=
-
@)
=
=
<
=
=
e
>
=
=2

Therapeutic and insecticidal potential of
plant terpenes: A review
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Department of Zoology, Deen Dayal Upadhyaya Gorakhpur University, Gorakhpur, Uttar Pradesh, India

Abstract

Present article describes therapeutic and insecticidal activities of plant terpenes. Volatile terpenes and
terpenophenolics were found highly active against protozoa, viruses, bacteria, and helminthes. Terpenes also
display bacteriostatic, bactericidal, and virucidal activities. These potentially function like promising natural
insecticides and were found active against houseflies, storage grain insects and medical pests. Terpenes are
strongest anti-parasitic natural products which could be used for development of formulations for oral delivery.
These quickly absorbed in the stomach, and show reducing dosage and toxic side effects. Terpenoids as largest
group of bio-organic compounds are safer, show high efficacy and no side effects when applied in field or
provided for therapeutic purposes. This article suggests use of various terpenoids for development of herbal drug
formulations for disease control after determining clinical and therapeutic dose level.
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INTRODUCTION

erpenes are aromatic compounds found
I in many plant species. Essential oils
(EOs) are major source of terpenes.
These provide different or characteristic aroma
or smell in different plants and herbs, such as
rosemary and lavender, cannabis, pine, and fresh
orange peel. Terpenes play a key role in plants,
these attract pollinators, repel predators, such
as insects or foraging animals. Some terpenes
play a protective role in the plant, helping the
plant to recover from damage; others act as
a part of the plant’s immune system to keep
away infectious germs. In cannabis plants when
terpenes oxidize these become terpenoids. The
terpenoids constitute the largest class of natural
products and many interesting products are
extensively applied in the industrial sector as
flavors, perfumes, fragrances, spices cosmetics
body products, and even foods. In higher
plants, the conventional acetate-mevalonic
acid pathway operates mainly in the cytosol
and mitochondria and synthesizes sterols,
sesquiterpenes, and ubiquinones mainly. In the
plastid, the non-mevalonic acid pathway takes
place and synthesizes hemi-, mono-, sesqui-,
and diterpenes along with carotenoids and
phytol tail of chlorophyll.

Terpenes, one of the most extensive and varied
structural compounds occurring in nature,
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display a wide range of biological and pharmacological
activities. Terpenes comprise a class of diversified
phytochemicals, which have beneficial effects and important
functions in plants. They have shown a series of biological
properties that health promoting conduct in humans. Terpenes
are less toxic as compared to synthetic compounds.[!
Terpenes from marine plants show very strong antimicrobial
and insecticidal activity.”) Terpenes and their derivatives
comprising hydrocarbons are usually found in EOs. These
possess five-carbon (isoprene) units as their building
blocks, based on presence of carbon units different terpenes
are named as hemiterpenes (C5), monoterpenes (C10),
sesquiterpenes (C15), diterpenes (C20), sesterterpenes (C25),
triterpenes (C30), and polyterpenes (>C30). Terpenoids
derivatives, that is, fatty acids and phenolics found in the
leaves, bolls, stalks, and stem play diverse functional roles
in plants.’) They exhibited potent antimicrobial activity,
exhibiting bacteriostatic and bactericidal effects against
tested pathogens. Terpenoids as secondary metabolites
show broad spectrum antimicrobial properties in vitro.l”!
B-bisabolol, a sesquiterpenoid found in flowers of cotton
plants, display strong anti-inflammatory activity." Other
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important therapeutic uses of terpenoids include antimicrobial,
antifungal, antiviral, anti-hyperglycemic, anti-inflammatory,
antioxidants, antiparasitic, immunomodulatory, and as skin
permeation enhancer.” Terpenoids are toxic compounds
produced by plants as a defense strategy against insect
herbivores.l®! Many terpenoids have biological activities and
also used for medical purposes. Terpenes are also used as
drugs in cancer chemotherapy. These could be used as anti-
diabetic agents.” In the present review articles few important
terpenes which show diverse therapeutic and insecticidal
activity have been described [Figure 1].

