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Abstract: Medicinal plants have long served as a cornerstone of healthcare, providing a rich source of 

bioactive compounds with diverse pharmacological activities. Growing interest in plant-derived 

therapeutics, coupled with rapid technological advancements, has transformed medicinal plant research 

into a multidisciplinary field that integrates traditional knowledge with cutting-edge scientific approaches. 

This review examines recent progress in the discovery, characterization, and development of bioactive 

phytochemicals and explores their expanding role in promoting human health. The review highlights the 

contribution of emerging technologies, including multi-omics platforms (genomics, transcriptomics, 

proteomics, metabolomics, and spatial omics), artificial intelligence (AI), machine learning, and 

nanotechnology, to accelerating natural product research and phytopharmaceutical innovation. These 

approaches have enhanced the identification of novel bioactive compounds, elucidated biosynthetic 

pathways and molecular mechanisms of action, optimized cultivation and extraction processes, and 

improved the precision and efficiency of drug discovery. In addition, nanotechnology-based delivery 

systems have demonstrated considerable potential to enhance the stability, bioavailability, targeted 

delivery, and therapeutic efficacy of plant-derived compounds, particularly in the treatment of chronic 

diseases such as cancer, metabolic disorders, cardiovascular diseases, and neurodegenerative conditions. 

Despite these advances, several challenges continue to limit the translation of medicinal plants into 

evidence-based therapeutics, including biodiversity loss, variability in phytochemical composition, 

contamination and adulteration of herbal products, and the need for standardized quality control and 

harmonized regulatory frameworks. Future progress will depend on multidisciplinary collaboration that 

integrates traditional medicinal knowledge with advanced analytical technologies, computational tools, 

and sustainable resource management. Such an approach will facilitate the development of safe, effective, 

and innovative phytopharmaceuticals while supporting precision medicine and improving global health 

outcomes. 
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INTRODUCTION 
 

Medicinal plants have served as one of humanity's oldest and most valuable therapeutic resources, 

providing an extensive repertoire of bioactive compounds that continue to support both traditional 

healthcare systems and modern pharmaceutical development. Despite remarkable advances in 

synthetic drug discovery, plant-derived natural products remain indispensable sources of novel 

therapeutic agents owing to their remarkable chemical diversity, broad spectrum of biological 

activities, and historical evidence of clinical use. The continued relevance of medicinal plants is 

reflected in their widespread application for the prevention and treatment of infectious, 

inflammatory, metabolic, cardiovascular, neurological, and malignant diseases (Bagla 2012). 

 

Global reliance on medicinal plants remains substantial. With the world population projected to 

exceed 8.2 billion in 2025, approximately 80% of people are estimated to rely, at least partially, 

on traditional herbal medicine for primary healthcare, particularly in low- and middle-income 

countries where access to conventional medical services may be limited (Alam et al. 2025; Che et 

al. 2024). Established medical systems, including Traditional Chinese Medicine, Ayurveda, Unani, 

and numerous indigenous healing traditions, have accumulated centuries of empirical knowledge 

regarding medicinal plant use. These systems continue to contribute significantly to healthcare 

while simultaneously providing valuable leads for contemporary drug discovery and 

pharmaceutical innovation. 

 

The importance of medicinal plants extends beyond traditional medicine to modern 

pharmacotherapy. Numerous clinically important drugs have originated from botanical sources, 

including morphine, codeine, digoxin, quinine, artemisinin, vinblastine, paclitaxel, and reserpine, 

illustrating the enduring contribution of natural products to the treatment of pain, cardiovascular 

disorders, infectious diseases, cancer, and neurological conditions (Bagla 2012). The growing 

commercial value of herbal medicines, together with increasing consumer preference for naturally 

derived therapeutics, has further stimulated research into plant-based pharmaceuticals and 

evidence-based phytomedicine. 

