Futuristic Trends in Chemical, Material Sciences & Nano Technology

e-1SBN: 978-93-5747-683-6

1P Series, Volume 3, Book 3, Chapter 10

EXTRACTION, PURIFICATION, IDENTIFICATION AND

THERAPEUTIC POTENTIAL OF TERPENES FROM PLANT SOURCES: A REVIEW

EXTRACTION, PURIFICATION, IDENTIFICATION AND
THERAPEUTIC POTENTIAL OF TERPENES FROM PLANT
SOURCES: A REVIEW

Abstract Author

Terpenoids are a group of Umendra Kumar

phytochemical compounds that are widely Department of Chemistry
studied for their pharmacological activities, Janta Vedic College
including antimicrobial, anti-inflammatory, Baraut (Baghpat)
antioxidant, anticancer, neuroprotective, Uttar Pradesh, India.
cardiovascular, antidiabetic, and analgesic uchemkhokhar@gmail.com
effects. The phytochemical properties of
terpenoids encompass a wide range of
characteristics that contribute to their
diverse roles in the plant kingdom, ranging
from defense mechanisms to
communication and reproduction strategies.
Terpenes have proven to be valuable
sources for drug discovery and therapeutic
interventions due to their multifaceted
activities. In this review, we focus on the
general methods of structure elucidation for
terpenoid  compounds, focusing  on
spectroscopic  techniques  that  are
commonly used. We also discuss the
intricate mechanisms underlying their
interactions with molecular targets and
pathways, highlighting their potential to
address a spectrum of pathological
conditions

Keywords: Terpenes, Extraction,
Purification, Characterization, Plants

Copyright © 2024 Authors Page | 158


mailto:uchemkhokhar@gmail.com

Futuristic Trends in Chemical, Material Sciences & Nano Technology

e-1SBN: 978-93-5747-683-6

1P Series, Volume 3, Book 3, Chapter 10

EXTRACTION, PURIFICATION, IDENTIFICATION AND

THERAPEUTIC POTENTIAL OF TERPENES FROM PLANT SOURCES: A REVIEW

I. INTRODUCTION

Terpenes are a diverse and abundant group of natural compounds found in plants.
They are known for their unique and complex structures, as well as their wide range of
biological activities and real-world applications. In plants terpenes play critical roles in
defending against herbivores and pathogens while also attracting pollinators. Additionally.
They have gained significant recognition within various industries including
pharmaceuticals, flavors, fragrances, and cosmetics due to their distinct aromas, flavors, and
therapeutic properties. Terpenes are classified based on the number of isoprene units they
contain - the building blocks for their biosynthesis. Depending on the number of isoprene
units present. Terpene compounds can be categorized as mono-, sesqui-, di-, sester-, or
triterpenes. This structural diversity givesrise to the vast array of terpene compounds found
in nature.

Throughout history, humans have used terpenes derived from plants for various
purposes. Ancient civilizations recognized their aromatic and medicinal properties and used
plant extractsin traditional medical systems. Today, terpenes are widely studied for their
potential pharmacological activity, including antimicrobial, anticancer, anti-inflammatory
and antioxidant effects. Extracting and purifying terpene from plants is a crucial step in
utilizing its beneficial properties for industrial applications. Various extraction techniques
such as steam distillation, solvent extraction, and supercritical liquid extraction have been
used to extract terpenes from plant sources. In addition, clean-up methods such as fractional
distillation, liquid-liquid extraction and chromatography techniques are used to isolate and
concentrate specific terpene compounds.

Il. METHODOLOGY

Plant Material Selection: The selection of appropriate plant materials is crucial for terpene
extraction and characterization. Plants that contain high terpene content or are traditionally
recognized for their terpene-rich profiles are typically chosen. The choice of plant material
can vary depending on the specific objectives of the study and the availability of plant
species. The plant species, geographical origin, seasonality, and cultivation conditions are
carefully considered. Plant material is usually collected at the optimal stage of growth to
ensure the highest terpene content. Proper identification and authentication of the plant
material are carried out, and plant samples are prepared by drying and grinding before
extraction.

IHI.LEXTRACTION TECHNIQUES

1. Steam Distillation: Steam distillation is a widely used technique for the extraction of
terpenes from plant material. It takes advantage of the volatility of terpenes and their
tendency to vaporize when exposed tohigh temperatures. In this method, plant material is
placed in a distillation apparatus, and steamis passed through it. The steam carries the
volatile terpenes from the plant material into a condenser, where they are cooled and
collected as a separate layer. The collected terpene-richlayer, known as the essential oil,
is further processed for purification and characterization.
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2. Solvent Extraction: Solvent extraction is another commonly employed method for
terpene extraction, especially when dealing with plants that have low terpene volatility
or complex matrices. In thistechnique, a suitable solvent, such as ethanol, hexane, or
dichloromethane, is used to extract terpenes from the plant material. The plant material
is typically macerated or soaked in the solvent for a specified period to allow the
terpenes to dissolve. The solvent is then separated from the plant material, and the
terpene-containing solvent is concentrated under reduced pressure to obtain a crude
terpene extract.

