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PREFACE

Cardiovascular diseases remain a leading cause of morbidity and
mortality worldwide, with hypertension standing out as one of the most
relevant risk factors. As such, in this compilation, an update on the
hypotensive and vasorelaxant effects of essential oils and isolated
compounds is presented.

The authors determine the chemical constituents and evaluate the anti-
pain properties of essential oils from Thuja plicata var.

The chemical composition, antimicrobial activity and mosquito
larvicidal action of essential oils from the leaves, pseudo-stem, rhizome and
fruits of Alpinia malaccensis grown in Vietnam is also discussed.

Essential oils are explored in the context of their ethnobotanical survey
in the treatment of one or more gastrointestinal troubles.

The medicinal benefits of lemon, lavender and peppermint essential oils
are described. Further research should be performed to discover more uses
for these oils so that we can gain the most benefit from use.

Later, the medicinal uses of essential oils from ancient times to the
present are highlighted, particularly their mosquito repellent activities,
toxicity and side effects.

The in vitro and in vivo pharmacological activities of Jasminum
grandiflorum are assessed, and current insights are provided with regards to
clinical efficacy and safety.
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X Malene M. Kjeldsen

A critical overview is provided focusing on the diverse roles of the most
abundant compounds in essential oil samples as determinants of the
influence of impact notes and biological activities, calling for genuine and
reproducible characterisation of such dominant compounds.

In the penultimate chapter, an integrated summary of the authors’
experimental findings from an analysis of the community of fluorescent
Pseudomonas strains in the rhizosphere of commercially grown Mentha
piperita is presented.

Chapter 1 - Cardiovascular diseases (CVD) remain a leading cause of
morbidity and mortality worldwide, with hypertension standing out as one
of the most relevant risk factors. Indeed, hypertension affects 1.13 billion
people worldwide and this number is expected to rise due to ageing
population, increasing urbanization, and increases in age-specific related
conditions. Furthermore, hypertension is a major economic burden for
national health-care systems accounting for a huge percentage of the annual
drug expenditure worldwide.

Despite the significant scientific and medical investment in new
antihypertensive drugs, more than half of the patients do not follow the
medication as prescribed, mainly due to undesired side effects. In this
scenario, secondary metabolites from aromatic and medicinal plants emerge
as potential new alternative and/or complementary antihypertensive drugs.
Indeed, several scientific-based reports highlight beneficial effects such as
the hypotensive and vasorelaxant properties of essential oils and their
isolated compounds (terpenes, phenylpropanoids, sulphur and nitrogen
containing compounds). In this review, an update on the hypotensive and
vasorelaxant effects of essential oils and isolated compounds is presented
together with putative mechanisms of action and composition/structure-
activity relations. Overall, this compilation aims to provide a comprehensive
revised state of the art on the antihypertensive potential of these compounds,
thus paving the way for the development of new preventive/therapeutic
plant-based approaches.

Chapter 2 - This study was designed to determine the chemical
constituents and evaluate the anti-pain properties of the essential oils from
Thuja plicata var. Excelsa Van den Berk (Cupressaceae), Alstonia boonei
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De Wild (Apocynaceae), Curcuma longa L. (Zingiberaceae) and Allium
sativum L (Alliaceae). The essential oils were isolated using
hydrodistillation method in an all glass Clevenger-type apparatus and
characterized by gas chromatography (GC-FID) and gas chromatography-
mass spectrometry (GC-MS). The hot plate method was used to determine
the anti-nociceptive property while the anti-inflammatory activity was
established by means of carrageenan induced and formalin models. The
yields of the essential oils were 1.31%, 1.49%, 0.80% and 0.75% (v/w)
respectively, calculated on a dry weight basis. The major constituents of T.
plicata var. Excelsa were 8-3-carene (31.6%), a-pinene (20.3%), cedrol
(7.3%) and B-caryophyllene (6.7%). Its carrageenan-induced inflammation
study showed a high activity consistent with dose and time. Inflammatory
mediators were significantly suppressed within the 1% to the 3 h at a level
of p < 0.001 by the 200 and 400 mg/kg. In addition, the activity of the 100
mg/kg rises steadily from p > 0.05 (non-significant) to p < 0.001 for the 1%
to the 3™ h respectively. The oil only displayed a slight inhibition of heat
latency activity at 90" and 120" min (p < 0.05) by the 400 mg/kg. The main
constituents of A. boonei were cedrol (32.2%), a-humulene (18.9%), B-
caryophyllene (17.2%) and a-pinene (13.4%). The hot plate model (maximal
pain threshold) displayed significant activity (p < 0.001) for the 200 and 400
mg/kg within the 60" and the 90" min. Inflammation was significantly
inhibited by all doses at the 3™ and 4™ h. The 100 mg/kg of A. boonei
essential oil displayed a steady activity at the 1% and 2" h (p < 0.01) and
increased at 3" and 4" h (p < 0.001). 200 mg/kg of the essential oil also
showed steady activity at the 3" and 4" h (p < 0.01). The result showed that
400 mg/kg of the essential oil was significant at the 15 h (p < 0.05) but there
was a total loss of activity at the 2" h (p > 0.05) then it was highly significant
at the 3" and 4" h (p < 0.001).

Formalin model showed high inhibition (100% maximal) at the
inflammatory phase than the neurogenic phase. The main constituents of the
oil of C. longa were ar-tumerone (28.6%), p-atlantone (21.9%) and curlone
(18.8%) while diallyl trisulfide (53.9%), diallyl disulfide (15.7%), diallyl
tetrasulfide (11.7%), methylallyl trisulphide (9.2%) were the compounds
identified in A. sativum oil. The essential oils of A. sativum and C. longa
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inhibited the proliferation of anti-nociceptors induced by hot plate method.
There was prolonged activity (p < 0.001) independent of the time and the
dose except for a reduced activity of the 400 mg/kg at the 90" min (p < 0.001
to p < 0.05) for A. sativum. The anti-inflammatory activity of the essential
oils of A. sativum were only significant for the 100 mg/kg at the 2" h (p <
0.001) and 3™ h (p < 0.05) of the analysis. Activity observed could be
attributed to effect of absorption rate and inflammation mediators’
modulation.

In conclusion, results in this study indicated that the essential oils could
be considered as potential alternative source for amelioration of
inflammation and pain disorders.

Chapter 3 - The chemical compositions, antimicrobial activity and
mosquito larvicidal action of essential oils from the leaves, pseudo-stem,
rhizome and fruits of Alpinia malaccensis grown in Vietnam are being
reported. The essential oils were obtained by hydrodistillation of the
different parts of the plant using Clevenger-type apparatus. The oils were
separately analysed using gas chromatography-flame ionization detector
(GC-FID) and gas chromatography coupled with mass spectrometry (GC-
MS). The Minimum inhibitory concentration (MIC) values of the
antimicrobial activity of the essential oils were determined by the micro-
dilution broth susceptibility assay using eight standardized American Type
Culture Collection (ATCC) strains. The mortality rate and larvicidal activity
of the essential oils against fourth-instar larvae of Aedes albopictus and
Culex quinquefasciatus were evaluated according to World Health
Organization protocol. The yields of the essential oils were 0.23%, 0.19%,
0.25% and 0.40% (v/w), for the leaf, pseudo-stem, rhizome and fruit of the
plant respectively, calculated on dry weight basis. The main constituents of
the leaf oil were B-eudesmol (33.3%), B-pinene (22.5%) and &-cadinene
(8.9%). The quantitatively significant compounds of the pseudo-stem oil
were B-pinene (40.8%), t-muurolol (10.7%), a-phellandrene (9.1%) and B-
phellandrene (9.1%). However, B-pinene (24.3%), p-phellandrene (16.7%),
benzyl salicylate (8.9%) and farnesol (8.1%) were the most abundant
compounds in the rhziome oil. Moreover, the principal constituents in the
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fruit oil were methyl cinnamate (16.5%), germacrene D (16.4%) and &-
cadinene (11.8%).

The results of antimicrobial study indicated that the studied essential oil
samples exhbited potent and varying activity towards the tested
microorganisms with MIC vaues < 50.0 ug/mL. The pseudo-stem and fruits
of A. malaccensis inhibited the growth of Escherichia coli (ATCC 25922;
MIC 50 ug/mL) and Saccharomyces cerevisiae (ATCC 16404; MIC < 50
ug/mL). Only the fruit essential oil displayed microbial action against
Pseudomonas aeruginosa (ATCC 25923; MIC < 50 ug/mL). Essential oils
from fruits and rhizome exhibited antimicrobial activity on Staphylococcus
aureus subsp. aureus (ATCC 11632; MIC < 50 ug/mL). The leaf, pseudo-
stem and fruit oils also showed activity against Aspergillus niger (ATCC
9763; MIC 50 pg/mL). Only the rhizome oil displayed potential
antimicrobial action against Fusarium oxysporum (ATCC 48112; MIC 50
ug/mL). However, all the oil samples did not inhibited the growth of
Bacillus subtilis (ATCC 11774) and Candida albicans (ATCC 10231). All
the tested essential oils displayed mortality (100%) against the mosquito
vectors. In addition, the essential showed potential larvicidal action with
reasonable minimum lethal concentrations (LCso and LCqo) values at 24 h
and 48 h comparable with established standards.

In conclusion, the antimicrobial and larvicidal activities of essential oils
from different parts of A. malaccensis revealed that the oils could be
considered as a potentially alternative source for developing novel
formulation for controlling diseases.

Chapter 4 - The rate at which ignorance of hygiene and sanitary practices
is being neglected in the suburban and rural areas of developing regions of
the world never seem to reduce. Lack of adequate sanitation and health
facilities together with deficiency in educating these rural dwellers on how
to maintain proper hygiene has made the prevalence and impact of
helminthiasis on public health and animal production a great socio-economic
problem. Often associated with these problems are conditions such as
anaemia, malnutrition, vitamin deficiencies, poor cognitive ability, less
intellectual and mental development which are prominent in underage
children and pregnant women. Animal health care and husbandry has also
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been hit as a result of this inadequate hygiene and sanitary practices which
thus pose great challenge in food production. Most of the domestic animals
serve as primary host to infectious helminths (worms) from which they are
transmitted into humans. However, many naturally occurring secondary
metabolites (phytochemicals) of plants such as terpenoids from essential
oils, alkaloids, flavonoids, glycosides and tannins have been explored as
leads to develop medicines for a disease-free and healthy society. Plant
essential oils are ingredients present in formulations used ethno-medicinally,
pharmaceutically, in food and cosmetic industries due to their potential
bioactive and therapeutic activities against a wide spectrum of pathogenic
organisms. Results from many reported researches as well as from the
authors’ research findings, using the essential oils of plants from the
Fabaceae species, showed the efficacy of some of these plant constituents as
anthelmintics against various test organisms. The essential oils explored
from plants of choice premised on their ethnobotanical survey in the
treatment of one or more gastrointestinal troubles (GIT). The different
essential oils studied demonstrated varying inhibitory activities (in vitro and
in vivo) against different classes of helminth parasites (nematodes, cestodes,
trematodes) and annelids which could be a lead to developing potent
anthelmintics. As a result of these findings, the discovery of natural plant
constituents should be kept on-going.

Chapter 5 - The purpose of this chapter is to describe the medicinal
benefits of lemon, lavender and peppermint essential oils. Essential oils are
liquid extracts from aromatic plants that possess a variety of uses. In order
to extract the liquid oil from plants, the most common extraction processes
are steam distillation, cold press and enfleurage. Quality assurance testing
should be performed on the oils before they are used by consumers to
minimize risk and maximize benefit. To obtain the benefits for the body,
essential oils can be used by topical application, inhalation and ingestion as
well as other techniques. Many studies have been performed to find the
statistical significance behind therapeutic claims about these oils. Lemon oil
has been proven to help with morning sickness, bacterial infections, skin
inflammation, pain and cognitive function. Lavender oil has proven use for
alopecia, postpartum depression, hypertension, insomnia, and skin
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conditions. Peppermint oil has shown use for irritable bowel syndrome,
motion sickness, nausea, pruritus, migraines, chest pain, dysphagia, and to
treat bacterial and fungal infections. Lemon, lavender and peppermint oils
can treat some of the same conditions, such as anxiety and depression. These
oils have an abundance of uses that have been studied and proven to have
statistically significant outcomes. Essential oil use has been proven to be an
influential holistic approach to treatment of various disease states and
symptoms. Further research should be performed to discover even more uses
for these oils so that we can gain the most benefit from use.

Chapter 6 - Essential oils are secreted in the glands of plants as volatile
oils and are responsible for the scents emitted from different plant parts.
When plant parts are used as spices, the essential oil present in them
enhances the palatability of the cooked food. Irrespective of the high price
of most essential oils, it remains an important item needed for human daily
living as it is used in the production of soaps, creams, lotions, perfumes, roll-
ons and deodorizers. It improves mood, enhances self-esteem, ignites
romance and helps to relieve stress. In addition, essential oils have a variety
of applications such as preservation of food and drinks, control of insects
and pests, air freshener, and the treatment of diseases and infections. The
therapeutic value of essential oils cannot be over emphasized. They have
been used to cure diseases for several centuries. In this article, the medicinal
use of essential oils from ancient times to the present are highlighted.
Irrespective of their history, caution must be taken when using essential oils
as they are easily absorbed by the skin and then find their way into the blood
stream. Thus, indiscriminate use of essential oils may lead to serious health
hazards. This article therefore highlights various usage, its mosquito
repellent activities, and reaction of bees to essential oil (EO) volatiles,
toxicity, side effects and applications of EO.

Chapter 7 - Jasminum grandiflorum essential oil has received a great
interest worldwide for its multiple biological activities due to its chemical
constituents. Indeed, the application of jasminum grandiflorum essential oil
in cosmetic and personal hygiene products is gradually increasing. Also, it
has been widely used in the traditional medicine for centuries, in the
treatment of respiratory diseases, common cold, influenza, and sinus
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congestion. This review addressed chemical composition and ethno-
pharmacological aspects of jasminum grandiflorum plants, as also its in vitro
and in vivo pharmacological activities, and current insights with regards to
clinical efficacy and safety.

Chapter 8 — The authors are giving a critical overview of the diverse
roles of the most abundant compounds in essential oil (EO) samples as
determinants of important features such as the influence of impact notes and
biological activities displayed. It calls for genuine and reproducible
characterisation of such dominant compounds. Essential oils (EOs) are
complex odoriferous compounds, which are distillable exudates in natural
products. Their ubiquitous content includes mono-terpenes, sesqui-terpenes
and their oxygenated derivatives with varied functional groups such as
esters, alcohols, ketones, carboxylic acids, and aromatic derivatives.
Essential oils obtained from different parts (leaves, stem and stem bark, root
and root bark, fruits parts, etc.) of the same plant do vary uniquely and
significantly. They are important in medicine, perfumery, and flavouring
which are commercially utilized in pharmaceutical, cosmetics, paints,
petroleum and food industries as inhalants, germicides, stimulants,
antiseptics, perfumes, toiletries, additives, preservatives and artificial
flavours in foods and drinks. Characterised components have been reported
to exhibit a broad spectrum of bioactivities such as larvicidal, anti-
inflammatory and antimicrobial relevant for several therapeutic
interventions. The values and importance of essential oils depend mainly on
the type and quantity of impact compounds it contains. The dominance of
some compounds in the essential oils has a great influence on the
characteristics including bioactivity exhibited by the plant. They determine
the nature of the EO and are usually responsible for impacting the
characteristic notes of each EO sample. On the suitability of EOs, their most
abundant compounds have characteristic impact notes, which are utilized on
finished products industrially and for commercial purposes. There are earlier
reports on dominant compounds in essential oils such as Limonene for the
cashew fruity odour and B-caryophyllene for Hog plum fruity odour.
Fragrances perceived and aroma exhibited by such abundant compounds
play major roles in acceptability, accessibility (judging) and bioactivities
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expressed by the EOs. Most abundant compounds in EOs are important and
reliable in chemotaxonomic studies of plants. Some of these the authors will
be examining.

Chapter 9 - Peppermint (Mentha piperita) is one of the most important
EO (essential oil crops) and is cultivated worldwide. It is composed
primarily of monoterpenes, whose medicinal properties are mainly due to
their EO composition, accumulated in glandular trichomes. Nowadays,
agriculture relies heavily on the use of synthetic chemicals, such as
fertilizers and pesticides, to achieve high yields but without taking into
account their deleterious effects on the environment. However, there is an
interesting biotechnological alternative using microorganisms to increase
the availability and intake of nutrients by crops and to control
phytopathogenic organisms and herbivorous insects. The group of bacteria
termed plant growth-promoting rhizobacteria (PGPR) colonizes the
rhizosphere and stimulates plant growth and development by direct or
indirect mechanisms. Thus, in the search for new strategies of plant
production to optimize essential oil (EO) yield, inoculation with PGPR is an
interesting candidate. The authors present here an integrated summary of
their experimental findings from an analysis of the community of fluorescent
Pseudomonas strains in the rhizosphere of commercially grown Mentha
piperita, including the effects of inoculation and co-inoculation with
different PGPR strains (native and wild type) on total EO yield and glandular
trichome density. The qualitative and quantitative compositions of the main
monoterpenes (menthol, menthone, pulegone, limonene and linalool) were
also determined to analyze the effects of the volatiles emitted by PGPR
rhizobacteria on EO production. The various PGPR strains (Bacillus
amyloliquefaciens  GBO03, Pseudomonas  fluorescens  WCS417r,
Azospirillum brasilense SP7, Pseudomonas putida SJ04-SJ25-SJ48) and co-
inoculations evaluated produced significant increases in the production of
EO in peppermint plants, but at different magnitudes. Bacterial inoculants
are thus an effective biotechnological tool for stimulating the secondary
metabolism in plants. Application of these techniques may contribute to
environmental conservation, increased crop productivity and sustainable
agricultural practices.
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Chapter 10 - Certain plants produce some essential oils containing
phenylpropanoids/terpenoids (e.g., (E)-anethole, estragole, eugenol,
(E)-isoeugenol, safrole, (E)-/(Z)-citral, (R)-/(S)-citronellal, (E)-/(Z)-geraniol
and carvacrol) as main constituents (relative amounts >50%), which are
isolated of different parts from star anise/aniseed, winter tarragon/
Mexican tarragon, clove tree, sassafras, lemongrass, lemon balm, citronella
grass, palm rose, and Cuban oregano. These EO/molecules have many and
different bioactivities (e.g., antimicrobial, antiparasitic, antioxidant,
anti-inflammatory, anticancer/chemopreventive, cytotoxic/toxic, anesthetic/
analgesic, antinociceptive, antispasmodic, pro-cholinergic, anticonvulsant,
hypotensor/vasorelaxant, antidiabetic, insecticidal, larvicidal, fumigant and
repellent, among other) and are used as flavoring/preserving/active
ingredients in foods and beverages, personal care and cosmetics, perfumery,
etc., as well as raw materials. Since the 1950s, the EO have been sources of
substances as starting materials for different chemical synthesis; however,
with the emergence of green chemistry, the EO and their main constituents
(as biomass) have become attractive to the scientific community, as
starting/raw material for fine chemical synthesis. Some examples are the
preparation/obtaining of  tetrahydroquinoline, isoindoloquinolinone,
dihydrobenzofuranol, iridoid, octahydroacridine, trioxane, oxirane and
benzochrome derivatives, from EO isolated of star anise fruit, clove bud,
citronella and palm rose grasses, and Cuban oregano leaves. These
hemisynthetic derivatives showed interesting biological properties, e.g.,
antiparasitic, antimicrobial, antiviral, antioxidant, and anticancer.
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2 Jorge M. Alves-Silva, Carla Marques, Ligia Salgueiro et al.
ABSTRACT

Cardiovascular diseases (CVD) remain a leading cause of morbidity
and mortality worldwide, with hypertension standing out as one of the most
relevant risk factors. Indeed, hypertension affects 1.13 billion people
worldwide and this number is expected to rise due to ageing population,
increasing urbanization, and increases in age-specific related conditions.
Furthermore, hypertension is a major economic burden for national health-
care systems accounting for a huge percentage of the annual drug
expenditure worldwide.

Despite the significant scientific and medical investment in new
antihypertensive drugs, more than half of the patients do not follow the
medication as prescribed, mainly due to undesired side effects. In this
scenario, secondary metabolites from aromatic and medicinal
plants emerge as potential new alternative and/or complementary
antihypertensive drugs. Indeed, several scientific-based reports highlight
beneficial effects such as the hypotensive and vasorelaxant properties of
essential oils and their isolated compounds (terpenes, phenylpropanoids,
sulphur and nitrogen containing compounds). In this review, an update on
the hypotensive and vasorelaxant effects of essential oils and isolated
compounds is presented together with putative mechanisms of action and
composition/structure-activity relations. Overall, this compilation aims to
provide a comprehensive revised state of the art on the antihypertensive
potential of these compounds, thus paving the way for the development of
new preventive/therapeutic plant-based approaches.

Keywords: cardiovascular diseases, hypertension, aromatic plants, volatile
extract, terpenes, phenylpropanoids

1. INTRODUCTION

Cardiovascular disease (CVD) is a general term used to describe a
plethora of pathological conditions in which the heart and/or the blood
vessels are affected. According to the World Health Organization (WHO),
CVDs account for 31% of total deaths worldwide [1] and this number is
expected to rise mainly due to population ageing as well as an increase in
associated risk factors. Very often, the management of CVDs includes
therapeutic approaches that target the associated risk factors. These
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approaches tend to avoid disease progression and prevent additional
complications but do not tackle the CVD itself. Moreover, the therapy is
easily compromised by the existence of several side effects mainly due to
polymedication and drug-drug interactions [2]. Some risk factors such as
genetic background, age and ethnicity are non-modifiable while other risk
factors, like high blood pressure (BP) or hypertension, high cholesterol and
diabetes are generally treatable. Additional modifiable risk factors include
inactivity, diet, alcohol misuse and tobacco that lead to high BP, overweight
and several other complications that promote the onset of early CVDs [3,4].
Bearing in mind the huge impact of these risk factors, the WHO has launched
several initiatives such as the MPOWER package to reduce tobacco use and
the SHAKE package to decrease the consumption of salt [5].

Despite these efforts, hypertension still remains the leading risk factor
for CVvD-associated mortality. Indeed, in 2016, half of the deaths due to
chronic diseases were attributed to CVDs with hypertension being the
leading risk factor [6]. Moreover, elevated BP is associated with increased
risk of heart, brain and kidney diseases [7] and the majority of hypertensive
patients, concomitantly show other risk factors [8]. Indeed, in the
Framingham Heart Study, 80% of the enrolled hypertensive patients had at
least one coexisting risk factor, whereas 55% of them had two or more risk
factors [9]. It has been shown that in patients that have hypertension
associated with other risk factors, the risk for CV events increases
exponentially rather than the sum of individual risks, being this association
also true for low values of BP [8]. Indeed, in prehypertensive individuals the
risk for 10-year absolute risk for CVD is increased by 10% however when
diabetes is also present, this risk is increased by 40% [10].

Hypertension has a significant economic impact on healthcare systems,
with antihypertensive drugs accounting for 10% of the annual drug
expenditure in the US alone [11]. In addition, more than half of the patients
do not follow the medication as prescribed mainly due to undesired side
effects that include vision problems, shortness of breath and insomnia [12].
Also polymedication compromises the adherence to therapies. For these
reasons, the development of innovative and more effective
therapeutic/preventive strategies is an urgent need [13]. In this scenario,
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several approaches have emerged, namely plant-based ones [14]. In fact,
plant-based therapies still remain a primary health care solution for around
80% of the world’s population [15]. Furthermore, the Mediterranean plant-
based diet is widely advised due to its documented beneficial effects directly
on CVDs or, indirectly, by reducing associated risk factors such as
atherosclerosis, high cholesterol and hypertension [16]. Also, several
aromatic plants and their essential oils have been described as effective in
the management of borderline hypertension, thus highlighting the potential
of these compounds in the management of CVDs [17]. In addition, these
compounds are relevant in drug development, being used directly as
therapeutic agents, or as starting materials and models for the synthesis of
other drugs [18].

Considering the huge socioeconomic burden and health impact of
hypertension worldwide, the present review aims to gather the scientific
information on the antihypertensive effects of essential oils and their isolated
compounds including monoterpenes, sesquiterpenes, phenylpropanoids and,
in less extent, sulphur and nitrogen-containing compounds. In addition,
when known, the putative mechanisms of action underlying these effects are
pointed out as well as an attempt to establish a chemical composition/
structure-activity relation. The research was conducted using popular search
engines, namely Pubmed, Scopus, Web of Science and Google Scholar using
keyword combinations such as “essential 0il” and “hypertension.” Papers
that assessed the antihypertensive effects of essential oils or volatile isolated
compounds published between 2000 and 2019 were considered.

2. HYPERTENSION

2.1. General Considerations

BP refers to the pressure of circulating blood on the walls of blood
vessels [19]. This pressure is expressed in terms of systolic pressure
(maximum when the heart contracts and sends the blood to the arteries) over
diastolic pressure (minimum when the heart relaxes and refills with blood)
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[20]. The WHO defines BP as 120 mmHg for systolic pressure and 80
mmHg for diastolic pressure, however lower BP values, up to 105 mmHg
and 60 mmHg for systolic and diastolic values, respectively, are not harmful
[19]. On the other hand, hypertension is defined as a systolic and diastolic
BP higher than 140 and 90 mmHg, respectively, with different grades
recognized as shown in Table 1 [19,21].

Table 1. Values of BP. Adapted from ESC/ESH guidelines [21]

Category Systolic BP Diastolic BP
(mmHg) (mmHg)

Optimal <120 and/or <80

Normal 120 -129 and/or 80-84

High normal 130 -139 and/or 85 -89

Grade 1 hypertension 140 - 159 and/or 90-99

Grade 2 hypertension 160 - 179 and/or 100 - 109

Grade 3 hypertension >180 and/or >110

Isolated systolic hypertension > 140 and/or <80

Hypertension can be divided into systemic hypertension or pulmonary
hypertension. The first refers to a condition in which the BP in the body
arteries is persistently elevated while the later indicates a BP increase
specifically in pulmonary arteries [22,23]. Another division considers
primary hypertension that has no single known cause but is related to several
risk factors detailed below and secondary hypertension that refers to high
BP caused by another medical condition that affects for example the
kidneys, arteries, heart or the endocrine system [24].

2.2. Prevalence and Burden of Hypertension
In 2005 an estimate predicted that by 2025 the burden of hypertension
would reach 1.6 billion people, rising from the 0.9 billion diagnosed in 2000

[6,11]. However, the burden of this condition was already 1.13 billion in
2015 [25], thus advising that by 2025 the estimated number will be largely
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exceeded. According to the WHO, around two-thirds of hypertensive people
(ca. 1.04 billion) live in low- and middle-income countries [26,27]. In 2005
a study pointed out Asia and the Pacific Islands as the regions with lower
prevalence of hypertension whereas Latin America and the Caribbean
islands were the places with the highest numbers. Also, in Africa the
prevalence of hypertension is alarming, reaching around 46% of the
population [28], with higher numbers registered in Nigeria, Cameroon and
Tanzania [29-31]. In Europe, in 2010, hypertension prevalence was highest
in Central and Eastern European countries whereas in the Northern and
Southern ones it was the lowest. Among the European Union (EU) countries,
Estonia accounted for the highest prevalence (32%) while in the United
Kingdom hypertension was less common (15%). Regarding non-EU
countries, Israel, Norway and Switzerland had all a prevalence of 18% while
in Moldova it was around 31% [32]. Interestingly, in 2014, a decrease in the
prevalence of hypertension was observed in most European countries,
however Luxembourg, the Netherlands and Portugal had an opposite trend,
with hypertension increasing between 2010 and 2014. Regarding the United
States of America (USA), the American Heart Association estimated that
between 2011 and 2014 approximately 86 million adults aged over 20 years
had hypertension [33].

Hypertension remains a major economic burden for national health-care
systems accounting for a huge percentage of the annual drug expenditure
worldwide. Costs include direct health-care expenses, such as medication,
laboratory tests and hospitalizations as well as indirect costs due to the loss
of productivity resulting from premature mortality and disability [34].
Health-care system costs with hypertension vary greatly according to the
region. For example, high BP accounts for 22.6% of all healthcare expenses
in Eastern Europe and Central Asia, but only 7.2% of health costs in East
Asia and Pacific [34]. Strikingly, in 2010 the financial burden of high BP
was 370 billion US dollars and it was predicted to increase to nearly 1 trillion
US dollars in a 10-year period [34]. In 2006, the financial burden of
cardiovascular diseases in the EU was rated at €110 billion, which accounted
for 10% of the total health-care expenditure [35]. Of those €51.3 billion were
attributed to hypertension, being the main reason for these numbers the low
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adherence of patients to therapeutics. Indeed, it has been foreseen, that
increasing therapeutic adherence to 70% would reduce direct costs of
hypertension by €332 million [35].

2.3. Hypertension Risk Factors

Several risk factors for high BP are related to lifestyle and behavioural
aspects such as diet, abusive consumption of alcohol, physical inactivity and
poor stress management [36]. Indeed, social causes including globalization,
urbanization, ageing, income, education and housing can lead to elevated BP
since they influence people’s lifestyle, thus affecting the development of
hypertension. For example, unemployment or fear of unemployment, that
increase stress levels, may lead to high BP. In addition, living and working
conditions can delay diagnosis and effective treatments leading to the
development of hypertension-related complications. Furthermore, a rapid
and unplanned urbanization with associated sedentarism also tend to
promote the development of hypertension due to the abusive consumption
of fast food, tobacco and alcohol.