SOURCE OF INFORMATION

For writing this comprehensive research review, on plant
terpenes various databases were searched. For collection of
relevant information specific terms such as phytochemical

subject headings and key text words, such as “plant terpenes,”
“therapeutic and insecticidal effects,” therapeutic uses”
published till 2022 were used in MEDLINE. Most specially
for retrieving all articles pertaining to the use of plant
terpenes, electronic bibliographic databases was searched
and abstracts of published studies with relevant information
on the plant terpenes were collected. Furthermore, additional
references were included through searching the references
cited by the studies done on the present topic. Relevant
terms were used individually and in combination to ensure
an extensive literature search. For updating the information
about a subject and incorporation of recent knowledge,
relevant research articles, books, conferences proceedings
and public health organization survey reports were selected
and collated based on the broader objective of the review.
This was achieved by searching databases, including
SCOPUS, Web of Science, and EMBASE, PubMed, PMC,
Publon, Swissprot, Google searches” From this common
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Figure 1: Chemical structures of major plant terpenes and their derivatives
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methodology, discoveries and findings were identified and
summarized in this final review.

ANTIMICROBIAL ACTIVITY OF TERPENES

Plant terpenes mainly monoterpenes such as a-pinene,
a-bulnesene, and copaene were isolated from Cyperus
articulates EO. It shows antimicrobial activity ability to
control biofilm formation. It was found active against oral
pathogens Candida albicans, Fusobacterium nucleatum,
Porphyromonas  gingivalis, Streptococcus sanguis and
Streptococcus  mitis.'  Terpenes mainly p-cymene,
menthol, carvacrol and thymol antibacterial, antifungal and
antiparasitic, and antimycobacterial properties.!'! The plant
species Aristolochia indica, Melilotus indicus, Tribulus
terrestris, and Cuscuta pedicellata synthesize various
terpenes and its derivatives. These were found active against
Aspergillus  fumigatus, Aspergillus flavus, and Rhizopus
oryzae.' Few plant-derived terpenes and their derivatives
B-pinene, eucalyptol, eugenol, and limonene show anti-
inflammatory and antimicrobial activity!* [Figure 1].

Various Piper species, that is, Piper nigrum, Piper betle, and
Piper auritum synthesize different aromatic terpenes which
areused as spices in the kitchen. These show diverse biological
effects on human health.!'* Seaweed mainly green, brown and
red algae produce secondary metabolites, that is, fatty acids,
phlorotannins, pigments, lectins, alkaloids, terpenoids, and
halogenated compounds which show antiviral, antiprotozoal,
antifungal, and antibacterial potential.l'! EOs from Inga
laurina possess high amounts of terpenoids (30.05%) and
fatty acids (46.84%).') Plant extracts from Phyllanthus
muellerianus, Piptadeniastrum africanum are antimicrobial
phytomedicines which can be therapeutically used against
infections caused by multidrug-resistant pathogens.!®

Terpenes and their derivatives comprising of hydrocarbons,
are usually found in EOs. They have been reported to have
potent antimicrobial activity, exhibiting bacteriostatic, and
bactericidal effects against tested pathogens.*! Among these
compounds, most terpenoids and their derivatives (51), fatty
acids (four), and phenolics (six), were found in the leaves,
bolls, stalks, and stems [Figure 1].

Plants synthesize tannins, terpenoids, alkaloids, and
flavonoids enormously, these are well known antimicrobial
phytochemicals. Biological activities, such as anti-microbial
and anti-inflammatory activities, are associated with some
of these phytochemicals. For example, [-bisabolol, a
sesquiterpenoid enriched in the flowers of cotton plants, may
have anti-inflammatory product application.[! Honey bee,
Apis mellifera deposit plant resins which show antimicrobial
activity!"”! phenolic compounds 2,5-dihydroxybenzaldehyde
and 2-hydroxy-5-methoxybenzaldehyde, and the plant EO
compounds Similarly, carvacrol, cinnamaldehyde, and
geraniol, found in plant EOs showed antimicrobial activity
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against both Gram-positive and Gram-negative pathogenic
microorganisms.!']

