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Biodiversity of Medicinal Plants and Animals

Overview and Global Significance

Definition and Scope1.
Biodiversity in the context of medicinal plants and animals refers to the variety and variability of species
that produce bioactive compounds used in traditional and modern healthcare.
This diversity includes higher plants (angiosperms, gymnosperms), lower plants (bryophytes, ferns, algae),
invertebrates (e.g., sponges, insects, molluscs), and vertebrates (fish, amphibians, reptiles, birds,
mammals) that harbor therapeutic properties (venoms, toxins, enzymes, etc.).

Contributions to Healthcare and R&D2.
A substantial proportion of pharmaceuticals are derived from or inspired by natural products (e.g., taxanes
from Taxus brevifolia, ACE inhibitors from snake venom peptides, antibiotics from microbial sources).
Traditional Medicine Systems (Ayurveda, Traditional Chinese Medicine, African ethnomedicine, etc.) rely
on a deep knowledge of local biodiversity.
Emergence of bio-prospecting  has driven the discovery of  novel  leads for  anti-cancer,  anti-malarial,
immunomodulatory, and other therapies.

Hotspots and Biogeography3.
Global hotspots for medicinal biodiversity: Tropical rainforests (Amazon, Congo, Southeast Asia),
mountainous regions (Himalayas, Andes), and marine ecosystems (coral reefs).
Rapid habitat loss and overharvesting threaten the sustainability of these resources.

Medicinal Plant Biodiversity

Phytochemical Complexity1.
Plants synthesize a broad range of secondary metabolites—alkaloids, phenolics, terpenoids, etc.—many
with potent pharmacological actions.
Variation in metabolite profiles within a species (chemotypes) can be influenced by genetic and
environmental factors (soil, climate, mycorrhizal associations).

Conservation Challenges2.
Overcollection of wild medicinal species (e.g., Nardostachys jatamansi, Picrorhiza kurroa) can drive local
extinction.
Habitat fragmentation reduces genetic diversity.
Efforts  such  as  in  situ reserves, ex  situ cultivation (botanical gardens, seed banks, tissue culture), and
community-based management are essential.

Ethnobotanical Approaches3.
Collaboration  with  indigenous  communities  to  document  traditional  usage—ethnopharmacological
surveys can identify underexplored species with therapeutic potential.
Ensures that intellectual property rights and benefit-sharing frameworks respect local knowledge (Nagoya
Protocol compliance).

Medicinal Animal Biodiversity

Invertebrate Sources1.
Marine invertebrates (sponges, tunicates, corals) produce structurally unique compounds (e.g., cytotoxic
agents, anti-inflammatory molecules).
Insects or arthropods: e.g., Bee venom (melittin), scorpion venom peptides with neuroactive properties,
spider toxins as ion channel modulators.

Vertebrate-Derived Compounds2.
Snake venoms: a rich source of peptides used as anticoagulants (e.g., hirudin analogs), ACE inhibitors
(captopril origin).
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Amphibians: frog skin secretions, offering antimicrobial or analgesic peptides.
Ethical and sustainable harvesting methods must be employed to avoid overexploitation.

Synthetic Biology and Biotechnological Replication3.
Genes encoding potent venom peptides or protein toxins can be cloned, expressed in microbial or
mammalian systems, reducing dependency on wild populations.

Concept and Practices of Environmental Health

Definition and Scope

Environmental Health1.
Encompasses the assessment and control of environmental factors (chemical, biological, physical) that can
potentially affect health.
Integrates public health, toxicology, ecology, and policy frameworks to safeguard human well-being and
ecosystem integrity.

Key Principles2.
One Health Approach: Links human, animal, and ecosystem health.
Preventive Strategies: Monitoring pollution, regulating toxic substances, managing waste, ensuring clean
water and air.

Major Environmental Concerns Affecting Medicinal Biodiversity

Pollution1.
Heavy metals, pesticides, industrial run-off degrade habitats, reduce species viability.
Bioaccumulation in medicinal plants/animals can compromise safety of traditional herbal or animal-based
remedies (e.g., lead in herbal preparations).

Climate Change2.
Rising temperatures, shifting precipitation, and extreme weather can alter species distributions, disrupt
pollinator–plant relationships, and drive invasive species.
Alpine or island-endemic medicinal plants are particularly vulnerable.

Deforestation and Land-Use Change3.
Conversion of forests to agriculture or urban areas leads to habitat loss, fragmentation, and soil
degradation.
Loss of keystone species or pollinators can cascade into reduced medicinal plant populations.

Strategies and Policy Initiatives

Sustainable Harvesting and Cultivation1.
Certification (e.g., FairWild Standard) ensures ethical, traceable sourcing of medicinal plants.
Agroforestry and integrated farming approaches for medicinal crop production.

Ecosystem-Based Adaptation2.
Restoration of degraded areas (reforestation, rewilding) benefits biodiversity and climate resilience.
Community-based resource management fosters local stewardship.