Although hypertension is predominantly associated to adults, childhood
hypertension is an emerging health problem, with prehypertension and
hypertension affecting 3.4% and 3.6%, respectively, of the population aged
between 3 and 18 years [37]. In these cases, treatments rely mainly on
lifestyle modifications, such as healthy food intake, with low sodium and
high potassium levels, physical activity, as well as tobacco and alcohol
avoidance. Women during pregnancy may also develop gestational
hypertension or preeclampsia when other health complications arise such as
proteinuria or fetus growth delay [38]. The risk of hypertension tends to
increase with age due to the stiffening of blood vessels. It has been

demonstrated that young men have higher BP than women, but BP variation
is higher in women than in men [27,39]. Other relevant risk factors include

metabolic factors like diabetes, high cholesterol and overweight or obesity
[40]. The genetic background also plays a relevant role in the development
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of hypertension. Indeed, race and ethnicity are major risk factors for
hypertension, due to sociodemographic, environmental and behavioural
factors [41]. For example, in the USA a study that analysed data from 2015
to 2016 reported a significantly higher age-standardized prevalence of
hypertension in non-Hispanic Black individuals (57.3%) when compared to
non-Hispanic White individuals (43.8%) and Hispanic-Americans (44.7%)
[42]. On the other hand, high BP is particularly common among people of
African heritage, often developing this condition at an early age [43].

2.4. Hypertension Management

Hypertension is a serious medical condition that significantly increases
the risks of heart, brain and kidney diseases. Indeed, uncontrolled high BP
can lead to several complications like heart failure, stroke, aneurism,
compromised kidney function, vision loss, memory deficits, vascular
dementia and metabolic syndrome [7], thus pointing out the need to
effectively prevent or control increased BP.

Hypertension and higher BP in general, can be controlled by two well-
established approaches, lifestyle modifications and/or treatment with
antihypertensive drugs [21]. Adopting a healthy and active lifestyle is a trend
that is growing especially in modern societies with the reduction in salt
consumption and the practice of physical exercise being the most relevant
for hypertension. It is well-known that excessive salt consumption creates a
pressor effect and is associated with an increased prevalence of high SBP
and hypertension [21]. Indeed, a recent meta-analysis demonstrated that
decreasing the salt consumption by 4.4 g per day leads to a decrease of 4.2
mmHg SBP and 2.1 mmHg in DBP, in normotensive individuals, being this
effect more noticeable in hypertensive individuals (SBP and DBP decrease
by 5.4 and 2.8 mmHg, respectively) [44].

In addition to lifestyle modifications, pharmacotherapy is still a major
cornerstone in the treatment of hypertension [45]. It has been shown that
lowering SBP by 10 mmHg or DBP by 5 mmHg leads to a decrease in all
CV events by 20%, all-cause mortality by 10%, stroke by 35%, coronary
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events by 20% and heart failure by 40% [21]. There are four classes of
antihypertensive drugs (diuretics, blockers of the renin-angiotensin system,
calcium antagonists and beta-blockers) that have-antihypertensive effects by
lowering BP [45].

Diuretics have been widely used to prevent stroke, coronary artery
disease and decrease the risk of heart failure. They include several subgroups
such as hydrochlorothiazide, chlorthalidone, indapamide, aldosterone
antagonists and loop diuretics. Despite being the first line of therapeutics for
hypertension, several side effects are recognized. For example, the thiazide
class of diuretics are responsible for biochemical (e.g., hypokalaemia,
hyperuricemia, and increased risk for diabetes) and clinical (e.g., weakness,
impotence, gout attacks) signs, and the antialdosterone class can lead to
hyperkalaemia, dizziness, sexual disturbances and vomiting [45].

Inhibitors of the renin-angiotensin system (RAS) are the most widely
used antihypertensive drugs in developed countries. Several classes
including angiotensin converting enzyme (ACE) inhibitors, angiotensin
receptor blockers (ARBS) or renin inhibitors are known. Care must be taken
when administering ACE inhibitors and ARBs since both can cause
hyperkalaemia and increase serum creatinine. In addition, ACE inhibitors
can also cause persistent dry cough, angio-edema, dry mouth and rash
whereas ARBs lead to dry mouth, nausea and abdominal pain [45].

Calcium antagonists are classified according to structural differences in
phenylalkylamine  (verapamin), benzothiazepine (diltiazem) and
dihydropyridine (nifedipine). These drugs differ in their cardiac and vascular
selectivity, being dihydropyridines the most used to lower BP due to their
higher selectivity towards smooth muscle cells. Patients under calcium
antagonist’s therapy report an array of side effects that include peripheral
edema, headache and constipation for non-dihydropyridines, and
bradycardia, headache and arrythmia for dihydropyridines [45].

Finally, the use of beta blockers has fallen in the last years since it has
been shown that these drugs are less effective than the other classes of
antihypertensives. Besides weak effects on central systolic BP and pulse
pressure, beta blockers can lead to increased levels of triglycerides and lower
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levels of high-density lipoprotein. Furthermore, patients under this therapy
report an aggravation of asthma, bradycardia, fatigue, and insomnia [45].

All classes of antihypertensive drugs, as previously pointed out, have a
wide array of undesired side effects that tend to increase in older patients
and with longer treatments [2]. Furthermore, most of these drugs are only
effective in combined therapies, thus decreasing patient adherence and
treatment efficacy [45]. This leads to increased hospitalizations that reflect
the socio-economic burden associated with hypertension [35].

2.5. Disease Models of Hypertension

Hypertension prevalence and ineffective treatment is quite concerning
and has attracted researchers’ attention in the last years. Indeed, several
animal models, either genetic or induced models, of disease have been
developed in order to understand the pathogenesis of this condition and to
develop new approaches to prevent and lower high BP [46]. These models
are useful to address prevention and treatment strategies as well as
hypertension-associated comorbidities [47].

The genetic models include the Spontaneously Hypertensive Rat (SHR),
the Dahl Salt-Sensitive (DSS) rat, the Fawn-Hooded Hypertensive (FHH)
rat, the Milan hypertensive strain, the Lyon hypertensive rat, the Sabra
hypertensive rat, the genetically hypertensive rat, and the inherited stress-
induced arterial hypertension rat [46]. Amongst these, the SHR model is the
most used, being widely applied in primary hypertension [46]. In this type
of hypertension, the patients develop some hypertensive end-organ damage
like cardiac hypertrophy, cardiac failure and renal dysfunction, which are
mimicked by the SHR animal model. However, another important end-organ
damage is stroke that is not displayed by this model [48]. To overcome this,
a sub-strain was developed named SHR stroke prone (SHR-SP) that shows
a higher BP than SHR and has a natural tendency to die due to stroke [46,48].
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In what concerns the induced models of hypertension, this condition can
be triggered using two main strategies, a surgical approach or a chemical
one. The first type includes the renovascular model in which the blood flow
to the kidney is affected and the renoprival model in which the kidney or
part of the kidney is removed, thus leading to organ failure. The most
common surgical model is the Goldblatt-hypertension model (renovascular)
that was the first to be used and contributed to a better understanding of
hypertension’s pathophysiology by linking the kidney to BP control [46, 48].

Chemical induction using angiotensin Il (Ang 1), mineralocorticoid-
salts or nitric oxide synthase inhibitors can also induce hypertension in
animals. The administration of Ang Il leads to an increase in BP similar to
that observed in patients with uncontrolled grade Il hypertension. The Ang
Il models rely on the fact that the renin-angiotensin-aldosterone system
(RAAS) plays an important role in sodium homeostasis with this system
being largely activated in humans with primary hypertension. This model
also leads to the development of end-organ damage, namely cardiac
hypertrophy, vascular remodeling and chronic kidney disease [49-52]. The
use of mineralocorticoid-salts, particularly DOCA-salt is used generally in
combination with high salt diets to develop hypertension. This model
mimics patient’s severe hypertension with some characteristics of low-renin
hypertension. It discloses the role of mineralocorticoids in the setting of
resistant hypertension. Inhibition of nitric oxide (NO) production catalyzed
by endothelial nitric oxide synthase using N¢-monomethyl-L-arginine (L-
NMMA) or N®-nitro-L-arginine methyl ester (L-NAME) causes an increase
in BP with concomitant renal vasoconstriction and hypoperfusion [53-55].
With disease progression, the L-NAME treated rats develop renal
dysfunction, renal hypertensive microangiopathy, cardiac, vascular and
renal fibrosis as well as malignant hypertension.

Despite the in vivo effectiveness of antihypertensive drugs, some
controversy has raised due to very low success in human trials [47]. To avoid
this, all current candidate drugs for hypertension have to decrease BP in at
least one of the most common models of hypertension, namely the SHR, the
DSS or the mineralocorticoid-salt model [48,56].
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3. EFFECT OF ESSENTIAL OILS AND ISOLATED
COMPOUNDS ON HYPERTENSION

3.1. Essential Oils

The International Standard Organization on Essential Oils [57] and the
European Pharmacopoeia [58] define an essential oil as the product obtained
from plant raw material by hydrodistillation, steam distillation or dry
distillation or by a suitable mechanical process (for Citrus fruits). These
volatile mixtures are synthesised and stored in specialized secretory
structures such as secretory cells, secretory cavities, secretory ducts,
glandular trichomes, osmophores or epidermal cells that can be found in all
plant organs [59]. Essential oils play relevant roles in plant ecophysiology,
being involved for example in the attraction of pollinators and seed
dispersers, in plant protection against microorganisms and insects and in
allelopathic interactions [60]. Their chemical profile is variable and depends
upon several extrinsic (ecological and environmental aspects) and intrinsic
(sexual, seasonal, ontogenetic, and genetic variations) factors [61]. Genetic
variations in plants are quite relevant since they can lead to significant
chemical variations in essential oil composition, allowing the identification
of intraspecific categories named chemotypes. The hyphenation of gas
chromatography (GC) with mass spectrometry is the analytical technique
mostly used for accurate compound identification [62,63]. Moreover,
analytical guidelines such as the European Pharmacopoeia and International
Standard Organization establish standardized chemical profiles for several
essential oils to guarantee quality control of both commercialized oils and
plants from which they are obtained [64].

In general, monoterpenes (CioH16) and sesquiterpenes (CisHig) are the
main group of compounds found in essential oils. In some cases, other
compounds such as phenylpropanoids are also relevant. Moreover, fatty
acids and their esters as well as nitrogen and sulphur derivatives can also
occur [62] Terpenoids are synthetized via the mevalonate and non-
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mevalonate (deoxyxylulose phosphate) biosynthetic pathways while
phenylpropanoids are formed through the shikimate pathway [64].
Aromatic plants and their essential oils have been used for centuries is
different cultures, being also valued as raw materials in the food,
pharmaceutical, perfumery and cosmetic industries [65]. Although more
than 3,000 essential oils are known only ca.150 have commercial relevance
in global markets [66]. It is important to point out that several aromatic
species are included in the Generally Recognized as Safe (GRAS) list fully
approved by the US Food and Drug Administration (FDA) and
Environmental Protection Agency (EPA, USA) for addition to food and
beverages, thus highlighting their industrial relevance. This interest is
mainly due to essential oil’s organoleptic properties and/or bioactive
potential. Indeed, several biological properties have been described for these
compounds including fungicidal, bactericidal, anti-inflammatory,
antioxidant, anticarcinogenic and cardioprotective effects [60,67,68].

3.2. Antihypertensive Effects of Essential Oils

The development of new antihypertensive drugs is in need with plant
metabolites emerging as potential candidates. Some of these compounds can
be used directly as antihypertensive drugs or, indirectly, as lead compounds
for the development of new effective drugs [18]. Several systematic reviews
have highlighted the beneficial effect of these metabolites on the
cardiovascular system [67—70] and more specifically, essential oils have
been described as effective in the management of borderline hypertension
[17]. For this reason, the present review focuses on the beneficial effects on
these volatile extracts and their isolated compounds in hypertension
management. The main direct effect assessed in these compounds is their
hypotensive potential using both normotensive animals or hypertensive
models, namely the DOCA-salt hypertensive rat model or, in less extent, the
Goldblatt-hypertension or the renoprival models. Since it has been described
that impaired vasodilation causes increased BP leading to hypertension [71],
the vasorelaxant activity of these extracts and their isolated compounds will
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also be considered in this review. For this purpose, ex vivo models are
preferred namely the aortic rings (pre)contracted with different
vasoconstrictor agents, such as phenylephrine (Phe) or high potassium
concentrations. In this review the hypotensive and vasorelaxant effect
of several essential oils are pointed out as well as the underlying mechanism
of action. In order to disclose essential oil’s mechanism of action,
several inhibitors can be employed. For instance, to unveil the importance
of the parasympathetic nervous system, atropine and its derivative,
methylatropine, can be used [72] as well as bilateral vagotomy or
bivagotomy [73]. Whereas, hexamethonium is used to inhibit the
sympathetic nervous system [74]. L-NAME acts as an eNOS inhibitor, thus
excluding the role of the nitric oxide system on the reported effect [75]. The
effect of prostaglandins is removed by the addition of indomethacin [76].
Capsaicin, in turn, inhibits the activity of vanilloid receptor subtype 1
(TRPV1), which acts as an ion channel [77]. Other ion channel blockers can
also be used, namely glibenclamide (ATP-sensitive potassium channels,
[78]), tetraethylammonium chloride (voltage-dependent potassium
channels, [79]) and nifedipine (L-type calcium channels, [80]). Then,
relevant clinical trials validating the potential of these extracts are mentioned
followed by a section addressing possible chemical/structural-activity
relations.

3.2.1. Hypotensive Effects

The hypotensive effects of essential oils have been addressed in several
species from distinct families. Next, examples of studies carried out in
species from the Anacardeaceae, Euphorbiaceae, Lamiaceae, Lauraceae,
Poaceae and Zingiberaceae families are pointed out.

The essential oil obtained from the aerial parts of Schinus areira L.
[(Anacardiaceae); syn. Schinus mole L. var. areira (L.) DC.] induced a
decrease in SBP while showing a tachycardic effect in conscious
normotensive rabbits [81].

The essential oil obtained from the aerial parts of Croton zehntneri Pax
et Hoffm. (Euphorbiaceae), rich in estragole (46%), E-anethole (42.1%) and
germacrene B (4.8%) when applied to conscious and normotensive rats
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decreased mean arterial pressure (MAP) and heart rate (HR) in phase I,
however the presence of the essential oil led to a pressor effect while
maintaining its bradycardic effect [82]. These effects were also observed
using DOCA-salt hypertensive rats [83]. Furthermore, in anesthetized rats
the essential oil induced hypotension associated with bradycardia [84] which
was abolished by the presence of capsaicin. Another study reported the
effect of the essential oil obtained from the aerial parts of a different Croton
species, C. argyrophylloides Muell. Arg. (Euphorbiaceae), rich in
spathulenol (26.65%), caryophyllene oxide (13.13%), B -elemene (12.15%),
[ -caryophyllene (10.94%). The oil administered to both conscious and
anesthetized normotensive rats evoked a hypotensive effect that was dose-
dependent while eliciting tachycardia [85]. Both effects of the essential oil
were reduced with a pretreatment of methylatropine in conscious rats,
whereas hexamethonium pretreatment transformed the tachycardic effect
into bradycardia without having any effect on the hypotensive properties of
the essential oil. On anesthetized rats, cervical bivagotomy had no effect on
the hypotensive effect of the essential oil.

Regarding the Lamiaceae family, the essential oil from the leaves of
Ocimum gratissimum L. (Lamiaceae), rich in eugenol (43.7%), 1,8-cineole
(32.7%) and trans-caryophyllene (4.1%) induced hypotension on conscious
DOCA-salt-hypertensive rats which was unaffected by the pre-treatment
with propranolol [86]. Treatment of uni-nephrectomized or DOCA-salt
hypertensive rats with the essential oil of O. gratissimum elicited a dose-
dependent hypotension associated with bradycardia [87], with a more
preeminent effect on the latter. On anesthetized and conscious rats,
O. gratissimum essential oil caused an immediate decrease in MAP and HR
[88]. The bradycardic effect was dependent on the parasympathetic system
since the effect was reduced by bilateral vagotomy or with methylatropine
and hexamethonium. Also, the essential oil from leaves of Hyptis fruticosa
Salzm., ex Benth (Lamiaceac), composed by a-pinene, caryophyllene and
1,8-cineole, when administered to conscious normotensive rats, induced
hypotension associated with tachycardia [89]. Two essential oils from the
leaves of Mentha x villosa Huds. (Labiatae), with distinct amounts of
piperitone oxide, 95.87% (sample 2) and 62.32% (sample 1), were able to
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decrease both MAP and HR in a dose-dependent manner in anesthetized rats
[90]. Sample 2 had a more preeminent effect when compared to sample 1.
The hypotensive effect was not affected by bilateral vagotomy,
methylatropine and hexamethonium whereas the bradycardic effect was
decreased by the presence of hexamethonium. In another study, an essential
oil with a composition similar to sample 2 induced hypotension with
associated bradycardia in conscious, normotensive rats [91]. However, both
effects were abolished by the presence of atropine. The same essential oil
induced hypotension and bradycardia in conscious DOCA-salt hypertensive
rats as well as in uni-nephrectomized rats [92]. Similarly, to the previous
study, the presence of hexamethonium was able to reduce the bradycardic
effect without affecting hypotension. The essential oil from Pogostemon
elsholtzioides Benth. (Lamiaceae) leaves, rich in curzerene (46.1%),
benzophenone (8.6%), germacrone (6.3%) and a-cadinol (5.7%), decreased
SBP (84.18 vs 100.12 mmHg), DBP (21.69 vs 64.77 mmHg), MAP (45.78
vs 88.39%) and HR [150.52 vs 176.73 beats per minute (bpm)] in
anesthetized rats [93].

The essential oil from the trunk wood of Aniba rosaeodora var
amazonica Ducke (Lauraceae), rich in (-)-linalool (50.6%) and (+)-linalool
(49.4%) when given to anesthetized rats induced biphasic hypotension and
bradycardia which was not observed in rats submitted to bilateral vagotomy
or pretreated with capsaicin [94]. On the other hand, the oil administered to
conscious rats, induced a monophasic hypotensive and bradycardic effect
which was lost in the presence of methylatropine. In addition, the essential
oil obtained from the bark of Aniba canelilla (H.B.K.) Mez [(Lauraceae);
syn. Aniba elliptica A. C. Sm., Cryptocarya canelilla Kunth] rich in 1-nitro-
2-phenylethane (52.4%) and methyleugenol (38.6%), induced hypotension
associated with bradycardia, in both anesthetized and conscious
normotensive rats [95]. The bradycardic effect was reduced after bilateral
vagotomy, in the latter, and by hexamethonium, in the former and both
treatments had no effect on the hypotensive properties. In conscious rats, the
hypotensive effect was lost after L-NAME treatment without affecting
bradycardia. Furthermore, methylatropine reduced both the hypotensive and
bradycardic effects of A. canellila essential oil.
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The administration of essential oil obtained from the leaves of
Cymbopogon winterianus Jowitt (Poaceae), characterized by geraniol
(40.06%), citronellal (27.44%) and citronellol (10.45%) to conscious rats
elicited an intense yet transitory hypotensive effect associated with
tachycardia in a dose dependent manner [96]. In the higher dose tested (20
mg/Kg), the authors reported a bradycardic effect prior to tachycardia.

The essential oil from the leaves of Alpinia zerumbet K. Schum
(Zingiberaceae), characterized by the presence of terpinen-4-ol (28.1%),
1,8-cineole (15.1%) and y-terpinene (13.7%) induced a dose-dependent
hypotensive effect in both conscious and anesthetized rats [97]. In addition,
at high doses (10 and 20 mg/Kg), the oil decreased heart rate in anesthetized
rats, while in conscious rats the effect was not uniform, with some animals
showing bradycardia, others tachycardia or tachycardia followed by
bradycardia. The effect of this oil has also been assessed in other models.
For example, in uni-nephrectomized, normotensive rats, the oil showed a
hypotensive effect in a dose-dependent manner [98]. In DOCA-salt
hypertensive rats, the essential oil led to a stepper effect in MAP when
compared to normotensive rats, and this effect was not affected by
methylatropine nor hexamethonium. Furthermore, a methanolic fraction
obtained from the essential oil of A. zerumbet, characterized by terpinen-4-
ol (57.35%) and 1,8-cineole (27.81%), also decreased MAP, systolic arterial
pressure (SAP) and diastolic arterial pressure (DAP) 26 days after L-
NAME-induced hypertension [99].

3.2.2. Vasorelaxant Effects

Regarding the vasorelaxant effects of essential oils, several Croton
species have been assessed namely, C. zehntneri, C. argyrophylloides,
C. nepetaefolius and C. zambesicus. Both C. zehntneri and C.
argyrophylloides oils induced vasorelaxation in a dose-dependent manner in
aortic rings containing endothelium (1Cso = 202.0 pg/mL and 25.31 pg/mL,
respectively) [83,85]. For C. argyrophylloides the observed effect was
independent from the presence of endothelium (ICso = 189.0 vs 202.0
ug/mL) and atropine (ICso= 158.6 vs 202.0 ug/mL) [83], while C. zehntneri
lost its relaxant effect after endothelium removal (ICso = 76.22 vs 25.31
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pg/mL) or by the pretreatment with atropine (ICso=197.20 vs 25.31 pg/mL),
indomethacin (ICso=90.60 vs 25.31 pg/mL) and glibenclamide (ICso = 64.46
vs 25.31 ug/mL). Nevertheless, it was unaffected by the presence of L-
NAME (ICso = 41.75 vs 25.31 pg/mL) and tetraethylammonium chloride
(TEA, ICso=25.64 vs 25.31 pg/mL) [85]. In a different study, the essential
oil from C. argyrophylloides induced relaxation in intact aortic rings (ICso =
126.7 pg/mL) and mesenteric bed preparations (ICso = 46.0 pg/mL)
precontracted with Phe [100]. Also, C. nepetaefolius Baill. (Euphorbiaceae),
composed by 1,8-cineole (25.4%), methyleugenol (14.9%), xanthoxilin
(10.1%), P-caryophyllene (9.66%), sabinene (5.2%) showed a relaxant
effect on intact aortic rings precontracted with K* in a dose-dependent
manner (ICso = 26.7 pg/mL) and dependent on the presence of endothelium
(ICso = 105.6 pg/mL) and NOS (ICso = 52.7 pg/mL after L-NAME
pretreatment) [101]. In intact aortic rings precontracted with Phe, the
essential oil induced relaxation in a soluble guanylate cyclase (sGC)-
dependent manner. Moreover, in mesenteric bed preparations, the presence
of the essential oil reverted the flow decrease evoked by K* in a NOS-
dependent manner. C. nepetaefolius characterized by 1,8-cineole (25.37%),
methyleugenol (14.90%), bicyclogermacrene (11.06%) and xanthoxilin
(10.10%) induced relaxation in aortic rings isolated from DOCA-salt
hypertensive rats precontracted with Phe, in a dose-dependent manner, with
a reduction more significant than that observed in uni-nephrectomized
controls (ICso=16.4 vs 112.9 ng/mL) [102]. The essential oil from the leaves
of C. zambesicus collected at different time periods, characterized by ent-
trachyloban-3-one (1.4 28.0%), caryophyllene oxide (2.9% — 25.9%) and
longifolene (0.4 — 26.4%) induced relaxation in a dose-dependent manner in
intact aortic rings (1Cso = 5.6 — 11.8 pg/mL) [103].

The essential oil from the flower calices of Ocotea quixos (Lam.)
Kosterm. (Lauraceae), composed by trans-cinnamaldehyde (27.8%), methyl
cinnamate (21.6%) and limonene (8.1%) caused relaxation on Phe-induced
contractions in aortic rings with (ICso = 86 pg/mL) and without (ICso = 110
pg/mL) endothelium [104].
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The vasorelaxant effect of the essential oil from O. gratissimum is
partially dependent on the endothelium (1Cso = 226.9 pg/mL vs ICso = 417.2
pg/mL, respectively, in the presence or absence of endothelium).
Furthermore, in Ca?-free medium, increasing concentrations of CaCl,
evoked contractions which were reduced by the essential oil [86].

The essential oil from the leaves of O. gratissimum, composed mainly
by eugenol (52.1%), 1,8-cineole (29.2%), PB-selinene (5.6%) caused
vasorelaxation on Phe-contracted aortic rings independent of the presence
of endothelium, but dependent of NOS [105]. In mesenteric vascular beds
the essential oil elicited a decrease in the perfusion pressure evoked by
noradrenaline in a NOS-dependent pathway.

Santo et al. [106] showed that the essential oil obtained from the aerial
parts of Alpinia speciosa K. Schum (Zingiberaceae), rich in terpinen-4-ol
(38%), 1,8-cineole (18%) and y-terpinene (12%), when applied to rat left
atria decreased the force of contraction in a dose-dependent manner (ICso =
292.2 pg/mL) as well as the sinus rhythm (ICso = 595.4 pg/mL). In a
different study, two essential oils from A. zerumbet, with a distinct chemical
composition, one rich in 1,8-cineole (33.3%), terpinen-4-ol (19.4%) and p-
cymene (11.4%) and other characterized by P-phellandrene (16.4%), B-
pinene (15.1%) and 1,8-cineole (11%), showed a distinct vasorelaxant
effect. The former induced an incomplete relaxation in aortic rings with
endothelium that were pre-contracted with Phe [107] whereas the latter
induced full relaxation in aortic rings contracted either with KCI and
norepinephrine [108]. Similarly, the essential oil from the aerial parts of
Artemisia campestris L. (Asteraceae), with spathulenol (10.19%) as the
main component, followed by B-eudesmol (4.05%), p-cymene (3.83%) and
o-cadinene (3.67%), induced almost full relaxation in intact aortic rings
precontracted with Phe [109]. This effect seemed to be independent of the
NOS/GC pathway and potassium channels; however, the authors suggest
that the vasorelaxant effect of A. campestris might be dependent of L-type
Ca?*-channels and the activation of SERCA pumps.
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The contraction evoked by high potassium in isolated rabbit aortic rings
was revoked by the presence of the essential oil of Citrus aurantifolia
(Christm) Swingle (Rutaceae), composed mainly by limonene (58.4%) and
B-pinene (15.4%) by activating Ca?" channels [110]. In intact aortic rings
precontracted with PGF,,, the presence of the oil from Citrus aurantium L.
var. amara (Rutaceae) [linalool (23.2%), B-pinene (9.6%), limonene
(8.54%)] and Citrus bergamia Risso (Rutaceae) [D-limonene (43.5%),
linalyl acetate (25.5%)] induced relaxation [111,112]. Using mesenteric
artery rings, de Menezes et al. [96], showed that the essential oil of C.
winterianus induced relaxation in an endothelium-independent manner (Emax
= 125% vs 117%, with and without endothelium, respectively). In addition,
the same oil also induced relaxation in endothelium-denuded rings
precontracted with high K* (Emax = 121%). The essential oil from Hyptis
fruticosa decreased the contractions evoked by Phe (Emax= 64% vs 122%,
respectively, with or without endothelium) as well as by CaCl, (Emax = 12%
vs 81%) [89]. The leaves of Lippia thymoides Mart. & Schauer
(Verbenaceae) collected in the four seasons and characterized by B-
caryophyllene (17.22 — 26.27%), borneol (4.45 — 7.36%), camphor (3.22 —
8.61%), camphene (2.64 — 5.66%), and germacrene D (4.72 — 6.18%) were
tested for their vasorelaxant activity, being able to induce relaxation in
endothelium-intact (ICso = 305 — 544 pg/mL) and endothelium-denuded
(ICs0 = 150 — 283 pg/mL) rings [113]. The presence of the essential oil of
Menta x villosa in atrial preparations had a negative chronotropic (ICso =
229 pg/mL) and ionotropic (ICso = 120 pg/mL) effect that were dose-
dependent [91]. In aortic rings, the essential oil caused relaxation in rings
contracted with Phe (ICso = 255 pug/mL), PGF,, (ICso = 174 pg/mL) and KCI
(ICso = 165 pg/mL). The vasorelaxant capacity of M. x villosa was also
shown in aortic rings with (ICsp = 61 pg/mL) and without (ICso = 109
pg/mL) endothelium contracted with KCI [92]. Pereira et al. [114] showed
that the essential oil from the aerial parts of Pectis brevipedunculata
(Gardner) Sch. Bip. (Asteraceae), characterized mainly by citral (81.7%:
neral 32.5% and geranial 49.2%) induced vasorelaxation on endothelium-
intact (ICso = 0.044%) and endothelium-denuded (ICso = 0.093%) rings,
dependent on the NO/sGMP pathway since the pretreatment with L-NAME
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reduced the vasorelaxant activity of the essential oil. Opposing, the essential
oil of P. elsholtzioides induced vasorelaxation in aortic rings precontracted
with Phe, in a NO/cGMP independent pathway [93]. In an ex vivo model of
mice hearts, the essential oil from S. areira decreased the contractility
induced by Phe [81]. The essential oil from the seeds of Trachyspermum
ammi [L.] Sprague (Apiaceae), rich in thymol (38.1%), limonene (33.3%)
and p-cymene (23.1%), decreased the contraction of aortic rings induced by
Phe (ICso = 54.4 pg/mL), KCI (ICso = 49 pg/mL), as well as, in the presence
(1Cs0 = 46.6 pug/mL) and absence (ICso = 45.2 pg/mL) of endothelium [115].
This effect was independent of NO/cGMP pathway but dependent on the
extracellular Ca?* flux, since pretreatment with nifedipine, a calcium
channel blocker, reduced the relaxant activity of the essential oil. The
essential oil obtained from the leaves of Xylopia langsdorfiana A. St.-Hil.
&Tul. (Annonaceae) and characterized by germacrene D (22.9%), trans--
guaiene (22.6%), P-caryophyllene (15.7%), weakly inhibited the
contractions induced by Phe [116]. The essential oil isolated from the oleo-
gum resin from Ferula assa-foetida L.(Apiaceae), characterized by di-(2-
methyl-1,3-oxathiolanyl)methane (22.43%), trans-propenyl sec butyl
disulfide (14.59%), thiophene, 2-ethyltetrahydro- (10.61%), trans, trans-
dibenzylideneacetone (10.07%), cis-propenyl sec butyl disulfide (8.78%),
2-methyl-2 methylthiopropionic acid (8.07%) and disulfide, methyl
1-(methylthio)propyl (5.54%) was able to induce vasorelaxation
precontracted with high K* both in the presence (ICso=1.6 uL/L) and
absence (ICso=19.2 uL/L) of endothelium [117]. This effect appears to be
partially mediated by NOS and COX activity since the presence of
L-NAME and indomethacin decreased the relaxation induced by the
essential oil. In addition, the presence of the essential oil, in Ca®*-free
medium reduced the contraction induced by Ca,Cl, thus suggesting that the
oil blocks the calcium influx. The fruit of Psidium guajava L. (Myrtaceae)
was submitted to steam distillation and yielded an essential oil characterized
by butanoic acid methyl ester, 3-methyl glutaric anhydride, 1-butanol,
3-hexenal, cinnamyl alcohol, 1-hexanol and hexane, that caused relaxation
in rabbit aortic rings precontracted with Phe (ECso= 6.23 mg/mL) and high
K* (ECso = 5.52 mg/mL) [118]. The essential oil obtained from the bark of
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Aniba canelilla relaxed mesenteric arteries isolated from SHRs contracted
by K* (ICso = 294.19 pg/mL) or Phe (ICso = 11.07 pg/mL) [119]. Under
Ca?*-free conditions, the essential oil reduced the contractions evoked by
phorbol dibutyrate and Phe but failed to do so in caffeine-induced
contractions. Furthermore, in Ca%-free and high K* conditions, the
contractions elicited by CaCl, or BaCl, were reduced and even abolished by
the essential oil. In a different study, the same essential oil reduced the
contraction evoked by high K* in intact aortic rings (ICso = 64.5 pg/mL).
This effect was abolished by the addition of atropine (ICso = 109.5 pg/mL)
and by endothelium removal (ICso = 139.1 pg/mL) [95]. In addition, Ca,ClI-
induced contractions in Ca?*-free medium were reduced by 100 pg/mL and
abolished by 600 pg/mL of the essential oil. The oil from Nigella sativa L.
(Ranunculaceae) seeds elicited a dose-dependent relaxation in intact aortic
rings precontracted with noradrenaline and high K* in a NO-independent
way [120]. In addition, the oil abolished the tension created by increasing
levels of Ca?*, thus suggesting that the essential oil might induced relaxation
by blocking both voltage-sensitive and receptor operated calcium channels.
The essential oil obtained from the petals of Rosa indica L. (Rosaceae),
characterized by methylsantonilate, butanoic acid, 2-methyl-5-0x0-1-
cyclopentene-1-yl ester, santolina epoxide and artemiseole, induced
relaxation in isolated rabbit aortic rings precontracted with high K*
(ECso = 5.80 mg/mL) and Phe (ECso= 7.39 mg/mL) [121]. The essential oil
distilled from the bulbs of Allium macrostemon Bunge (Amaryllidaceae),
rich in dimethyl trisulfide (34.93%), dimethyl disulfide (11.61%), 2,3,5,6-
tetramethylpyrazine (7.32%) and 1,3-dithiane (7.18%), induced relaxation
in a endothelium-dependent manner (relaxation of 59.56% vs 9.31%, after
endothelium removal) in pulmonary arteries [122]. In addition, the effect
was dependent on eNOS (59.56% vs 12.75%, after L-NAME treatment) but
not on COX (59.56% vs 50.98%, after indomethacin treatment). In
pulmonary artery endothelial cells, the authors showed that the presence of
the essential oil induced the phosphorylation of eNOS at serine 1177 without
affecting the total levels of the protein. This effect was reverted by the
presence of Protein Kinase A Inhibitor (PKI). In addition, the essential
oil failed to increase the intracellular Ca?" levels in the absence of
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extracellular calcium. These results suggest that the essential oil from
A. macrostemon leads to eNOS phosphorylation via intracellular
Ca?*/PKA/eNOS pathway.