Aspergillus clavatonanicus strain MJ31, an endophytic
fungi exhibit significant antimicrobial activity,l'” EOs of
oregano showed both antiviral, antifungal, antioxidant,
anti-inflammatory, antidiabetic, and anticancer
activity.?!  Polyphenolic  isolated from Jacaranda
mimosifolia anti-inflammatory antioxidant, antimicrobial
and lipoxygenase inhibitory activities, and anticancer
properties.!l Several species of Tagetes (marigold) Tagetes
minuta, Tagetes erecta, Tagetes patula, and Tagetes tenuifolia
EOs show broad medicinal properties and are used to
treat various health problems, including dental, stomach,
intestinal, emotional and nervous disorders, as well as
muscular pain, across the world.??! Plant natural products
such as flavonoids, terpenoids, saponins, tannin, alkaloids,
and phenol isolated from various plant parts (root, stem, and
leaves) of Ballota nigra activity against bacteria and fungi
and protozoans.?*! Tagetes walteri contain Thymol (22.5%),
1,8-cineole (8.2%), umbellulone (6.9%), o-bisabolol (6.3%),
and camphor (5.3%) show antimicrobial activity.** Plant
secondary natural products mainly terpenes show much
potent in vitro antimicrobial activity against opportunistic
infections in cancer patients [Table 1 and Figure 1].

TRYPANOCIDAL ACTIVITY

Due to their low toxicity, wide pharmacologic spectrum,
and potential synergies, medicinal plants as Lippia alba,
offer a promising reserve of bioactive molecules. Induction
of programmed cell death in Trypanosoma cruzi by plant
terpenes citral, limonene, and caryophyllene oxide isolated
from L. alba EOs synergistic against 7. cruzi, the causative
agent of Chagas Disease at a very low IC50 value®! [Table 1
and Figure 1].

ANTIMALARIAL
Plant metabolites such as alkaloids, terpenoids, flavonoids,
coumarines,  phenolics, polyacetylenes,  xanthones,
quinones, steroids, and lignans showed antimalarial

activity.?® Cryptolepine (CPE) is the major indoloquinoline
isolated from the popular West African anti-malarial plant,
Cryptolepis sanguinolenta. CPE possesses various showed
potent anti-malarial activity against both chloroquine-
resistant and -sensitive strains.?”! Similar antimalarial activity
is reported in Olea europaea against Plasmodium berghei
infected mice.® The ethanol extract Himatanthus articulatus
showed anti-plasmodial activity.”” Artemisia species, is used
for treatment of many diseases such as malaria, hepatitis,
cancer, inflammation and infections by fungi, bacteria, and
viruses.?” Marine compounds are well known for their
antimalarial activities?®" [Table 1 and Figure 1].




Table 1: Antimicrobial activities of plant terpenes

Plant species Family Compound isolated Biological effect Source

Aspergillus Trichocomaceae Ethyl acetate Antimicrobial activity [19]

clavatonanicus

Jacaranda Bignoniaceae Ethyl acetate Antioxidant, antimicrobial [21]

mimosifolia Chloroform anti-inflammatory

Tagetes minuta Asteraceae Terpenoids Antioxidant, anti-inflammatory, and [22]
enzyme inhibitory properties, cytotoxic
and antiinflammatory activities

Tagetes erecta Asteraceae Terpenoids Antioxidant, antiinflammatory, and [22]
enzyme inhibitory properties

Tagetes patula Asteraceae Terpenoids Antioxidant, anti-inflammatory, and [22]
enzyme inhibitory properties

Tagetes tenuifolia Asteraceae Terpenoids Antioxidant, anti-inflammatory [22]

Verbena carolina Verbenaceae Terpenes Inhibition of acetylcholinesterase [21]

