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ABSTRACT: Medicinal plants ate invaluable sources of bioactive phytochemicals with
great therapeutic potential for pharmaceutical and nutraceutical uses. The chapter
provides a detailed description of the classification of phytochemicals, their biosynthesis,
biological activities, and sustainable utilization strategies for the medicinal plant resources.
It covers the most up-to-date cultivation methods, biodiversity protection, quality
assurance, and the advanced extraction and characterization techniques that enable the
The
phytochemicals in drug discovery, the development of functional foods and

identification and standardization of plant-derived compounds. role of
nutraceuticals, and in the prevention of diseases with particular emphasis on anticancer,
antioxidant, anti-inflammatory, antimicrobial, cardioprotective, neuroprotective, and
antidiabetic properties of phytochemicals, is highlighted. Furthermore, the chapter
emphasizes the use of artificial intelligence, multi-omics technologies, molecular docking,
systems biology, and nanotechnology to progress the phytochemical study, as well as
precision phytomedicine. Some subjects cover challenges with the current standardization,
regulatory compliance, clinical validation, and sustainable resource management. Finally,
the integration of traditional medicine and modern scientific knowledge is a great
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opportunity to develop safe, effective, and scientifically supported pharmaceuticals and

nutraceuticals from plant-based sources to achieve sustainable development.

1. UNLOCKING NATURE'S PHARMACY: INTRODUCTION TO MEDICINAL PLANTS AND BIOACTIVE
PHYTOCHEMICALS

Medicinal plants have been one of the earliest and most consistent resources for human health cate, offering cures for the
prevention and treatment of illnesses in many civilizations for thousands of years. The old medicinal systems, like Ayurveda,
Traditional Chinese Medicine, Unani, and indigenous healing methods, have extensively documented the therapeutic properties
of plant-based materials, many of which are still valuable for modern medicine today (1). Medicinal plants have long held
promise in drug discovery, as evidenced by the numerous modern drugs derived from compounds found in these plants, such
as aspirin, paclitaxel, artemisinin, and morphine (2). Globally, medicinal plants are still highly significant for primary health care,
and the World Health Organization (WHO) has reported that a significant part of the world population is using traditional
herbal medicines for regular health care activities, especially in the developing world, where accessibility and affordability are
still problematic (3). Medicinal plants are remarkable due to their wide range of phytochemicals, which possess antioxidant,
antimicrobial, anti-inflammatory, anticancer, antiviral, antidiabetic, cardioprotective, and neuroprotective properties,
demonstrating various molecular mechanisms of action (1). Medicinal plants are one of the oldest and most reliable sources of
medicine to mankind, available for preventing and curing diseases across different civilizations for thousands of years.
Numerous plant-based resources are noted in ancient medical practices such as Ayurveda, Traditional Chinese Medicine, Unani,
indigenous medicine, etc., and their therapeutic application, which is still relevant in the contemporary medical system (1). The
role of natural products in drug discovery in modern times is exemplified by the discovery of some modern drugs from
medicinal plants like aspirin, paclitaxel, artemisinin, and morphine (2). In the global scenario, medicinal plants continue to play
a significant role in primary health care and the World Health Organization (WHO) had reported that in many developing
countries significant proportion of the world's population telies on the use of traditional medicines based on medicinal plants
for their primary health care needs, especially the poor who may not have access and resources to provide them with better
health care. The therapeutic applications of medicinal plants are attributed to the presence of a wide range of phytochemicals
in them, such as alkaloids, flavonoids, phenolic acids, terpenoids, glycosides, tannins, saponins, and essential oils with vatious
molecular mechanisms (1) that confer antioxidant, antimicrobial, anti-inflammatory, anticancer, antiviral, antidiabetic,
cardioprotective, and neuroprotective properties. The bioactive naturally occurring compounds are valuable lead molecules for
drug development and are currently used in nutraceuticals, functional foods, dietary supplements, and preventive health care
products to promote health and wellness and lower the risk of chronic disease (4). Consumer demand for natural, sustainable,
and evidence-based health care products has grown so rapidly that there has been an upsurge of scientific interest in the study
of phytochemicals, which has resulted in the identification, characterization, and validation of new therapeutic compounds
derived from plants through analytical chemistry, metabolomics, biotechnology, and molecular pharmacology (2). Meanwhile,
in all parts of the world, efforts for sustainable use of botanicals as medicinal products are underway, and biodiversity is not
being lost, and quality raw materials for the pharmaceutical and nutraceutical industry are ensured (3). The chapter thus aims to
present an overview of the phytochemicals derived from medicinal plants, their classification, biological significance, sustainable
cultivation, advanced extraction and characterization techniques, their pharmaceutical applications, and to introduce new
technology with emphasis on artificial intelligence and multi-omics to facilitate future research on phytochemicals and their
translation to healthcare innovations (4).