3.2.3. Clinical Trials

Despite several in vivo studies highlighting the beneficial therapeutic
effects of essential oils in CVDs, and more specifically in hypertension
[123], very few clinical trials validate these effects. Moreover, the majority
of the clinical trials are non-randomized trials and they include a reduced
number of patients. Further clinical trials should be preferably randomized,
multi-centered and gather a larger pool of patients in order to produce
significant results regarding the potential of essential oils as new therapeutic
agents for hypertension. Next, examples of clinical trials are mentioned. Of
notice, the majority include mixtures of essential oils, with lavender oil
standing out as one of the most studied.

A randomized, cross-over clinical trial included 30 prehypertensive
middle aged women, who received a mixture of lavender and jojoba oils via
inhalation (2 minutes, 3 times a day for 5 days) and through a topical
administration by spreading the mixture on the parotid areas (once daily for
5 days) followed by one week washout period. In general, the treatment
decreased both SBP and DBP when compared to the placebo [124], thus
highlighting the hypotensive effect of the extracts.

In another non-randomized clinical trial with 60 patients with essential
hypertension those who received a mixture of lavender:ylang-
ylang:bergamot (ratio of 5:3:2) by inhalation for 5 minutes per day for 4
weeks showed an improvement in their SBP and DBP when compared to
both placebo and control groups [125].

A different trial on 47 patients with hypertension showed that those who
received only lavender essential oil, or a mixture of lavender:roman
chamomile (1:1), or lavender:roman chamomile:sandalwood (3:1:1) by
inhalation during 5 minutes didn’t show any significative improvements on
SBP and DBP values [126].
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Furthermore, another non-randomized clinical trial in 43 hypertensive
patients showed that those who inhaled for 5 min the essential oil of
lavender, or a mixture of lavender:marjoram (1:1) or of
lavender:marjoram:ylang-ylang (4:3:3) had an improvement of SBP 5, 30
and 60 min after inhalation, whereas DBP only decreased 60 min after
administration [127].

In a clinical trial, with 20 patients with hypertension, those who received
ylang-ylang:clary sage:marjoram (1:1:1) by inhalation followed by a 45
minute massage, failed to show-any improvement when comparing to the
placebo group [128].

Moreover, a non-randomized clinical trial compared the effect of a
mixture of lavender:ylang-ylang:marjoram:neroli (20:15:10:2) essential oils
with placebo (artificial fragrance). The results showed that 10 minutes after
inhalation, the aromatherapy group had a decrease in home-measured SBP
(132.3 to 127.6 vs 133.3 vs 134.2 mmHg, for aromatherapy and placebo,
respectively) and in home-measured DBP (85.7 to 84.5 vs 85.0 to 84.7, for
treated group and placebo, respectively). The decrease of SBP was similar
amongst prehypertensive and hypertensive patients whereas the decrease of
DBP was more significant on hypertensive individuals. For ambulatory BP,
the aromatherapy had a decrease in daytime SBP (140.6 to 129.9 vs 132.6
to 136.0 mmHg, compared to placebo) and daytime DBP (90.5to 83.3 vs 84
to 85.6 mmHg, compared to placebo). However, no effects were detected at
nighttime SBP and DBP values [129].

Finally, a clinical trial (NCT02656004) sponsored by Universidade
Federal do Vale do Sdo Francisco (Brazil) aimed to assess the effect of
eucalyptus essential oil on cardiovascular responses, although the trial ended
in 2016, no results have yet been revealed [130].

3.2.4. Chemical Composition-Activity Relation

Bearing in mind the chemical complexity of essential oils, the activity
of the volatile extract may not be due to the presence of a single major
compound, since synergistic effects between different compounds of the
mixture may occur or minor compounds may have a relevant role in the
bioactivity of the oil. Indeed, for example, the essential oil of Allium
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macrostemon is mainly characterized by the presence of dimethyl trisulfide
(34.93%) and dimethyl disulfide (11.61%), however dimethyl trisulfide has
a vasoconstrictor activity, in opposition to the essential oil and dimethyl
disulfide has a preeminent vasodilator activity. Therefore, the activity
described for Allium macrostemon is attributed mainly to dimethy! disulfide
rather than to its major compound [122]. Nevertheless, in some case the
major compounds are those responsible for the activity of the mixture, as
occurs with Ocimum gratissimum in which the major compounds eugenol
and 1,8-cineole are the most active. Indeed, both compounds have been
widely reported for their hypotensive and vasorelaxant effects [86-
88,114,131-138]. Similarly, the essential oil of Pectis brevipedunculata has
a vasorelaxant activity that may be attributed to the presence of citral, a
mixture of neral and geranial, since these compounds alone are able to
induce vasorelaxant effects, however in a less extent than that of the volatile
extract [114]. In this case, the activity of the extract may have the
contribution of geraniol, the other major compound of P. brevipedunculata
with both vasorelaxant and hypotensive activities reported [139]. Another
example is the activity of cinnamaldehyde and methyl-cinnamate that might
explain the vasorelaxant effects of Ocotea quixos essential oil since both
compounds have been reported to be vasorelaxant [140-142]. However, it is
likely that the activity is mainly attributed to cinnamaldehyde rather that
methyl-cinnamate since the latter has a weaker vasorelaxant effect. The
reported activity of Croton zehtneri and Foeniculum vulgare is related to the
presence of anethole and estragole, since both compounds have been widely
reported as having hypotensive and vasorelaxant activities [82,84,132].

The hypotensive and vasorelaxant effects of several isolated compounds
are summarized in Table 2. For this purpose, the main chemical classes of
compounds found in essential oils, primarily terpenoids and
phenylpropanoids, as well as sulphur and nitrogen-containing compounds
were considered. Also, the chemical structure of the compound and the study
model used to assess their bioactive effect as well as the main findings are
included. The compounds reported herein are commercially available,
nevertheless, the plant source where the compound is naturally present in
high amounts is mentioned.
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Table 2. Hypotensive and vasorelaxant effects of isolated compounds found in essential oils

Chemical class | Compound Structure Main Source Study model Main findings Ref
TERPENOIDS
Induced relaxation in PHE- and KCI-
pre-contracted rings; Inhibited the [136]
L response to PHE and KCl; | CaCls-
Isolated rat aortic rings . .
induced contractions
| contraction in PHE-contracted rings [138]
and in Pb(ll)-induced contraction
| PHE-induced contractions with or
Isolated rat mesenteric without endothelium; | CaCl,-induced
OH artery rings contractions; Induced relaxation in S(-)- [143]
Origanum Bay K8644-pre-contracted rings
Carvacrol vulgare Isolated rat left atria DemonstraFed a negative inotropic and
(oregano) chronotropic effect
Monoterpene Isolated canine and
human ventricular Suppressed cardiac Ca?* channels [144]
cardiomyocytes
Isolated rat cer(.ebral and Induced vasorelaxation [145]
cerebellar arteries
Anesthetized, | HR, MAP, SBP and DBP; inhibited [146]
normotensive rats L-NAME-induced hypertension
Non-anesthetized, Induced hypotension associated with [143]
normotensive rats bradycardia
Induced relaxation in aortic rings
Carvone Mentha spicata | PHE-pre-contracted unexposed (66% control) and [133]

(spearmint)

isolated aortic segments

exposed to As(l11) (61% control) and
Hs(11) (60% control)




Chemical class | Compound Structure Main Source Study model Main findings Ref
1solated rat left ventricle 1 isometric' cont.ractions, tir'ne to peak
X and relaxation time; 1 relative
papillary muscles L .
potentiation; | tetanic force [131]
L Induced endothelium-dependent
Isolated aortic rings X
relaxation
. 3 Alpinia zerumbet | Pentobarbital-
1,8-Cineole . .
(shell ginger) anesthetized and
normotensive rats | MAP and HR [135]
Conscious and
normotensive rats
Rat isolated thoracic . .
. | KCl-induced contractions [114]
aorta preparations
| PHE-induced contraction in
endothelium-intact (ICs = 1.42 mM)
. . A . and endothelium-denuded (ICso = 1.33
Citral (geranial ° Pectis . L (ICs0
. Pre-contracted isolated mM) aortic rings;
+ neral) brevipedunculat L K Lo [114]
- . aortic rings | KCl-induced contractions in
a (cinchweed) . ..
o endothelium-denuded aortic rings; |
Ca?*-induced contractions in
endothelium-denuded aortic rings
Non-anesthetized Induced transitory hypotension [147,
normotensive rats associated with tachycardia 148]
Cymbopogon Endothelium-intact rat Induced vasorelaxation in PHE- and
citratus mesenteric artery rings KCl-pre-contracted rings
(+)-Citronellol (West Indian Induced vasorelaxation in PHE- and
‘ o lemon grass) KCl-pre-contracted rings; Inhibited [148]

Rosa spp. (rose)

Endothelium-denuded rat
mesenteric artery rings

CaCl,-induced contractions; Reduced
PHE- and Caf-induced contractions in
Ca?*-free medium




Table 2. (Continued)

Chemical class | Compound Structure Main Source Study model Main findings Ref
. . Induced a negative inotropic effect; |
Isolated left . .
so- aled guineapig e Ca?* influx; Impaired BAY K8644-
atria . . L
i induced increase in atrial force
Pectis Isolated mice ventricular
Geraniol brevipedunculat . 1 APD; | maximal dp/dt [139]
x A ) cardiomyocytes
a (cinchweed) - - -
Isolated guinea pig heart | LVP; 1 PRi
Ouabain-induced | tonotropic effect; delays arrhythmia
arrhythmias onset
Non-anesthetized Induced transitory hypotension
normotensive rats associated with tachycardia [147]
Normotensive conscious . .
rats Induced hypotension and tachycardia
Goldblatt hypertensive
. P W | MAP without affecting HR
conscious rats
Induced relaxation in PHE-pre-
Croton L
. HO, . contracted endothelium-intact and
(#)-Linalool zambesicus . .
= F endothelium-denuded rings; Induced
(lavender croton) S
relaxation in KCl-pre-contracted [149]

Isolated mesenteric
artery rings

endothelium-denuded rings; |
contractions induced by CaCl; in
endothelium-denuded rings; Inhibited
transient contractions induced by
PHE and Caf in endothelium-intact
rings in Ca?*-free medium




(Mojito mint)

normotensive rats

Chemical class | Compound Structure Main Source Study model Main findings Ref
o, & Coriandrum
(-)-Linalool > - satl\{um Human (inhalation) | SBP, DBP and HR [150]
(coriander)
Human (inhalation) 1 SBP, DBP and HR
w0, Lavandula Induced relaxation in aortic rings
(+)-Linalool S K P officinalis PHE-pre-contracted unexposed (71% control) and [133]
(lavender) isolated aortic segments | exposed to As(Il1) (64% control) and
Hs(1l) (63% control)
Rat proximal tail artery,
thoracic aorta and | PHE- and KCl-induced contraction [151]
mesenteric artery
| KCl-induced contractions (Emax =
Mentha x 93.72%, 96.52% and 98.48%,
Menthol piperita . Isolated rat aortic, respectiyely) and PHE-induced
7 oH (peppermint) mesenteric and coronary contractions (Emax = 86.39% and [152]
/é\ arteries rings 97.59% in aortic and mesenteric
rings); | Ca?*-induced contraction in
Ca?*-free medium with high K* and
Ca?* influx
(+#)-a-Pinene Pipus spp. Non—anesthetized Induc.ed tran§itory hypotepsion [147]
(--p-Pinene (pine) normotensive rats associated with tachycardia
o] . .
Piperitenone \%\(‘\ Mentha x villosa | Anesthetized | MAP and HR [90]

oxide




Table 2. (Continued)

Chemical class | Compound Structure Main Source Study model Main findings Ref
Non-anesthetized . .
. Induced hypotension and bradycardia
normotensive rats
. Negative inotropic and chronotropic
Isolated rat atria . .
e ) . effect on left and right atria, [153]
. Mentha x villosa preparations .
Rotundifolone " . respectively
(Mojito mint) - —
Y | PHE-induced contractions in a
L endothelium-dependent manner
Isolated aortic rings — -
Inhibited PHE and KCI contractile [154]
effects; | CaClp-induced contractions
DOCA-salt hypertensive
w | MAP 98]
rats
Induced relaxation in high K* and
Terpinen-4-ol Alpinia zerumbet PHE-pre-contracted endothelium-
(shell ginger) L intact rings; | Ba?*-, PHE- and
Isolated rat aortic rings T . 155
on cring phorbol 12,13-dibutyrate-induced [155]
contractions in Ca?*-free medium,; |
BAYK-8644-induced contractions
Conscious, normotensive | Induced hypotension followed by
rats tachycardia
Croton PHE-contracted Induced an endothelium-dependent [156]
a-Terpineol nepetaefolius mesehteric -artery ring§ relaxation
(red quince) Rabb.lt aortic endothelial £ NO levels
cell line
Ho Rat mesenteric vascular Induced relaxation of KCl-induced [101]

bed preparations

contractions




Chemical class | Compound Structure Main Source Study model Main findings Ref
Induced relaxation in PHE- and KCI-
L pre-contracted rings; Inhibited the
Isolated rat aortic rings 136
9 response to PHE and KCI; | CaCl,- [136]
induced contractions
Isolated cani d .
solate canl.n ean Suppressed cardiac Ca?* and K*
human ventricular [157]
Trachyspermum . channels
Thymol AN cardiomyocytes
ammi (Ajwain) — -
oH Guinea pig and canine Negative inotropic effect; Induced SR
pig an Ca?* release and inhibited Ca%* pump [158]
heart preparations -
activity
Isolated canine and
human ventricular Suppressed cardiac Ca?* channels [144]
cardiomyocytes
Non-anesthetized Transitory hypotension associated with [147]
normotensive rats bradycardia
| High K*- and PHE-induced
- . Isolated rat aortic and contractions on endothelium-intact and
Matricaria recutita L X - [159]
. mesenteric rings endothelium-denuded aortic rings and
(-)-a-Bisabolol (German L .
Sesquiternene chamomile) endothelium-intact mesenteric rings
4 P | KCI- and PHE-induced contractions;
L CaClz-induced contractions in KCI-
Isolated rat aortic rings L CaCla [160]

stimulated rings under Ca®*-free
medium

Fluo-4 AM-loaded
isolated rat mesenteric
rings

| Tension and Ca?* cytosolic levels in
response to K*




Table 2. (Continued)

Chemical class Compound Structure Main Source Study model Main findings Ref
Induced contraction at 1 Hz
o contraction frequency (ICso = 36
umol/L)
. Induced a negative ionotropic effect
Isolated papillary muscle A
B-Caryophyllene at the rested-state contractions (1Cso =
oxide | 28 pmol/L)
Block calcium inward current (ICso =
Syzigium 29 umol/L)
aromaticum Isolated ventricular - - [137]
Inhibited outward potassium currents
(clove) myocytes
p- /
Caryophyllene Induced a negative ionotropic effect
Isolated papillary muscle | at the rested-state contractions (ICso =
268 umol/L)
PHENYLPROPANOIDS
Induced hypotension and bradycardia
Conscious normotensive (phase 1); induced pressor effect 82]
rats associated with delayed bradycardia
AN (phase I1)
Phenyl ether Anethole /O/v Croton zehtneri Anesthetized conscious Transient hypotension and 84]
Hico rats bradycardia
Lo | contraction in rings with (ICsp =
Isolated aortic rings 9.01 mM) and without (ICs = 4.28 | [132]

precontracted with PHE

mM) endothelium




Chemical class Compound Structure Main Source Study model Main findings Ref
| Thromboxane A, agonist-evoked
. contractions
i :’i?]rcsme coronary artery | contractions elicited by KCI [141]
Phenyl Cinnamaldehyde AN Cinnamomum ¢ | CaCly-induced contr_actions in high
aldehyde Spp. K* and Ca?*-free medium
| contractions induced by
Aortic rings prostaglandin F,,, norepinephrine and | [140]
KCI
Induced relaxation in endothelium-
intact (ICso = 877.6 uM) and -
denuded (ICsp = 725.5 uM)
o 5 ' PHE-contracted aortic if:;;ra:&‘;ns evoked by KCI (ICs0 =
Phenyl ester T“ethy" \ o (ECcoutzZoqr?;OS e ! Con_traCtions indl.lc.ed by P}?e and [142]
Cinnamate - Ca?* in Ba?*-containing medium
cinnamon) - -
Induced relaxation evoked by Ba®* in
Ca?*-free medium
Abolished KCl-induced contractions
Mesenteric rings (ICs0=314.5 uM)
L | contraction in rings with (ICsp =
Isolated aortic rings 434 mM) and without (ICso = 6.70 | [132]
precontracted with PHE .
mM) endothelium
F Induced hypotension and bradycardia
Monophenol Estragole /@N Croton zehtneri Conscious normotensive | (phase I) 82]
H,CO rats Induces pressor effect associated with
delayed bradycardia (phase I1)
Anesthetized conscious Transient hypotension and (84]

rats

bradycardia




Table 2. (Continued)

Chemical class Compound Structure Main Source Study model Main findings Ref
- | contraction in rings with (ICso =
Isolated aortic rings .
ng 1.36 mM) and without (ICso = 213 | [132]
precontracted with PHE .
mM) endothelium
DOCA-salt hypertensive
raz salthyp s Induced hypotension and bradycardia | [87]
Anesthetized and
conscious normotensive Induced hypotension and bradycardia | [134]
rats
Conscious normotensive
| MAP and HR [88]
rats
P / ' Aortic rings isolated o
Ocimum from DOCA-salt | contractions in a dose-dependent [86]
Diphenol Eugenol gratissimum hypertensive rats manner (ICso = 1.2 mM)
© (clove basil) contracted by PHE
actions inTi
Isolated rat aortic rings | contractions in rings unexposed and [138]
exposed to Ph(ll)
| hypercontractility associated with
L As(l11) and Hg(ll
Isolated rat aortic rings () g(. ) - [133]
Induced relaxation in unexposed
rings
Induced relaxation in K*-induced
Mesenteric vascular bed . [161]
contractions
Induced contraction at 1 Hz
Isolated papillary muscle | contraction frequency (ICso = 127 [137]

umol/L)




Chemical class Compound Structure Main Source Study model Main findings Ref
Induced a negative ionotropic effect
at the rested-state contractions (ICsp =
194 umol/L)
Block calcium inward current (ICso =
226 umol/L)
Isolated ventricular - .
Inhibited outward potassium currents
myocytes
7 e - i
Syzigium Induced contraction at 1 Hz
Diphenol ester Eugenol acetate e aromaticum Isolated papillary muscle | contraction frequency (ICso = 298
° (clove) umol/L)
Ho Cananga o | contraction in rings with (ICso =
. . Isolated aortic rings .
Diphenol iso-Eugenol odorata (ylang- . g 3.28 mM) and without (ICso = 3.45 [132]
~ precontracted with PHE .
o = ylang) mM) endothelium
K*-reduced flow in rat
. - Recovery of flow in a dose-dependent
isolated mesenteric bed Very Wi P [101]
. manner
preparations
Anesthetized
. O F IZ. | MAP and HR at 10 mg/Kg
Diphenol normotensive rats
. methyl-Eugenol Croton malambo - -
derivative ~ Conscious normotensive
o | MAP
rats [162]

Aortic rings
precontracted with high
K+

| contractions evoked by K*




Table 2. (Continued)

Chemical class Compound | Structure | Main Source | Study model Main findings | Ref
OTHERS

Caused dilation in PHE-contracted
pulmonary arteries (39.24% dilation)
Dilation in DTT-treated pulmonary

Dimethyl S .
e \5/ Allium

Sulphur- disulfide macrostemon

containing (long-stamen Pulmonary artery arteries [122]

compounds Dimethyl s s chive) Induced vasoconstriction in. PHE-
trisulfide e \S/ ~ contracted pulrrnlor?ary arteries

(30.84% constriction)

Rapid hypotension and bradycardia

Anesthetized (Phase 1)

normotensive rats Delayed hypotension and bradycardia

(Phase I1) [163]

PHE-contracted aortic

rings with intact

NO, endothelium

1-Nitro-2- Aniba canelilla | contractions evoked by high K*

phenylethane (precious bark) (ICs0=501.27 ng/mL), PHE (ICs0 =

7.91 pg/mL) and phorbol dibutyrate

(ICs0=39.13 ng/mL)

In Ca?*-free medium, decreased the [119]

contractions elicited by Phe

In Ca?*-free and high K* conditions,

induced relaxation in rings contracted

by CaCl, and BaCl,

APD — Action potential duration; As(Ill) — Arsenic (I11); Ba®* — Barium ion; BaCl, — Barium chloride; BAY K-8644 — Calcium channel agonist; Ca?* — Calcium ion; CaCl, — Calcium
chloride; Caf — Caffeine; DBP — Diastolic blood pressure; dp/dt - maximal rate of rise of left ventricular pressure; DTT — Dithiothreitol; Hg(Il) — Mercury (I1); HR- Heart rate; Hz —
Hertz; 1Cso— half maximal inhibitory concentration; K* - Potassium ion; KCI — Potassium chloride; L-NAME — N®-nitro-L-arginine; LVP — Left ventricular pressure; MAP — Mean
arterial blood pressure; NO — Nitric oxide; Pb(I1) — Plumb (11); PHE — Phenylephrine; PRi — PR interval; SBP — Systolic blood pressure; SR — Sarcoplasmic reticulum.

Induced relaxation (ICs = 60.1
pg/mL)

Nitrogen-
containing
compounds

Mesenteric artery rings
from SHR
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Chemical structure-activity relations are relevant to design more
effective drugs. Following, this relation is endeavored by considering some
examples of effective antihypertensive isolated compounds. For example,
comparing the activity of two compounds, 1-nitro-2-phenylethane (NP) and
1-nitro-2-phenylethene (NPe), a synthetic derivative, it was shown that the
later had an activity 3.3-fold higher than the former (ICso = 10.47 vs 37.65
ug/mL, in Phe-contracted aortic rings, for NPe and NP, respectively) [164].
The reason behind this difference is, according to the authors, a
conformational restriction imposed by the alkene moiety in 1-nitro-2-
phenylethene [164]. The authors described that 1-nitro-2-phenylethane can
have varying dihedral angles between the phenyl and the nitro moieties
linked at the ethylene atoms, namely 180°, 120° 60° and 0° The most
common angles are 180° (trans conformation) and 0° (cis conformation) for
1-nitro-2-phenylethane, whereas 1-nitro-1-phenylethene only can be in the
180-degree conformation.

Another study compared two isomers of linalool, R-(-)-linalool and S-
(+)-linalool [150]. The authors showed that the isomers have opposite
effects, with the R-(-) isomer having hypotensive and bradycardic effects
and the S-(+) isomer showing hypertensive and tachycardic properties. The
authors attributed this difference to the chirality of the compounds, which
determines the compounds effect on the sympathetic nervous system as well
as their interaction with receptors. Also, when comparing the hypotensive
activity of (-)-B-pinene and (+)-a-pinene, the (-)-p isomer was more
efficacious than the (+)-o one [147]. The authors hypothesized that the
exocyclic double bond in (-)-pB-pinene is more active than the endocyclic
double bond, present in the other isomer. Furthermore, the authors suggested
that the difference in the stereochemistry at the two chiral centers (carbon 1
and 5) might also have impact of the effect. The activity of two acyclic
monoterpenes, (x)-citronellol and (x)-linalool, was also assessed, being
citronellol, a primary alcohol, the most effective in comparison with linalool,
which is a tertiary alcohol [147]. The effect of anethole, estragole, eugenol
and iso-eugenol on voltage dependent Ca?* channels was unveiled, and the
authors found out that anethole and estragole had a more strong effect when
compared to eugenol and its isomer iso-eugenol, thus suggesting that this
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activity has some specific structural requirements. Indeed, the authors
pointed out this difference might be attributed to position of the methoxy
group, which is in para position in anethole and estragole but in meta
position on eugenol and iso-eugenol [132].

CONCLUSION

This review highlights the great potential of essential oils and isolated
volatile compounds on the management of hypertension, particularly due to
their widely reported hypotensive and vasorelaxant effects. Despite several
in vivo studies addressing these effects, relevant clinical trials are still
lacking. Indeed, only a few have been carried out, using mixtures of essential
oils, on non-randomized small cohorts. In most of these trials, the essential
oil of lavender is used, and the observed beneficial effects seem to be due to
the presence of linalool, a monoterpene with both hypotensive and
vasorelaxant effects.

Regarding other isolated compounds, several studies show that mono
and sesquiterpenes as well as phenylpropanoids have beneficial effects on
hypertension, however no clinical trials are known. Interestingly, the
mentioned chemical composition-activity relations show that, in some cases,
the major compounds found in essential oils play a relevant role in the
antihypertensive effect of these extracts. For this reason, new studies
assessing the effect of essential oils rich in these compounds should be
considered, as for example Origanum vulgare and Thymbra capitata
essential oils that are rich in carvacrol. In addition, studies addressing the
structural requirements for antihypertensive effects highlight that new
chemical entities based on natural compounds can be designed, originating
more effective compounds, such as 1-nitro-2-phenylethene synthetized from
1-nitro-2-phenylethane.