Aeglemarmelos Rutaceae Terpenes Antioxidant, and antibacterial efficacy [82]

correa

ANTIFUNGAL ANTIVIRAL ACTIVITY

Volatile chemicals isolated from Cyperus iria leaves showed
anti-fungal effects on Fusarium graminearum. These
are sesquiterpenoids in C. iria which show potential as
fungicides.?*?! Terpenes and their derivatives showed potent
antimicrobial activity.! Few phytoalexins both volatile and
nonvolatile organic compounds show antifungal activity.>*
EO components also showed antifungal, against A. fumigatus,
A. flavus, and R. oryzae.' Terpenes also showed activity
against Fusarium oxysporum.’¥While cucumerinum, showed
antifungal activity against Physalospora piricola, Alternaria
solani, and Cercospora arachidicola.® Terpenoids, one of
the major components of EOs, are known to exert potent
antifungal activity against yeast Saccharomyces cerevisiael®!
[Table 1 and Figure 1].

ANTIBACTERIAL ACTIVITY

The oil from C. articulates contains a-pinene, a-bulnesene,
and copaene and exhibits antimicrobial activity to control
biofilm formation. It also shows antimicrobial activity
against the oral pathogens C. albicans, F. nucleatum,
P gingivalis, S. sanguis, and S. mitis.®”" EOs and their
constituents p-cymene, menthol, carvacrol, and thymol are
showed antimycobacterial properties.!''! The plant species
A. indica, M. indicus, T terrestris, and C. pedicellata showed
antibacterial, antifungal, cytotoxic, and anti-inflammatory
potential.'?l Plant-derived compounds eugenol, B-pinene,
eucalyptol, and limonene are used in treatment of acne and
other skin infections.!"*! Phenol group of phenolic terpenoids
and its substituted derivatives against both Gram-negative
Escherichia coli and Gram-positive Staphylococcus aureus
bacterial'” [Table 1].
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Plant terpenes have shown much potent effect against
viral infections caused by the human immunodeficiency
virus types 1 and 2 (HIV-1 and HIV-2), hepatitis virus B
and C, influenza A virus, and the severe acute respiratory
syndrome coronavirus 2.3 Hyperjaponol H, a new filicinic
acid-based meroterpenoid, exhibited a moderate inhibitory
efficacy on lytic Epstein-Barr virus DNA replication in
B95-8 cellsB* [Table 1].

PSYCHOTROPIC ACTIVITIES

Cannabinoids showed wide range of pharmaceutical effects in
humans, including psychotropic activities. These are used to
treat sleep disorders, attention deficit/hyperactivity disorder,
and epilepsy specially Autism Spectrum Disorder patients.®
Inhalation of the smoke of marijuana cigarettes, showed
psychotropic effects in patients mainly in non-users.
Few terpenes and phenolic compounds, and in particular
stilbenoids and lignans have high therapeutic application. "
The phytocannabinoids A-9-tetrahydrocannabinol (A°-THC)
and cannabidiol (CBD) differentially regulate salience
attribution and psychiatric risk.*!! Cannabinoid receptors
are distributed in the central nervous system and many
peripheral tissues including spleen, leukocytes; reproductive,
urinary and gastrointestinal tracts; endocrine glands, arteries,
and heart. Endogenous cannabinoids such as anandamide
and 2-arachidonylglycerol are non-psychotropic CBD,
its analogs and their metabolites, are antagonists at the
cannabinoid receptors and modulators of the endogenous
cannabinoid system. These are promising candidates for
therapeutic uses.[*]




IMMUNO-MODULATORY

Terpenoids from Chamaecyparis formosensis
(Cupressaceae) leaves show immunomodulatory activity
on matrix metalloproteases 2 and 9. C. formosensis.*¥
Waxy apple cultivar “Royal Gala” contain betulinic acid-3-
trans-caffeateshow immunomodulatory effects.**! Terpenes
show antioxidant and/or radical scavenging and
counteract the activation of redox-regulated signaling
pathways.*31 Acenocoumarol had no effect in unstimulated
cells but in PHA-stimulated PBMC tryptophan breakdown
and the formation of neopterin, as well as IFN-y and TNF-a,
were dose-dependently suppressed at concentrations as low
as 10 pg/ml.14e