 

Recent advances in biotechnology and computational sciences have fundamentally transformed 

medicinal plant research. High-throughput omics technologies—including genomics, 

transcriptomics, proteomics, metabolomics, and spatial omics—now enable comprehensive 

characterization of biosynthetic pathways, metabolite diversity, and molecular mechanisms 

underlying therapeutic activity. Simultaneously, artificial intelligence and machine learning have 

accelerated phytochemical identification, prediction of biological activities, optimization of 

cultivation strategies, and natural product-based drug discovery. In parallel, nanotechnology has 

emerged as an innovative platform to improve the pharmaceutical performance of herbal 

medicines by enhancing the stability, bioavailability, controlled release, and targeted delivery of 

plant-derived bioactive compounds (Allam and Sabra 2024; Saadh et al. 2024). 
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Despite these advances, several scientific and practical challenges continue to limit the broader 

clinical application of medicinal plants. Variability in phytochemical composition, insufficient 

standardization, contamination and adulteration of herbal products, limited pharmacokinetic 

information, and inconsistent regulatory frameworks remain major barriers to their safe and 

effective therapeutic use. Furthermore, the increasing global demand for medicinal plants has 

intensified harvesting pressure on natural populations, threatening biodiversity and placing 

thousands of medicinal species at risk of overexploitation and extinction (Ghosh et al. 2023; Ma 

et al. 2005; Marisetti et al. 2025). These concerns highlight the urgent need for sustainable 

cultivation practices, conservation strategies, quality assurance systems, and internationally 

harmonized regulatory standards. 

 

Although numerous reviews have addressed individual aspects of medicinal plants, most focus 

separately on phytochemistry, pharmacology, biotechnology, or conservation. Comprehensive 

analyses integrating these interconnected disciplines remain limited. An integrated perspective is 

increasingly important as medicinal plant research evolves toward multidisciplinary approaches 

that combine traditional knowledge with advanced analytical technologies, computational tools, 

pharmaceutical engineering, and sustainability principles (Manisha et al. 2025; Saggar et al. 2022). 

Therefore, this review provides a comprehensive overview of the evolving role of medicinal plants 

in human health by integrating recent advances in bioactive compound discovery, multi-omics 

technologies, artificial intelligence, nanotechnology-based drug delivery, quality control, 

biodiversity conservation, and phytopharmaceutical development. By bridging traditional 

medicinal knowledge with modern scientific innovation, this review highlights current 

opportunities, emerging challenges, and future directions that will support the development of safe, 

effective, sustainable, and evidence-based plant-derived therapeutics. 

 

Medicinal Plants in Modern Healthcare: Global Trends and Economic Perspectives 

Medicinal plants remain indispensable components of healthcare systems worldwide, serving as 

primary therapeutic resources for millions of people while increasingly contributing to modern 

pharmaceutical research. According to the World Health Organization (WHO), nearly 80% of the 

global population relies, wholly or partially, on traditional plant-based medicines for primary 

healthcare, particularly in low- and middle-income countries where access to conventional medical 

services remains limited. At the same time, industrialized nations have experienced a growing 

acceptance of herbal medicines as complementary and integrative therapies, reflecting an 

increasing preference for natural, preventive, and personalized healthcare approaches (Balkrishna 

et al. 2024). 

 

Several factors have contributed to the renewed global interest in medicinal plants, including 

concerns regarding the adverse effects associated with synthetic drugs, the emergence of 

antimicrobial resistance, increasing healthcare expenditures, and growing consumer awareness of 

wellness and disease prevention. These drivers have stimulated scientific research into plant-

derived bioactive compounds while simultaneously expanding the commercial herbal medicine 

sector. 

https://www.eajournals.org/


            International Journal of Public Health, Pharmacy and Pharmacology, 11(2), 58-71, 2026 

Print ISSN: (Print) ISSN 2516-0400 

                                                                         Online ISSN: (Online) ISSN 2516-0419 

                                                                                      Website: https://www.eajournals.org/                                                        

                         Publication of the European Centre for Research Training and Development -UK 

61 
 

The global trade of medicinal and aromatic plants (MAPs) has grown substantially over the past 

decade. International Trade Center (ITC) statistics indicate that between 2010 and 2023, 

worldwide exports and imports of MAPs nearly doubled, reaching approximately US$4.18 billion 

and US$4.25 billion, respectively. China and India dominate global production and export 

activities owing to their exceptional biodiversity, extensive cultivation systems, and long-

established traditional medical practices. Conversely, countries such as the United States, 

Germany, and Japan represent major import markets, supported by sophisticated pharmaceutical, 

nutraceutical, and cosmetic industries (Anjum 2025; Zamani et al. 2025). Among internationally 

traded botanical products, commodities classified under Harmonized System (HS) code 121190 

account for the largest commercial share, encompassing medicinal plants used in pharmaceutical, 

cosmetic, perfumery, and agricultural applications. 