Overall this review paves the way the development of new effective
therapies for the management of hypertension that negatively impacts on
patient’s quality of life and ultimately leads to higher levels of morbidity and
mortality.
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ABSTRACT

This study was designed to determine the chemical constituents and
evaluate the anti-pain properties of the essential oils from Thuja plicata
var. Excelsa Van den Berk (Cupressaceae), Alstonia boonei De Wild
(Apocynaceae), Curcuma longa L. (Zingiberaceae) and Allium sativum L
(Alliaceae). The essential oils were isolated using hydrodistillation method
in an all glass Clevenger-type apparatus and characterized by gas
chromatography (GC-FID) and gas chromatography-mass spectrometry
(GC-MS). The hot plate method was used to determine the anti-nociceptive
property while the anti-inflammatory activity was established by means of
carrageenan induced and formalin models. The yields of the essential oils
were 1.31%, 1.49%, 0.80% and 0.75% (v/w) respectively, calculated on a
dry weight basis. The major constituents of T. plicata var. Excelsa were 5-
3-carene (31.6%), a-pinene (20.3%), cedrol (7.3%) and B-caryophyllene
(6.7%). Its carrageenan-induced inflammation study showed a high activity
consistent with dose and time. Inflammatory mediators were significantly
suppressed within the 1% to the 3 h at a level of p < 0.001 by the 200 and
400 mg/kg. In addition, the activity of the 100 mg/kg rises steadily from p
> 0.05 (non-significant) to p < 0.001 for the 1% to the 3" h respectively.
The oil only displayed a slight inhibition of heat latency activity at 90" and
120" min (p < 0.05) by the 400 mg/kg. The main constituents of A. boonei
were cedrol (32.2%), a-humulene (18.9%), B-caryophyllene (17.2%) and
a-pinene (13.4%). The hot plate model (maximal pain threshold) displayed
significant activity (p < 0.001) for the 200 and 400 mg/kg within the 60"
and the 90" min. Inflammation was significantly inhibited by all doses at
the 3" and 4™ h. The 100 mg/kg of A. boonei essential oil displayed a steady
activity at the 1%t and 2" h (p < 0.01) and increased at 3™ and 4™ h (p <
0.001). 200 mg/kg of the essential oil also showed steady activity at the 3
and 4™ h (p < 0.01). The result showed that 400 mg/kg of the essential oil
was significant at the 1%t h (p < 0.05) but there was a total loss of activity
at the 2" h (p > 0.05) then it was highly significant at the 3@ and 4" h (p <
0.001).

Formalin model showed high inhibition (100% maximal) at the
inflammatory phase than the neurogenic phase. The main constituents of
the oil of C. longa were ar-tumerone (28.6%), p-atlantone (21.9%) and
curlone (18.8%) while diallyl trisulfide (53.9%), diallyl disulfide (15.7%),
diallyl tetrasulfide (11.7%), methylallyl trisulphide (9.2%) were the
compounds identified in A. sativum oil. The essential oils of A. sativum and
C. longa inhibited the proliferation of anti-nociceptors induced by hot plate
method. There was prolonged activity (p < 0.001) independent of the time
and the dose except for a reduced activity of the 400 mg/kg at the 90™" min
(p < 0.001 to p < 0.05) for A. sativum. The anti-inflammatory activity of
the essential oils of A. sativum were only significant for the 100 mg/kg at
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the 2" h (p < 0.001) and 3" h (p < 0.05) of the analysis. Activity observed
could be attributed to effect of absorption rate and inflammation mediators’
modulation.

In conclusion, results in this study indicated that the essential oils
could be considered as potential alternative source for amelioration of
inflammation and pain disorders.

Keywords: Thuja plicata var. Excelsa, Alstonia boonei, Curcuma longa,
Allium sativum, essential oil, anti-nociceptive activity, anti-
inflammatory activity

INTRODUCTION

Thuja is a genus of coniferous trees in the Cupressaceae (Cypress
family). Thuja plicata and its varieties are introduced to Nigeria. Thuja
plicata var. Excelsa or Western red cedar is a gorgeous fast-growing, full-
bodied conifer that can reach up to 35 feet tall with a 20 ft spread. Its bright
green fan-like foliage emits an unmistakable aroma (Peng et al., 2008).
Upright growing, the relatively openly branched tree with a pyramidal crown
later becomes conical. The quite horizontal branches make the tree about 5
to 6 m wide. The bark is reddish brown, fibrous and flaky. The young twigs
are green first, later turning reddish brown. Like the species, the lower
branches can take root when they touch the ground and, seemingly form new
trees. The scaly foliage is arranged in shingle form and glossy dark green,
also in winter (Tsiri et al., 2009). Thuja plicata oils have demonstrated a
number of biological actions such as antimicrobial (Jirovetz et al., 2006;
Tsiri et al., 2009; Hudon et al., 2011; Puskarova et al., 2017), antifungal
(Puskarova et al., 2017), cytotoxicity against HEL 12469 human embryo
lung cells (Puskarova et al., 2017), insecticidal against woolly beech aphid,
Phyllaphis fagi, and rice weevil, Sitophilus oryzae (Yazdgerdian et al.,
2015), anti-inflammatory effects and beneficial action on human skin cells
(Han and Parker, 2017). Considering the diversity of Thuja genus, with
member mostly aromatic plants, the essential oils of T. plicata var. Excelsa
has not been previously investigated. However, the compositions of essential
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oils from other varieties of T. plicata and its various cultivars were reported.
A recent study showed a-thujone (52.1%-59.2%) and fenchone (10.1%-
11.3%) were the major compounds in T. plicata cv “Fastigiata”, “Kornik”
and Zebrina” (Lis et al., 2019). The cone oil contained o.-thujone (35.6%)
and fenchone (24.0%). Likewise, o-thujone (54.13%) and fenchone
(15.12%) were identified from sample in Egypt (Jirovetz et al., 2006).
Quantitative amount of a-thujone (54.13%) in T. plicata and a-thujone
(54.48%) in T. plicata var. gracialis were reported (Tsiri et al., 2009). High
contents of a-thujone was also identified in mature tree (76.0%-77.5%) and
young tree (73.16%) of T. plicata (Von Rudloff et al., 1988).

Alstonia boonei De Wild. (Apocynaceae) is a very large, deciduous,
tropical-forest, which can reach 45 m in height and 3 m in girth, the bole
being cylindrical and up to 27 m (89 ft) in height with high, narrow, deep-
fluted buttresses. The leaves are borne in whorls at the nodes, the leaf shape
is oblanceolate, with the apex rounded to acuminate and the lateral veins
prominent and almost at right angles to the midrib. The flowers are
yellowish-white and borne in lax terminal cymes. The fruits are pendulous,
paired, slender follicles up to 16 cm (6.3 in) long, containing seeds bearing
a tuft of silky, brown floss at either end to allow dispersal by the wind. The
latex is white and abundant (Burkhill, 1985). It is native to tropical West
Africa. The various ethnomedicinal, chemical, pharmacological, and
toxicological properties of A. boonei were recently reviewed and the profile
revealed that it is useful in the treatment and management of several illnesses
(Adotey et al., 2012). These include antiplasmodial against Plasmodium
falciparum with 1Cso of 111.2 ug.ml* (Ntalani et al., 2018), and Plasmodium
bergehei (lyiola et al., 2010), analgesic (Loretta et al., 2012), nematicidal
against Meloidogyne incognita (Fabiyi et al., 2012), antihyperglycemic (Ya
Nkono et al., 2014), antioxidant (Obiagwu et al., 2014; Ya Nkono et al.,
2014), antimicrobial (Opoku and Akoto, 2014), insecticidal action towards
Sesamia calamistis (Oigiangbe et al., 2007) and Callosobruchus maculatus
(Ojo and Ogunleye, 2013). Iridoids isolated from A. boonei include boonein
and loganin (Adotey et al., 2012). The triterpenoids isolated from Alstonia
boonei include lupeol, ursolic acid, and B-amyrin (Adotey et al., 2012).
The alkaloids of A. boonei include echitamine, echitamidine,
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voacangine and akuammidine, Na-formylechitamidine, and Na-formyl
-12-methoxyechitamidine (Kucera et al., 1972; Oguakwu, 1984).
Echitamine possess anticancer activities (Saraswathi et al., 1997).
Two cardiac glycosides namely evomonoside and 3B-O-[5(3,4
-dihydroxy-5-methyltetrahydrofuran-2-yloxy)digitoxopyranosyl-2-yloxy]-
5-en-14B-hydroxy-16B-acryloxydigitoxigenin were recently isolated from
the plant (Attioua et al., 2018). Alstiboonine, recently isolated from A.
boonei exhibited significant cytotoxicity to brine shrimps (Balogun et al.,
2016). Alkaloids isolated from the plant possess insecticidal action against
Sesamia calamistis (Oigiangbe et al., 2010). A previous study on its essential
oil indicates that (Z)-9-octadecanoic acid (37.8%), hexadecanoic acid
(22.8%) and octadecanoic acid (11.6%) were the main constituents of leaf
essential oil while (Z2)-9-octadecanoic acid (28.5%), hexadecanoic acid
(15.0%), octadecanoic acid (12.7%) and methyl-(7E)-7-octadecanotae
(11.7%) were abundant in the stem bark. However, methyl-(7E)-7-
octadecanotae (27.0%), methyl linoleate (26.5%), methyl hexadecanoate
(15.4%) and methyl octadecanoate (13.5%) occurred in the root oil
(Moronkola et al., 2012). The essential oil was shown to displayed larvicidal
activity against Simulium yahense (Ebigwai et al., 2012). The oil obtained
from ethanolic extract was reported to contained 2,6-hexadecanoate
(17.27%), 9-octadecanoic acid (15.4%), 1,2,3-propanetriyl ester (12.89%),
octadecanoic acid (10.31%) and methyl ester octadecanoic acid (9.02%) as
major compounds (Okwu and Ighodaro, 2010). The main constituents in the
dichloromethane leaf extract analysed by GC-MS was eugenol (54.58%)
while o-amyrin  (32.25%) dominated the stem bark, with 1,2-
benzenecarboxylic acid (49.2%) being abundant in the root (Babatunde,
2017).

Curcuma longa L. (Zingiberaceae) is a perennial, erect, glabrous herb
0.6-1 m high, forming dense clumps. Rhizome is stout and much branched
with cylindrical, aromatic tubers (3 m across) and orange, orange-red or
golden yellow inside with carrot-turmeric odour. The leaves are radical,
distichous, entire and long sheathed. The leaf blade is green, oblong or
elliptic, 30-50 cm long by 10-25 cm wide and glabrous. The flowers are
not exserted beyond the bracts. The calyx is white and puberulent, and apex
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is unequally 3-toothed (Lim, 2016). Curcuma longa, commonly known as
turmeric is native to southern Asia and some parts of Africa. The aromatic
yellow powder from its mature rhizomes is extensively used for imparting
colour and flavor to food. Several biological activities have been described
to the volatile and non-volatile extracts of C. longa. Natural products from
this plant also have analgesic, antibacterial, antifungal, anti-inflammatory,
antioxidant and digestive properties (Lim, 2016)

Curcuma longa has curcumin (Francieli da Silva, et al. 2015; Schmidt
et al., 2015), demethoxycurcumin and bisdemethoxycurcumin (Hwang et
al., 2016) as its main phenolic compound. Curcumin has been shown to
possess a variety of pharmacological activities, including antioxidant, anti-
inflammatory, cancer chemopreventive, and neuroprotective activities. The
polar fraction of essential oil of C. longa (Schmidt et al., 2015) contained ar-
turmerone (40.1%), a-turmerone (21.8%) and curlone (+ trans-y-atlantone,
14.3%), while ar-curcumene (36.7%) were found in the apolar fraction with
ketone fraction made up of ar-turmerone (71.2%). A sample analysed from
Nigeria showed turmerone (35.9%) as the major component (Oyemitan et
al.,, 2017). Terpinolene and a-phellandrene were identified as the
predominant constituents of leaf oil of a Nigerian grown C. longa
(Oguntimehin et al., 1990) while the a-tumerone chemotype was reported
from Southwest Nigeria (Ajaiyeoba et al., 2008). Another chemotype
consisting of B-bisabolene (13.9%) was also reported from Nigeria (Usman
et al., 2009). The major components of the rhizome oil (Ferreira et al., 2013)
were ar-turmerone (33.2%), a-turmerone (23.5%) and f-turmerone (22.7%)
while ar-turmerone (61.79%) and curlone (12.48%) were reported from
sample anaysed in India (Liju et al., 2011). Large amount of a-turmerone
(42.6%), B-turmerone (16.0%) and ar-turmerone (12.9%) were also reported
(Avanco et al., 2017). Moreover, the major components of another sample
from India (Gounder and Lingamallu, 2012) were ar-turmerone (21.0-
30.3%), B-turmerone (26.5-33.5%) and “a-turmerone (18.9-21.1%). The
compound, a-phellandrene (41.99%) represented the main constituent of the
C. longa essential oil (Amanda et al., 2019). The representative compounds
of C. longa oil (Hwang et al., 2016) were a-zingiberene (27.70-36.75%), ar-
turmerone (19.54-32.24%) and B-sesquiphellandrene (13.14-18.23%). A
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recent analysis of the essential oil also revealed the presence of terpinolene
(52.88%) and a-phellandrene (21.13%) as the major components (Kumar
et al., 2018).

The essential oil exhibited stronger antifungal activity on Aspergillus
flavus (Ferreira et al.,, 2013) and antimycotoxigenic activity towards
Fusarium verticillioides (Avanco et al.,, 2017). Turmeric oil showed
antioxidant action (Liju etal., 2011; Gounder and Lingamallu, 2012; Avanco
et al., 2017), displayed significant reduction in paw thickness in
carrageenan, dextran-induced acute inflammation, formalin-induced chronic
inflammation and exhibited significant antinociceptive activity (Liju et al.,
2011). Essential oil from ginger and turmeric rhizomes also exerts anti-
inflammatory properties in Cd induced neurotoxicity (Akinyemi and
Adeniyi, 2018). The oil exhibits significant anxiolytic, sedative and
anticonvulsant activities in mice (Oyemitan et al., 2017), and larvicidal
action towards Anopheles garnbiae (Ajaiyeoba et al., 2008). The essential
oil has anti-arthritic effects (Funk et al., 2010), toxic against third instar
larvae of Cochliomyia macellaria (Amanda et al., 2019) and produced anti-
inflammatory effects by ameliorating the level of pro-inflammatory
cytokines (TNF-a, IL-6, IL-1p) at protein and mRNA levels (Kumar et al.,
2018). The oil has promising scolicidal effects against protoscoleces
(Mahmoudvand et al., 2019).  Climatic and genetic factors, harvesting
time, soil type, fertilization, drying process, and period of storage can all
affect the chemical composition of essential oils from C. longa. The
composition and volatility of C. longa essential oils determine the
characteristic smell of turmeric, whereas fixed phenolic compounds, such as
the pigment curcumin, its derivatives and other substances, are responsible
for the intense yellow color of the rhizomes.

Garlic (Allium sativum L., Amaryllidaceae) likely originated in Central
Asia. The plant has been used as a flavoring agent and a traditional medicine
since antiquity, and is now cultivated worldwide. Allium sativum has been
used as a diaphoretic, diuretic, expectorant, and stimulant. Extracts of A.
sativum have shown broad-spectrum antibacterial and antifungal activity
and the plant has been used to treat tuberculosis, coughs, and colds (Satyal
et al, 2017). There have been numerous investigations on the

Complimentary Contributor Copy



66 O. N. Avoseh, I. A. Ogunwande, A. Ebere et al.

phytochemistry of garlic and its essential oil composition. Recently,
the compositions of garlic essential oils from Spain (Satyal et al., 2017)
obtained using three different distillation methods (Clevenger
laboratory hydrodistillation, industrial steam distillation, and industrial
hydrodistillation) were characterized by GC-MS. The oils were dominated
by allyl polysulfides, including diallyl sulfide (1.9-9.5%), diallyl disulfide
(20.8-27.9%), diallyl trisulfide (16.8-33.4%), allyl methyl disulfide (4.4-
8.3%), and allyl methyl trisulfide (14.5-19.2%). In another report, diallyl
disulfide (28.36%), dimethyl tetrasulfide (15.26%), trisulfide di-2-propenyl
(10.41%), and tetrasulfide di-2-propenyl (9.67%) were the main compounds
of oil isolated from Saudi Arabia (Mossah et al., 2017). The main
components of the essential oil of A. sativum from China (Zhao et al., 2013)
were diallyl trisulfide (50.43%) and diallyl disulfide (25.30%). Also, diallyl
trisulfide (37.3-45.9%), diallyl disulfide (17.5-35.6%) and methyl allyl
trisulfide (7.7-10.4%) were characterized as major compounds of garlic oil
(Dziri et al., 2014). Other researchers have also identified 3-vinyl-4H-1,2-
dithiin (31.89%), diallyl trisulfide (13.31%) and propyl allyl disulfide
(13.89%) as major compounds of A. sativum oil (Rui et al., 2009). The main
constituents of the garlic essential oil from Brazil (Malet et al., 2014) were
diallyl trisulfide (38.81%), diallyl disulfide (25.23%), and methyl allyl
trisulfide (12.52%). The Turkish sample of A. sativum (Ustiiner et al., 2018)
consisted mainly of diallyl trisulfide (33.40%), diallyl disulfide (20.80%)
and allyl methyl trisulfide (19.20%). In addition, diallyl trisulfide (41.62%),
diallyl disulfide (19.74%) and allyl methyl trisulfide (12.95%) were also
observed as the main compounds from oil analysed in Camerron (Foe et al.,
2016).

A study indicated that garlic essential oil may be useful for treatment of
patients with inflammatory disease, especially gastric cancer (Rui et al.,
2009). The essential oil was a potent antimicrobial agent against bacteria
Staphylococcus choleraesuis and P. aeruginosa (Malet et al., 2014) and
Aspergillus versicolor (Koci¢-Tanackov et al., 2012). The essential oil of A.
sativum was active against clinical isolates of Candida species (Alejandro et
al., 2017). The oil possess strong insecticidal activity against adults of
Cacopsylla chinensis (Zhao et al., 2013), Reticuitermes speratus (Park and

Complimentary Contributor Copy



Pharmacology of Essential Qils 67

Shin, 2005) and Callosobruchus maculates (Douiri et al., 2013). The two
main constituents, diallyl trisulfide and diallyl disulfide, exhibited strong
acute toxicity against C. chinensis with LCso values of 0.64 and 11.04
ug/adult, respectively (Zhao et al., 2013). A. sativum essential oil can be
useful in the treatment of otitis external caused by Ototecdes cynotis
infestation in cats and dogs (Yipel et al., 2016). The essential oil of A.
sativum was effective as herbicides and fungicides and had 100% inhibition
of the mycelial growth of F. oxysporum and Verticilium dahlia (Ustiiner et
al., 2018). The antiviral (Romeilah et al., 2016), antibacterial (Chekki et al.,
2014; Mnayer et al., 2014), antioxidant (Chekki et al., 2014; Mnayer et al.,
2014; Foe et al., 2016; Romeilah et al., 2016) and anti-inflammatory (Foe et
al., 2016) potentials of the essential oil have been reported.

In continuation of our extensive research on the pharmacology of
essential oils from Nigerian medicinal plants and herbs as they are made
available (Avoseh et al., 2019; Ogunwande et al. 2019a; Ogunwande et al.
2019b), we report herein the compositions, anti-inflammatory and
anti-nociceptive activities of T. plicata var. Excelsa, A. boonei, C. longa and
A. sativum essential oils.

METHODS

Plants Collection

Mature leaves of T. plicata var. Excelsa, were collected from trees
growing at Oluseyi Bus Stop, Eleyele Road, Ibadan, Nigeria, in April 2018.
The sample was identified at National Forestry Proramme, Ibadan, with
voucher number NFP 12306. The leaves of A. boonei were obtained from
Ojo, Lagos, Nigeria (6.4619° N, 3.1579° E), in April 2018, while those of
C. longa and A. sativum were purchased from lyana-Iba Market Ojo, Lagos,
in May 2017. Both C. longa and A. sativum were identified by Mr. Yebanji
0.0 at the University of Lagos herbarium under herbarium number LUH
7631 and LUH 7633 respectively.
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Preparation of Samples

In this process, the plant samples were separately air-dried (22°C) under
laboratory shade for two weeks to reduce the moisture contents. Moreover,
unwanted materials were also removed by handpicking. Afterwards,
samples were pulverized to coarse powder using a locally made grinder.

Hydrodistillation Procedure

Known weight of air-dried and pulverized samples was used.
Hydrodistillation was carried out separately with a Clevenger-type
distillation unit designed according to the specification (British
Pharmacopoeia, 1980). The time used for the distillation was 4 h and
conducted at normal pressure. The distilled oils were collected into clean
weighed sample bottles. The oils were kept under refrigeration (4°C) until
the moment of analyses. All analyses were done in triplicate.

Gas Chromatography (GC) Analysis of the Qils

GC analysis was accomplished with a HP-5890 Series Il instrument
equipped with a HP-Wax and HP-5 capillary columns (both 30 m x 0.25
mm, 0.25 pm film thickness), working with the following temperature
program: 60°C for 10 min, rising at 5°C/min to 220°C. The injector and
detector temperatures were maintained at 250°C; carrier gas nitrogen (2
mL/min); detector dual, FID; split ratio 1:30. The volume injected was 0.5
pL. The relative amounts of individual components were calculated based
on the GC peak area (FID response).
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Gas Chromatography-Mass Spectrometry (GC/MS) Aanalysis of
the Oils

GC-EIMS analysis was performed with a Varian CP-3800 gas-
chromatograph equipped with a HP-5 capillary column (30 m x 0.25 mm;
film thickness 0.25 pm) and a Varian Saturn 2000 ion trap mass detector.
Analytical conditions: injector and transfer line temperature 220°C and
240°C, respectively; oven temperature programmed from 60°C-240°C at
3°C/min.; carrier gas helium at a flow rate of ImL/min.; injection volume
0.2 uL (10% n-hexane solution); split ratio 1:30. Mass spectra were recorded
at 70 eV. The acquisition mass range was m/z 30-300 at a scan rate of 1
scan/sec.

Identification of the Components of the Oils

Identification of the constituents of the essential oils was based on
comparison of the retention times with those of authentic samples,
comparing their linear indices relative to a series of n-alkanes. Further
identifications were also made possible by the use of a homemade library of
mass spectra built up from pure substances and components of known oils,
and MS literature data as described previously (Avoseh et al., 2019;
Ogunwande et al. 2019a; Ogunwande et al. 2019b). Moreover, the molecular
weights of all the identified substances were confirmed by GC-CIMS, using
MeOH as Cl ionizing gas.

Bioloical Studies on Essential Oils

Drug and Chemicals

Carrageenan drug (Batch Number: SLBR0530V) of analytical grade
was obtained from Sigma-Aldrich Chemical Co. (St Louis, MO, USA).
Acetylsalicyclic salicylate injection (RX, Nigeria Ltd; Batch Number:
MT2056) and Diclofenac Injection (FITZKING LINK LIMITED, Nigeria
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Ltd; Batch Number: 180606) were purchased from Lagos State University
Pharmacy.

Study Animals

Wistar rats (150-200 g) of both sexes were accommodated in the
Biochemistry Department animal facility of Lagos State University, Ojo-
Lagos. The animals were kept in a metal steel cage, where they had
unrestricted supply to water and standard pellet food. They were
acclimatized for two weeks before commencement of experiment. The
animals were assigned at random to a group of 5 consisting of 6 animals per
group:

Group 1- Control group (Saline solution); Group 2- Diclofenac treated
group 100 mg/kg (Standard Group); Group 3- 100 mg/kg of essential oil;
Group 4- 200 mg/kg of essential oil; and Group 5- 400 mg/kg of essential
oil.

The rationale for selecting the studied doses was that animals of similar
weight were grouped together to obtained average weight. The weight
recorded was similar across the groups of animals. The dose was therefore
determined from the weight of animals in the assigned group. Each essential
oil was dissolved in a saline vehicle and administered to the animal in the
order of 100, 200 and 400 mg/kg.

All experimental procedures were approved under the Lagos State
University Research Ethical Clearance Committee (RECC) of the University
(Approval no: 012/2018/LASU/BCH).

Toxicity Study

All the essential oils were tested for acute toxicity on the rats. Wistar
rats were administered 500, 1000, 1500 and 2000 mg/kg of the essential oil
per oral route. One group received normal saline that served as a negative
control. The animals were observed for 12 h continuously for changes in
their behavior. Mortality for the next 14 days was also noted as described in
previous studies (Avoseh et al., 2019; Ogunwande et al. 2019a; Ogunwande
et al. 2019b).
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Carrageenan-Induced Paw Edema in Rats
(Anti-Inflammatory Analysis)

Carrageenan induced rat paw edema experiment was carried out
according to a modification form of an established procedure as described
previously (Avoseh et al., 2019; Ogunwande et al. 2019a; Ogunwande et al.
2019b). Thirty Wistar rats (both sexes, 150-200 g each) divided into 6
animals in each groups. The animals were induced by subcutaneous injection
of 0.1 mL of 1% freshly prepared carrageenan in saline in the right hind paw.
In addition, 1mL of all other solutions was administered for all doses. Paw
volume of the injected rats was measured every hour for four hours using a
plethysmometer (Ugo Basile, Italy).

Formalin-Induced Anti-Inflammatory Test

Formalin assay is a model for both anti-nociceptive and anti-
inflammation. The experiment was carried out using the method a modified
method (Hunskar and Hole, 1987). The same grouping of animal applies for
this test and the animals were also starved overnight to enable proper
absorption of the sample. 1% formaldehyde was injected into the right hind
paw of the rats. The time spent in licking and biting responses of the injected
paw was taken as indicator of pain response. The time spent paw licking was
counted from 0 to 5 min (first phase) and from 20 to 30 min (second phase).
These phases represented neurogenic and inflammatory pain responses,
respectively (Bars et al., 2001). Responses were measured for 5 min after
formalin injection and 20-30 min after formalin injection. 0.5 mL of saline
solution was administered orally to group 1 which is the control group, group
2 which is the standard group received 0.5 mL piroxicam and groups 3, 4
and 5 received 0.5 mL of 100, 200 and 400 mg/kg of the extract respectively,
before injecting the 1% formaldehyde.

Hot Plate Test for Anti-Nociceptive Study

The experiment was carried out according to the method described
previously (Avoseh et al., 2019; Ogunwande et al. 2019a; Ogunwande et al.
2019b). Thirty (30) mature Wistar rats of both sexes were randomly divided
into 5 groups of equal rats. The animals were fasted for 12 h with provision
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of clean water ad libitum. Each mouse was placed upon the heated metal
plate (Hot plate) maintained at the temperature of about 50-55 °C within the
restraining glass cylinder. Group 1 mice received 10 mL/kg of saline
solution and served as control. Group 2 mice received sodium salicylate (10
mg/kg (ASA) (standard control) and groups 3, 4 and 5 received 100, 200 and
400 mg/kg of each essential oil (p.0.). Animal response to the heat varies
and such changes includes kicking of hind foot and jumping about, licking
of foot, raising the foot, holding the foot tightly to its body or shaking of the
foot. The reaction time was recorded 30, 60, 90 and 120 min after the
administration of the treatments. The maximum reaction time was fixed at
30 s to prevent any injury to the tissues of the paws. If the reading exceeds
30 s, it would be considered as maximum analgesia.

Statistical Analysis

Repeated Measures Two way ANOVA Analysis using Bonferotti
multiple comparisons post hoc test was performed using GraphPad Prism
(version 7.02), San Diego CA, USA, www.graphPad.com) to compare
activity between the control groups and rat treated with the test compounds
and values were considered significant at p < 0.05 and above. Results were
expressed as mean = SEM (Avoseh et al., 2019; Ogunwande et al. 2019a;
Ogunwande et al. 2019b).

RESULTS AND DISCUSSION

Chemical constituents of the essential oil of T. plicata var. Excelsa:
The average vyield of the light yellow essential oil was 1.31% (v/w),
calculated on a dry weight basis. Table 1 indicates the chemical constituents
presentin T. plicata var. Excelsa, their percentages as well as linear retention
indices on HP-5 column. A total of 46 compounds representing 99.9% of the
total oil contents were identified by GC-MS. The main classes of compounds
present in the leaf oil were monoterpene hydrocarbons (69.0%),
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sesquiterpene hydrocarbons (19.3%) and oxygenated sesquiterpenes (9.2%).
The main constituents of the oil were the monoterpenes 6-3-carene (31.6%)
and a-pinene (20.3%). Other significant constituents of the oil were cedrol
(7.3%), PB-caryophyllene (6.7%), terpinolene (6.4%) and o-humulene
(5.6%). The compositions of essential oil of T. plicata var. Excelsa were
markedly different from T. plicata and its various cultivars. a-Thujone and
fenchone, the major compounds in T. plicata (Von Rudloff et al., 1988;
Jirovetz et al., 2006) cultivar oils (Tsiri et al., 2009; Lis et al., 2019) were
conspicuously absent in the present study.