ANTI-INFLAMMATORY

Inflammation is a complex biological response in which
inflammation is cause by secretion of various cytokines.
Terpenes are natural products which showed anti-inflammatory
activity.*”! Few terpinods such as scropolioside like iridoids
have shown potential for anti-inflammatory, hepatoprotective
and wound healing activity.*¥] Few resin glycosides such
as crypthophilic acids flavonoids, terpenoids, metabolites
exhibit anti-inflammatory properties.*” Terpenes as bioactive
compounds are promising in the treatment inflammatory bowel
diseases.’” Terpenes and terpenoids are known as the main
BVOC:s of forest aerosols. These compounds have been shown
to display a broad range of biological activities in various
human disease models, these showed anti-inflammatory
activities.’!! Few other volatile terpenes and terpenoids mainly
monoterpenes, oxygenated terpenes, terpene esters, and
sesquiterpenes showed anti-inflammatory properties.©?

ANTICANCER ACTIVITY

Taxol is a terpene, its derivative (paclitaxel and
docetaxel) are drugs which are widely used in cancer
chemotherapy.l! Acanthopanax trifoliatus containers-type
triterpenoids, acantrifoic acid C (1) and acantrifoic acid D
(2), were found to show significant inhibitory effects against
SF-268, MCF-7, HepG2 and NCI-H460 cancer cells.’
Natural bicyclic sesquiterpenes, -caryophyllene (BCP) and
BCP oxide (BCPO), show anticancer activity.’ BCPO
alters several key pathways for cancer development, such as
mitogen-activated protein kinase, PI3K/AKT/mTOR/S6K1
and STAT3 pathways. Cannabis sativa L., possess A°>-THC
and CBD, which showed anticancer activity®! [Table 1].

ANTIOXIDANT

Natural terpenes are strong antioxidants, due to unique
behavior terpenes are provided for making protection under
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oxidative stress conditions in different diseases including
liver, renal, neurodegenerative and cardiovascular diseases,
cancer, diabetes as well as in ageing processes.’) Quinoa
Secondary Metabolites antioxidant activity.l*? Abisil is
an extract of Siberian fir terpenes with antimicrobial and
wound healing activities.’ The extract of fir (Abies sibirica)
terpenes, on normal and cancer cell lines. It was revealed
that in normal fibroblasts, terpenes induced genes of stress
response, apoptosis regulation, and tissue regeneration.>”
Terpenes of cannabis and hops are typically simple mono- and
sesquiterpenes derived from two and three isoprene units,
these are much potent anti-oxidants.*® Ganoderma lucidum
(Reishi) is a popular medicinal mushroom triterpenoids
and polysaccharides, proteins, lipids, phenols, sterols,
showed strong antioxidant and anti-acetylcholinesterase
activities.®! Verbena carolina L. (Verbenaceae) showed
free radical scavenging capacity in extracts and isolated
compounds.[®? Canola oil contains o-terpinene showed
DPPH scavenging activity and antioxidant activity at very
low IC; of 0.035 Mm.[!l Dill (4nethum graveolens) seed
EO, its nonpolar and polar compounds mainly carvone,
limonene, and camphor showed antioxidant potential using
different in vitro assays. These are natural antioxidants that
are the important source of alternative medicines and can be
used natural therapy in the pharmaceutical industry.[

ANTI-DIABETIC

Terpenoids showed anti-diabetic activity, these inhibit
enzymes responsible for the development of insulin
resistance, normalization of plasma glucose and insulin
levels and glucose metabolism.[®3! They can inhibit enzymes
involved in glucose metabolism, prevent the development
of insulin resistance and normalize plasma glucose and
insulin levels.**! Triterpenes can act as promising agents
in the treatment of diabetic retinopathy, neuropathy and
nephropathy or in impaired wound healing by inhibiting
several pathways involved in the diabetes and associated
complications.®®! Terpenes comprise a class of diversified
phytochemicals, which have beneficial effects and important
functions in plants. They have shown a series of biological
properties that health promoting conduct in humans.!
Terpenes are less toxic as compared to synthetic compounds
and target insulin signaling pathways and/or the associated
PI3K-AKT (protein kinase B), peroxisome proliferator
activated receptor-y, glucose transporter-4 and adenosine
monophosphate-activated ~ protein  kinase  pathways;
pro-inflammatory cytokines and the NF-kB pathway;
glycogenolysis and gluconeogenesis in Habtemariam. !