3. Supercritical Fluid Extraction: Supercritical fluid extraction (SFE) is an advanced
technique that utilizes supercritical fluids, such as carbon dioxide (CO2), as the
extraction medium. In this method, CO2 is pressurized above its critical temperature and
pressure, resulting in a supercritical state with properties of both liquids and gases. The
supercritical CO2 acts as a solvent, selectively dissolving terpenes from the plant
material. The advantages of SFE include its ability to provide selective extraction,
minimal solvent residue, and reduced environmental impact. After extraction, the
supercritical CO2 is depressurized, allowing the terpenes to be collected and further
processed.

IV.PURIFICATION METHODS

1. Fractional Distillation: Fractional distillation is a commonly employed method for the
purification of terpene extracts obtained from plant material. This technique takes
advantage of the different boiling points ofterpene compounds to separate them based on
their volatility. The crude terpene extract is subjected to fractional distillation, where it is
heated under controlled conditions in a distillation apparatus. As the temperature increases,
terpenes with lower boiling points vaporizefirst and are collected as distillate fractions. The
distillation process is carried out incrementally,allowing for the separation and collection of
different terpene compounds based on their boiling points. Fractional distillation helps
remove impurities and separate terpenes with similar boiling points, leading to a more
purified terpene fraction.

2. Liquid-Liquid Extraction: Liquid-liquid extraction, also known as solvent-solvent
extraction or partitioning, is another purification method utilized for terpene separation.
This technique takes advantage of the differential solubility of terpenes in different
solvents. A suitable organic solvent, such as hexane or diethyl ether, is added to the crude
terpene extract. The terpenes preferentially dissolve in the organic solvent, while other
impurities remain in the aqueous phase. The solvent phase containing the terpenes is
separated, and the process may be repeated several times to improve the purification.
Subsequently, the solvent is evaporated under reduced pressure to obtain a more
concentrated and purified terpene extract.

3. Chromatographic Techniques: Chromatographic techniques, such as gas
chromatography (GC) and high-performance liquid chromatography (HPLC), are
powerful methods for the separation and purification of terpene compounds. These
techniques exploit the differences in the chemical properties, molecular weights, and
affinity of terpenes for the stationary phase and mobile phase. Gas chromatography (GC)
is commonly used for the separation of volatile terpenes. The terpene sample is injected
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into a GC column, where it undergoes separation based on its vaporization and elution
properties. The separated terpene compounds are then detected and quantified using a
suitable detector, such as a flame ionization detector (FID) or mass spectrometer (MS).
High- performance liquid chromatography (HPLC) is typically employed for non-volatile
and semi- volatile terpenes. In HPLC, the terpene sample is injected into a liquid
chromatography column packed with a stationary phase. The terpenes are separated based
on their interactions with the stationary phase and mobile phase. Various detectors, such
as ultraviolet-visible (UV-vis) detectors or mass spectrometers (MS), are used for the
detection and quantification of the separated terpenes. Chromatographic techniques offer
high resolution, selectivity, and sensitivity in terpene separation. They allow for the
isolation and purification of specific terpene compounds, which are crucial for further
characterization and application studies.

V. THE GENERAL METHODS OF STRUCTURE ELUCIDATION OF
TERPENOIDS

The structure elucidation of terpenoids, which are complex and diverse natural
compounds, involves a combination of analytical techniques to determine their chemical
structure, connectivity of atoms, and functional groups. Here, we'll discuss the general
methods of structure elucidation for terpenoids, focusing on spectroscopic techniques that
are commonly used.

1. Nuclear Magnetic Resonance (NMR) Spectroscopy:NMR spectroscopy plays a pivotal
role in elucidating the structural details of terpenoids. Bothproton (1H-NMR) and carbon-
13 (13C-NMR) NMR spectra provide information about the arrangement of hydrogen and
carbon atoms in the molecule, respectively. NMR spectra reveal chemical shifts, coupling
constants, and multiplicity of signals, which are indicative of the neighboring atoms and
their local environment. Advanced NMR techniques such as COSY, HSQC, and HMBC
can provide detailed connectivity information between protons and carbons, aiding in the
determination of the terpenoid's carbon skeleton, functional groups, and substitution
patterns.

2. Mass Spectrometry (MS): Mass spectrometry is used to determine the molecular weight
and fragmentation pattern of terpenoids. High-resolution mass spectrometry (HRMS) is
especially valuable for accurate determination of molecular formulae, helping to narrow
down possible compound structures. Gas chromatography-mass spectrometry (GC-MS)
and liquid chromatography-mass spectrometry (LC-MS) are commonly used hyphenated
techniques to analyze terpenoids, providing information about their mass and
fragmentation pattern.