 

The COVID-19 pandemic further accelerated consumer demand for herbal products, largely driven 

by increased interest in immune support, preventive healthcare, and naturally derived therapeutic 

agents. This trend has encouraged greater investment in medicinal plant research, quality assurance 

systems, and sustainable production practices. Consequently, international standards such as WHO 

Good Agricultural and Collection Practices (WHO-GACP) and Good Manufacturing Practices 

(GMP) have become increasingly important for ensuring product quality, traceability, safety, and 

regulatory compliance across global supply chains (Djaoudene et al. 2023; Kazemi-Karyani et al. 

2025; Paudyal et al. 2022). 

 

Despite the continued expansion of the herbal medicine industry, important challenges remain. 

Unsustainable harvesting practices, habitat destruction, biodiversity loss, adulteration, 

contamination, inconsistent quality standards, and fragmented regulatory frameworks continue to 

compromise both environmental sustainability and public confidence in herbal products. 

Addressing these issues requires coordinated international efforts that integrate biodiversity 

conservation, sustainable cultivation, advanced processing technologies, standardized quality 

control, and evidence-based regulatory policies (Mykhailenko et al. 2025). 

 

The sustained growth of medicinal plant utilization reflects not only their enduring therapeutic 

significance but also their expanding role in pharmaceutical innovation, functional foods, 

nutraceutical development, and precision healthcare. As traditional medicinal knowledge 

increasingly converges with biotechnology, artificial intelligence, omics sciences, and 

nanotechnology, medicinal plants are poised to become central components of next-generation 

healthcare systems and sustainable phytopharmaceutical development. 

 

Medicinal plants have played a central role in healthcare throughout human history, serving as the 

foundation of traditional medical systems and providing invaluable resources for modern drug 

discovery. Although the widespread adoption of synthetic pharmaceuticals during the eighteenth 

and nineteenth centuries temporarily reduced reliance on herbal medicine, many traditional 

remedies were subsequently validated through scientific investigation and became integral to 

contemporary therapeutics. A landmark example is William Withering's systematic study of 
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Digitalis purpurea (foxglove), which established its efficacy in treating congestive heart failure 

and laid the foundations of evidence-based pharmacology (Skou 1986; Withering 2014). Similarly, 

the isolation of morphine from Papaver somniferum in 1806 represented a major breakthrough in 

pharmaceutical chemistry and initiated the era of bioactive compound purification from medicinal 

plants (Kapoor 2020; Teuscher and Lindequist 2024). Subsequent advances in organic chemistry, 

spearheaded by scientists such as Justus von Liebig, facilitated the structural characterization and 

synthesis of plant-derived compounds, ultimately bridging traditional herbal medicine with 

modern pharmaceutical science (Neuhaus et al. 2022; Tapia et al. 2024). 

 

The therapeutic value of medicinal plants is largely attributed to their rich diversity of primary and 

secondary metabolites, including alkaloids, flavonoids, phenolic acids, tannins, terpenoids, 

glycosides, saponins, steroids, and essential oils. These bioactive compounds serve important 

ecological functions in plants while exhibiting a wide range of pharmacological properties 

beneficial to human health (Agidew 2022). Advances in phytochemical analysis have substantially 

improved the identification and characterization of these compounds, providing new opportunities 

for the development of innovative phytopharmaceuticals. 

 

Among plant secondary metabolites, phenolic compounds and flavonoids are recognized as major 

contributors to antioxidant activity through their ability to scavenge reactive oxygen species, 

reduce oxidative stress, and protect cellular components from oxidative damage. These 

mechanisms are increasingly associated with the prevention and management of chronic diseases, 

including cardiovascular disorders, diabetes, neurodegenerative diseases, and cancer (Chociej et 

al. 2024; Paiva et al. 2024). In parallel, essential oils represent complex mixtures of volatile 

compounds, predominantly monoterpenes, sesquiterpenes, and oxygenated derivatives, whose 

composition varies according to plant species, geographical origin, cultivation practices, and 

environmental conditions (Monib 2024). 