Table 1. Chemical constituents of Thuja plicata var. Excelsa oil

Sr. No Compounds? RIP RI¢ Percent
1 (E)-3-Hexen-1-ol 853 851 0.2
2 Santolina triene 909 906 0.1
3 a-Thujene 931 921 0.6
4 a-Pinene 941 932 20.3
5 Camphene 954 946 33
6 Sabinene 976 968 11
7 B-Pinene 982 978 1.3
8 Myrcene 993 988 21
9 5-3-Carene 1011 1008 | 31.6
10 Sylvestrene 1027 1022 | 0.3
11 Limonene 1032 1030 | 14
12 (E)-B-Ocimene 1052 1044 | 0.1
13 y-Terpinene 1062 1056 | 0.4
14 Terpinolene 1088 1087 | 6.4
15 4-Terpineol 1178 1177 | 0.2
16 5-1sopropenyl-2-methyl-1-cyclopentene-1-carbaldehyde 1271 1269 | 05
17 Isobornyl acetate 1285 1285 | 0.2
18 Methyl myrtenate 1301 1301 | 0.2
19 1,2,6-Cyclononatriene 1309 1310 | 0.2
20 y-lonone 1340 1340 | 0.5
21 a-Terpinyl acetate 1352 1352 | 0.3
22 -Bourbonene 1384 1383 | 0.1
23 B-Elemene 1392 1393 | 0.2
24 1,7-di-epi-B-Cedrene 1415 1413 | 0.9
25 B-Caryophyllene 1420 1419 | 6.7
26 cis-Thujopsene 1430 1430 | 0.2
27 a-Humulene 1456 1452 | 5.6
28 cis-Muurola-4(14),5-diene 1462 1460 | 0.1
29 a-Acoradiene 1463 1462
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Table 1. (Continued)

Sr. No Compounds?® RIP RI¢ Percent
30 y-Muurolene 1477 1477 | 25
31 B-Selinene 1485 1484 | 04
32 Viridiflorene 1493 1493 | 04
33 a-Muurolene 1498 1498 | 0.2
34 Germacrene A 1506 1505 | 0.2
35 trans-y-Cadinene 1513 1513 | 0.7
36 §-Cadinene 1524 1522 | 0.9
37 (E)-y-Bisabolene 1535 1535 | 0.1
38 Caryophyllene oxide 1581 1581 | 05
39 Viridiflorol 1590 1590 | 0.8
40 Cedrol 1596 1600 | 7.3
41 Humulene epoxide 11 1607 1606 | 0.2
42 a-Acorenol 1631 1632 | 0.1
43 B-Acorenol 1634 1636 | 0.1
44 epi-a-Cadinol 1640 1640 | 0.1
45 a-Cadinol 1654 1652 | 0.1
46 Nezukol 2126 2124 | 0.1
Total 99.9
Monoterpene hydrocarbons 69.0
Oxygenated monoterpenes 14
Sesquiterpene hydrocarbons 19.3
Oxygenated sesquiterpenes 9.2
Diterpenes 0.1
Non-terpene derivatives 0.9

aElution order on HP-5MS column; ? Retention indices on HP-5MS column; ¢ Literature retention indices; Sr.
No Serial number

Chemical constituents of A. boonei: The yield of the essential was
1.49% (v/w) calculated on a dry weight basis. Eight compounds representing
100% of the volatile contents were identified in the oil. The identity of the
compounds, retention indices on HP-5 column and percentages could be
seen in Table 2. These comprised of two monoterpene hydrocarbons
(22.0%), four sesquiterpene hydrocarbons (43.4%) and two oxygenated
sesquiterpenes (34.6%). No oxygenated monoterpene compound was
identified in the oil sample. All the compounds were present in amount
greater than 2%. The most abundant ones were cedrol (32.2%), a-humulene
(18.9%), B-caryophyllene (17.2%) and a-pinene (13.4%).
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Table 2. Chemical constituents of essential oil leaf of Alstonia boonei

Sr. No Compounds? LRI® LRI° A. boonei
1 a-Pinene 941 937 134
2 8-3-Carene 1011 1008 8.6
3 B-Caryophyllene 1420 1419 17.2
4 a-Humulene 1456 1452 18.9
5 Germacrene D 1478 1478 3.9
6 §-Cadinene 1524 1522 34
7 Viridiflorol 1590 1592 24
8 Cedrol 1596 1596 32.2
Total 100
Monoterpene hydrocarbons (Sr. No. 1,2) 22.0
Sesquiterpene hydrocarbons (Sr. No. 3-6) 43.4
Oxygenated sesquiterpenes (Sr. No. 7, 8) 34.6

aE|ution order on HP-5 column; PRetention indices on HP-5 column; CLiterature retention indices (see
experimental section)

The present oil compositions differed quantitatively and qualitatively
from data reported previously for A. boonei. For example, terpenoids
dominated the chemical constituents identified in the present oil sample
against fatty acids identified previously in the oil (Moronkola et al., 2012)
and ethanolic extract (Okwu and Ighodaro, 2010) as well as aromatic
compounds present in the dichloromethane extract (Babatunde, 2017).
Eugenol, an oxygenated monoterpene identified in the dichloromethane
extract was not identified in the present study. It could be assumed that the
variation in the oil contents may be due to method of analysis, environmental
or climatic conditions between the points of study. Little literature
information exists on the volatile compositions of other Alstoonia plants
from other parts of the world. The flowers of A. scholaris analysed from
Hanoi area, Vietnam (Dung et al., 2001) contained mainly oxygenated
monoterpene compounds namely linalool (35.7%), cis- and trans-linalool
oxides (14.7%) and a-terpineol (12.3%) while the principal component of
the flower oil analysed in Bangladesh (Faridul et al., 2013) was 2-
dodecyloxirane (31.83%). The differences in the chemical compounds
identified in A. boonei and A. scholaris could be attributed to the different
plant part being analysed.
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Chemical constituents of C. longa: The essential oil was obtained in a
yield of 0.80% (v/w) calculated on a dry weight basis. Twenty-seven
compounds representing 96.5% of the oil content were identified in the oil.
The dominant classes of compounds were oxygenated sesquiterpenes
(69.3%) and monoterpenes hydrocarbons (11.4%). As seen in Table 3, the
main constituents present in the oil were ar-tumerone (28.6%), 3-atlantone
(21.9%), curlone (18.8%) and 1,8-cineole (6.3%). The minor compounds
include a-phellandrene (5.9%), ar-curcumene (2.3%), a-zingiberene (2.1%),
B-sesquiphellandrene (2.0%), p-cymene (1.9%) and terpinolene (1.9%). The
high content of ar-tumerone and curlone in the essential was consistent with
data reported from previous investigated samples from other parts of the
world (Liju et al., 2011; Gounder and Lingamallu, 2012; Schmidt et al.,
2015; Oyemitan et al., 2017). However, B-atlantone, one of the main
compounds of essential oil of C. longa in this study was found less in
previous studies around the world. Moreover, some major compounds
reported by previous studies were either absence or present in much lower
quantity in the present oil sample. These include a-turmerone, B-turmerone
and ar-curcumene (Ajaiyeoba et al., 2008; Ferreira et al., 2013; Schmidt et
al., 2015; Avango et al., 2017), B-bisabolene (Usman et al., 2009), a-
zingiberene and B-sesquiphellandrene (Hwang et al., 2016) as well as
terpinolene and o-phellandrene (Oguntimehin et al., 1990; Kumar et al.,
2018)

Table 3. Compounds identified in the essential oil of Curcuma longa

Sr.No | Compounds? (LCRaII.) LRI (Lit.) Percent composition
1 (E)-3-Hexen-1-ol 853 851 0.3
2 Myrcene 993 988 0.2
3 a-Phellandrene 1006 1004 5.9
4 5-3-Carene 1011 1008 0.1
5 a-Terpinene 1020 1020 0.2
6 p-Cymene 1028 1028 19
7 Limonene 1032 1030 0.6
8 1,8-Cineole 1034 1032 6.3
9 y-Terpinene 1062 1056 0.3
10 Terpinolene 1088 1087 19
11 4-Terpineol 1178 1177 0.2
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Sr.No | Compounds? I(‘CRaII ) LRI (Lit.) Percent composition
12 a-Terpineol 1191 1190 0.4
13 Cavacrol 1303 1305 0.2
14 4-Hydroxyl-3- 1322 1322 0.1
methylacetophenone

15 B-Caryophyllene 1420 1419 0.5
16 (2)-B-Farnesene 1444 1444 0.7
17 (E)-B-Farnesene 1460 1460 0.2
18 allo-Aromadendrene 1461 1461 0.1
19 v-Curcumene 1481 1479 0.1
20 ar-Curcumene 1483 1481 2.3
21 a-Zingiberene 1496 1496 2.1
22 B-Bisabolene 1508 1505 0.5
23 B-Curcumene 1515 1515 0.1
24 B-Sesiquiphellandrene 1525 1525 2.0
25 ar-Tumerone 1666 1666 28.6
26 B-Atlantone 1667 1668 21.9
27 Curlone 1887 1886 18.8
Total 96.8
Monoterpene hydrocarbons (Sr. No. 2-10) 111
Oxygenated monoterpenes (Sr. No. 11-13) 7.4
Sesquiterpene hydrocarbons (Sr. No. 15-24) 8.6
Oxygenated sesquiterpenes (Sr. No. 25-27) 69.3
Non-terpene derivatives (Sr. No. 1, 14) 0.4

2 Elution order on HP-5 column; LRI (Cal.), Calculated retention indices on HP-5 column; LRI

(Lit.), Literature retention indices (see Experimental); Sr. No Serial number

Table 4. Chemical constituents of essential oil leaf of Allium sativum

Sr.No | Compounds® LRI® LRI¢ Percentages
1 Diallyl sulphide 865 865 0.1
2 Methy! disulphide 919 920 0.1
3 Dimethyl trisulfide 974 976 0.1
4 Myrcene 993 988 0.1
5 Diallyl disulfide 1082 1082 15.7
6 (2)-1-Propenylally! disulphide 1098 1098 0.4
7 (E)-1-Propenylallyl disulphide 1102 1102 1.2
8 Methyl allyl trisulfide 1142 1144 9.2
9 3-Vinyl-1,2-dithiacyclohex-ene 1192 1191 0.1
10 2-Vinyl -1- 4H -1,3-dithiine 1207 1208 0.3
11 Dimethyl tetrasulphide 1208 1210 0.1
12 Nerol 1242 1244 0.3
13 Geranial 1270 1272 0.3
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Table 4. (Continued)

Sr.No | Compounds? LRIP LRI® Percentages
14 Diallyl trisulfide 1298 1296 53.9
15 Allyl propyl trisulfide 1306 1308 0.3
16 (2)-1-Propenylallyl tetrasulphide 1328 1328 0.7
17 Diallyltetrasulfide 1539 1540 11.7
18 Dodecanoic acid 1570 1572 15
Total 96.1
Monoterpene hydrocarbons (Sr. No. 4) 0.1
Oxygenated monoterpenes (Sr. No. 12, 13) 0.6
Sulphur derivatives (Sr. No. 1-3, 5-8, 10, 11, 14-17) 93.8
Non-terpene derivatives (Sr. No. 9, 18) 1.6

aE|ution order on HP-5 column; "Retention indices on HP-5 column; Literature retention
indices (see experimental section; Sr. No Serial number

Chemical constituents of A. sativum: The yield of the essential oil of
A. sativum was 0.75% (v/w), calculated on a dry weight basis. Eighteen
compounds representing 96.1% of the oil contents were identified (Table 4).
Expectedly, sulphur derivatives (93.8%) were the most abundant class
present in the oil. Monoterpenes and sesquiterpenes were less common
(0.1%). The quantitatively significant constituents of the oil were diallyl
trisulfide (53.9%), diallyl disulfide (15.7%), diallyl tetrasulfide (11.7%),
methyl allyl trisulphide (9.2%). The oil compositions from this study show
qualitative similarities with previously published reports on garlic oils from
Egypt (Romeilah et al., 2010), Serbia (Koci¢-Tanackov et al., 2012), Spain
(Satyal et al., 2017), Cameroon (Foe et al., 2016), Turkey (Ustiiner et al.,
2018), Brazil (Malet et al., 2014), French (Mnayer et al., 2014), Tunisia
(Chekki et al., 2014) and other parts of the world (Douiri et al. 2013; Dziri
et al., 2014). The profile identified in this study was also different from
China garlic (Zhao et al., 2013), Saudi Arabia (Mossah et al., 2017) and
other parts of the world (Rui et al., 2009). These differences however
attributed to the differences in the climatic and ecological conditions
between the A. sativum from Nigeria and A. sativum from other parts of the
world such as Asia and Europe.
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Anti-Inflammatory, Anti-Nociceptive and Formalin Models

Pain related diseases have recently been on the rise due to low diagnosis
or lack of scientific investigations. Recently, life threatening diseases such
as cancer, tumor, ageing, atherosclerosis, etc. has been implicated to
generate from pain or inflammatory markers (Chrysohoou et al., 2004;
Nemat et al., 2009). Chronic inflammation and oxidative stress serves as a
major cause of age-related diseases and cancer (Khansari et al., 2009).
Several anti-inflammatory drugs have been developed in recent times
ranging from Aspirin, Ibuprofen, Naproxen, celoxib and indomethacin
(NSAID’s- Non-steroidal anti-inflammatory Drugs). However, reports have
shown that these drugs can interfere with bone healing, by having effect on
the coagulation and angiogenesis (Lisowska et al., 2018). Therefore the use
of alternative drugs with better potency and devoid of healing interference,
addiction and other side effects is imperative. The use of natural products
most especially from plant origin has been since primitive times. They are
easy to source, available everywhere and easily processed.

In this report, we investigated the anti-inflammatory and anti-
nociceptive properties of T. plicata var. Excelsa, A. boonei, C. longa and A.
sativum. Inflammation processes involves synthesis and liberation of certain
pro-inflammatory mediators. These mediators increases inflammation and
thereby reduce healing time. Carragenaan induced model was used because
it enables the realease of inflammatory and proinflammatory mediator
including prostaglandins, leukotrienes, histamine and several cytokines.
This model is considered to be a biphasic model. The early stage (1-2 h)
contributes to the release of histamine, bradykinin, and serotonin which
facilitate the increased synthesis of prostangladins (PGs) from surrounding
tissues of the injured site. The late phase (3-4 h) is characterized by the
increased level of PG mediated by the elevated modulation of leukotrienes
and bradykinin. During this phase the cyclo-oxygenase-2 converts
arachidonic acid into PGs which is a key factor of inflammation regulation
(Ogunwande et al., 2019b).

The antinociceptive assay which involves the hot-plate model is used to
evaluate the analgesia effect of plant extract and most especially the effect
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of opioid drugs on the spinal cord. The hot plate test was carried out to
ascertain either the peripheral or the central acting effect with response of
cerebral cortex or spinal cord integration of the essential oils (IASP, 1979).
Owing to the new interest for natural products like EOs as alternative drugs
and their major constituents, it is important to develop a better understanding
of their antinociceptive action for new applications in human health.

The formalin-induced test is a pain model used to analyze both the
analgesic and anti-inflammatory properties simultaneously. The initial phase
is linked to the stimulation of nociceptors and principal afferent fibers by the
formalin, triggering the liberation of bradykinin and tachykinins which
occurs for 5 min (Correa and Calixo, 1993). The latter phase is accompanied
by the discharge of inflammation facilitators such as prostaglandins,
cytokines, histamine, nitric oxide (NO) and serotonin. In addition, these
phases are inhibited by different classes of drugs. Opioid drugs inhibit the
early phase and non-steroidal, anti-inflammatory drugs (NSAIDs) and
opioid drugs inhibit the latter phase (Loretta et al., 2012).

Anti-Inflammatory Activity of 7. plicata var. Excelsa

The essential oil of T. plicata var. Excelsa (TPEQO) on subjection to anti-
inflammatory evaluation using carrageenan-induced inflammation model
displayed activity as shown in Figure 1. Carrageenan-induced inflammation
study of the extracts showed a high activity consistent with dose and time.
Inflammatory mediators were significantly suppressed within the 1% to the
3hata level of p<0.001 by the 200 and 400 mg/kg. In addition, the activity
of the 100 mg/kg rises steadily from p > 0.05 (non-significant) to p < 0.001
for the 1%t to the 3 h respectively.

Essential oils activities declined considerably at the 4" h as most extract
were non-significant. These activities could be attributed to the high rate of
the absorption within the 1% to the 3™ h and also it’s potential to suppress the
inflammatory mediators within the latter and late phase of the carrageenan-
induced model.
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67 B3 100 mg/kg TPEO
I 0 200 mg/kg TPEO
= 4] T I 400 mg/kg TPEO
@
E
g 24 . * é* *kk
i il

1 2
time of inhibition (h)

Figure 1. Effect of TPEO on Carragenan-induced inflammation. Control, Standard, and
TPEO represent 1 mL saline solution, 100 mg/kg of Diclofenac injection and 100, 200
and 400 mg/kg of essential oils of TPEO respectively. *p < 0.05, **p < 0.01, *** p <
0.001, # = non-significant statistically compared to control.

In previous reports, a related species, T. plicata significantly inhibited
the expression of vascular cell adhesion molecule 1 (VCAM-1), intracellular
cell adhesion molecule 1 (ICAM-1), interferon gamma-induced protein 10
(IP-10), interferon-inducible T-cell chemoattractant (I-TAC), monokine
induced by interferon gamma (MIG), and macrophage colony-stimulating
factor (M-CSF). By this T. plicata essential oil significantly inhibited critical
inflammation- and tissue remodeling-related proteins and genes in human
dermal fibroblasts (Han and Parker, 2017). Also ethanolic extract of T.
occidentalis leaves showed significant (p < 0.05) analgesic and anti-
inflammatory activity in dose dependent manner (Janadri and Yogesh,
2016). The anti-inflammatory activities of several essential oils from Nigeria
have been widely reported (Avoseh et al., 2019; Ogunwande et al., 2019a;
Ogunwande et al., 2019b). Such activities are attributed to the synergistic
effects of the oil components or that of the main components present
(Miguel, 2010). The syngeristic effects of some minor compounds of the
essential should also be taken into consideration (Ounwande et al., 2019b).
In this study, a-pinene and 8-3-carene were the major components and are
very common components of most plant. Salvia essential oils from South
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Africa contains high amounts of a-pinene and it succesfuly inhibited the
proliferations of 5-lipoxygenase (Kamatou et al., 2006). The essential oils
of leaves and rhizomes of Alpinia murdochii, Alpinia scabra and leaves of
Alpinia pahangensis with high content of a-pinene were also good 5-
lipoxynease inhibitors. The ability of oils from Torreya nucifera to possess
COX-2 selective inhibitor having significant inhibitory effects on PGE2
production was attributed to the presence of -3-carene and a-pinene (Yoon
et al., 2009). Other anti-inflammatory activities of a-pinene was reported
from the oil of Juniperus oxycedrus which showed a great inhibition of IL-
1-induced NO production in the human chondrocytic cell line C-28/12 and
also reduced markedly IL-1-induced IxBa degradation and phosphorylation,
NF-kB-DNA binding activity and NO production (Neves et al., 2010). The
main constituents of the oil of Ugni myricoides, a-pinene, significantly
reduced inflammation and neuropathic pain (Him et al., 2008).

W
?

H Control (Saline solution)
Standard(100 mg/kg ASA)
100 mg/kg TPEO

200 mg/kg TPEO

400 mg/kg TPEO

N
?

o
?

minimum pain threshold(s)

o
I

Exposure time (min)

Figure 2. Effect of TPEO on Hot Plate model. Control, Standard, and TPEO represent
1 mL saline solution, 100 mg/kg of Peroxicam injection and 100, 200 and 400 mg/kg
of TPEO respectively. *p < 0.05, **p < 0.01, *** p < 0.001, # = non-significant
statistically compared to control.

Anti-Nociceptive Activities 7. plicata var. Excelsa

Figure 2 shows the analgesic activity of TPEO using hot plate test. To
assess the centrally-mediated nociceptive effects of the essential oils through
the use of thermal stimuli where the latency of nociceptive reaction were
initiated by heat sensation; hot plate model was adopted. In this study,
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animal response to heat was assessed by paw licking, shaking and jumping
measured at 30, 60, 90 and 120 min following administration. The results
indicated that the longer the response time, the higher the analgesia
properties of the essential oil.

The analgesic activities of the oils were considerably low as displayed
in Figure 2. TPEO displayed a very low heat latency activity. Doses
activities were non-significant (p > 0.05) except for a slight inhibition at 90™
and 120" min (p < 0.05) by the 400 mg/kg.

The antinociceptive activities of several doses of T. plicata var. Excelsa
are as shown in Figure 2. The activites was very low at minimum doses of
100 to 200 mg/kg of essential oils. Volatile oils have become a central
remedy for nociception due to their high permeability through skin vessels.
Nociceptive tests may use chemical, electrical, mechanical, or thermal
stimuli (Bars et al., 2001). The hot-plate test is commonly used to investigate
nociception and analgesia in rodents. Earlier reports of the analgesic
properties of T. plicata is limited, however, the essential oils component
reported in this study are perfect candidates for pain remediation (Shah et
al., 2001). For instance, the essential oils of Teucrium stocksianum at doses
of 20, 40, 80 and 160 mg/kg i.p. significantly reduced pain by inhibiting the
synthesis of prostaglandins, PGE2 and then PGF2 and free arachidonic acid
(Derardt et al., 1980)

Anti-Nociceptive Activity of A. boonei

A. boonei has been used traditionally for the treatment of pain related
conditions. In this report, we investigated its anti-nociceptive and anti-
inflammatory properties. A thermal nociceptive model such as hot plate test
was carried out to elucidate the central analgesic activity of the essential oil.
Several reports have indicated that essential oils and its component acts by
inhibiting the formation and/or liberation of the mediators in the paw tissue.
The results of the analgesic activity of A. boonei essential oil (ABGH) using
the hot plate test are shown in Figure 3. The results showed that there was
no significant difference on the thermal stimulus in the rats treated with the
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normal saline throughout the 90 min observation. In comparison to the saline
treated animals, significant increase in the reaction to thermal pain was
detectable in 100 and 400 mg/kg of the essential oil. The 100 and 400 mg/kg
of the essential oil were highly significant with a value of p < 0.001 at 60™"
and 90" min.

401
& E= standard (PIROXICAM)
5 sk E control (saline solution)
% 301 g ZZ 100 mg/kg ABEO
() =
£ = 200 mg/kg ABEO
i 20+ § @ 400 mg/kg ABEO
E |8
E 1015
= =|
a E
E £
0- =

Time of inhibition (min)

Figure 3. Effect of ABGH on heat induced pain. Control, Standard and ABGH
represent 0.5 ml saline solution, 5 mg/kg of piroxicam injection and 100, 200 and 400
mg/kg of essential oils of A. boonei respectively. “p < 0.05, “p < 0.01, ™p < 0.001
statistically compared to control.

Anti-Inflammatory Activity of A. boonei

Intraplantar injection of carrageenan in rats resulted in a time dependent
increase in paw volume (Figure 4). However, treatment with A. boonei
essential oil (ABGH) reduced the paw edema in a dose dependent manner at
1, 2, 3 and 4 h after an injection of carrageenan. The significant activities of
the different doses of the essential oils were inconsistent. The 100 mg/kg of
ABGH displayed a steady activity at the 1%tand 2" h (p < 0.01) and increased
at 3%and 4" h (p < 0.001). 200 mg/kg of the essential oil also showed steady
activity at the 3" and 4™ h (p < 0.01). The result showed that 400 mg/kg of
the essential oil was significant at the 1%t h (p < 0.05) but there was a total
loss of activity at the 2" h (p > 0.05) then it was highly significant at the 3"
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and 4" h (p < 0.001). The reference drug (ibuprofen) caused a significant
inhibition of post carrageenan edema.

The results of this study showed that the essential oil of A. boonei
suppressed the rat hind paw edema induced by intraplantar injection on
carrageenan, signifying marked anti-acute inflammatory efficiency. There is
significant inhibition of histamine and serotonin at the first hour by all the
dose concentration used except 200 mg/kg. Prostaglandins and other
cytokines were inhibited by all the dose concentration at the 3 and 4" h.
The methanolic extract of A. boonei stem bark inhibited inflammation to a
significant value of p<0.05 when induced by carrageenan oedema and cotton
pellet assays in rats (Kweifio-Okai, 1991).

Cedrol, a sesquiterpenoid occurring in higher percentage in the studied
oil sample has been reported as an excellent anti-inflammatory agent
(Hyeon-Uk et al., 2014). Our results confirmed previous findings that A.
boonei exhibits anti-inflammatory effect.

=4 standard (ibuprofen)
control (saline solution)
100 mg/kg ABGH

200 mg/kg ABGH

7 400 mg/kg ABGH

paw volume (mm)

time of inhibition (h)

Figure 4. Effect of ABGH on carrageenan- induced inflammation. Control, Standard
and ABGH represent 0.5 ml saline solution, 12.5 mg/kg of aspirin injection and 100,

Kkk

200 and 400 mg/kg of essential oils of A. boonei respectively. “p < 0.05, “p < 0.01, ™p
< 0.001 statistically compared to control.

Formalin Assay on A. boonei
Formalin assay is a model of both anti-nociceptive and anti-

inflammation (Hunskar and Hole, 1987). For this study, the essential oil
showed high inhibition in the inflammatory phase than the neurogenic phase
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as shown in Table 5. The methanolic extract of A. boonei had earlier shown
the inhibition of both phases with more pronounced inhibition at the

inflammatory phase (Loretta et al., 2012).

Table 5. Results of formalin induced nociceptive of A. boonei

Neuroenic phase Inflammatory phase

Treatment Dose . Inhibition . S
(mg/kg) | No. of licks (%) No. of licks Inhibition

Control 235+1.62 7.50 £ 0.60
(Saline)
Standard 125+1.74 46.81 16.5+2.83 100
(Piroxicam)
A. boonei 100 28.83+2.61 | 22.69 11.67+1.05 | 55.56
A. boonei 200 35.33+5.12 | 50.35 11.83+1.43 | 57.78
A. boonei 400 23.33+2.99 | 60.71 15.67 +0.91 100

Mean + SEM for the 6 rats

3 Control (Saline)

= Standard (Acetyl Salicylate’
100 mgkg CLEO

200 mg/kg CLEO

72 400 mg/kg CLEO

minimum pain threshold (s)

30 60 90 120
Time of exposure (min)

Figure 5. Effect of C. Longa on heat induced pain. Control, Standard, and C. longa
represent 1 mL saline solution, 100 mg/kg of Aspirin injection and 100, 200 and 400
mg of C. longa respectively. #P < 0.001 statistically compared to control.

As expected, aspirin used as the piroxicam drug significantly inhibited
the first phase (83%) and second phase (73%) of the test which is expected
for a non-steroidal drug. The essential oil of A. boonei exhibited high activity
at the inflammatory phase with 100% at a dose level of 400 mg/kg.
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Anti-Nociceptive Activities of C. longa

Turmeric is widely used in therapeutic preparations against several
infectios and diseases such as anorexia, rhinitis, herpes zoster, acne, cough,
urinary tract diseases, diabetic wounds, hepatic disorder, rheumatism and
sinusitis (Devaraj et al., 2010). The herb contains curcumin as the active
ingredient, which is a yellow coloured phenolic pigment obtained from the
powdered rhizome of C. longa. In the present study, the essential oils
displayed high inhibitions that are independednt on dose or duration of
exposure. The 100-400 mg/kg of the essential oil significantly (p <0.001)
increases the heat latency of the Wistar rats (Figure 5). This activity was
very fundamental due to the components and ethnopharmacological
applications of the plant.

Specialised cell pain receptors comprising of transduction, conduction,
transmission processes which are initiated by by activation of pain receptors
are called nociceptors (Pinheiro et al., 2011). They conduct and transmit pain
from site of effect to the brain and vice versa. The ability of plant extracts to
prolong this process increases its chance as an anti-pain drug. Ethanolic
extract of C. longa collected from India significantly increases heat latency
for the 100-400 mg/kg extracts evaluated (Zhu et al., 2014; Jogdand and
Bhattacharje, 2017).

Anti-Inflammatory Activity of A. sativum

The complex biochemistry of garlic makes it possible for variations in
processing to yield different preparations with differences in final
composition and compound proportion. Anti-inflammatory activities of A.
sativum essential oil (ASEQ) in this study were only significant for the 100
mg/kg at the 2" h (p < 0.001) and 3 h (p < 0.05) of the analysis as shown
in Figure 6. This shows that the essential oils can have maximum activity at
low concentration and also within a short period of contact. In addition, it
can significantly inhibit inflammation mediators produced within the 1%
phase while showing less activities for those of latter stages. The GC-MS
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analysis in Table 4 showed the presence of high amounts of diallyl disulfide.
This component has already been reported to inhibit inflammation by several
mechanisms such as modulation of cytokine secretion (Spelman et al.,
2006), inhibition of transcription factor NF-xB, a master regulator, and
inhibiting the transcription of several cytokine genes involved in
proinflammatory responses, such as TNF-a, interleukin-1beta (IL-15), IL-6,
MCP-1, and IL-12 (Fu et al., 2015)

61

Z standard (ibuprofen)
control (saline solution)
100 mg/kg ASEO

200 mg/kg ASEO

400 mg/kg ASEO

paw volume (ml)

time of inhibition (h)

Figure 6. Effect of A. sativum on carrageenan- induced inflammation. Control,
Standard and ASEO represent 0.5 ml saline solution, 12.5 mg/kg of aspirin injection
and 100, 200 and 400 mg/kg of essential oils of A. sativum respectively. p < 0.05, “p

_kk

<0.01, 7"p < 0.001 statistically compared to control.
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= 204 E=2 100 mg/kg ASEO
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Figure 7. Effect of A. sativum on heat induced pain. Control, Standard, and A. sativum
represent 1 mL saline solution, 100 mg/kg of Aspirin injection and 100, 200 and 400
mg/kg of A. sativum respectively. ®P < 0.001, ns-non-significant statistically compared
to control.
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Analysis performed on four anti-inflammatory sulfur containing
compounds from garlic indicated that sulfur compounds inhibited the
production of nitric oxide (NO) and prostaglandin E, (PGE2) and the
expression of the pro-inflammatory cytokines tumor necrosis factor-a,
interleukin-1p, and interleukin-6 in lipopolysaccharide (LPS)-activated
macrophages. Therefore, in this study, the inflammation inhibition observed
could be linked to the presence of sulphur compounds in the essential oils.