3. Infrared (IR) Spectroscopy: FTIR spectroscopy is used to identify functional groups
present in terpenoids. It provides information about bond vibrations and molecular
vibrations that are characteristic of specific functional groups. IR spectra help in
identifying groups like alcohols, carbonyls, and double bonds, aiding in the overall
structural elucidation.
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UV-vis Spectroscopy: UV-vis spectroscopy can provide information about the presence
of conjugated systems in terpenoids. Terpenoids with conjugated systems exhibit
characteristic absorption bands in the UV-vis spectrum. This information, coupled with
data from other techniques, can contribute to the understanding of the compound's
structure.

X-ray Crystallography: While not commonly used due to the challenges in obtaining
suitable crystals, X-ray crystallography is a powerful method for determining the three-
dimensional arrangement of atoms in a terpenoid molecule. It provides accurate bond
lengths and angles, aiding in the confirmation of a proposed structure.

VI.COMPUTATIONAL METHODS

With advances in computational chemistry, methods like quantum mechanics

calculations can be used to predict NMR chemical shifts, UV-vis spectra, and other
spectroscopic data. These predictions can be compared with experimental data to validate
proposed structures.

1.

Isolation and Comparison: Isolating pure compounds from natural sources and
comparing their spectroscopic data with literature or database records can aid in structure
elucidation. If a terpenoid is known to exist in a specific plant or organism, comparing the
extracted compound's data with known data canhelp confirm its identity.

In practice, structure elucidation often involves a combination of these methods.
NMR, MS, and other spectroscopic techniques provide complementary information that,
when pieced together, can confidently determine the structure of terpenoids. It's important
to note that the complexity and diversity of terpenoid structures might require tailored
approaches for accurateelucidation.

Phytochemical Properties of Terpenoids: Phytochemical properties of terpenoids
encompass a wide range of characteristics that contribute to their diverse roles in the plant
kingdom. Terpenoids, also known as isoprenoids, are natural compounds derived from the
building block isoprene and are synthesized through the mevalonate pathway or the non-
mevalonate pathway (also known as the MEP pathway). These compounds exhibit
numerous biological activities and functions that are vital for plants' survival,
communication, defense, and reproduction. Here's a detailed exploration of the
phytochemical properties of terpenoids:

e Biological Activities: Terpenoids exhibit a vast array of biological activities that are
of ecological and pharmacological significance. Some terpenoids act as plant
hormones, regulating growth, development, and responses to environmental cues.
Others serve as allelochemicals, affecting plant-plant interactions by inhibiting the
growth of neighboring plants (allelopathy). Additionally, many terpenoids possess
antimicrobial, antifungal, and insecticidal properties, serving as a defense mechanism
against pathogens and herbivores.
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e Aroma and Flavor: Terpenoids are responsible for the aromatic and flavor
characteristics of many plants. Essential oils, which contain a high concentration of
terpenoids, contribute to the unique scents and tastes of herbs, spices, and fruits. These
compounds play a crucial role in attracting pollinators andseed dispersers.

e Pigmentation: Some terpenoids function as pigments, contributing to the coloration of
various plant parts. Forexample, carotenoids are responsible for the orange, red, and
yellow hues in fruits, flowers, and leaves. These pigments also play a role in
photosynthesis and protect plant tissues from excessive light energy.

e Photosynthesis and Chlorophyll Biosynthesis: Isoprenoids are involved in
photosynthesis and chlorophyll biosynthesis. The carotenoids, a subgroup of
terpenoids, capture light energy and transfer it to chlorophyll for photosynthesis.
Additionally, terpenoids are precursors for chlorophyll biosynthesis, essential for the
plant's energy production.

¢ Plant-Plant and Plant-Animal Communication: Volatile terpenoids released into
the atmosphere can serve as signals for plant-plant communication. These compounds
may indicate herbivore attack to neighboring plants, triggering the activation of
defense mechanisms. Similarly, terpenoids can attract beneficial insects that serve as
pollinators or predators of herbivores.

e Medicinal and Pharmaceutical Applications: Terpenoids have been utilized in
traditional and modern medicine for their potential health benefits. Many terpenoids
exhibit pharmacological properties, including anti-inflammatory, antioxidant,
antitumor, and antiviral effects. Some well-known terpenoid-based drugs include
artemisinin (from Artemisia annua) for malaria treatment and paclitaxel (from Taxus
brevifolia)for cancer therapy.

e Antioxidant Properties: Several terpenoids possess potent antioxidant properties,
helping plants combat oxidative stress caused by environmental factors like UV
radiation and pollution. These compounds contributeto the plant's overall resilience
and protection against damage.

e Ecological Interactions: Terpenoids play a significant role in ecological interactions
by influencing the behavior of insects and animals. They can attract pollinators, repel
herbivores, and deter predators. These interactions are essential for maintaining
biodiversity and ecosystem balance.