2. EXPLORING THE CHEMICAL WEALTH OF MEDICINAL PLANTS: CLASSIFICATION,
BIOSYNTHESIS, AND BIOLOGICAL FUNCTIONS OF PHYTOCHEMICALS

The plants have a remarkable range of chemical compounds which can be classified into primary metabolites, secondary
metabolites, and have different modes of action in plant growth, plant survival, and therapeutic uses. Most of the primary
metabolites (carbohydrates, proteins, lipids, amino acids, and nucleic acids) are essential for plant growth, development, and
metabolism, while the secondary metabolites serve plant functions in pathogen resistance, herbivore repellency, defense against
environmental stress, and have important pharmacological activity in humans (4). Secondary metabolites research has been

receiving a lot of interest from scientists because of their diverse biological activity and structural diversity among them,
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especially their alkaloids, flavonoids, terpenoids, phenolic compounds, glycosides, and saponins (5). Flavonoids and phenolic
compounds can also have a broad spectrum of pharmacological activities, including antioxidant, anti-inflammatory,
cardioprotective, and chemopreventive effects, which play a role in regulating oxidative stress and cellular signaling pathways
(6). Terpenoids, being the largest group of plant natural products, show antimicrobial, antiviral, antiparasitic, and anticancer
activity, while glycosides have cardioprotective, laxative, and anti-inflammatory properties, and saponins have
immunomodulatory, cholesterol-lowering, antimicrobial, and anticancer effects (5). Their biosynthesis is highly coordinated by
metabolic networks such as the shikimate, mevalonate, methylerythritol phosphate (MEP), acetate—malonate, and
phenylpropanoid pathways, which produce structurally diverse metabolites by enzyme-mediated reactions controlled by
developmental cues and various environmental factors including light, temperature, nutrient deficiency, and biotic stress (7).
The recent progress in genomics, transcriptomics, metabolomics, and synthetic biology of these biosynthetic pathways has
greatly enhanced the understanding of these pathways, leading to the discovery of new bioactive compounds and synthetic
biology approaches to increase phytochemical production (6). The structure—activity relationships of phytochemicals can be
attributed to their functional groups, stereochemistry, molecular structure, and physicochemical properties, all of which are
associated with biological activities such as receptor binding, enzyme inhibition, antioxidant activity, pharmacokinetics and
therapeutic activity, which have been observed for these molecules (7). A detailed study of the phytochemical diversity,
biosynthesis, and structure—activity relationships is therefore the scientific basis for the development of new pharmaceutical
products, nutraceuticals, and functional foods, as well as for promoting sustainable use of medicinal plant resources for future

healthcare applications (4).

3. SUSTAINABLE MEDICINAL PLANT RESOURCES: CULTIVATION, CONSERVATION, AND QUALITY
ASSURANCE

The increasing demand for medicinal plants globally has highlighted the need for sustainable use of medicinal plant resources
to ensure access to good-quality medicinal plant materials and maintain biodiversity and ecosystem integrity. Initially, sustainable
utilization starts with implementing Good Agricultural and Collection Practices (GACP), which is an internationally recognised
set of guidelines for selecting the plants, their cultivation, harvesting, post-harvest processing, storage, and documentation of
raw materials of plants used in the production of medicines to ensure their safety, quality, efficacy, and traceability (7).

towaiabe [ 2waatle 3 osthanet (Y 4 Ecvociont s Gty Y 6 ot Y 7 Pt
A % o ochemical icati
Cultivation Harvesting L1 Handing  L.J Processing b4 &Authentiation L4 Development L4 " " °
5 1

(‘ L
j CAPSULES | Memaceumok
o ‘\J‘

-1

(

2F

* Good Agricultural * Selective and * Cleaning and sorting * Green extraction * Botanical * Formulation * Herbal medicines