INSECTICIDAL ACTIVITY

Origanum vulgare terpenoids inhibit feeding behavior in
Spodoptera littoralis.™® Citrus sinensis essential oil showed
insecticidal activity against the house fly Musca domestica.




plant terpenes

Eucalyptus cinerea oil contains limonene (92.47%), linalool
(1.43%), and B-myrcene (0.88%). EOs from C. sinensis,
C. aurantium, and E. cinerea show promise as natural
insecticides against houseflies.[® Similarly, O. vulgare
terpenoids carvacrol and y-terpinene inhibit feeding in larvae
feeding. Major constituents found in rosemary (Rosmarinus
officinalis) oil, showed synergistic or antagonistic
insecticidal activities with camphor in a binary mixture with
1,8-cineole. It penetrates through the larval integument and
imposed severe negative effects in larvae.®”! M. alternifolia
oil demonstrated an excellent deterrence index (0.8) at 2 g/L
after 48 h. in Myzus persicae [Table 2].1

Similarly, EOs from Zanthoxylum dissitum leaves and
roots against stored grain insect pests, that is, cigarette
beetle (Lasioderma serricorne), red flour beetle (Tribolium
castaneum), and black carpet beetle (Attagenus piceus).
Both leaves and roots T contains sesquiterpenoids. Z.
dissitum roots showed moderate contact toxicity against
three species of storage pests, L. serricorne, T. castaneum
and 4. piceus, with LD50 values of 13.8, 43.7, and 96.8 ug/
adult 9.1 Similarly, EO of Illlicium pachyphyllum fruits
against two grain storage insects, Sifophilus zeamais and
Tribolium. EO of 1. pachyphyllum fruits and its constituent
compounds have potential for development into natural
insecticides or fumigants for the control of insects in stored
grains." EOs from Cinnamomum cassia exhibit strong
insecticidal activity against Sitophilus zeamais Motschulsky

Maize weevils, S. zeamais."! Similarly, trans-p-Mentha-
1(7),8-dien-2-0l exhibited stronger fumigant toxicity
against S. zeamais and T castaneum adults, respectively,
with LC50 values of 6.0l mg/L and 8.14 mg/L, than
caryophyllene oxide (LC,, = 17.02 mg/L and 15.98 mg/L)
and d-limonene (LC,, = 33.71 mg/Land 21.24 mg/L)."
EO of I. pachyphyllum fruits and its constituent compounds
have potential for development into natural insecticides or
fumigants for the control of insects in stored grains.[”

Cinnamosma sp. are rich in drimane sesquiterpenes, these are
toxic and/or antifeedant to the yellow fever mosquito Aedes
aegypti." Further, lactone (cinnamosmolide) found in the root
extract of Cinnamosma sp. synergized the larvicidal effects
of cinnamodial plant drimane sesquiterpenes. It also shows
insecticidal and repellent activity in mosquito vectors.l”
Bioactivities terpenes show antifungal effect on Fusarium
verticillioides while S Thymoquinone showed a strong
repellent effect (—77.8 £ 8.5, P <0.001) against S. zeamais.U’¥
Thymus kotschyanus EO showed strong insecticidal activity
against (Oryzaephilus surinamensis and Sitophilus oryzae).
O. surinamensis was more susceptible to the effect of EO
(LC,, = 4.78 uL/L air) than S. oryzae (LC, =13.20 uL/L
air).”! Terpenes and citronellal show synergistic toxicity
in M. domestica)"? Bacopa caroliniana contains
o-Terpinolene efficient insecticidal effects.l’®! Terpenes show
long term effectiveness against insects similar to Piperonyl
butoxide against pyrethroid-resistant mosquitoes.”” Plant

