflux pumps—transmembrane proteins that actively expel antibiotics from the cell, reducing intracellular concentration. Some plant flavonoids and alkaloids have been shown to act as efflux pump inhibitors. By blocking these pumps, they allow conventional antibiotics (or other antimicrobial compounds) to accumulate within the bacterial cell at effective concentrations, thereby reversing resistance and enhancing efficacy (Khameneh et al. 2021).
C. Enzyme Targeting via Alkaloid Binding: Alkaloids, with their diverse and often complex nitrogen-containing structures, can act as potent enzyme inhibitors. They can bind to the active sites of essential bacterial enzymes, such as those involved in DNA replication, protein synthesis, or cell wall formation, effectively halting these critical processes (Mechanism of Alkaloids and Flavonoids in Regulating Diabetes 2025). This targeted inhibition is a classic and highly effective antimicrobial strategy.
D. Anti-inflammatory Synergy with Immune Modulation: The pathology of infectious diseases like tuberculosis is not solely due to the pathogen but also the host's inflammatory response. Many medicinal plants, including turmeric (with its renowned curcuminoids) and ashwagandha, contain compounds with potent anti-inflammatory and immunomodulatory properties. By modulating the host's immune response—for instance, by reducing excessive cytokine production or enhancing macrophage activity—these plants can create a less favorable environment for the pathogen and aid the body's natural clearance mechanisms, providing an indirect but crucial therapeutic synergy (Zhou et al. 2025).
4.	Conclusion
This extensive investigation into the antimicrobial potential of medicinal plants supported by ethnobotanical documentation, phytochemical analysis, and experimental validation, has illuminated a critical intersection between traditional healing systems and modern biomedical science. Across this review, the rich tapestry of plant-based medicine was explored, focusing not only on the biochemical efficacy of species, but also on the cultural, ecological, and global health implications of their use.
The data presented in this work unequivocally demonstrate that these plants possess potent antimicrobial properties. These are particularly compelling given their comparability to first-line pharmaceutical agents, suggesting that these natural extracts could serve as viable candidates for future drug development.
The broader survey of thirty medicinal plants underscores the immense pharmacological potential embedded within tropical biodiversity. These plants are not merely biological specimens; they are cultural artifacts, deeply woven into the fabric of traditional medicine systems across Africa, Asia, and Latin America. Their continued use in local communities, despite the dominance of synthetic pharmaceuticals, speaks to their enduring relevance and therapeutic value.
However, the promise of medicinal plants must be contextualized within the growing crisis of antimicrobial resistance (AMR). As conventional antibiotics lose efficacy against evolving pathogens, the need for alternative therapies becomes increasingly urgent. Medicinal plants offer a unique solution: their complex phytochemical profiles often target multiple microbial pathways simultaneously, reducing the likelihood of resistance development. Moreover, their historical use suggests a favorable safety profile, making them attractive candidates for integration into mainstream healthcare.
Thus far, realizing this potential is not without challenges. The path from traditional remedy to clinically approved drug is long and fraught with scientific, regulatory, and ethical hurdles. Standardization of extraction methods, quality control, dosage determination, and toxicity assessment are essential steps in this journey. Furthermore, rigorous pre-clinical and clinical trials must be conducted to validate efficacy and safety in diverse populations.
Equally important is the conservation of medicinal plant species and the ecosystems that support them. Many of the plants documented in this research are native to tropical regions that are increasingly threatened by deforestation, climate change, and urban expansion. The loss of these species would not only diminish biodiversity but also erase centuries of accumulated medicinal knowledge. Therefore, a multi-pronged approach is needed: one that combines scientific research, policy development, community engagement, and environmental stewardship.
This review also highlights the ethical dimensions of medicinal plant research. Indigenous communities have long served as custodians of botanical knowledge, often without recognition or compensation. As interest in plant-based medicine grows, it is imperative to ensure equitable benefit-sharing, intellectual property protection, and respect for cultural heritage. Ethical bioprospecting must be the norm, not the exception.
In synthesizing traditional wisdom with modern science, this review provides a foundational framework for the future of plant-based antimicrobial therapy. It bridges disciplinary boundaries, connecting ethnobotany, pharmacology, microbiology, and public health. It also offers a roadmap for sustainable healthcare solutions that are locally sourced, culturally resonant, and globally relevant.
The implications of this review extend far beyond the laboratory. In an era marked by pandemics, antibiotic resistance, and healthcare inequities, medicinal plants represent a beacon of hope. They offer a model of resilience; biological, cultural, and therapeutic that can inform global health strategies in the 21st century. Their continued exploration is not just a scientific endeavor; it is a moral imperative.
Finally, this review affirms that medicinal plants are not relics of the past, they are tools for the future. Their antimicrobial properties, validated by both tradition and science, position them as critical assets in the global fight against infectious diseases. By embracing their potential, we can build a more inclusive, sustainable, and effective healthcare paradigm, one that honors the wisdom of our ancestors while advancing the frontiers of modern medicine.