Practices (GACP) non-destructive i technologies henticati devel S

2 harvesting * Drying and S At
+ Organic cultivation size reduction + Phytochemical + Phytochemical + Predlinical and and functiona
. : * Seasonal collection profiling analysis clinical evaluation foods

* Soil and nutrient + Proper storage )

management * Habitat conservation « Standardization + Quality control + Safety and efficacy * Dietary

supplements

\ / ~

Figure 1. Sustainable Medicinal Plant Value Chain from Cultivation to Pharmaceutical and Nutraceutical Products

The selection of these techniques, such as selective hatvesting, harvesting at the right time of the year (seasonal harvesting),
rotation, and habitat restoration, reduces over-harvesting and helps ensure the long-term sustainability of valuable plant species
(8). At the same time, in situ and ex situ approaches for biodiversity conservation, such as protected natural habitats, botanical
gardens, seed and gene banks, are important to ensure the genetic diversity of medicinal plant populations for potential
pharmaceutical and nutraceutical development in the future (9). Elite genotypes for desirable phytochemical characters are
preserved through germplasm and plant tissue culture, and micropropagation of disease-free, genetically homogenous planting
materials is not limited by season. These biotechnological methods also help grow endangered medicinal plants and make it
possible to grow them commercially on a large scale (10). Climate-smart agriculture (CSA) — such as effective use of water,
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organic agriculture, precision irrigation, integrated pest management, and climate-resilient cropping systems — has gained
growing significance in the context of climate change to sustain productivity and maintain the quality of phytochemicals in
agriculture. Comprehensive quality assurance is equally important, which involves botanical authentication, DNA batrcoding,
chromatographic fingerprinting, phytochemical standardization of the various stages of production, contaminant testing, and
meeting the regulatory requirements along the production chain. The sustainable utilization of medicinal plants is an integrated
value chain, as shown in Figure 1, from growing and protecting the plants to extracting phytochemicals from them, developing
drugs, formulating them into nutraceuticals, and commercialization. As a whole, these multi-disciplinary approaches enhance
the sustainability, authenticity, therapeutic confidence, and validity of medicinal plant resources, contribute to the conservation
of biodiversity, public health, and the rapidly expanding global phytopharmaceutical and nutraceutical industry (8).

4. FROM PLANT TO PURE COMPOUND: MODERN EXTRACTION, ISOLATION, AND
PHYTOCHEMICAL CHARACTERIZATION TECHNOLOGIES

Efficient extraction, isolation, and characterization of bioactive phytochemicals with the maintenance of biological activity and
intact chemical structures are essential for the successful development of plant-derived pharmaceuticals and nutraceuticals.
Traditional extraction methods such as maceration, infusion, decoction, percolation, and Soxhlet extraction have been widely
used for the extraction of phytochemicals from medicinal plants due to their simplicity and low cost; however, these methods
result in high energy consumption, large amount of organic solvent use, long extraction times, and lower efficiency of extraction,
potentially harming the environment and the quality of the extracts (10). To overcome these deficiencies, the green extraction
technologies have been developed as environmentally friendly alternative extraction techniques which reduce the amount of
solvents, processing time, extraction yield, and do not degrade thermolabile compounds. Of these, the ultrasound extraction
technique increases mass transfer due to acoustic cavitation, and the microwave extraction technique rapidly breaks plant cell
walls due to dielectric heating, which are important to recover valuable phytochemicals in a shorter processing time (11). The
extraction process using superctritical fluids, particularly using supercritical COg, has rapidly gained popularity for extraction of
bioactive compounds of high purity with non-toxic, solvent-free, selective and heat sensitive properties, particularly in the
pharmaceutical and nutraceutical industries (12).After extraction, chromatographic separation techniques such as high-
performance liquid chromatography (HPLC), gas chromatography—mass spectrometry (GC-MS), liquid chromatography—mass
spectrometry (LC-MS) and preparative chromatography can be used to purify, identify and quantify these complex
phytochemical mixtures in an efficient manner. Spectroscopic methods, like nuclear magnetic resonance (NMR), Fourier-
transform infrared spectroscopy (FTIR), ultraviolet—visible spectroscopy (UV—Vis), and mass spectrometry, offer detailed
structural information which can be used to accurately characterize the compounds and assess its quality (13). In recent years,
metabolomics and phytochemical fingerprinting have transformed the study of natural products, making it possible to
thoroughly profile plant metabolites, discover new plant metabolites as biomarkers, authenticate and standardise herbal
products, and employ advanced multivariate analysis and computation to get the most from natural product data. All these
combined extraction and analytical technologies create a powerful scientific platform for discovering new bioactive compounds,
quality control and assurance, regulatory compliance, and fast-track development of safe, effective, and standardized medicinal

plant-based pharmaceutical and nutraceutical products.