Anti-Nociceptive Activities of A. sativum

Nociceptive activities or transmission in neuropathic pain inhibition is a
fundamental mechanism in the activities of analgesics. Both opioids and
non-opiods (e.g., NSAIDs) acts in such a way to ameliorate the progressive
proliferation of pain. Deprivation of substance P or glycine or glutamate
from the nerve endings can results in analgesia. Preliminary investigation
has revealed that garlic successfully decrease Glutamate levels. Components
such ajoene, allicin and dially sulphur found in oil are high anti-pain drugs
(Nasri et al., 2012).

The result obtained in the hot plate antinociceptive assay showed that
the essential oils of A. sativum at 100, 200 and 400 mg/kg significantly
prolonged the heat latency capacity (p < 0.001) of the Wistar rats at all
reaction time except for the 90" minute where activity was non-significant
for the 400 mg/kg as shown in Figure 7. This exceptional result agrees with
previous studies on the analgesics and antinocieptive properties of A.
sativum. A previous study (Keiss et al., 2003) investigated the cytokine
modulation capacity of A. sativum; the result shows that garlic powder
extracts (GPE) and single garlic metabolites significantly modulate
lipopolysaccharide (LPS)-induced cytokine levels in human whole blood.
This activity was due to the presence of diallydisulfide. Generally, the
activity of garlic reported herein can be mainly due to the sulfur
componenets present in the essential oils. However, synergistic interactions
can also be another reason for the effect. Allium sativa is a perfect candidate
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for mediating central analgesia and depicts the ability of the plant extract to
act as opioid antagonist.

CONCLUSION

Analgesic and anti-inflammatory drugs have varied effects on pain and
inflammation. Their mode of application, preparation and doses becomes
imperative for effective activity. The flora of Nigeria, West Africa has been
one of the untapped resources due to lack of focus on its chemical and
medicinal importance. Alstonia boonei, T. plicata var. Excelsa, A. sativum
and C. longa in this study had shown to be very effective source of anti-
inflammatory and antinoniceptive agents. Mechanistic interpretation of the
modes of activities of these plant materials will further establish their
usefulness. In addition, molecular level analysis of active or more abundant
essential oil components with cytokines and pain mediators is highly
recommended for further studies.
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ABSTRACT

The chemical compositions, antimicrobial activity and mosquito
larvicidal action of essential oils from the leaves, pseudo-stem, rhizome
and fruits of Alpinia malaccensis grown in Vietnam are being reported.
The essential oils were obtained by hydrodistillation of the different parts
of the plant using Clevenger-type apparatus. The oils were separately
analysed using gas chromatography-flame ionization detector (GC-FID)
and gas chromatography coupled with mass spectrometry (GC-MS). The
Minimum inhibitory concentration (MIC) values of the antimicrobial
activity of the essential oils were determined by the micro-dilution broth
susceptibility assay using eight standardized American Type Culture
Collection (ATCC) strains. The mortality rate and larvicidal activity of the
essential oils against fourth-instar larvae of Aedes albopictus and Culex
quinquefasciatus were evaluated according to World Health Organization
protocol. The yields of the essential oils were 0.23%, 0.19%, 0.25% and
0.40% (v/w), for the leaf, pseudo-stem, rhizome and fruit of the plant
respectively, calculated on dry weight basis. The main constituents of the
leaf oil were B-eudesmol (33.3%), B-pinene (22.5%) and &-cadinene
(8.9%). The quantitatively significant compounds of the pseudo-stem oil
were B-pinene (40.8%), t-muurolol (10.7%), a-phellandrene (9.1%) and B-
phellandrene (9.1%). However, pB-pinene (24.3%), pB-phellandrene
(16.7%), benzyl salicylate (8.9%) and farnesol (8.1%) were the most
abundant compounds in the rhziome oil. Moreover, the principal
constituents in the fruit oil were methyl cinnamate (16.5%), germacrene D
(16.4%) and 4-cadinene (11.8%).

The results of antimicrobial study indicated that the studied essential
oil samples exhbited potent and varying activity towards the tested
microorganisms with MIC vaues < 50.0 ug/mL. The pseudo-stem and
fruits of A. malaccensis inhibited the growth of Escherichia coli (ATCC
25922; MIC 50 pg/mL) and Saccharomyces cerevisiae (ATCC 16404,
MIC < 50 ug/mL). Only the fruit essential oil displayed microbial action
against Pseudomonas aeruginosa (ATCC 25923; MIC < 50 pg/mL).
Essential oils from fruits and rhizome exhibited antimicrobial activity on
Staphylococcus aureus subsp. aureus (ATCC 11632; MIC < 50 pg/mL).
The leaf, pseudo-stem and fruit oils also showed activity against
Aspergillus niger (ATCC 9763; MIC 50 ug/mL). Only the rhizome oil
displayed potential antimicrobial action against Fusarium oxysporum
(ATCC 48112; MIC 50 pg/mL). However, all the oil samples did not
inhibited the growth of Bacillus subtilis (ATCC 11774) and Candida
albicans (ATCC 10231). All the tested essential oils displayed mortality
(100%) against the mosquito vectors. In addition, the essential showed
potential larvicidal action with reasonable minimum lethal concentrations
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(LCso and LCq) values at 24 h and 48 h comparable with established
standards.

In conclusion, the antimicrobial and larvicidal activities of essential
oils from different parts of A. malaccensis revealed that the oils could be
considered as a potentially alternative source for developing novel
formulation for controlling diseases.

Keywords: Alpinia malaccensis, essential oil, monoterpenes, sesquiterpenes,
antimicrobial activity, larvicidal activity

INTRODUCTION

Vietnam is among one of the biodiversity rich countries in the world.
The country occupies the eastern and southern part of the Indo-Chinese
peninsula in Southeast Asia. Vietnam covers an area 3,31,123 km? (north to
south length of 1,650 km) along with south China sea coast, China in the
north and Laos and Cambodia are in the west with 63 provinces (Hanh et al.,
2014). The genus Alpinia is the largest, most widespread and taxonomically
complex genus under family Zingiberaceae with 230 species occurring
throughout the tropical and subtropical Asia (Sri Lanka and the Western
Ghats of India to China, Japan, all of Southeast Asia, the Pacific as far as
Fiji, Samoa, and the Caroline Islands, and Australia as far south as northern
New South Wales (Smith, 1990). The genus is one of the important
medicinal plants in Vietnam, which has a greater role in day to day life of
Vietnamese people. Many species are traditionally used in folk remedies to
treat diseases. Juice obtained from boiled rhizomes of A. malaccensis was
used to treat intestinal diseases and crushed rhizomes used to treat scabies
(Hanh et al., 2014). The leaf extracts was shown to possess antimicrobial
(Habsah et al., 2000), antioxidant (Habsah et al., 2000; Sahoo et al., 2012)
and potent cytotoxic (Thu et al., 2010) activities. Phytochemical
investigation has led to the isolation of 5,6-dehydrokawain, coronarin E,
coronarin A, (E)-8(17), 12-labdadiene-15,16-dial, hedyforrestin B,
cardamonin, pinocembrin and alpinetin (Nuchnipa & Suksamrarn, 2008).
Essential oils have also been extracted from various parts of the plant grown
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in Vietnam. Earlier report revealed the abundance of p-Pinene (56.0%) and
a-pinene (10.3%) in the leaf oil while B-pinene (46.0%), B-phellandrene
(12.1%) and a-pinene (9.8%) were the major compounds in the pseudo-stem
(Huong et al., 2015). The main constituents in the root oil were -pinene
(31.7%) and B-phellandrene (12.9%) while methyl cinnamate (27.8%), B-
pinene (18.5%) and B-phellandrene (12.9%) were the most prominent
compounds in the fruit oil (Huong et al., 2015). The antioxidant,
antimicrobial and locomotor inhibitory activities of the oils had also been
established (Muchtaridi et al., 2013; Sahoo et al., 2014).

Vietnam is classified as a hyperendemic dengue country. Cases of
dengue fever epidemics have increased in frequency over the year. Dengue
fever and other related diseases are transmitted by mosquitoes such as Aedes
albopictus, Aedes aegypti and Culex quinquefasciatus (Hung et al., 2019).
Chemical controls of these vectors have negative impact on the environment
and humans in addition to being expensive. Thus, efforts are on in searching
for alternative natural insecticides from plants with little or no side effects.

The purpose of this research was to determine the killing power
(mortality) and larvicidal activity of the leaf, pseudo-stem, rhizome and
fruits essential oil of A. maaccensis against the fourth-instant larvae of Ae.
albopictus, Ae. aegypti and Cx quinquefasciatus. In addition, the effect of
the essential oils on some microorganism was also determined. This is in
continuation of our extensive research aimed at sourcing for biologically
active products to combat the spread of the vector mosquitoes and
microorganisms (Ban et al., 2019; Hung et al., 2019).

METHODS

Plants Collection
The leaves, pseudo-stem, rhizome, fruits of A. malaccensis were

collected from Xuéan Thai Commune, Bén En, National Park, Thanh Hoa,
Vietnam, in August 2018. Botanical identification was achieved by Dr. Dai.
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A voucher specimen NTC 291 was deposited at the Botany Museum, Vinh
University, Vietnam.

Preparation of Samples

In the course of preparation for hydrodisitillation process, the leaves,
pseudo-stem, rhizome and fruits of A. malaccensis were air-dried (22°C)
under laboratory shade for two weeks to reduce the moisture contents.
Moreover, unwanted materials were also removed by handpicking.
Afterwards, samples were pulverized to coarse powder using a locally made
grinder.

Hydrodistillation Procedure

Air-dried and pulverized (2000 g each) leaves, pseudo-stem, rhizomes
and fruits of A. malaccensis were separately subjected to hydrodistillation for
3 h using Clevenger-type apparatus according to established specification
(Vietnamese Pharmacopeia, 1990) at different time. Known weight of
samples was separately and carefully introduced into a 5 L flask and distilled
water was added until it covers the sample completely. Essential oils were
obtained hydrodistillation which was carried out in an all glass Clevenger-
type distillation unit designed according to established protocol (Vietnamese
Pharmacopoeia, 1990). The distillation time was 3 h and conducted at
normal pressure. The volatile oils which distilled over water were collected
by running through the tap in the receiver arm of the apparatus into clean
and previously weighed sample bottles. The oils were kept under
refrigeration (4°C) until the moment of analyses as described previously
(Ban et al., 2019).
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Gas Chromatography (GC) Analysis

Gas chromatography (GC) analysis was performed on an Agilent
Technologies HP 6890 Plus Gas chromatograph equipped with a FID and
fitted with HP-5MS column (30 m x 0.25 mm, film thickness 0.25 pm,
Agilent Technology). The analytical conditions were: carrier gas He (1
mL/min), injector temperature at 250°C, detector temperature 260°C,
column temperature programmed from 40°C (2 min hold) to 220°C (10 min
hold) at 4°C/min. Samples were injected by splitting and the split ratio was
10:1. The volume of diluted oil in hexane (1: 10) injected was 1.0 uL. Inlet
pressure was 6.1 kPa. Each analysis was performed in triplicate. The relative
amounts of individual components were determined on normalized
percentages.

Gas Chromatography-Mass Spectrometry (GC/MS) Experiment

An Agilent Technologies HP 6890N Plus Chromatograph fitted with
capillary HP-5 MS column (30 m x 0.25 mm, film thickness 0.25 um) and
interfaced with a mass spectrometer HP 5973 MSD was used for this
experiment, under the same conditions as those used for gas chromatography
analysis as described previously (Ban et al., 2019). The GC conditions were
the same as described above with He (1 mL/min) as carrier gas. The MS
conditions were as follows: ionization voltage 70eV; emission current 40
mA,; acquisitions scan mass range of 35-350 amu at a sampling rate of 1.0
scan/s.

Identification of the Components of the Oils
The identification of constituents from the GC/MS spectra of Z.nitens
and Z. castaneum was performed on the basis of retention indices (RI)

determined with reference to a homologous series of n-alkanes (C4-Cao),
under identical experimental conditions. In some cases, co-injection with
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known compounds or standards (Sigma-Aldrich, St. Louis, MO, USA)
under the same GC conditions was employed. The mass spectral (MS)
fragmentation patterns were checked with those of other essential oils of
known composition (NIST, 2011) and with those in the literature as
described previously (Ban et al., 2019).

Larvicidal Activity

Rearing of Mosquito Larvae

Adults of Culex quinguefasciatus, Aedes aegypti and Aedes albopictus
were collected in Hoa Khanh Nam ward, Lien Chieu district, Da Nang city
(16°03'14.9"N, 108°09'31.2"E). Adult mosquitoes were maintained in
entomological cages (40 x 40 x 40 cm) and fed a 10% sucrose solution and
were allowed to blood feed on mice. Eggs hatching were induced with tap
water. Larvae were reared in plastic trays (24x35x5 cm). The larvae were
fed on dog biscuits and yeast powder in the 3:1 ratio. All stages were held at
25 * 2°C, 65-75% relative humidity, and a 12:12 h light:dark cycle at the
Center for Entomology and Parasitology Research, Duy Tan University.

Larvicidal Test

Larvicidal activity of the essential oils from A. malaccensis was
evaluated according to established method (WHO, 2005) with slight
modifications. For the assay, aliquots of the essential oils from both samples
dissolved in EtOH (1% stock solution) was placed in a 200-mL beaker and
added to water that contained 20 larvae (fourth instar). With each
experiment, a set of controls using EtOH was also run for comparison.
Mortality was recorded after 24 h and again after 48 h of exposure during
which no nutritional supplement was added. The experiments were carried
out 25 £ 2°C. The larvicidal test was conducted with four replicates using
four concentrations (100, 50, 25 and 12.5 pg/mL).

The mortality rate was calculated according to the formula

Complimentary Contributor Copy


https://en.mogi.vn/da-nang/lien-chieu-district/buy-property/hoa-khanh-nam-ward-wid2624
https://en.mogi.vn/da-nang/lien-chieu-district/buy-property/hoa-khanh-nam-ward-wid2624
https://en.mogi.vn/da-nang/lien-chieu-district/buy-property/hoa-khanh-nam-ward-wid2624

110 Do Ngoc Dai, Le Thi Huong, Nguyen Huy Hung et al.

Mc = (Mo)/(Mt) x 100
Mo = number of larvae dead in the treated groups, Mt = number of larvae
introduced and Mc = calculated mortality

Antimicrobial Activity Assay

Test Microbes

Eight standardized ATCC strains from laboratory stock cultures were
used in the evaluation of the antimicrobial activity of the oil samples. The
Gram negative strains were Escherichia coli (ATCC 25922) and
Pseudomonas aeruginosa (ATCC 25923). The Gram positive strains were
Bacillus subtilis (ATCC 11774), Staphylococcus aureus subsp. aureus
(ATCC 11632), Aspergillus niger (ATCC 9763) and Fusarium oxysporum
(ATCC 48112). Two strains of yeast, Candida albicans (ATCC 10231) and
Saccharomyces cerevisiae (ATCC 16404) were also used for the
experiment. Testing media included Mueller-Hinton Agar (MHA) used for
bacteria and Sabouraud Agar (SA) used for fungi.

Microdilution Broth Susceptibility Assay

The minimum inhibitory Concentration (MIC) values were measured by
the microdilution broth susceptibility assay (Vlietnick, 1999). For the
assays, the essential oil was diluted with DMSO and loaded into the
microtiter plate with each of the microbial strains. The plate was then
incubated overnight at 37°C. One hundred microlitre of microbial culture of
an approximate inoculums size of 1.0 x 10® CFU/mL was added to all well
and incubated at 37°C for 24 h. The last row, containing only the serial
dilutions of sample without microorganisms, was used as a negative control.
Sterile distilled water and DMSO served as a positive control. The MIC
values were determined as the lowest concentration of the test sample that
completely inhibits the growth of microorganisms.
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Statistical Analysis

The data obtained were subjected to log-probit analysis (Finney 2009)
to obtain LCso values, LCq values, 95% confidence limits, and chi square
values using XLSTAT v. 2018.5 (Addinsoft, Paris, France). Statistical
analysis of the differences between mean values obtained for experimental
groups were calculated as a mean of standard deviation (SD) of four
independent measurements using Microsoft excel program 2003.

RESULTS AND DISCUSSION

Chemical Constituents of the Essential Qil

The yields of the essential oils were 0.23%, 0.19%, 0.25% and 0.40%
(v/w), for the leaf, pseudo-stem, rhizome and fruit respectively, calculated
on a dry weight basis. The fruit sample produced larger quantity of essential
oils than other parts of the plant. The identities, retention indices and percent
compositions of the oils are shown in Table 1. A total of 25, 25, 41 and 26
compounds that represented 99.1, 96.2, 93.4and 94.4% of the oils were
identified in the leaf, pseudo-stem, rhizome and fruit essential oils
respectively. The main classes of terpenoids identified in the leaf oil were
hydrocarbon monoterpenes (43.3%), hydrocarbon sesquiterpenes (15.0%)
and oxygenated sesquiterpenoids (35.7%). The major constituents of the leaf
oil were B-eudesmol (33.3%), B-pinene (22.5%) and &-cadinene (8.9%).
There are significant amount of a-pinene (5.7%), camphene (5.3%) and y-
cadinene (4.0%). The abundance of B-pinene revealed that the oil was of -
pinene chemotype. This was similar to the B-pinene chemotype earlier
reported for the leaf essential oil of the plant grown in Vietham (Huong et
al., 2015) and Indonesia (Muchtaridi et al., 2013). However, essential oil
from this work contained lower amount of a-pinene and higher quantity of
B-eudesmol compared to the leaf oils of the Vietnamese and Indonesian
grown plants. Meanwhile, the leaf oil contained low amount of methyl
cinnamate which compared favourably with the leaf oil of the Vietnamian
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grown plant (Huong et al.,, 2015). In the same vein, hydrocarbon
monoterpenes (73.6%), and oxygenated sesquiterpenoids (16.1%) were the
most abundant classes of terpenoids present in the pseudo-stem oil. The
pseudo-stem oil was predominated by pB-pinene (40.8%), t-muurolol
(10.7%), a-phellandrene (9.1%), B-phellandrene (9.1%) and o-pinene
(7.2%). Other notable compounds in the oil includes; a-phellandrene (7.1%),
a-pinene (6.9%) and methyl cinnamate (6.0%). This compositional pattern
of the pseudo-stem differs from the result obtained from the oils of the
Indonesian (Muchtaridi et al., 2013) and Malaysian grown plants (Nor et al.,
2005) that were predominated by methyl cinnamate, 1,8-cineole, a-pinene
and B-pinene. In addition, the stem oil from this work contained lower
amount of methyl cinnamate and 1,8-cineole was not detected when
compared to the other oils from the literature. Interestingly, the high amount
of t-muurolol in the oil is noteworthy as this compound has not been
reported before as a major compound in the pseudo-stem oil of A.
malaccensis.

Hydrocarbon monoterpenenes (64.2%), and oxygenated sesquiterpenes
(18.4%) were the major classes of terpenoids in the rhizome essential oil
with predominant of B-pinene (24.3%), B-phellandrene (16.7%), benzyl
salicylate (8.9%) and farnesol (8.1%) (Table 1). In the earlier reports,
compounds such as 1,8-cineole found in the oil of the Bangladesh grown
sample (Bhuiyan et al., 2010) and p-cymene and sabinene in the oil of the
Indian grown sample (Gaj et al., 2010; Sahoo et al., 2014) were not detected
in this oil. (E)-cinnamate and o-cymene that were the main constituents
of the essential oils from the rhizome of Malaysian and Bangladesh grown
A. malaccencis (Sirat et al., 2011; Bhuiyan et al., 2010) were detected in
much lower quantities in this study. However, the higher amounts of a-
phellandrene and B-pinene in the rhizome oil had been reported previously
(Bhuiyan et al., 2010; Sahoo et al., 2014). However, the fruit oil was devoid
of any oxygenated sesquiterpene compounds. The main class of compounds
identified in the oil were hydrocarbon monoterpenes (15.4%), oxygenated
monoterpenoids (16.0%) and hydrocarbon sesquiterpenes (62.6%).
Moreover, the most abundant constituents in the fruit oil were; methyl
cinnamate (16.5%), germacrene D (16.4%) and &-cadinene (11.8%). Other
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prominent constituents in the oil were benzyl acetate (7.3%) and limonene
(5.3%). The higher quantity of methyl cinnamate in the oil confers similarity
with previous report (Huong et al., 2015). The previous study (Huong et al.,
2015) contained higher amounts of B-pinene and B-phellandrene, while the
proportion of germacrene D and &-cadinene are higher than in the previous
study.

Table 1. Chemical Composition of essential oils
from different parts of A. malaccensis

Sr. Compounds ® RIb RIc Percent composmon. (%) .
No Leaf Pseudo-stem Rhizome Fruit
1 a-Thujene 930 921 - 0.4 0.3 -

2 a-Pinene 939 932 5.7 7.2 6.9 0.6
3 Camphene 953 946 5.3 1.6 2.0 -

4 Sabinene 976 964 - - - 2.7
5 B-Pinene 980 978 225 40.8 243 3.0
6 B-Myrcene 990 988 0.5 15 1.6 0.9
7 a-Phellandrene 1006 1004 1.3 9.1 7.1 -

8 5-3-Carene 1011 1008 45 - 0.1

9 a-Terpinene 1017 1014 - 0.7 0.5

10 0-Cymene 1024 1022 3.0 13 1.2

11 B-Phellandrene 1028 1026 - 9.1 16.7 -
12 Limonene 1032 1030 - - - 53
13 1,8-Cineole 1034 1032 - - - 0.8
15 (E)-B-Ocimene 1052 1044 - 0.5 1.6 -
16 y-Terpinene 1061 1056 0.5 1.0 1.0 15
17 a-Terpinolene 1090 1089 - 0.6 0.8

18 Linalool 1100 100 - - 0.1

19 allo-Ocimene 1128 1128 - - 0.1 14
20 Camphor 1145 1145 21 0.6 0.4 -
21 Benzyl acetate 1162 1160 - - - 7.3
22 Pinocarvone 1165 1164 - - - 3.2
23 Borneol 1167 1167 0.9 - 0.2 2.0
24 Terpinene-4-ol 1177 1177 0.4 0.7 0.4 1.3
25 a-Terpineol 1189 1189 - - 0.3 1.8
26 a-Fenchyl aceate 1222 1220 - - 04 -
27 (2)-Citral 1318 1318 - 0.4 0.1

28 Bicycloelemene 1327 1337 - - - 15
29 B-Citronellol 1344 1340 - 0.7

30 Linalyl propionate 1346 1345 - 0.9 -
31 a-Cubebene 1351 1345 - - - 11
32 a-Copaene 1377 1374 - - - 1.3
33 Methyl cinnamate 1379 1378 0.8 1.9 6.0 16.5
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Table 1. (Continued)

Sr. Compounds ? RI b Rl c Percent composition. (%) .

No Leaf Pseudo-stem Rhizome Fruit

34 B-Elemene 1391 1389 - - 0.4 25

35 B-Caryophyllene 1419 1417 0.3 - 0.3 0.9

36 a-Bergamotene 1435 1435 - - - 15

37 y-Elemene 1437 1437 - - 0.1 -

38 a-Guaiene 1440 1440 - - - 15

39 Aromadendrene 1441 1441 - - - 38

40 a-Humulene 1454 1452 - - 0.2 -

41 y-Gurjunene 1477 1477 - - 0.5 -

42 Germacrene D 1485 1484 - - - 16.4

43 B-Selinene 1486 1486 - - 0.3 2.3

44 Zingiberene 1494 1493 1.0 - 0.5 -

45 Bicyclogermacrene 1500 1500 0.4 - - 15

46 B-Bisabolene 1506 1503 0.4 - 0.4 -

47 (E,E)-a-Farnesene 1508 1505 - - 0.1 -

48 2,4-bis(1,1-dimethylethyl)- | 1513 1513 0.5 0.4 0.4 -
Phenol

49 d-Cadinene 1525 1522 8.9 - - 11.8

50 y-Cadinene 1541 1539 4.0 - - -

51 B-Sesquiphellandrene 1543 1541 - - 0.3 -

52 (E)-Nerolidol 1563 1561 0.9 0.9 0.3 -

53 Spathulenol 1578 1577 0.5 0.5 - -

54 2,6-di-t-Butyl-4-ethylene- 1583 1579 - - 0.4 -
2,5-cyclohexadiene-1-one

55 Caryophyllene oxide 1583 1581 0.7 0.4 0.1 -

56 Viridiflorol 1593 1593 - 2.6 - -

57 Guaiol 1601 1600 0.3 1.9 - -

58 t-Muurolol 1646 1644 - 10.7 - -

59 B-Eudesmol 1651 1650 33.3 - - -

60 a-Bisabolol 1662 1662 - - 0.2 -

61 Bulnesol 1672 1672 - - 0.3 -

62 Farnesol ¢ 1718 1718 - - 8.1 -

63 Benzyl benzoate 1760 1760 - - 0.2 -

64 Benzyl salicylate 1866 1866 - - 8.9 -

65 Phytol 2125 2119 0.4 - - -

Total 99.1 96.2 93.4 94.4

Monoterpene hydrocarbons 42.3 73.6 64.2 15.4

Oxygenated monoterpenes 4.2 5.2 7.2 16.0

Sesquiterpene hydrocarbons 15.0 0.9 2.8 62.6

Oxygenated sesquiterpenes 35.7 16.1 18.4 -

Diterpenes 0.4 - - -

Non-terpenes 0.5 0.4 0.8 -

aElution order on HP-5MS column; ® Retention indices on HP-5MS column; © Literature retention indices; ¢
Correct isomer not identified; Sr. No, Serial Number; - Not identified.
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Mortality of the Essential Oils Against Vector Mosquitoes

The leaf oil of A. malaccensis also exhibited 100% mortality against Ae.
albopictus (concentration, 100 pg/mL) at both testing periods of 24 h and 48
h. However, the oil displayed much more potent mortality (100%) against
Ae. aegypti at a much lower concentrations of 25 pg/mL (48 h) and 50
pug/mL (24 h and 48 h) as seen in Table 2. On the other hand, the rhizome
oil achieved the same mortality rate only against Cx. quinquefasciatus at
concentration of 100 pg/mL over the same test periods of 24 h and 48 h. The
leaf oil was more toxic towards Ae. aegypti than A. albopictus. The rate of
susceptibility of the vectors towards the rhizome oil of A. malaccensis was
Ae. aegypti > Cx. quinquefasciatus > Ae. albopictus. There was no mortality
in the EtOH used as control for all the tested oil samples. The percentage
mortality was dependent on the concentration of the tested oil samples. Thus,
higher inhibition of mosquito larvae was observed as concentration
increases.

Mosquito Larvicidal Tests

From Table 2, A. malaccensis the leaf oil displayed significant larvicidal
activity against Ae. albopictus with LCso of 33.43 pg/mL (24 h) and 32.52
pg/mL (48 h). However, LCqy values of 73.46 ng/mL and 65.50 ug/mL were
also recorded respectively at 24 h and 48 h. On the other hand, the leaf
essential oil also exhibited greater potent larvicidal action towards Ae.
aegypti with LCso values of 11.90 pug/mL and LCgy 25.65 pg/mL at 24 h,
while LCso values of 9.70 ug/mL and LCgo of 19.42 nug/mL were obtained at
48 h. Moreover, the rhizome oil sample also showed potential larvicides
towards Cx. quinquefasciatus with LCso values of 24.58 ug/mL and LCq of
82.45 pg/mL at 24 h. At 48 h test period, however, the oil exhibited
larvicidal activity with LCso values of 11.66 pug/mL and LCg of 22.70
ug/mL. Permethrin, the standard drug used as control displayed larvicidal
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activity at much lower values. These findings showed that the concentrations
of test substances affected degree of toxicity and mortality rates.