Table 2: Insecticidal activities of plant terpenes

Plant species Family Compound isolated Insecticidal activity Source
Origanum vulgare Lamiaceae Carvacrol and p-cymene Spodoptera littoralis [8]
lllicium pachyphyllum Schisandraceae Trans-p-mentha-1(7),8- Sitophilus zeamais and [70]
Fruits dien-2-ol, D-limonene and Tribolium castaneum adults
caryophyllene oxide
Eucalyptus cinerea Myrtaceae Limonene Musca domestica [66]
Rosmarinus officinalis Lamiaceae 1,8-cineole Cabbage looper, [67]
Trichoplusiani
Melaleuca alternifolia Myrtaceae Terpinen-4-ol Myzus persicae [68]
Zanthoxylum dissitum Rutaceae Sesquiterpenoids Lasioderma serricorne, [69]
T. castaneum, Attagenus
piceus)
Illicium pachyphyllum Schisandraceae Trans-p-mentha-1(7),8- S. zeamais and [70]
dien-2-ol, D-limonene and T. castaneum adults
caryophyllene oxide
Cinnamomum cassia Lauraceae Chlorobiphenyl and Aedes albopictus [71]
2-chlorophenylpyridine
Bacopa caroliniana Plantaginaceae a-terpinolene Rice weevils [76]
Cinnamosma sp. Canellaceae Drimanesesquiterpenes Aedes aegypti [73]
Fusarium verticillioides Nectriaceae Terpenoids Arbuscular mycorrhiza [78]
F. verticillioides Nectriaceae Ketone terpenes Repellent and insecticidal [74]
activities against the weeuvill
S. zeamais
S. thymoquinone Ranunculaceae Ketone terpenes S. zeamais [74]
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mycorrhizalterpenoids found in plants make defense against
herbivory in natural communities.”

NEMATICDIAL ACTIVITY

Vetiver (Vetiveria zizanioides (L.) derived compounds showed
nematotoxicity and repellency (LC_, = 185.9 ug/mL) against
knot nematode, Meloidogyne incognita." EO of Agastache
rugosa aerial parts and its constituent compounds, that is,
methyleugenol, thymol, eugenol, estragole, and limonene
have potential for development into natural nematicides for
control of the root knot nematode Meloidogyne incognita.’®”

MISCELLANEOUS

Genus Vitex contains monoterpenoids, sesquiterpenoids,
diterpenoids ~ and triterpenoids,  anti-inflammatory,
antitumor, antibacterial, and antioxidant activities.[®!
G. lucidum contains various compounds with a high grade
of biological activity, which increase the immunity and show
antitumor, antimicrobial, anti-inflammatory, antioxidant,
and acetylcholinesterase inhibitory activity.*”) Most of the
terpenes are used in prevention and treatment of cancer.
Taxol derivative (paclitaxel and docetaxel) are drugs which
are widely used in cancer chemotherapy. Other important
therapeutic uses of terpenoids include antihyperglycemic,
and work as skin permeation enhancer.”” Terpenes from
Aeglemarmelos Correa (Rutaceae), “Bael,” is used for in
traditional medication for the treatment of various human
ailments and possess great medicinal values.®?

CONCLUSION

Both terpenes and derivatives were found highly active against
pathogenic bacteria, mainly against drug resistant. Plant
terpenes show much wider therapeutic uses antimicrobial,
antifungal, antiviral, antihyperglycemic, anti-inflammatory,
antioxidants, antiparasitic, immunomodulatory, and as
skin permeation enhancer. Since many of these molecules
are only found in very low levels in nature, their massive
harvesting to obtain sufficient amounts of the drug including
synthetic biology and metabolic engineering provides
innovative approaches to increase the production of
terpenoids. These compounds can act as direct antioxidants
through free radical scavenging mechanisms and/or as
indirect antioxidants by enhancing the antioxidant status
(enzymatic and non-enzymatic). Plants are rich in a wide
variety of secondary metabolites, such as tannins, terpenoids,
alkaloids, and flavonoids, which have been found in vitro to
have antimicrobial properties. These show much stronger
insecticidal and nematicidal activities. This review attempts
to find and explore effectiveness and toxicity of terpenes for
its application in agriculture and pharmaceutical industries.
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