5. TRANSLATING PHYTOCHEMICALS INTO MEDICINES: PHARMACEUTICAL APPLICATIONS AND
THERAPEUTIC INNOVATIONS

The use of medicinal plants for drug production has now emerged as an invaluable source of structurally diverse bioactive
compounds to be used as lead compounds in the development of safe and effective drugs. The discovery and optimization of
phytochemicals with clinical potential have been greatly accelerated by the development of natural product chemistry,
pharmacology, molecular biology and computational drug discovery (14). It is worth mentioning that lots of successful drugs
such as paclitaxel, artemisinin, vincristine, vinblastine, camptothecin derivatives exhibit the colossal importance of natural
products in the therapy of complex diseases like cancer and infectious diseases (15). Fortunately, the therapeutic activity of
these anticancer phytochemicals such as curcumin, resveratrol, epigallocatechin gallate, quercetin and berberine is through the
modulation of several signaling pathways linked to apoptosis, angiogenesis, cell-cycle regulation, metastasis and oxidative stress,
suggesting they are potential candidates for targeted and combination therapy (16). Many of the compounds that can be
extracted from plants demonstrate strong anti-inflammatory and antioxidant effects by blocking pro-inflammatory cytokines,

cyclooxygenase enzymes, nuclear factor-xB (NF-xB), and reactive oxygen species (ROS), which decrease tissue damage caused
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by chronic inflaimmatory diseases (17). Phytochemicals also exhibit broad-spectrum antimicrobial and antiviral properties
against newly emerging viral pathogens, bacteria, fungi, and parasites, such as disruption of the membrane, inhibition of
enzymes, interference with nucleic acid synthesis, and modulation of host immune responses (15). Cardioprotective
phytochemicals such as flavonoids and polyphenols have beneficial effects on endothelial function, reduce lipid peroxidation,
and have blood pressure-regulating properties, as well as protective effects against neurodegenerative diseases, by protecting
neurons from oxidative stress, neuroinflammation, protein aggregation, and mitochondrial dysfunction (16). Moreover, certain
metabolites have been identified as strong antidiabetic agents, with different mechanisms of action, such as improving the
insulin sensitivity of the liver and other peripheral tissues, regulating glucose metabolism, inhibiting carbohydrate-digesting
enzymes, and enhancing the function of pancreatic 3-cells that could be utilized for the control of metabolic disorders (17).
Significant difficulties have been encountered in the effort to translate these findings into clinical practice, including the need
for systematic preclinical preparation, optimization of the pharmacokinetic properties, toxicity studies, carefully designed clinical
trials, regulatory clearance, and the ability to produce in large quantities. Further joint efforts between the academic community,
the pharmaceutical industry, and regulatory authorities are thus needed to speed up the commercialization of standardized

medicine derived from phytochemicals and to increase their role in evidence-based medicine in the world (14).