Overall results in this study showed that essential oils hydrodisitlled
from the leaf and rhizome of A. malaccensis exhibited good mortality and
larvicidal activity on Ae. albopictus, Ae. aegypti and Cx. quinquefasciatus
larvae. The observed larvicidal action of A. malaccensis in this study was
comparable with findings from essential oils of other Alpinia plants in
particular and essential oils from other plants in general, analysed for their
larvicidal activity from Vietnam and other parts of the world. The rhizome
oil of A. galanga displayed larvicidal action among others against Ae.
albopictus (Cotchakaew & Soonwera, 2019). The leaf of A. speciosa showed
larvicidal action against Ae. aegypti larvae with LCs, of 1.18 pL/mL (Freitas
et al., 2010). Qils from flowers of A. purpurata presented potent larvicidal
activities against 4th instar Ae. aegypti with LCsy values of 80.7 and 71.5
ppm, respectively (Santos et al., 2012). The flower essential oil of A. nigra
was active at 125 ppm (Goshi et al., 2014). Essential oil from A. zerumbet
flowers exhibited repellent activity, irritating action and toxic activity
against the mosquito Ae. Aegypti (de Souza et al., 2014). The essential oil of
Z. collinsii from Vietnam displayed larvicidal action against Ae. albopictus
(LCso=25.51 ug/mL; LCg = 40.22 pg/mL) and Cx. quinquefasciatus (LCso
=50.11 pg/mL and LCg = 71.53 pg/mL) after 24 h (Huong et al., 2020a).
Zingiber zerumbet oil showed potent larvicidal activity against Cx.
quinquefasciatus with LCso of 33.28 ug/mL and 21.81 pg/mL respectively
after 24 h and 48 h test period. Moreover, the oil exhibited significant
larvicidal action against Ae. albopictus within the 24 h and 48 h tested period
having LCso of 55.75 pg/mL and 36.22 pug/mL respectively (Huong et al.,
2019). The 24 h mosquito larvicidal activity of the rhizome oil of Z.
montanum from Vietnam (Huong et al., 2020b) was Ae. albopictus (LCs =
35.17 pg/mL; LCy = 56.02 pg/mL), Ae. aegypti (LCso = 32.20 pg/mL; LCqo
= 45.64 ug/mL) and Cx. quinquefasciatus (LCso = 31.12 pg/mL; LCq =
52.25 pg/mL). Likewise, Z. cernuum was toxic towards Ae. aegypti (LCso =
44.88 pg/mL), Ae. albopictus (LCsp = 55.84 pg/mL) and CX.
quinquefasciatus (LCso = 48.44 pug/mL) after 24 h (Rajeswary et al., 2018).
Zingiber officinale was shown to have larvicidal activity against Cx.
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quinguefasciatus with a LCso value of 50.78 ppm (Pushpanathan et al.,
2008). The essential oils from the rhizome of Z. nimmonii demonstrated
significant larvicidal activity against Ae. aegypti and Cx. quinquefasciatus,
with LCso values of 37.6 and 48.1 pg/mL, respectively. The leaf essential oil
of Manglietia dandyi showed larvicidal potential against Ae. albopictus with
minimum lethal concentrations LCso values of 29.57 ug/mL (24 h) and 29.02
ug/mL (Ban et al., 2020). The leaf essential oil of Vitex gardineriana
demonstrated high larvicidal activity against Ae. aegypti with LCso value of
28.0 ug/mL (Pereira et al., 2018).

Since the WHO has not established a standard criterion for determining
the larvicidal activity of natural products, several authors (Komalamisra et
al., 2005; Kiran et al., 2006; Magalhdes et al., 2010) have developed
individual criteria to characterize the potency of mosquito larvicides
developed from natural products. For example, Komalamisra et al. (2005)
considered products showing LCso < 50 mg/L to be active, 50 mg/L <LCsp
<100 mg/L to be moderately active, 100 mg/L < LCso < 750 mg/L to be
effective, and LCso > 750 mg/L to be inactive. It should be stressed that
these criteria must be directly correlated with the time of exposure and the
origin of larvae, which are variables that can alter the LCso values. The
results obtained in this study showed that the essential oil of A. malaccensis
rhizome had promising effects, according to the criterion established
previously (Magalhdes et al., 2010), exhibiting larvicidal activity against Ae.
albopictus, Ae. aegypti and Cx. quinquefasciatus larvae and stands as a
promising tool to manage the phenomenon of insecticides resistant vectors
in malaria endemic regions.

The variations in toxicity of essential oils against different species of
mosquitoes are common, due to qualitative and quantitative variations of
chemical constituents. The larvacidal activity of A. malaccensis was likely
caused by the wide variety of phytochemicals and volatile composites
present in the oil. The observed mosquito larvicidal activity of the leaf and
rhizome essential oils may be due to the synergistic actions of the major
compounds or some minor compounds present in the oil. Interestingly, the
active larvicidal activity of some compounds in this work, including,
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Table 2. Percentage mortality and larvicidal action of A. malaccensis essential oils

Leaf essential oil Rhizome essential oil
Ae. albopictus Ae. aegypti Cx. quinquefasciatus
24 h 48 h 24 h [48h 24h 48 h
Mortality (%) ®
Concentration (pg/mL)
12.5 375+ 50+ 375+ 525+ 5.0+ 8.75+
25 25.0 £ 1.546 25.0+1.909 96.25 + 100 + 0.000 38.73 % 75.0 £
50 913+ 93.7+ 100+ 0.000 100 + 0.000 91.25+ 96.25 +
100 100 £ 0.000 100 + 0.000 100+ 0.000 100 + 0.000 100 £ 0.000 100 £ 0.000
Minimum lethal concentration (ug/mL)
Parameters
LCso 33.43 (27.493 - 32.52 (27.284 - 11.90 9.78 24.58 11.66
49.264) 46.397) (10.410 -14.353) (8.768-11.140) (20.140-33.772) (10.503-12.928)
LCyo 73.46 (49.695 - 65.50 (46.052 - 25.65 19.42 82.45 22.70
175.269) 147.128) (19.751-40.198) (16.019-26.184) (52.786-192.523 (19.658-27.729)
Regression Y =-6.374+4.215x |y=-5713+3.748x |Y =-4.132+ 3.842x Y = -4.264+4.305x Y =-3.390+2.438x |y =-4.724 + 4.428x
equation
X2 4.821 4.994 6.919 8.055 6.054 9.671
P 0.000 0.000 0.000 0.000 0.000 0.000

2(n = 4); There was no mortality in the EtOH controls.
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a-pinene, B-pinene, sabinene, limonene, p-cymene, 1,8-cineole, terpinen-4-
ol, p-caryophyllene, bicyclogermacrene and germacrene D (Fries et al.,
2010; Tabanca et al., 2014; Wafaa et al., 2017) have been documented and
reported. The isolation and purification of active compound which could be
responsible for the larvicidal activity against mosquito vectors of would be
an important step in the development of novel mosquitocidal agents.
Production of larvicides from the locally available plants could be a new
acceptable alternative to employ which may lead to decreasing dependence
on imported synthetic insecticides and be beneficial for developing countries
such as Vietnam.

Antimicrobial Test

The results of antimicrobial study indicated that the studied essential oil
samples exhbited potent and varying activity towards the tested
microorganisms with MIC vaues < 50.0 pg/mL. The pseudo-stem and fruits
of A. malaccensis inhibited the growth of E. coli (MIC 50 ug/mL) and S.
cerevisiae (MIC < 50 ug/mL). Only the fruit essential oil displayed
microbial action against P. aeruginosa (MIC < 50 ug/mL). Essential oil
from fruits and rhizome exhibited antimicrobial activity on S. aureus subsp.
aureus (MIC < 50 ug/mL). The leaf, pseudo-stem and fruit essential oils also
showed activity against A. niger (MIC 50 pg/mL). Only the rhizome
essential oil displayed potential antimicrobial action against F. oxysporum
(MIC 50 pg/mL). However, all the oil samples did not inhibited the growth
of B. subtilis and C. albicans. In this test experiment, activity was presumed
to occur with MIC < 50 pg/mL while MIC > 50 ug/mL is considered inactive
towards the tested microorganism. The observed antimicrobial activity of
essential oils from A. malaccensis was consistent with a previous report
(Sahoo et al., 2014). The antimicrobial actions of the studied oil samples of
A. malaccensis support the notion that several Alpinia essential oils possess
antimicrobial activity.
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Table 3. Antimicrobial action of A. malaccensis essential oils

Microorganisms MIC pg/mL

Leaves Rhizomes Pseudo-stem Fruits
E. coli - - 50 50
P. aeruginosa - - - <50
B. subtilis
S. aureus subsp. aureus - <50 - 50
Niger 50 - 50 50
F. oxysporum - 50
S. cerevisiae - - <50 <50
C. albicans

- Not active, MIC > 50 pg/mL.

The oils from unripe and ripe fruits of A. mutica showed antimicrobial
activity against B. subtilis (MIC of 2.50 and 1.25 mg/mL respectively) and
S. aureus with MIC of 2.50 mg/mL (lbrahim et al., 2014). However, both oil
samples showed no activity against the pathognes E. coli, P. aeruginosa and
C. albicans. The oils of A. latibaris, both unripe and ripe, showed inhibition
towards S. aurues and B. subtilis with MIC values between 2.50 mg/mL and
5.0 mg/mL (Ibrahim et al., 2014). Also, the leaf oils of A. rafflesiana were
active against E. coli (MIC 15.6 pg/mL) and S. aureus (MIC 7.81 pg/mL)
(Jusoh et al., 2013). The rhizome oil of A. pahangensis inhibited several
strains of S. aureus with MIC values between 0.08 and 0.31 pg/uL as well
as C. albicans and C. galabrata with MIC of 1.25 and 2.50 pg/uL
respectively (Awang et al., 2011). The oil of A. galangal was found to
moderately inhibit (MIC values from 1.1-2.2 pg/mL) the growth of B.
subtilis, S. aureus var. aureus, Proteus vulgaris, E. coli, A. niger and C.
albicans (Yusoff et al., 2011). Also, A. ligulata exhibited antimicrobial
property against S. aureus var. aureus and E. coli (MIC 3.2 ng/mL) and A.
nieuwenhuizii inhibited the growth of E. coli and S. aureus var. aureus with
MIC of 3.2 and 2.0 pug/mL respectively (Yusoff et al., 2011). The rhizome
of A. galangal was most active towards Salmonella typhi (Eff & Rahayu,
2016). The observed antimicrobial activity of A. malaccensi essential oils
can be related to the compounds present in it. For example, essential oil
constituents such as a-pinene, B-pinene, sabinene, 1,8-cineole, terpinen-4-
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ol, p-caryophyllene, bicyclogermacrene and germacrene were previously
reported to inhibit significantly the growth and cell viability of potential
infectious of broad spectrum microorganisms (Yob et al., 2011).
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Chapter 4

ESSENTIAL OILS: THERAPEUTIC EFFECTS
AS ANTHELMINTICS

Akinsola A. Akande and Sherifat A. Aboaba”
Department of Chemistry, University of Ibadan, Ibadan, Nigeria

ABSTRACT

The rate at which ignorance of hygiene and sanitary practices is being
neglected in the suburban and rural areas of developing regions of the
world never seem to reduce. Lack of adequate sanitation and health
facilities together with deficiency in educating these rural dwellers on how
to maintain proper hygiene has made the prevalence and impact of
helminthiasis on public health and animal production a great socio-
economic problem. Often associated with these problems are conditions
such as anaemia, malnutrition, vitamin deficiencies, poor cognitive ability,
less intellectual and mental development which are prominent in underage
children and pregnant women. Animal health care and husbandry has also
been hit as a result of this inadequate hygiene and sanitary practices which
thus pose great challenge in food production. Most of the domestic animals
serve as primary host to infectious helminths (worms) from which they are
transmitted into humans. However, many naturally occurring secondary

* Corresponding Author’s Email: saboaba@gmail.com; sa.aboaba@mail.ui.edu.ng.
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metabolites (phytochemicals) of plants such as terpenoids from essential
oils, alkaloids, flavonoids, glycosides and tannins have been explored as
leads to develop medicines for a disease-free and healthy society. Plant
essential oils are ingredients present in formulations used ethno-
medicinally, pharmaceutically, in food and cosmetic industries due to their
potential bioactive and therapeutic activities against a wide spectrum of
pathogenic organisms. Results from many reported researches as well as
from our research findings, using the essential oils of plants from the
Fabaceae species, showed the efficacy of some of these plant constituents
as anthelmintics against various test organisms. The essential oils explored
from plants of choice premised on their ethnobotanical survey in the
treatment of one or more gastrointestinal troubles (GIT). The different
essential oils studied demonstrated varying inhibitory activities (in vitro
and in vivo) against different classes of helminth parasites (nematodes,
cestodes, trematodes) and annelids which could be a lead to developing
potent anthelmintics. As a result of these findings, the discovery of natural
plant constituents should be kept on-going.

Keywords: phytochemicals, helminthiasis, terpenoids, hygiene

INTRODUCTION

Helminthiasis (known as parasitic worm infection) is caused by a group
of pathogenic macro-organisms reported to infect more than two (2) billion
of the world’s population. It is ranked among the most important neglected
tropical diseases (NTDs) of the world, with the most significant morbidity
attributable to human soil-transmitted helminth (STH) infections [1, 2]. The
rate at which ignorance of hygiene and sanitary practices in the suburban
and rural areas of developing nations of the world is being neglected never
seem to reduce. About 40% of world’s population (= 2.5 billion people) lack
adequate sanitation habit and good health facilities [3]. Negligence in
instilling hygiene education and failure to continuously emphasis on the
importance of proper usage of health facilities by suburban and rural
dwellers could increase this statistics.
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Helminthiasis is one of the major diseases of veterinary animals and
humans in countries with poor socioeconomic status. Among the seventeen
NTDs, over 1.4 billion people are infected with one or more of
schistosomiasis, lymphatic filariasis, onchocerciasis, trachoma and the three
soil-transmitted helminth infections (hookworm, ascariasis and trichuriasis),
own to be the most common afflictions of the world’s poorest people [4].

A vast number of medicinal plant species are rich in bioactive
components called secondary metabolites (Phytochemicals) such as
terpenes/terpenoids from essential oils (EOs), alkaloids, flavonoids,
glycosides, phenolics, poly-phenols, coumarins and tannins. They are
important ingredients present in formulations used ethno-medicinally,
pharmaceutically, esthetically as well as in food and cosmetic industries for
their pharmacological properties [5, 6]. Among these bioactive components,
EOs have been applied in folkloric medicine since ancient times. Many of
the common EO constituents obtained from medicinal herbs, plant parts such
as the leaves, stems and roots, have been a major source of lead compound(s)
to develop medicines for a disease-free and healthy society [7] and are still
widely used till today.

Prevalence and Burden of Helminth Infections

Helminths are invertebrates, classified based on the external and internal
morphology of their egg, larval and adult stages. They are elongated, flat
(platy helminths) or cylindrical (round worms) in shape. Many often live in
the gastrointestinal tract of their host while many may burrow into other
organs to induce physiological damages. In order to really understand the
epidemiology and pathogenesis of helminth diseases, as well as diagnose
and treat hosts harboring these parasites, the different stages in relation to
their growth and development must be well understood. The three major
pathogenic groups are the nematodes (roundworms), cestodes (tapeworms)
and trematodes (flukes). Clinically relevant groups are identified according
to their general external shape and the host organ they inhabit [8].
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Worm infection (Helminthiasis) is often asymptomatic [9] and rarely
causes death, but the burden of infection on the host’s nutritional status and
the overall well-being vis-a-vis morbidity or mortality [10, 11] cannot be
over emphasised. Its impact on child’s growth and development include
malnutrition, vitamin deficiencies, stunted growth, poor cognitive ability,
poor iron status and anemia as well as less intellectual and mental
development [12, 13]. Infected pregnant women usually suffer from iron
deficiency anemia which often contributes to maternal-fetal consequences
such as premature birth, risk of giving birth to low birth-weight babies,
impaired lactation and are highly susceptible to death during childbirth [4,
14].

Malnourished hosts living in endemic communities are regularly
exposed to polyparasitism (i.e., simultaneous infection with multiple
parasite species). When there is an overlap of malnutrition with poverty and
endemicity, the true effect of these infections is obscured [15, 16, 17, 18]
and in some cases directly and/or indirectly, infections increase the
susceptibility and severity of host to malaria, HIV/AIDS and tuberculosis
[4, 13, 19, 20, 21, 22, 23]. Reports have revealed helminth co-infection with
these associated diseases to be on the rise [24, 25, 26, 27, 28, 29].

Routine efforts, predominantly periodic administration of drugs
(preventive chemotherapy) as anthelmintics, to reduce morbidity by
deworming (decreasing worm burden) hosts have been relied upon to control
these pathogenic parasites. However, due to frequent, repeated and
indiscriminate usage of drugs such as Albendazole, Mebendazole,
Praziquantel and Piperazine citrate, there has been diminished efficacy and
reduced effectiveness of periodic deworming [30, 31], resulting in
emergence, re-emergence [32, 33] and gradual wide spread of anthelmintic
resistance. Thus, the uprising of treatment failures in humans [15, 34] and
the increase in nematode populations resistant to virtually all anthelmintic
classes among species of veterinary importance [35, 36] is evident.
Therefore, there is the need to continually research for newer formulations.
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Essential Oil Constituents’ Formation and Classification

The term essential oil (EO) can be used to describe a complex mixture
of volatile organic components secreted in specialised cells of different parts
of a plant and contribute to its flavour and fragrance. They are a class of
secondary metabolites which consist mainly organic compounds based on
isoprene (2-methylbuta-1,3-diene) units [37]. These compounds are derived
by a hypothetical linkage of isoprene units in a head to tail manner to the
terpenes/terpenoids. This form of linkage, referred to as ‘isoprene rule’, has
helped in a rational classification established based on the number of
isoprene units incorporated in the basic molecular skeleton — a concept of
divisibility into units (by head-to-tail union). Such classification often
include the mono-, sesqui-, di-, tri-, tetra- and polyterpenes/
terpenoids (i.e., 2, 3, 4, 6, 8 and several isoprene units respectively) [5].

In general, mono- and sesquiterpenes/terpenoids are the most prevailing
complex class of components found in essential oils [38, 39]. They are found
in form of acids, alcohols, aldehydes, esters, furans, phenols ketones,
lactones, oxides and peroxides [37, 40]. The degradation/decomposition
products of higher terpenoids and lipids [41] however, do occur.

Table 1. Classes of some naturally occurring
terpenes/terpenoids

Class of Isoprene No. of carbon Examples

terpenoids units atoms

Hemiterpenoids 1 5 Isovaleric acid
Monoterpenoids 2 10 Limonene, camphor
Sesquiterpenoids 3 15 o-farnesene, nerolidol
Diterpenoids 4 20 Retinal, Abietic acid
Triterpenoids 6 30 Lanosterol, Ursolic acid
Tetraterpenoids 8 40 jB-carotene
Polyterpenoids Several units ~ >40 Natural rubber
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Biosynthetically, terpenoid essential oils are believed to originate from
the mevalonic acid (MVA) pathway (Figure 1) [42, 43] and the non-
mevalonic acid (also known as the methyl-erythritol phosphate (MEP))
pathway [44, 45], via polymerisation and derivatisation of 5-membered
isoprene-like alkenes — isopentenyl diphosphate (IPP) and its isomer,
dimethylallylpyrophosphate (DMAPP) — both known to be the basic
building blocks of terpenes and terpenoids. There is an overlap in the two
pathways both producing IPP and DMAPP. The MVA pathway occurs
mainly in plants' cytoplasm, endoplasmic reticulum and mitochondria to
predominantly produce the sesquiterpenes, sterols and ubiquinones, while
the MEP pathway occurs in the plastids of plant cells responsible for the
synthesis of the hemi-, mono-, diterpenes and higher terpenes/terpenoids
(not found in essential oils) such as the carotenoids and the phytols of
chlorophyll [5, 46, 47, 48].

The precursor for all monoterpenoids is geranyl pyrophosphate, which
in nature exists as incipient carbocation held in enzyme active sites. Some
monoterpenoids originating from a series of geranyl carbocation reactions
are geraniol (found in rose, lemon and Monarda fistulosa EOs), myrcene,
limonene (occur majorly in citrus EOs), a-pinene, B-pinene, carene (major
constituents of turpentine), borneol, camphor (commonly extracted from the
woods of Cinnamomum camphora) and fenchone (highest concentrations in
the essential oil of Foeniculum vulgare) [49, 50]. Others are 1,8-cineole (a
common constituent of eucalyptus and cajeput EOs), carvone (the (R)-(-)-
enantiomer provides the characteristic odour of spearmint while the (S)-(+)-
enantiomer is found in caraway) and menthofuran (occurs in mint oils) [41,
50].

Farnesyl pyrophosphate is the precursor for all the sesquiterpenoids.
Heterolysis of the bond between carbon and oxygen of the phosphate leads
to many sesquiterpenoids via nascent farnesyl carbocation. Examples
include farnesol (an important rose flower EO component), nerolidol, B-
caryophyllene (common in cloves EO), a-humulene (found in hops EO) and
a-bisabolol (lavender and rosemary oil constituents) [41, 50, 51].
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Figure 1. The mevalonic acid pathway (Rohdich et al., 2001 [43]).

A number of degraded/decomposed carotenoids fragments found in EOs
are the ionones and the damascones (both have similar carbon skeleton).
They are often degraded from the central part of the carotenoids. The site of
oxidative degradation, in the case of the ionones, is three carbon atoms away
from the carotenoid ring [52], while in damascones, oxygenation is found at
the carbon chain next to the ring. a-ionone and p-ionone are both isomers,
naturally occurring widely in variety of flowers, fruits, and leaves [53].
-damascenone (occurs as low as 0.05% in the oil of the Damask rose) was
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the first to be isolated and characterised in its class such as safranal (70%
component and a significant contributor to saffron EQ), and cyclocitral [41].
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Figure 2. The Shikimate pathway [55].

Other important components of EOs, frequently present in smaller
proportions but in significant quantities, are the phenylpropanoids (the
aromatic and phenolic compounds) [5, 54]. They are plant secondary
metabolites that have the benzene ring, with or without hydroxyl groups
attached, as well as the free phenolic acid derivatives. Their biosynthetic
origin is from the shikimate pathway (Figure 2). Examples are
phenylalanine, cinnamic acid, ferulic acid, benzyl alcohol, benzaldehyde,
vanillin (the key odour component of vanilla), eugenol (found in spices such
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as clove, cinnamon, allspice; in herbs like bay and basil; and in flower oils
of rose, jasmine, and carnation), isoeugenol and methyleugenol (which
makes 98% oil composition of some Melaleuca species) [55, 41].

Botanically identical plants (that is, plants of the same species) which
differ significantly in chemical composition due to geographical or
geological differences are referred to as chemotypes. They occur when there
are variations in their biosynthetic pathways or environmental factors such
as soil types, weather conditions, altitude, light intensity and temperature
[37, 42]. Essential oil composition also changes between different plant parts
or organs. This is referred to as phytochemical polymorphism [56]. These
differences in the composition between parts such as the oil glands are more
often due to the enormous number of individual cells present and the age of
oil glands [57, 58, 59].

Further in this chapter, some EOs and their constituents that have been
used in experimental studies in literatures, against various helminthes
parasites and annelids, were highlighted. Plant EO extracts employed as
anthelmintics, which were documented in our current research and
publications, were also discussed. However, the plants of choice premised
on their ethnobotanical survey in the treatment of one or more
gastrointestinal troubles (GIT).

Anthelmintic Activity of Essential Oils Using Intestinal Parasites
as Test Organism

Experimental studies on the use of plant essential oils (EOs) against
various intestinal nematodes have been reported in literature. In folk
medicine, Croton zehntneri and Lippia sidoides are used in the treatment of
gastrointestinal disturbances in Brazil. According to Camurga-Vasconcelos
et al., [60], the anthelmintic activity of C. zehntneri and L. sidoides EOs,
together with two major constituents from these oils, anethole and thymol,
was carried out on the eggs and larvae of sheep gastrointestinal nematode
(Haemonchus contortus), and intestinal nematodes of mice. Two essential
oil sample of C. zehntneri were obtained from plant parts collected at
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different periods of the year and were found to vary in the concentration of
anethole. The oils exhibited significant activities against the intestinal
nematodes of sheep and mice, at varying concentrations. At highest
concentration of 1.25 uL/mL, both plant EOs showed statistical similarity in
the egg hatch test while thymol and L. sidoides oils had similar results at
0.62 uL/mL. The ECso value of L. sidoides was obtained at 0.40 uL/mL
while the two EO samples of C. zehntneri had ECso values at 0.55 pL/mL
and 0.74 pL/mL respectively. It was further reported that the results obtained
in their work are better than those achieved using other plants or extracts at
higher concentrations.

The in vitro anthelmintic efficacy of Eucalyptus staigeriana EO was
determined by the egg hatching test and the inhibition of larval development
of H. contortus followed by an in vivo faecal egg count reduction assay
according to Macedo et al., [61]. The in vitro and in vivo experiment
presented a concentration and dose-dependent effect on the test organism
with an ECsy of 0.324 mg/mL and 1.702 mg/mL for egg hatching and larval
development tests respectively. The fecal egg count reduction after
treatment varied from 61.40 to 76.57% for E. staigeriana EO and 85.59 to
67.34% for Ivermectin (control) at 8 and 15 days post-treatment
respectively. However, it was stated that the therapeutically required level
of synthetic anthelmintics for its efficacy was not reached.

One of the species of plants with promising anthelmintic activities in a
Brazilian study is Cymbopogon citratus. Macedo et al., [62] evaluated the
efficacy of C. citratus EO and citral against H. contortus using in vitro egg
hatch test, larval development test and an in vivo test utilising a Meriones
unguiculatus (Gerbil) model —a model sometimes conducted to evaluate the
anthelmintic activity of new drugs against H. contortus in vivo before studies
in ruminants. The major constituents of the oil were geranial (57.30%) and
neral (40.40%). The EO of the plant and citral (a natural combination of two
isomeric aldehydes, neral and geranial) inhibited egg hatching at
concentrations < 0.62 mg/mL (P < 0.05) and their effective concentrations
required to inhibit 50% of egg hatching (ECso), were 0.14 and 0.13 mg/mL,
respectively. From their findings, it was reported that C. citratus had better
efficacy than for 300 mg/Kg and 1,000 mg/Kg concentrations of the
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essential oil and ethanolic extract of Artemisia annua, respectively,
administered to gerbils for five days [63, 62].

Further in 2019, Macedo et al., [64] assessed the anthelmintic activity
of C. citratus EO and C. citratus EO nanoemulsion on gastro-intestinal
nematodes. Among the main constituents of the plant’s EO are neral (cis-
citral) (17.77%) and geranial (trans-citral) (18.98%). In the egg hatch test,
the mean efficacy of C. citratus EO and its nanoemulsion indicated ovicidal
activity at all tested concentrations in a dose-dependent manner, the effect
similar to that of thiabendazole (p > 0.05) at higher concentration (1.25
mg/mL) and the ECs, values were 0.15 and 0.16 mg/mL, respectively.
Determination of worm burden via the fecal egg count reduction test was
conducted on sheep with C. citratus EO (500 mg/Kg) and its nanoemulsion
(450 mg/kg) and fecal samples were collected before and after 7 and 14 days
of treatment. Parasite species found were H. contortus, Trichuris ovis,
Oesophagostomum columbianum and Trichostrongylus colubriformis. The
total worm burden of groups treated with the test samples and the control
group was similar (p > 0.05). Both tested samples; C. citratus EO and the
nanoemulsified EO; were effective against H. contortus with reductions in
adult worm burden at 66.40% and 83.10%, respectively of which the
nanoemulsified sample was able to significantly reduce the parasite load of
H. contortus. Moreover, similar results were reported when the anthelmintic
efficacy of the free and nanoencapsulated EOs of Eucalyptus citriodora and
Eucalyptus staigeriana was evaluated whereby inhibition of larvae hatching
was enhanced by nanoencapsulation with 1% chitosan [64].

An invitro anthelmintic assay was also evaluated on EOs of some plants
against the developmental stages of trichostrongylids (H. contortus and
Trichostrogylus spp.) from naturally infected sheep through the egg hatch
assay (EHA), larval development assay (LDA), larval feeding inhibition
assay (LFIA) and the larval exsheathment assay (LEA). The EOs of Mentha
piperita, Cymbopogon martinii and Cymbopogon schoenanthus exhibited
good activity. The EO of C. schoenanthus had the best activity against ovine
trichostrongylids in all the in vitro tests employed, with an LCso value of
0.045 mg/mL in the EHA, 0.063 mg/mL in the LDA, 0.009 mg/mL
in the LFIA, and 24.66 mg/mL in the LEA [65]. Further in 2017, Katiki et
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al., [66] assessed the anthelmintic efficacy of the monoterpenoids carvacrol,
carvone, cineole, linalool, limonene, thymol, and the phenylpropanoids
cinnamaldehyde, anethole, vanillin, and eugenol for their individual
anthelmintic efficacy and as a combined efficacy in mixtures of binary,
ternary and quaternary combinations against H. contortus in order to identify
which has/have the greatest individual anthelmintic efficacy and also the
most powerful combinations. The lethal concentrations (mg/mL) of these
common EQOs constituents, producing 50% eggs mortality (LCso), were
calculated and ranked as follows: cinnamaldehyde (0.018), anethole (0.070),
carvone (0.085), carvacrol (0.11), thymol (0.13), linalool (0.29), vanillin
(0.57), eugenol (0.57), cineole (4.74), and limonene (207.5). For binary,
ternary, and quaternary combinations, the synergism, additive effect, and
antagonism were quantified and calculated. However, 16 different
combinations were classified according to their combination index (ClI) from
which the combination of cinnamaldehyde:carvacrol (LCs: 0.012 mg/mL)
and anethole:carvone (LCso: 0.013 mg/mL) produced the best anthelmintic
effect (a synergistic activity) [66].

Investigation of anthelmintic effect of Coriandrum sativum Linn.,
Ocimum gratissimum Linn., Ocimum lamifolium Hochst. Ex Benth, Ruta
chalpensis Linn., Thymus schimperi Ronniger and Echinops kebericho
Mesfin EOs against H. contortus was documented by Hussien et al., [67] in
an egg hatch assay. All the plants demonstrated promising inhibitory
activities (observed in a dose dependent manner; p < 0.05) at all
concentrations (from which efficacy was best for most plants at 1%
concentration when compared with thiabendazole). Ocimum gratissimum
EO (ICso = 0.0784%) and R. chalpensis leaf and fruit EOs (1Cso = 0.0876%
and 0.0944%, respectively) were the most active of the oils.