 

Extensive pharmacological research has demonstrated that medicinal plant extracts and essential 

oils possess broad-spectrum biological activities, including antimicrobial, antiviral, antifungal, 

anti-inflammatory, antioxidant, antispasmodic, immunomodulatory, and insecticidal properties. 

Numerous studies have reported significant antibacterial activity against both Gram-positive and 

Gram-negative pathogens, while several phytochemicals have shown antiviral effects by 

interfering with viral attachment, replication, and intracellular signaling pathways. Terpenoids, 

flavonoids, phenolic compounds, and resin acids are among the principal constituents responsible 

for these therapeutic effects and continue to attract considerable attention as potential alternatives 

or adjuncts to conventional antimicrobial therapies (Nurzyńska-Wierdak and Walasek-Janusz 

2025; Singh et al. 2025). 

 

Beyond pharmaceutical applications, medicinal plants contribute to multiple industrial sectors. 

Their bioactive constituents are increasingly incorporated into functional foods, nutraceuticals, 

cosmetics, and natural preservatives owing to their antioxidant and antimicrobial properties. 

Essential oils are widely used as flavoring agents, fragrances, and environmentally friendly 
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bioactive ingredients, while plant-derived metabolites have also demonstrated potential as 

botanical pesticides for sustainable agricultural production (Chaughule and Barve 2024; Patel and 

Patel 2024). 

 

The growing scientific understanding of medicinal plant phytochemistry has strengthened the 

integration of traditional knowledge with evidence-based medicine. Continued advances in 

analytical chemistry, molecular biology, and pharmacology are accelerating the discovery of novel 

plant-derived therapeutics while providing scientific validation for traditional medicinal practices. 

Collectively, medicinal plants remain an indispensable source of structurally diverse bioactive 

compounds with significant potential to support future drug discovery, personalized medicine, and 

sustainable healthcare (Singh et al. 2025). 

 

Aim and Scope of the Review 

This review provides an integrated overview of recent advances in medicinal plant research, 

highlighting how emerging technologies are transforming the discovery and development of plant-

derived therapeutics. It focuses on the application of multi-omics approaches, artificial 

intelligence, and nanotechnology to improve the identification of bioactive compounds, elucidate 

biosynthetic pathways, and enhance drug delivery and therapeutic efficacy. In addition, the review 

discusses key challenges related to quality control, standardization, regulatory frameworks, and 

biodiversity conservation. By bridging traditional medicinal knowledge with modern 

technological innovations, this review offers current perspectives and future directions for the 

sustainable development of safe, effective, and evidence-based phytopharmaceuticals to improve 

human health. 

 
RESULTS AND DISCUSSIONS 

 

Historical Use of Medicinal Plants Across Traditional Medical Systems 

Medicinal plants have formed the foundation of traditional healthcare systems for thousands of 

years and continue to influence modern medicine through their diverse bioactive compounds and 

therapeutic applications. Ancient medical traditions such as Ayurveda, Unani, and Traditional 

Chinese Medicine (TCM) developed sophisticated frameworks for disease prevention and 

treatment based on extensive empirical knowledge of medicinal plants. These systems not only 

shaped healthcare practices within their respective cultures but also provided the basis for 

numerous modern pharmaceuticals and continue to inspire contemporary drug discovery and 

phytopharmaceutical research. 