6. FUNCTIONAL FOODS AND NUTRACEUTICALS: HARNESSING PLANT BIOACTIVES FOR
PREVENTIVE HEALTHCARE

The emphasis on the prevention medicine has been the foundation for the growing trend of use of medicinal plant bioactives
in functional food and nutraceutical products as a scientifically validated approach to improve health and prevent chronic
diseases. Foods that contain naturally-occurring (or added) bioactive food components with beneficial health effects, in addition
to their nutritive value, are termed as functional foods; those that contain concentrated bioactive food components that have a
physiological beneficial effect and are available as dietary supplements are termed as nutraceuticals (18). Plants contain
phytochemicals that have a strong antioxidant, anti-inflammatory, antimicrobial and immunomodulatory effect, which helps to
prevent oxidative stress, support the immune system and reduces the risk of cardiovascular diseases, diabetes, obesity,
neurodegenerative diseases and some cancers (19).There is also mounting evidence that many medicinal plant bioactives exert
beneficial effects on the composition of gut microbiota by enhancing beneficial microbes, inhibiting pathogenic bacteria,
protecting gut barrier integrity, and regulating immune and metabolic pathways, all of which help to improve gastrointestinal
and systemic health (20). The advent of personalised nutrition has also revolutionized nutraceutical research by bringing
together genome, metabolome, microbiome and lifestyle data to design personalised nutrition strategies for specific health
conditions and nutritional needs. Food fortification with medicinal plant extracts and purified phytochemicals has also emerged
as a promising approach to improve the nutritional value and functional properties of cereal, dairy products, beverages, bakery
products, and other food matrices without affecting consumer acceptance. However, for commercialization of functional foods
and nutraceuticals to be successful, they must undergo rigorous quality control, phytochemical standardization, toxicological
evaluation, bioavailability evaluation, clinical validation, and compliance with national and international regulatory guidelines,
to guarantee the product's safety, efficacy, and consistency (21). Each main group of phytochemicals possesses a different
natural source, biological activity, pharmaceutical and nutraceutical uses, and as summarized in Table 1, each has a different
therapeutic potential and new applications in evidence-based preventive healthcare. The integration of research in the fields of
food science, nutrition, pharmacology, biotechnology, and regulatory science would further improve innovative plant-based

functional foods and nutraceutical products for global health promotion (18).

Table 1. Major Phytochemical Classes, Natural Sources, Biological Activities, and Pharmaceutical and Nutraceutical

Applications
Phytochemical Major Natural Principal Biological Pharmaceutical Nutraceutical
Class Sources Activities Applications Applications
Alkaloids Catharanthus roseus, Anticancer, antimicrobial, Anticancer drugs, pain ~ Herbal supplements
Papaver somniferum, analgesic management

Berberis spp.
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Flavonoids

Phenolic

Compounds

Terpenoids

Glycosides

Saponins

7. SMART TECHNOLOGIES REVOLUTIONIZING PHYTOCHEMICAL RESEARCH: ARTIFICIAL

Citrus fruits, tea,

berries, onions

Grapes, olives,
turmeric, medicinal
herbs

Essential oils,
ginger, ginseng,
peppermint
Digitalis, Aloe,

Senna

Ginseng,
Fenugreek,

Soybean, Quinoa

Antioxidant, anti-
inflammatory,

cardioprotective

Antioxidant, antimicrobial,

anti-aging

Antiviral, antimicrobial,

anticancer

Cardioprotective, laxative,

anti-inflammatory

Immunomodulatory,
hypocholesterolemic,
antidiabetic

Cardiovascular and

anticancer therapeutics

Anti-inflammatory and

neuroprotective agents

Respiratory and

anticancer medicines

Cardiac drugs and
gastrointestinal
medicines

Metabolic disease
therapeutics

Functional beverages,

dietary supplements

Functional foods and

health supplements

Herbal formulations

and nutraceuticals

Botanical
supplements

Functional foods and
immune-support

products

INTELLIGENCE, OMICS, AND PRECISION PHYTOMEDICINE

Recently, the application of artificial intelligence (Al), computational biology, and multi-omics technologies has revolutionized
the field of phytochemical study, making the discovery, validation, and development of phytogenic bioactive compounds for
pharmaceutical and nutraceutical applications much easier. Al algorithms can quickly scan vast amounts of phytochemical data,
detect new therapeutic targets, predict new biological targets, and rank chemicals for their pharmacological potential, all of
which speed up and lower the cost of traditional drug discovery processes (22). Further, machine learning models can accurately
predict bioactivity, toxicity, pharmacokinetic properties, and structure—activity relationships from large sets of chemical and
biological data to help identify potentially viable lead molecules before experimental validation is performed (23). The
incorporation of genomics, transcriptomics, proteomics, metabolomics, and microbiomics has helped to understand the
metabolism of medicinal plants, their biosynthetic pathways, and therapeutic mechanisms through a multi-omics approach, thus
providing insights into complex biological systems (24). At the same time, molecular docking, virtual screening, and molecular
dynamics simulation are essential tools for computational evaluation of the interaction between phytochemicals and disease-
related protein targets, which are crucial for rational drug design and for optimizing lead molecules. These approaches are
further enhanced by systems biology, which integrates molecular networks, signaling pathways, and metabolic interactions to
give a systems-level understanding of the multitarget therapeutic effects of phytochemicals in complex diseases (25).In addition,
nanotechnology-based phytopharmaceuticals have proven themselves as a novel approach to overcome the limitations of
solubility, bioavailability, and instability of plant-derived compounds by means of sophisticated nano-formulations such as
liposomes, polymeric nanoparticles, nano-emulsions, and solid lipid nanoparticles. These delivery systems can be more efficient
for drug delivery, more targeted, have enhanced therapeutic efficacy, and have more controlled release and fewer adverse effects
(22). Moreover, digital platforms for phytochemical and cheminformatics data, as well as cloud-based bioinformatics platforms,
facilitate access to chemical structures, pharmacological profiles, genomic information and traditional medicinal knowledge
globally, facilitating collaborative research and data-driven innovation. In fact, Al, machine learning, multi-omics technologies,
molecular modelling, nanotechnology, and precision medicine are an integrated workflow for sustainable phytochemical
discovery, drug development, and nutraceutical innovation, as illustrated in Figure 2. When combined, these smart technologies
can help to move from crude plant-based therapeutics towards precision phytomedicine and personalized health care, which