Regulatory Frameworks3.
International treaties (CITES for endangered species; CBD for genetic resources).
National environmental laws mandating Environmental Impact Assessments (EIAs) for large-scale resource
extraction.

Pathways for the Synthesis of Primary and Secondary Metabolites and
Their Uses

Primary Metabolites

Definition1.
Essential compounds in all  l iving cells directly involved in growth, development, and
reproduction—carbohydrates, proteins, lipids, nucleic acids.
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Carbohydrate Metabolism2.
Glycolysis → Glucose breakdown to pyruvate for ATP generation.
Photosynthesis (in plants): Carbon fixation in the Calvin cycle, producing triose phosphates that form
sucrose, starch.
Industrial uses: Starch-based materials, fermentation feedstocks.

Protein and Amino Acid Pathways3.
Amino Acid Biosynthesis: e.g., shikimate pathway for aromatic amino acids (phenylalanine, tyrosine,
tryptophan).
Commercial significance: Enzyme production, amino acid supplements, engineered microbes for industrial
enzymes.

Lipids and Fatty Acid Synthesis4.
Acetyl-CoA carboxylase, fatty acid synthase complexes produce saturated/unsaturated fatty acids.
Nutritional aspects: Omega-3, -6 unsaturated acids from fish or algal sources; biofuel potential (microalgae).

Secondary Metabolites

Definition1.
Non-essential  for  basic  survival  but  confer  ecological  advantages  (defense,  pollinator  attraction,
allelopathy).
Enormous structural diversity: alkaloids, terpenoids, phenolics, polyketides, glycosides, etc.

Key Biosynthetic Pathways2.
Shikimate Pathway (Aromatic Compounds)

Converts phosphoenolpyruvate (PEP) + erythrose-4-phosphate → chorismate → aromatic amino acids
→ phenolic or alkaloid derivatives.
E.g., phenylpropanoids (cinnamic acids, coumarins), crucial for plant structural and defense roles.

Mevalonate (MVA) and Methylerythritol Phosphate (MEP) Pathways (Terpenoids)
Terpenes and steroids derived from isopentenyl pyrophosphate (IPP) and dimethylallyl
pyrophosphate (DMAPP).
E.g., monoterpenes (essential oils), sesquiterpenes (artemisinin), diterpenes (taxol), triterpenes
(saponins).

Alkaloid Pathways
Typically derived from amino acids (ornithine, lysine, tyrosine, tryptophan).
E.g., tropane alkaloids (atropine), indole alkaloids (vincristine, reserpine), isoquinoline alkaloids
(morphine).

Polyketide Synthases (PKS)
Enzymatic assembly lines that condense acetate or propionate units → polyketides (macrolides,
tetracyclines, etc.).
Diverse microbial or plant-sourced antibiotics, anticancer agents.

Applications and Therapeutic Uses3.
Antimicrobials: Penicillins (β-lactams), tetracyclines, etc.
Anticancer Drugs: Taxanes, camptothecins, anthracyclines.
Antioxidants/Anti-inflammatory: Flavonoids, curcuminoids.
Insecticides/Pesticides: Pyrethrins (chrysanthemum), nicotine (tobacco).
Industrial chemical feedstocks, fragrances, dyes.

Modern Approaches to Metabolite Discovery and Engineering

Omics Integration1.
Genomics, transcriptomics, proteomics, and metabolomics used to elucidate gene clusters, regulatory
networks for specialized metabolite production.
Genome Mining for cryptic or silent biosynthetic gene clusters can reveal new compounds.

Metabolic Engineering and Synthetic Biology2.
Engineering microbes (E. coli, yeast, Streptomyces) to express pathways from medicinal plants or marine
organisms.
CRISPR-based genome editing to enhance flux through desired pathways or knockout competitive branches.

Nanotechnology Interventions3.
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Nanoformulations to improve solubility, stability, and targeted delivery of secondary metabolites (e.g.,
curcumin, paclitaxel).
Nano-biocatalysis: immobilizing enzymes on nanoparticle surfaces for more efficient biotransformations.

Conclusion
Biodiversity of medicinal plants and animals underpins our pharmacopeia, bridging time-honored traditions and
cutting-edge discoveries. Conservation of these resources is paramount, particularly in the face of environmental
stressors—an aspect integral to environmental  health practices that strive to safeguard ecosystems and human
populations alike.At the molecular level, primary  metabolism drives growth and fundamental processes, while
secondary  metabolism—shaped by evolutionary pressures—yields structurally diverse, bioactive compounds with
immense therapeutic value. Understanding these biochemical pathways in detail, from the shikimate to the mevalonate
route, fuels the development of novel drugs, nutraceuticals, and industrial bioproducts. Advances in genomics, synthetic
biology, and nanotechnology provide new avenues to engineer, produce, and deliver these metabolites responsibly,
ensuring sustainable exploitation of our planet’s rich biological heritage.
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