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Abstract:

Plant-based terpenes constitute one of the largest and most diverse groups of naturally occurring
secondary metabolites. These compounds are synthesized by plants through the mevalonate and
methylerythritol phosphate pathways and play crucial roles in plant defense, communication, and
adaptation. In recent decades, terpenes have attracted considerable attention due to their broad spectrum
of pharmacological activities, including anti-inflammatory, antimicrobial, anticancer, antiviral,
antioxidant, neuroprotective, antidiabetic, and cardioprotective properties. Several clinically important
drugs, such as artemisinin and paclitaxel, are derived from terpene compounds, demonstrating their
significance in modern medicine. This review discusses the classification, biosynthesis, medicinal
applications, and mechanisms of action, therapeutic potential, challenges, and future prospects of plant-
based terpenes. The increasing demand for natural products in drug discovery highlights the importance
of terpenes as promising candidates for developing novel therapeutic agents.
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1. Introduction

Medicinal plants have served as a foundation for traditional and modern medicine for thousands of years. Among
the numerous bioactive compounds produced by plants, terpenes represent one of the most abundant and
structurally diverse classes of natural products. Terpenes are hydrocarbons composed of repeating isoprene units
(CsHs) and are responsible for the characteristic aromas and flavors of many plants.

More than 30,000 terpene compounds have been identified in nature, making them the largest class of plant
secondary metabolites. These compounds contribute to plant defense mechanisms against pathogens, herbivores,
and environmental stress. Beyond their ecological significance, terpenes possess remarkable biological activities
that have been exploited in pharmaceutical, cosmetic, food, and agricultural industries. The growing prevalence

of chronic diseases, antimicrobial resistance, and adverse effects associated with synthetic drugs has renewed
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interest in plant-derived therapeutics. Consequently, terpenes have emerged as valuable sources of novel
medicinal agents. This review provides a comprehensive overview of plant-based terpenes and their medicinal
applications. [1]

2. Classification of terpenes

Terpenes are classified according to the number of isoprene units present in their structures.

Class Number of Carbon Atoms Examples
Hemiterpenes C5 Isoprene
Monoterpenes C10 Limonene, Menthol, Linalool
Sesquiterpenes C15 Farnesene, Artemisinin
Diterpenes C20 Taxol (Paclitaxel), Phytol
Sesterterpenes C25 Ophiobolins
Triterpenes C30 Squalene, Ursolic Acid
Tetraterpenes C40 Carotenoids
Polyterpenes >C40 Natural Rubber

Terpenoids are oxygenated derivatives of terpenes and often exhibit enhanced biological activities. [2]
3. Biosynthesis of plant terpenes
Plants synthesize terpenes through two major pathways [3]
3.1 Mevalonate (MVA) pathway
The mevalonate pathway occurs in the cytoplasm and produces sesquiterpenes and triterpenes. Acetyl-CoA serves
as the primary precursor for the synthesis of isopentenyl pyrophosphate (IPP).
3.2 Methylerythritol Phosphate (MEP) pathway
The MEP pathway occurs in plastids and generates monoterpenes, diterpenes, and tetraterpenes. This pathway
utilizes pyruvate and glyceraldehyde-3-phosphate as substrates.
Both pathways produce IPP and dimethylallyl pyrophosphate (DMAPP), which serve as universal building blocks
for terpene synthesis.
4. Pharmacological activities of plant-based terpenes
4.1 Anti-inflammatory activity
Inflammation is associated with various chronic diseases, including arthritis, diabetes, cardiovascular disorders,
and cancer. Several terpenes exhibit potent anti-inflammatory effects by inhibiting inflammatory mediators such
as prostaglandins, cytokines, and nitric oxide. [4]
Examples
Limonene- Found in citrus fruits, limonene suppresses inflammatory cytokines and reduces oxidative stress.
B-Caryophyllene- Present in clove and black pepper, B-caryophyllene activates cannabinoid receptor type 2 (CB2),
reducing inflammation and pain.
Linalool- A major constituent of lavender oil, linalool demonstrates anti-inflammatory and analgesic effects.
Mechanism of Action

e Inhibition of NF-kB signaling pathway

e Suppression of cytokine production

e Reduction of oxidative stress

e  Modulation of immune responses
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4.2 Antimicrobial activity

The emergence of multidrug-resistant microorganisms has created an urgent need for alternative antimicrobial
agents. Terpenes possess broad-spectrum antibacterial, antifungal, and antiparasitic activities.

Antibacterial Effects

Terpenes disrupt microbial cell membranes, leading to leakage of cellular contents and cell death.