In summary, the phytochemical properties of terpenoids are multifaceted and
versatile, ranging from defense mechanisms to communication and reproduction
strategies. These properties underscore the intricate ways in which plants utilize
terpenoids to adapt, survive, and thrive intheir environments.

3. Pharmacological Properties of Terpenoids: Terpenoids, a class of naturally occurring

compounds derived from the isoprenoid pathway, exhibit a diverse array of
pharmacological properties that have garnered substantial scientific interest. These
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properties arise from their intricate molecular structures and functional groups,resulting in
pronounced effects on various biological targets. Terpenoids have proven to be valuable
sources for drug discovery and therapeutic interventions due to their multifaceted
activities. This comprehensive overview elaborates on the intricate pharmacological
propertiesof terpenoids in scientific detail:

e Antimicrobial Activity: Terpenoids have displayed potent antimicrobial activity
against a broad spectrum of pathogens, including bacteria, fungi, and protozoa. Their
interactions with microbial membranes, inhibition of enzymatic processes, disruption
of biofilm formation, and interference with nucleic acid synthesis contribute to their
bactericidal and fungicidal effects. Notably, monoterpenes such as thymol and
carvacrol have shown efficacy against drug-resistant strains, underscoring their
potential in combating antimicrobial resistance.

e Anti-Inflammatory and Immunomodulatory Effects: Terpenoids exhibit
significant anti-inflammatory properties by modulating key mediators of
inflammation such as cytokines, chemokines, and enzymes like cyclooxygenase and
lipoxygenase. Their capacity to mitigate oxidative stress through direct antioxidant
effects or upregulation of endogenous antioxidant defenses further contributes to their
anti-inflammatorypotential. Additionally, terpenoids can modulate immune responses,
enhancing cell-mediated immunity and influencing adaptive immune mechanisms.

e Antioxidant and Cytoprotective Effects: Terpenoids possess robust antioxidant
capabilities, neutralizing reactive oxygen species and mitigating oxidative damage to
cellular components. This antioxidative potential is attributed to their ability to
scavenge free radicals, enhance endogenous antioxidant systems, and regulate redox
homeostasis. By reducing oxidative stress, terpenoids confer cytoprotection against
various  pathological  conditions, including neurodegenerative  disorders,
cardiovascular diseases, and carcinogenesis.

e Anticancer and Antitumor Activities: Terpenoids exhibit remarkable anticancer
properties through modulation of cell cycle progression, induction of apoptosis, and
inhibition of angiogenesis. Their interactions with key molecular targets, including
oncogenes and tumor suppressors, impact signaling pathways involved in
proliferation, survival, and metastasis. Terpenoids, such as taxanes and
podophyllotoxins, have demonstrated clinical efficacy as chemotherapeutic agents
against a range of malignancies.

e Neuroprotective Effects: Terpenoids exhibit neuroprotective properties by
ameliorating neuronal damage associated with oxidative stress, inflammation, and
excitotoxicity. Their interactions with neurotransmitter systems, ion channels, and
neurotrophic factors contribute to their neuroregenerative potential. Terpenoids have
shown promise in mitigating neurodegenerative disorders, including Alzheimer's
disease, Parkinson's disease, and multiple sclerosis.

e Cardiovascular Benefits: Terpenoids confer cardiovascular benefits by modulating
lipid metabolism, improving endothelial function, and regulating blood pressure.
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Their ability to enhance vasodilation, reduce cholesterol levels, and mitigate
atherosclerosis-associated inflammation contributes to their cardioprotective effects.

e Antidiabetic Effects: Certain terpenoids exhibit antidiabetic effects by improving

insulin sensitivity, enhancing glucose uptake, and reducing oxidative stress associated
with diabetes. Their interactions with key molecular targets in insulin signaling
pathways contribute to their potential as adjunctive therapeutic agents in managing
diabetes mellitus.

e Analgesic and Anti-Nociceptive Properties: Terpenoids exhibit analgesic effects by

modulating pain perception through interactions with neurotransmitter systems, ion
channels, and inflammatory mediators. Their capacity to inhibit prostaglandin
synthesis, regulate opioid receptors, and attenuate neuroinflammation underscores
their anti-nociceptive potential.

In conclusion, the pharmacological properties of terpenoids are characterized
by a diverse range of activities, encompassing antimicrobial, anti-inflammatory,
antioxidant, anticancer, neuroprotective, cardiovascular, antidiabetic, and analgesic
effects. The intricate mechanisms underlying their interactions with molecular targets
and pathways establish terpenoids as promising candidates for drug development,
highlighting their potential to address a spectrumof pathological conditions
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