 

Ayurveda medical system 

Originating in India more than 3,000 years ago, Ayurveda is one of the oldest holistic medical 

systems, emphasizing the maintenance of health through balanced nutrition, lifestyle, and herbal 

medicine. Treatment is individualized according to a person's constitutional type (Prakriti), 

reflecting an early concept of personalized medicine (Kizhakkeveettil et al. 2024). More than 7,000 

medicinal plants are described in Ayurvedic literature, including Withania somnifera 
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(ashwagandha), Curcuma longa (turmeric), Bacopa monnieri (brahmi), Centella asiatica (gotu 

kola), Azadirachta indica (neem), and Asparagus racemosus (shatavari), which contain 

pharmacologically active compounds such as withanolides, curcuminoids, bacosides, and 

triterpenoids (Anand et al. 2022; Kamath 2025). Numerous experimental and clinical studies have 

confirmed their antioxidant, anti-inflammatory, immunomodulatory, neuroprotective, 

hepatoprotective, and antimicrobial activities, supporting many traditional therapeutic applications 

(Dhole and Yedey 2024; Kamath 2025). Modern analytical techniques, including high-

performance liquid chromatography, mass spectrometry, genomics, and metabolomics, have 

further facilitated the standardization and scientific validation of Ayurvedic medicines, while 

artificial intelligence and pharmacogenomic approaches are increasingly supporting the 

identification of bioactive compounds and personalized herbal therapies (Chaudhari and Tayade 

2024; Mukherjee et al. 2022; Patil et al. 2025; Soni and Soni 2025). 

 

Unani system of medicine  

The Unani system of medicine originated from the medical traditions of ancient Greece and was 

subsequently refined by Persian and Arab scholars before becoming firmly established throughout 

South Asia. Based on the humoral theory, Unani medicine aims to restore the balance of bodily 

temperaments through individualized dietary interventions, lifestyle modifications, and medicinal 

plants (Ahmad et al. 2024). Over centuries, its pharmacopeia expanded through the incorporation 

of numerous botanical species from the Middle East, Central Asia, and the Indian subcontinent. 

Medicinal plants remain central to Unani therapeutics owing to their anti-inflammatory, digestive, 

antimicrobial, and restorative properties, while the holistic philosophy of balancing physiological 

functions continues to influence complementary healthcare practices (Basu et al. 2023; Lepcha et 

al. 2023). 

 

Traditional Chinese Medicine 

Traditional Chinese Medicine (TCM) represents one of the world's oldest continuously practiced 

medical systems and is founded on the principles of Yin–Yang balance and the harmonious flow 

of Qi. Classical texts, including the Shennong Ben Cao Jing and later herbal compendia, 

documented hundreds of medicinal plants and established the theoretical basis for herbal therapy 

(Anderson 1997; Lord 2021; Lust 2014). For centuries, TCM served as the primary healthcare 

system in China and continues to play a major role in disease prevention and treatment (Inchauspe 

2025). Modern TCM integrates traditional herbal formulations with standardized manufacturing 

processes, quality control, and evidence-based research while preserving its philosophical 

foundations (Elendu 2024). In addition to herbal medicine, TCM incorporates acupuncture, 

moxibustion, cupping, and therapeutic massage as complementary interventions that aim to restore 

physiological balance (Luo et al. 2025; Wang et al. 2023a). Similar concepts of maintaining bodily 

equilibrium have also been recognized in historical Western medicine, illustrating the universal 

importance of balance in traditional healing systems (Jaeger 2012; Daly and Brater 2000; Dong 

2023; Ungerer 2025; Matos et al. 2021). 
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Collectively, these traditional medical systems demonstrate the enduring importance of medicinal 

plants as sources of therapeutic agents and provide an invaluable foundation for contemporary 

phytochemical research, pharmaceutical development, and evidence-based integrative medicine. 

 

Health-Promoting Properties of Medicinal Plants 

Medicinal plants are rich sources of secondary metabolites that play essential roles in plant defense 

and adaptation while providing numerous health benefits for humans. These bioactive 

compounds—including alkaloids, flavonoids, phenolic compounds, terpenoids, tannins, and 

sulfur-containing metabolites—have attracted considerable attention because of their antioxidant, 

antimicrobial, anti-inflammatory, anticancer, and immunomodulatory properties. Their structural 

diversity and multiple biological targets make them valuable candidates for drug discovery and the 

development of novel phytopharmaceuticals. 

 

 
(Adapted from Latif, R., et al. 2026) 

Fig.1. Health benefits of medicinal plants 

 

Antimicrobial Activity of Plant Secondary Metabolites 
Plant-derived secondary metabolites exhibit antimicrobial activity through multiple 

complementary mechanisms, reducing the likelihood of resistance development compared with 

conventional antibiotics. Their selective toxicity toward microbial cells results from differences in 

membrane composition, metabolic pathways, and enzyme targets between microorganisms and 

host cells. Growing antimicrobial resistance has renewed interest in these natural compounds as 
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alternative or adjunct antimicrobial agents capable of enhancing the efficacy of existing antibiotics 

(Khare et al. 2021; Choudhury 2022). 