Examples include:

e Thymol

e (Carvacrol

e Menthol

e Limonene
Antifungal Effects

Several terpenes inhibit fungal growth and biofilm formation.
Examples:
e Terpinen-4-ol
e Geraniol
e (Citral
Applications
e Food preservation
e Pharmaceutical formulations
e Treatment of fungal infections
e Control of hospital-acquired infections
4.3 Anticancer activity
Cancer remains one of the leading causes of death worldwide. Numerous plant-derived terpenes exhibit
anticancer properties through multiple mechanisms.
Artemisinin
Artemisinin is a sesquiterpene lactone isolated from Artemisia annua. Although widely known as an antimalarial
drug, studies demonstrate its ability to induce apoptosis in cancer cells.
Paclitaxel (Taxol)
Paclitaxel, a diterpene isolated from Taxus species, is one of the most successful anticancer drugs. It stabilizes
microtubules, preventing cell division and tumor growth.
Mechanisms
e Induction of apoptosis
e Cell cycle arrest
o Inhibition of angiogenesis
e Suppression of metastasis
e Modulation of signaling pathways
Cancer Types Studied
e Breast cancer
e Lung cancer
e Ovarian cancer

e  Prostate cancer
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e (Colon cancer
4.4 Antiviral activity
Plant terpenes have shown promising antiviral activity against a variety of viruses.
Mechanisms
e Inhibition of viral replication
e Prevention of viral entry into host cells
e Modulation of host immune responses
Examples
e Eucalyptol
e Limonene
e Pinene
e Geraniol
Recent investigations suggest potential applications of terpene-based compounds in combating emerging viral
infections.
4.5 Antioxidant activity
Oxidative stress contributes to aging and various diseases including cancer, diabetes, and neurodegenerative
disorders.
Terpenes function as antioxidants by:
e Scavenging free radicals
e Reducing lipid peroxidation
e Enhancing endogenous antioxidant enzymes
Examples:
e Carotenoids
e Linalool
e [(-Caryophyllene
5. Neuroprotective effects
Neurodegenerative diseases such as Alzheimer’s disease and Parkinson’s disease are characterized by oxidative
stress, neuroinflammation, and neuronal loss. [5]
Several terpenes demonstrate neuroprotective activities:
Linalool
Linalool improves cognitive function and reduces neuroinflammation.
Ginkgolides
Diterpene lactones from Ginkgo biloba protect neurons against oxidative damage.
Borneol
Borneol enhances blood-brain barrier permeability and improves drug delivery to the brain.
Potential Applications
e Alzheimer’s disease
e Parkinson’s disease
e Stroke recovery

e (Cognitive impairment
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6. Antidiabetic activity
Diabetes mellitus is a chronic metabolic disorder affecting millions worldwide. Certain terpenes improve glucose
metabolism and insulin sensitivity. [6]
Mechanisms
e Enhancement of insulin secretion
e Improvement of glucose uptake
e Reduction of oxidative stress
e Protection of pancreatic -cells

Examples

Oleanolic acid
Ursolic acid

Limonene

These compounds have shown promising results in experimental diabetic models.
7. Cardioprotective effects
Cardiovascular diseases remain a major global health burden. [7]
Terpenes exert cardioprotective effects through:
e Antioxidant activity
e Reduction of blood pressure
e Improvement of lipid metabolism
e Prevention of atherosclerosis
Notable Examples are: Squalene, Lycopene, Ursolic acid
These compounds contribute to improved cardiovascular health and reduced risk of heart disease.
8. Clinical applications of important plant terpenes

Terpene Source Plant Clinical Application
Artemisinin Artemisia annua Malaria treatment

Paclitaxel Taxus species Cancer chemotherapy

Menthol Mentha species Pain relief, cough remedies
Limonene Citrus fruits Anti-inflammatory agent
Linalool Lavender Anxiety and stress management
-Caryophyllene Clove, Black Pepper Analgesic and anti-inflammatory

These examples demonstrate the successful translation of plant terpenes into therapeutic agents. [8]

9. Challenges in therapeutic utilization

Despite their potential, several limitations restrict the clinical application of terpenes. [9]

9.1 Poor bioavailability: Many terpenes exhibit low water solubility and poor absorption.

9.2 Stability issues: Terpenes may degrade during storage and processing.

9.3 Toxicity concerns: Some terpenes can produce adverse effects at high concentrations.

9.4 Standardization problems: Variations in plant species, cultivation conditions, and extraction methods affect
terpene composition.

10. Future perspectives

Advances in biotechnology, nanotechnology, and pharmaceutical sciences are enhancing the therapeutic potential
of terpenes. [10].
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Future research should focus on:

e Development of nano-formulations.

e Clinical trials evaluating safety and efficacy.

o Identification of novel terpene compounds.

e Genetic engineering of terpene-producing plants.

e Sustainable production through microbial biosynthesis.
These strategies may facilitate the development of terpene-based medicines with improved effectiveness and
safety.
Conclusion
Plant-based terpenes represent a vast and valuable source of bioactive compounds with significant medicinal
potential. Their diverse pharmacological activities, including anti-inflammatory, antimicrobial, anticancer,
antiviral, antioxidant, neuroprotective, antidiabetic, and cardioprotective effects, make them attractive candidates
for drug development. Several terpene-derived drugs have already achieved clinical success, while numerous
others remain under investigation. Continued research into their mechanisms of action, formulation strategies,
and clinical applications is expected to expand their role in modern medicine. Consequently, plant-derived

terpenes are likely to remain an important focus of pharmaceutical and biomedical research in the coming

decades.
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