can be safer, more effective, and evidence-based (23).
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8. BRIDGING RESEARCH AND REALITY: CHALLENGES, REGULATORY PERSPECTIVES, AND FUTURE
OPPORTUNITIES

While significant advances have been achieved in phytochemistry research and development of phytochemical-based products,
there remains numerous scientific, technological, regulatory and commercial hurdles to the potential of these phytochemicals
to be translated to an evidence-based product as a pharmaceutical or a nutraceutical. One of the major problems is that of the
variation in phytochemical composition as influenced by plant genotype, geographical origin, cultivation practices, harvesting
season, environmental conditions and post harvest processing. This may result in the loss of efficacy, safety and batch-to-batch
reproducibility in these products and a need for internationally agreed upon quality standards, certified plant source materials
and standardized analytical procedures (26). One of the other key issues is sustainable use of medicinal plants, with more and
more medicinal plants being threatened by over-exploitation, loss of habitat, urbanization and the high demands of the industry
for these plants. Climate change, which is affecting the distribution and growth patterns, stability of ecosystems, and
biosynthesis of medicinal phytochemicals, contributes to these challenges, affecting the availability and quality (27). Solutions
to these problems are Integrated Conservation Strategies, Climate Smart Agriculture Practices, Biodiversity protection, and
Sustainable Agriculture Practices. Furthermore, regulatory and ethical aspects are very complex, as there is no uniformity when
producing herbal products and changing practices in labelling, safety assessments, and regulation of these products from one
country to another. Therefore, it is important to have globally recognised standards for quality assurance, efficacy assessment,
pharmacovigilance and ethical sourcing to foster consumer confidence and market acceptance (28). The second limitation is
the lack of clinical validation of many of the promising phytochemicals that have not yet undergone comprehensive
pharmacokinetic studies, toxicity testing, randomized controlled clinical trials, and long-term safety testing necessary for
regulatory approval and clinical use. However, commercialization brings more issues of intellectual property, scaling up the
process, cost-effective production, supply chain management, and transferring the technology from the laboratory to industrial
production. Future advances in the implementation of AI, multi-omics technologies and systems biology, nanotechnology,
precision phytomedicine, and digital health ecosystems will pave the way to rapidly identify biomarkers, personalized drug
treatments, and predictive healthcare. In fact, for the sustainable studies of phytochemicals and for the future health-care
systems around the world, there is a need for strengthening interdisciplinary collaborations involving academic institutions,
health-care practitioners, pharmaceutical industries, regulatory authorities, and policy makers (29).

9. CONCLUSION: TOWARD A SUSTAINABLE FUTURE OF MEDICINAL PLANT-BASED
PHARMACEUTICALS AND NUTRACEUTICALS

Medicinal plants continue to be an essential source of bioactive phytochemicals for developing pharmaceuticals, nutraceuticals,
and functional foods. New compounds for therapeutic use are discovered, and product quality and efficacy are enhanced by
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advances in phytochemistry, biotechnology, Attificial Intelligence, multi-omics, and nanotechnology. But sustainable
cultivation, protecting biodiversity, producing products of uniform quality, harmonising regulations, and clinical validation are
key to successful translation to healthcare. In conclusion, the future of precision phytomedicine holds great promise for
advancing the field toward safe, effective, and environmentally conscious plant-based therapeutics, provided that additional
research is conducted in this area. The multiscientific approach will improve health services globally and boost sustainable drug
development.
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