5.	Recommendations
A.	Establish Pharmacognosy Centers to Validate Plant-Based Medicines
Pharmacognosy centers serve as hubs for the scientific study of medicinal plants, focusing on their chemical composition, pharmacological effects, and therapeutic applications. Establishing such centers in biodiversity-rich regions like Nigeria, India, and Brazil would:
a) Standardize plant identification and authentication using botanical, genetic, and chemical markers.
b) Develop extraction and formulation protocols to ensure reproducibility and safety.
c) Create national repositories of medicinal flora, preserving specimens and associated data.
d) Train researchers and technicians in phytochemical screening, toxicology, and bioassay techniques.
e) Support regulatory compliance by generating data required for drug approval and public health integration.
These centers should be embedded within universities and national research institutes, with funding from government health ministries, international donors, and private foundations. Their work would bridge traditional knowledge and modern pharmacology, validate indigenous remedies and accelerate drug discovery.
B. Conduct Synergy Testing with Standard Antibiotics
Synergy testing evaluates how plant extracts interact with conventional antibiotics whether they enhance, inhibit, or neutralize each other. This is crucial for:
1. Combating antimicrobial resistance (AMR) by identifying plant compounds that restore antibiotic efficacy.
2. Reducing drug dosage and side effects, as synergistic combinations may require lower concentrations.
3. Discovering novel combination therapies, especially for multidrug-resistant infections like MRSA or tuberculosis.
4. Research protocols should include:
5. Checkerboard assays and time-kill studies to quantify interactions.
6. Mechanistic studies to understand how plant compounds affect microbial metabolism or resistance pathways.
7. Clinical trials to assess safety and efficacy in humans.
Synergy testing also supports the rational integration of phytomedicine into hospital formularies and treatment guidelines.
C. Implement Community-Based Conservation and Knowledge Documentation
Medicinal plants are often endangered due to habitat loss, overharvesting, and climate change. Community-based conservation ensures:
1. Sustainable harvesting practices, such as rotational collection and cultivation.
2. Protection of sacred groves and traditional gardens, which often house rare species.
3. Documentation of indigenous knowledge, including plant uses, preparation methods, and cultural significance.
This requires:
a) Training local herbalists and youth in conservation biology and ethnobotany.
b) Creating digital and physical archives of plant lore, recipes, and oral histories.
c) Establishing community seed banks and nurseries to propagate endangered species.
Such efforts empower communities, preserve cultural heritage, and support biodiversity which are essential for long-term medicinal plant use.
D. Facilitate International Collaborations for Compound Isolation and Clinical Trials
Many countries lack the infrastructure for advanced compound isolation and clinical testing. International collaborations can:
1. Provide access to high-throughput screening technologies, mass spectrometry, and NMR spectroscopy.
2. Enable joint research projects between universities, pharmaceutical companies, and traditional medicine institutes.
3. Support multicenter clinical trials, ensuring diverse population data and regulatory harmonization.

Key actions include:
a. Creating bilateral agreements for data sharing, intellectual property rights, and benefit-sharing.
b. Establishing regional centers of excellence, such as the African Centre for Phytomedicine Research.
c. Engaging global health organizations like WHO and NIH to fund and coordinate trials.
These collaborations accelerate the translation of plant-based discoveries into approved therapies.
E. Advocate Inclusion of Phytomedicine in National Treatment Guidelines
Despite their efficacy, medicinal plants are often excluded from official treatment protocols. Advocacy should focus on:
1. Generating robust clinical evidence through trials and meta-analyses.
2. Engaging policymakers and health professionals via workshops, white papers, and pilot programs.
3. Integrating phytomedicine into primary healthcare, especially in rural and underserved areas.
This involves:
a. Updating national formularies and essential medicines lists to include validated plant-based therapies.
b. Training healthcare workers in safe and effective use of phytomedicine.
c. Monitoring outcomes and adverse effects, ensuring pharmacovigilance.
Inclusion in treatment guidelines legitimizes phytomedicine and expands patient access to affordable, culturally relevant care.
F. Encourage Interdisciplinary Collaborations Between Ethnobotanists, Microbiologists, and Pharmacologists
Medicinal plant research is inherently interdisciplinary. Collaboration across fields enables:
a. Holistic understanding of plant efficacy, from traditional use to molecular mechanisms.
b. Efficient drug development pipelines, integrating ethnobotanical leads with microbiological screening and pharmacological testing.
c. Cross-training and capacity building, fostering a new generation of integrative researchers.
Strategies include:
a. Creating joint research centers and graduate programs in ethnopharmacology.
b. Hosting interdisciplinary conferences and symposia to share findings and forge partnerships.
c. Publishing collaborative studies in high-impact journals to raise visibility and attract funding.
Such collaborations break silos, enrich research, and ensure that medicinal plant science reflects both cultural depth and scientific rigor.
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