 

One of the principal mechanisms involves disruption of bacterial cell membranes. Lipophilic 

alkaloids such as berberine and sanguinarine interact with phospholipid bilayers, increasing 

membrane permeability, dissipating membrane potential, and ultimately causing bacterial cell 

death (Yan et al. 2021; Laines-Hidalgo et al. 2022). Berberine has demonstrated potent activity 

against methicillin-resistant Staphylococcus aureus (MRSA), whereas sanguinarine is particularly 

effective against Gram-positive bacteria through membrane destabilization (Yildirim et al. 2025; 

Zhu et al. 2025). 

 

Plant flavonoids also interfere with essential bacterial enzymes involved in DNA replication and 

energy metabolism. Compounds such as quercetin and kaempferol inhibit DNA gyrase, 

topoisomerases, and other metabolic enzymes, thereby suppressing bacterial growth while 

enhancing the activity of conventional antibiotics through inhibition of β-lactamase enzymes 

(Taleghani et al. 2024). 

 

Another important mechanism is the inhibition of bacterial efflux pumps, which are major 

contributors to multidrug resistance. Alkaloids including reserpine and piperine inhibit ATP-

dependent transport systems responsible for antibiotic extrusion, restoring bacterial susceptibility 

and improving the effectiveness of existing antimicrobial therapies. 

 

Unlike many conventional antibiotics that target a single cellular pathway, phytochemicals often 

exert multitarget effects. Compounds such as curcumin, allicin, berberine, terpenes from tea tree 

oil, phenolics from oregano, tannins from green tea, and alkaloids from neem simultaneously 

affect membrane integrity, biofilm formation, protein synthesis, cellular respiration, and nucleic 

acid metabolism. This multifaceted mode of action makes plant-derived compounds promising 

candidates for combating multidrug-resistant (MDR) pathogens and reducing the emergence of 

antimicrobial resistance (El-Saadony et al. 2025). 

 

The broad-spectrum antimicrobial properties of medicinal plants, together with their synergistic 

interactions with conventional antibiotics, highlight their growing importance as a source of 

innovative therapeutic agents for addressing the global challenge of infectious diseases and 

antimicrobial resistance. 

 
CONCLUSIONS 

 
Medicinal plants remain an indispensable source of structurally diverse bioactive compounds that 

have supported human health for centuries and continue to drive pharmaceutical innovation. 

Traditional medical systems such as Ayurveda, Unani, and Traditional Chinese Medicine have 

established the therapeutic value of medicinal plants, while modern scientific research has 
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validated many of their pharmacological properties and expanded their applications in disease 

prevention and treatment. 

 

Advances in phytochemistry, multi-omics technologies, artificial intelligence, and nanotechnology 

have transformed medicinal plant research by accelerating the discovery of bioactive compounds, 

elucidating their molecular mechanisms, and improving their delivery, bioavailability, and 

therapeutic efficacy. These interdisciplinary approaches are bridging traditional knowledge with 

evidence-based medicine, creating new opportunities for the development of safe, effective, and 

targeted phytopharmaceuticals. 

 

Despite these advances, several challenges remain, including variability in phytochemical 

composition, quality control, adulteration, biodiversity loss, unsustainable harvesting, and the lack 

of harmonized regulatory frameworks. Addressing these limitations will require standardized 

cultivation and manufacturing practices, comprehensive quality assurance, sustainable resource 

management, and robust clinical validation of plant-derived therapies. 

 

Future research should emphasize multidisciplinary collaborations integrating biotechnology, 

computational sciences, pharmacology, and conservation biology to accelerate the translation of 

medicinal plants into clinically effective therapeutics. Such an integrated approach will not only 

enhance the discovery of novel bioactive compounds but also promote sustainable utilization of 

botanical resources, supporting precision medicine and contributing to improved global health 

outcomes. 
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