Based on their ethno-pharmacological usage against worm infections in
folk medicine, the EOs obtained from Citrus aurantifolia (Christm.)
Swingle (Rutaceae) fruit peel, Anthemis nobile (syn. Chamaemelum nobilis
(L.) All.) (Asteraceae) flowers and Lavandula officinalis (Chaix & Kitt.)
(Lamiaceae) flowers were investigated for their egg hatch, larval
development and adult worm motility inhibitory capabilities. The oils
demonstrated significant in vitro anthelmintic activity, based on these three
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assays, in a dose-dependent manner. The egg hatching inhibitory effect of
the oils was higher than 85-90% for the concentration range of 3.125 to 50
mg/mL with 1Cso values of 0.316 g/mL, 0.694 mg/mL and 0.842 mg/mL for
L. officinalis, C. aurantifolia and A. nobile respectively. The rate of larval
development inhibition at a concentration of 0.187 mg/mL or higher by C.
aurantifolia fruit peel oil was greater than 85%, thus implying the best
inhibition and the lowest ICso (0.044 mg/mL). Anthemis nobile oil achieved
a larval development inhibition greater than 85% at a higher concentration
of 0.375 mg/mL with ICso of 0.117 mg/mL while the lowest inhibition was
observed for L. officinalis flower oil showing larval development inhibition
greater than 85% only for concentrations above 1.5 mg/mL with its I1Csp
value at 0.280 mg/mL [68].

According to a review by Mali and Mehta, [69], the major constituents
of EO of Occimum sanctum Linn. (Lamiaceae), commonly known as Sacred
Basil (Tulsi), were identified to be Eugenol (51%), B-caryophyllene (37%),
alongside a number of monoterpenes and sesquiterpenes. In an in vitro
anthelmintic assay against the nematode Caenorhabditis elegans using
Levamisole as reference standard, the EO and Eugenol demonstrated potent
activity, both exhibiting EDsy of 237.90 pg/mL and 62.10 pg/mL,
respectively. It was further suggested that Eugenol could be reputed to
enhance the anthelmintic activity. Also, a definite paralytic action on the
nerve-muscular preparation of Ascaris lumbricoids was observed for the
fruits EO of Piper longum Linn. (Piperaceae) when screened for its
anthelmintic activity — an activity better than Piperazine citrate.

In another review article by Sunita et al., [70], the varying anthelmintic
activity of several plant EOs against many test organism was highlighted,
among which are as follows: profound strong and better anthelmintic
activity of Anacardium occidentale (Anacardiaceae), Buddlea asiatica
(Loganiaceae), Callistemon viminalis (Myrtaceae), Chloroxylon swientenia
(Rutaceae), Zanthoxylum limonella, Artemisia pallens (Compositae),
Eupatorium  triplinerve  (Compositae), Artabotrys  odoratissimus
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(Annonanceae), Capillipedium foetidum (Poaceae), Cymbopogon martini
(Poaceae) and Piper betle EOs was reported against either of Taenia solium
(tapeworms), hookworms and Ascaris lumbricoides parasites. The efficacy
of some of these plants’ EOs was also observed to either be comparable or
even better than that of piperazine phosphate and hexylresorcinol. It was
further reported that the oils of Gardenia lucida (Rubiaceae), Cyperus
rotendus (Cyperaceae), Inula racemosa (Compositae), Psitacia integrrima
(Anacardiaceae), Litsea chinensis (Lauraceae) and Randia dumetorum
(Rubiaceae) seeds possess good anthelmintic activity against tapeworms and
earthworms. Jeyathilakan et al., [71] in 2010, evaluated the in vitro efficacy
of EOs of Cymbopogan nardus (citronella) and Azadirachta indica (neem)
on Fasciola gigantica (Fluke). Similar to oxyclozanide, citronella oil
showed flukicidal effect while neem oil exhibited less effect on flukes than
citronella oil.

Anthelmintic Activity of Essential Qils Using Earthworm as
Test Organism

The in vitro anthelmintic activities of various plant extracts and essential
oils against earthworms has been documented in literature. This is due to
their physiological and anatomical resemblance to human intestinal
roundworm parasites. Worms such as the Indian adult earthworm, Pheritima
posthuma and Eudrilus eugeniae, commonly referred to as the African night
crawler [72, 73, 74, 75, 76, 77, 78, 79] have been employed. The activity of
plant extracts/essential oils is determined by observing the time of paralysis
and time of death of the worms, when compared to that of a control (usually
drugs as standard). The following are reports from literature;

Oxygenated monoterpenoid dominated Thymus bovei essential oil (EO)
exhibited significant potency against the adult Indian earthworm, Pheretima
posthuma. Trans-geraniol (35.38%), a-citral (20.37%) and B-citral (14.76%)
were the major constituents identified, comprising 70.51% of the oil. For the
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test oil sample and piperazine (control), the time of paralysis of the worm
were 19.61 + 0.88 and 24.25 £ 0.61 min, while the time of death were 47.32
+ 094 and 62.96 = 0.29 min, respectively thus indicating a good
anthelmintic activity compared to the reference standard [80].

The major constituents of allspice (Pimenta dioica (Linn.) Merill) leaf
EO from Jamaica were reported to be eugenol, methyl eugenol, B-
caryophyllene and Myrcene. However, the anthelmintic activity of eugenol
rich P. dioica leaf EOs collected from plant samples between January to May
(summer period) from South Canara, India, was evaluated against the Indian
adult earthworms (Pheretima posthuma) in order to compare the variation in
activity based on the months of collection. Significant activity in a
concentration dependent trend was observed for all the EO samples but the
oil from leaves collected in the month of April, showed best result (p < 0.05)
with respect to time of paralysis as well as time of death at all concentrations
when compared with Albendazole [75].

Against earthworms, tapeworms, hookworms and nodular worms,
Nigella sativa Linn. (Ranunculaceae) showed fairly good activity against
earthworms and tapeworms from which the active principles of the oil are
thymoquinone, dimethyquinone-cymene and a-pinene. In a study, the EOs
of both Anacardium occidentale Linn. and Callistemon viminalis (Soland.)
Cheel were found to possess activity against earthworms, tapeworms and
hookworms better than Piperazine phosphate and Hexyl resorcinol [69].

Anthelmintic Activity of Essential Oils from Our Studies

The essential oils (EOs) from four Fabaceae plants, namely; Albizia
adiantifolia (Schumach) W.F. Wright, Albizia zygia (DC) J.F. Machbr.,
Albizia odoratissima (LF) Benth. and Millettia thonningii (Schum & Thonn)
Baker were characterised and tested for their anthelminthic activities. The
choice of these plants premised on their ethnobotanical survey in their usage
in the treatment of one or more gastrointestinal troubles (GIT).
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METHODS

Plant Sampling and Hydrodistillation

The leaves, stem bark and root bark of the four Fabaceae plants were
collected from a secondary forest vegetation at Awotan area, Ibadan, South
west Nigeria in July, 2013. Identification and authentication of each plant
sample were carried out at the Forestry Research Institute of Nigeria (FRIN)
Jericho, Ibadan, Nigeria where voucher specimens for A. adiantifolia (FHI
109922), A. zygia (FHI 109920), A. odoratissima (FHI 109729) and M.
thonningii (FHI 109921) were registered and deposited at the herbarium
section. Essential oils (EOs) present in the dried pulverised plant samples of
the leaves (300 g), stem bark (350 g) and root bark (350 g) were extracted
for 4 hours by hydro-distillation method in an all glass Clevenger apparatus
designed in accordance with the British Pharmacopoeia specifications [81].
The EOs isolated in about 1.0 mL of hexane, displaced over water at the
receiver arm of the Clevenger apparatus, were carefully collected over water
into sample bottles (vials), dried over anhydrous sodium sulphate (Na>SO.)
and stored inside the refrigerator at 4 °C prior to analysis.

Characterisation and Identification of the Essential Qil
Constituents by Gas Chromatography-Mass Spectrometry
(GC/GC-MS Analyses)

The gas chromatography analyses on all the EOs were carried out on
HP-5890 gas chromatograph fitted with HP-Wax and HP-5 capillary
columns (30 m x 0.25 mm, 0.25 mm film thickness). The GC oven
temperature was programmed at 60 °C (held for 10 min), heated to 220 °C
at 5 °C/min. The injector and detector temperatures were maintained at 250
°C. Helium was used as carrier gas at a flow rate of 2 mL/min. Gas
Chromatography - Mass Spectrometry analysis was carried out on a Varian
CP-3800 gas chromatograph interfaced to a Varian Saturn 2000 ion trap
mass detector operated at 70 eV. Temperatures of the injector and transfer

Complimentary Contributor Copy



Essential Oils 145

lines were 220 °C and 240 °C, respectively. The GC oven temperature was
programmed from 60-240 °C at 3 °C/min. The carrier gas, Helium was used
at a flow rate of 1 mL/min. Essential oil constituents were identified based
on comparison of the retention times with those of the authentic samples,
comparing their retention indices relative to the series of n-hydrocarbons,
and by comparison of their mass spectra with those of reference compounds
published by NIST, 2002. Calculating the integration of GC peak areas gave
the relative concentrations of each constituent [82].

Evaluation of Anthelmintic Activity

In vitro anthelmintic activity for our study was carried out according to
the method by Rao et al., [75] with some modifications. The adult
earthworms, Eudrilus eugeniae, were utilised while Albendazole (reference
standard) and 10% v/v Tween-80 in distilled water served as the positive and
negative controls, respectively. Each of the EOs and Albendazole were
dissolved in 10 mL Tween-80 and diluted up to 30 mL to prepare five
concentrations (1, 2, 3, 4 and 5% v/v). Time of paralysis and death were
expressed as mean + standard error of mean (SEM). Statistical analyses were
carried out using GraphPad Prism, version 5.01 statistical software. At 95%
confidence interval, activity (p < 0.001) was considered statistically
significant.

Albizia adiantifolia (Schumach) W.F. Wright

Albizia adiantifolia (the West African Albizia or rough-bark flat-crown)
is known as ‘Ayinreta’ or ‘Igbabo’ and ‘Kawo’ in the Southwestern and
Northern parts of Nigeria respectively. Many parts of the plant have been
used to treat various ailments, some of which include bronchitis, skin
diseases, gonorrhea, malaria, diarrhea, abdominal pains, tapeworm
infection, irregular menstruation, urinary and respiratory tracts infections
and as well employed as a vermifuge, purgative and an antidote [83]. Hydro-
distilled EOs of the leaves, stem bark and root bark of A. adiantifolia were
evaluated for their in vitro anthelmintic activity using the adult earthworm
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(Eudrilus eugeniae). Sesquiterpene hydrocarbons were the most dominant
class of terpenoids in the leaves (39.50%), stem bark (67.30%) and root bark
(42.60%), respectively. B-caryophyllene was the most abundant constituent
characterised in the three EOs. The leaf EO exhibited highest activity than
both the stem bark and root bark oils (time of paralysis and death with
respect to the highest concentration was at 12.60 + 1.21 and 60.20 + 3.09
minutes, respectively). All the EOs showed significant activity (p < 0.001)
compared to the standard drug (Albendazole) in a concentration dependent
manner [83].

Albizia zygia (DC) J.F. Macbr.

Albizia zygia (West African Albizia) is locally known as ‘Ayinre-weere’
and ‘Nyie avu’ among the Yorubas and the Igbos in Nigeria, respectively
[84, 85, 86]. It has been used as an aphrodisiac, an anti-parasite, an antidote,
a purgative and as well in vermifuge purposes. It is also useful in the
treatment of maladies such as malaria fever, diarrhea, bronchial diseases and
female sterility [87].

The classes of compounds identified in the characterised EOs of A. zygia
from our study [88] varied significantly in composition to those obtained by
Oloyede and Ogunlade [89]. 1,8-cineole, B-caryophyllene and viridiflorol
were the dominant constituents of the EOs but were only present in less
significant quantities in the oils obtained by Oloyede and Ogunlade.
Furthermore, the anthelmintic activity of A. zygia from our study [88] was
evaluated based on time of paralysis and time of death (expressed as mean
+ standard error of mean), utilising Eudrilus eugeniae worms. The time
taken for both paralysis and death of worm to occur were compared with that
of the control (Albendazole) at varying concentrations. The root bark oil,
rich in 1,8-cineole (14.80%), showed the best activity followed by the leaves
oil and then the stem bark oil. All the EOs demonstrated promising activities
in a concentration dependent manner (p < 0.001) better than the control at
all concentrations. The gastro protective effect [90] and potential
anthelmintic activity [91] of plants rich in 1,8-cineole which of course was
also obtained as one of the major constituents in A. zygia EOs further
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corroborates the ethno-medicinal uses of the plant as an anti-parasitic, a
purgative and a vermifuge.

Albizia odoratissima (LF) Benth.

Albizia odoratissima (the fragrant Albizia or black siris), is a tropical
small sized deciduous tree, domestically and commercially sort for products
like fuel, timber, gum or resin [92]. Traditionally, it is used to treat leprosy,
ulcers, cough [93], and found to possess analgesic, stimulant, diuretic and
anthelmintic properties [94]. The plant had shown significant antimicrobial
activities [95] and anti-diabetic potential [96, 97].

The hydro-distilled essential oils (EOs) from the leaves, stem bark and
root bark of A. odoratissima (all colourless) yielded 0.240%, 0.228% and
0.260% (volume/dry weight) respectively. A total of 37, 27 and 33
constituents (Table 2) representing 96.50%, 96.00% and 97.10% of the total
oil fractions were identified in the leaves, stem bark and root bark oils,
respectively. The class of compounds identified in the complex EO mixtures
consist of the monoterpene hydrocarbons (6.00%, 2.80% and 6.20%),
oxygenated monoterpenes (36.90%, 29.60% and 15.10%), sesquiterpene
hydrocarbons (12.60%, 6.80% and 39.90%), oxygenated sesquiterpenes
(40.10%, 55.30% and 35.90%), all represented in the leaves, stem bark and
root bark, respectively and non-terpene derivatives (1.50% and 1.50%) in
the leaves and stem bark, respectively. Oxygenated sesquiterpenes were
dominant in the leaves and stem bark oils while sesquiterpene hydrocarbons
dominated the root bark oil. The non-terpene derivatives were present in low
quantity.

Viridiflorol (31.60%), 1,8-cineole (29.20%) and a-terpineol (5.40%)
were the major constituents in the leaves oil. The major constituents in the
stem bark are viridiflorol (44.00%), 1,8-cineole (23.60%) and o-terpineol
(5.60%) while the root bark oil constitutes majorly viridiflorol (18.50%),
1,8-cineole (13.60%) and B-caryophyllene (10.30%). Viridiflorol (the most
abundant constituent) and 1,8-cineole dominated the three plant parts while
a-terpineol was dominant in the leaves and stem bark oils. Other compounds
found in significant quantities are caryophyllene oxide (4.70%),
viridiflorene (4.20%) and B-selinene (4.20%), B-elemene (3.80%), limonene
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(3.70%), a-humulene (3.40%) all present in the root bark and (2.80% in the
leaves). The Melaleuca species are known for their medicinal EOs
production and are very good source of 1,8-cineole often isolated alongside
with viridiflorol in significant quantity. The EO composition of these species
possesses some important biological activities such as insect repellent as
well as in the relief of coughs and colds, headache and toothache,
rheumatism and neuralgia, and applied in aromatherapy. The broad-
spectrum antimicrobial activity of M. alternifolia EO (tea tree oil) was
attributed to 1,8-cineole [98].

Table 2. Essential oil constituents of Albizia odoratissima

Constituents L.R.I L.R.IA AOL AOSB AORB
2-heptanone® 891 889 0.6 - -
a-pinene? 941 932 2.3 1.2 -
benzaldehyde® 962 952 0.5 - -
f3-pinene? 981 974 0.5 0.3 -
2-octanone® 993 988 0.2 - -
p-cymene? 1028 1020 11 0.7 0.9
Limonene? 1032 1024 - - 3.7
1,8-cineole® 1034 1026 29.2 23.6 13.6
(2)-p-ocimene? 1042 1032 - - 0.5
Dihydrotagetone® 1054 1046 0.2 - -
Terpinolene? 1090 1086 - - 11
p-cymenene? 1091 1089 21 0.6 -
neo-iso-pulegol ® 1147 1144 0.3 - -
4-terpineol ° 1179 - 0.5 0.4 -
(Z,E)-undeca-1,3,5-triene® 1182 - 0.2 - -
p-cymen-8-ol° 1185 1179 1.1 - -
a-terpineol® 1191 1186 5.4 5.6 15
p-menth-4-en-3-one® 1251 - 0.2 - -
a-copaene® 1377 1374 - - 0.5
B-bourbonene® 1385 1387 - - 0.6
B-elemene® 1392 1389 0.2 - 3.8
a-gurjunene® 1410 1409 0.3 - -
p-caryophyllene® 1419 1417 3.2 1.9 10.3
[B-copaene® 1430 1430 - - 0.6
Aromadendrene® 1440 1439 0.9 0.4 -
a-humulene® 1455 1452 0.7 0.4 34
Alloaromadendrene® 1462 1458 11 0.6 -
y-muurolene® 1478 1478 0.4 - 2.6
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Constituents L.R.1 L.R.IA AOL AOSB AORB
Germacrene D¢ 1481 1484 - - 2.2
B-selinene® 1487 1489 05 0.4 4.2
Valencene® 1493 1496 28 - -
Viridiflorene® 1495 1496 - 2.0 4.2
a-muurolene® 1499 1500 - - 0.7
a-bulnesene® 1507 1509 - - 15
trans-y-cadinene® 1514 1513 0.9 05 19
8-cadinene® 1524 1522 1.0 0.6 25
Germacrene B® 1557 1559 - - 0.9
(E)-nerolidol 1564 1561 0.8 0.7 1.7
Ledol 1566 1602 - 0.3 -
Spathulenol® 1577 1577 - - 13
Caryophyllene oxide? 1582 1582 2.8 35 4.7
Viridiflorol® 1591 1592 31.6 44.0 18.5
Guaiol 1596 1600 0.6 0.9 0.5
Humulene epoxide 119 1607 1608 0.3 0.3 0.7
B-oplopenone 1608 1607 - - 0.6
1-epi-cubenol® 1629 1627 0.5 0.7 1.0
y-eudesmol 1632 1630 0.4 0.6 11
T-cadinol 1641 1638 0.9 14 25
2,6,10-trimethylpentadecane® 1642 - - 15 -
B-eudesmol 1650 1649 0.7 1.2 0.8
a-eudesmol? 1653 1652 1.0 17 -
Valerianol® 1656 1656 - - 25
Acorenongd 1688 1692 0.5 - -
2Monoterpene hydrocarbons 6.0 28 6.2
bOxygenated monoterpenes 36.9 29.6 15.1
Sesquiterpene hydrocarbons 12.0 6.8 39.9
dOxygenated sesquiterpenes 40.1 55.3 359
¢Non-terpene derivatives 15 15 0.0
Total identified 96.5 96.0 97.1

Major constituents are in bold form.

Key: L.R.I = Linear Retention Index on HP-5 column from this work.

L.R.I* = Linear Retention Index on DB-5 column from literature [82].

AOL = Albizia odoratissima leaves.
AOSB = Albizia odoratissima stem bark.
AORB = Albizia odoratissima root bark.

The anthelmintic activity of A. odoratissima EOs (Table 3) against
Eudrilus eugeniae showed a reduction in time of paralysis and death as
concentration increased. The leaf EO, with the highest composition of 1,8-
cineole, showed the best activity such that at highest concentration, paralysis
was observed at 8.40 mins and death at 38.00 mins. The activities exhibited

Complimentary Contributor Copy



150 Akinsola A. Akande and Sherifat A. Aboaba

by the stem bark and root bark oils are relatively similar. However, EOs in
which 1,8-cineole was reported to be in abundance displayed anthelmintic
activity. Eucalyptus globules Labill EO showed an efficacy of 87.30%
against H. contortus in an egg-hatch inhibitory and larval developmental
assay, from which 1,8-cineole (83.90% composition) was identified as the
dominant constituent [99]. More to these, Oliveira et al., [91] reported the
efficacy of 1,8-cineole rich Piper aduncum EO, with an egg-hatching
inhibition of 95% against H. contortus, to be twice more effective than E.
globules EO. Albizia odoratissima EOs were significantly more active, in
terms of time of paralysis and death, than Albendazole in a dose-dependent
manner (p < 0.001) while the time observed for paralysis and death of worm
to take place in distilled water (negative control) was much greater than 300
minutes, after which the worms might have suffered from excess absorption
of water by osmosis.

Table 3. Anthelmintic activity of Albizia odoratissima essential oils

Conc. (% v/v) Time of Paralysis (Mean + SEM) in minutes, n =5

AOL AOSB AORB ALBZ
1.00 23.80+1.77 26.40 +1.50 28.60 +1.44 97.20+1.39
2.00 20.20 +1.50 22.40+1.89 22.60 +1.57 9420 +1.77
3.00 14.08 £ 1.59 15.60 +£0.98 15.00 £1.14 89.60 +1.29
4.00 10.00 £ 1.05 12.20 £1.07 11.60 £0.92 87.40+1.08
5.00 8.40 + 0.68 10.20 £0.73 10.00£0.71 82.80+1.28
Conc. (% viv) Time of Death (Mean + SEM) in minutes, n =5

AOL AOSB AORB ALBZ
1.00 80.60 + 2.29 84.40 + 1.50 86.00 + 1.87 154.60 + 1.86
2.00 73.60 £1.97 75.40 £1.91 79.80+1.98 149.20 £ 2.35
3.00 65.20 £ 2.62 67.00 £ 1.41 71.40 £ 2.09 140.60 £ 1.72
4.00 4720+ 1.77 50.80 + 1.56 55.20 + 1.60 135.00 +£1.92
5.00 38.00+1.26 41.60+1.36 4480 +1.56 130.20 £1.77

Key: AOL = Albizia odoratissima leaves.
AOSB = Albizia odoratissima stem bark.
AORB = Albizia odoratissima root bark.
ALBZ = Albendazole (Standard drug as positive control).
SEM = Standard error of mean.
n = number of worms in each petri-dish.
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Millettia thonningii (Schum & Thonn) Baker

Millettia thonningii (Schum & Thonn) Baker, commonly referred to as
‘Ito’ and ‘Turburku’ by the Yorubas and the Hausas, respectively in Nigeria,
is a deciduous tree often found on riverbanks. In traditional system of
medicine, the plant is useful in worm expulsion, as a laxative/purgative, a
blood purifier, in the treatment of diarrhea/dysentery, menstrual disorders
and bronchitis. The leaf juice was also reported to be a poison to water snails
[100, 101, 102, 103].

Millettia thonningii leaves, stem bark and root bark EOs were obtained
in yields of 0.256%, 0.260% and 0.268% (v/w) respectively. Of the total oil
fractions in the leaves, stem bark and root bark oils, a total of 21, 24 and 35
constituents representing 94.80%, 96.90% and 96.90%, respectively were
identified (Table 4). The leaves, stem bark and root bark oils consist of
monoterpene hydrocarbons (0.50%, 0.00%, and 0.20%, respectively),
oxygenated monoterpenes (0.00%, 0.00% and 8.00%, respectively),
sesquiterpene hydrocarbons (74.90%, 76.90% and 66.30%, respectively),
oxygenated sesquiterpenes (6.80%, 18.90% and 21.90%, respectively),

Table 4. Essential oil constituents of Millettia thonningii

Constituents L.R.1 L.R.IA MTL MTSB MTRB
a-pinene? 941 932 - - 0.2
1-octen-3-olf 981 974 - 0.5 0.3
2-pentyl furanf 993 984 0.9 - -
3-octanolf 994 988 - 0.6

Limonene? 1032 1024 0.5 - -
1,8-cineole® 1034 1026 - - 5.9
Naphthalenef 1181 1178 - - 0.2
a-terpineol® 1191 1186 - - 2.1
Cyclosativene® 1369 1369 - - 0.2
a-copaene’ 1377 1374 - - 0.4
B-elemene® 1392 1389 1.0 0.7 0.8
Isocaryophyllene® 1405 - 1.2 - 0.2
(E)-B-damascone® 1412 1413 0.6 -
B-caryophyllene® 1419 1417 57.6 62.9 47.0
(E)-a-ionone® 1428 1428 1.8 -
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Table 4. (Continued)
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Constituents LRI L.R.IA MTL MTSB MTRB
a-humulene® 1455 1452 8.6 8.9 75
y-muurolene® 1478 1478 0.9 0.5 0.9
ar-curcumene® 1483 1479 - - 0.8
(E)-B-ionone® 1487 1487 13 0.6 15
B-selinene® 1487 1489 2.3 - -
Viridiflorene® 1495 1496 1.0 0.7 0.7
a-zingiberene® 1496 1493 - - 0.9
a-selinene® 1496 1498 2.0 0.5 24
a-bulnesene® 1507 1509 0.7 1.0 0.8
B-bisabolene® 1508 1505 - 0.2 -
trans-y-cadinene® 1514 1513 - - 0.4
d-cadinene® 1524 1522 0.6 0.7 -
B-sesquiphellandrene® 1525 1521 - - 0.6
Kessane® 1530 1529 - 0.2 -
Elemol© 1550 1548 - - 1.2
(E)-nerolidold 1564 1561 - 0.3 0.6
Caryophyllene oxide? 1582 1582 5.0 13.2 13.6
Viridiflorol 1591 1592 - - 11
Guaiold 1596 1600 - - 0.3
Humulene epoxide 114 1607 1608 0.6 17 15
1-epi-y-eudesmold 1622 1622 - 0.1 0.2
1-epi-cubenol? 1629 1627 - 0.3 0.4
y-eudesmold 1632 1630 - - 0.2
Caryophylla-4(14),8(15)-dien-5-ol¢ 1636 1639 - 0.3 0.3
Cubenold 1641 1645 - 0.3 0.4
2,6,10-trimethylpentadecanef 1642 - 1.8 - -
B-eudesmold 1650 1649 - 0.3 0.3
Selin-11-en-4a-ol ¢ 1655 1658 - 0.6 0.8
Valerianol 1656 1656 - 0.5 1.3
Aromadendrene oxide-(1)? 1673 - - 13 0.9
1-tetradecanolf 1675 1671 0.8 - -
Acorenone? 1688 1692 1.2 - -
Pentadecanal’ 1716 - 44 - -
#Monoterpene hydrocarbons 0.5 0.0 0.2
POxygenated monoterpenes 0.0 0.0 8.0
Sesquiterpene hydrocarbons 74.9 76.9 66.3
dOxygenated sesquiterpenes 6.8 18.9 21.9
¢Apocarotenoids 4.7 0.0 0.0
fNon-terpene derivatives 7.9 11 0.5
Total identified 94.8 96.9 96.9
Major constituents are in bold form.
Key: L.R.I = Linear Retention Index on HP-5 column from this work.

LR.IA = Linear Retention Index on DB-5 column from literature [82].

MTL = Millettia thonningii leaves.

MTSB = Millettia thonningii stem bark.

MTRB = Millettia thonningii root bark.
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apocarotenoids (4.70%, 0.00% and 0.00%, respectively) and non-terpene
derivatives (7.90%, 1.10% and 0.50%, respectively) with the dominance of
the sesquiterpene hydrocarbons. The major constituents identified in the
leaves and stem bark oils, respectively are p-caryophyllene (57.60% and
62.90%), a-humulene (8.60% and 8.90%) and caryophyllene oxide (5.00%
and 13.20%) while p-caryophyllene (47.00%), caryophyllene oxide
(13.60%), a-humulene (7.50%) and 1,8-cineole (5.90%) dominated the root
bark oil. Common in the three oils are B-caryophyllene, a-humulene and
caryophyllene oxide from which B-caryophyllene is the most abundant as
expressed in the stem bark oil.

Table 5. Anthelmintic activity of Millettia thonningii essential oils

Time of Paralysis (Mean+SEM) in minutes, n =5
Conc. (% v/v)

MTL MTSB MTRB ALBZ
1.00 31.80 +2.67 28.80+2.78 23.80 +2.52 97.20+1.39
2.00 24.80 +2.35 23.60 + 2.56 17.20 £1.93 94.20 +1.77
3.00 16.80 £ 2.08 15.20+2.18 13.00£1.70 89.60 +1.29
4.00 12.60 £ 1.69 10.20 +1.39 9.80+1.24 87.40 +1.08
5.00 9.00 +1.05 8.40+1.03 8.60 +0.93 82.80+1.28
Conc. (% viv) Time of Death (Mean + SEM) in minutes, n =5

MTL MTSB MTRB ALBZ
1.00 88.00 +3.78 79.00 +4.39 73.40 +3.36 154.60 + 1.86
2.00 77.20 +3.54 69.60 +3.78 66.80 + 3.37 149.20 £2.35
3.00 61.80 +3.81 59.00 + 3.67 57.60 + 3.88 140.60 + 1.72
4.00 49.20 +3.77 48.40 £3.75 45.40 +3.33 135.00 £ 1.92
5.00 38.00 + 3.56 36.20 +2.85 35.80+2.78 130.20 £ 1.77

Key: MTL = Millettia thonningii leaves.

MTSB = Millettia thonningii stem bark.

MTRB = Millettia thonningii root bark.

ALBZ = Albendazole (Standard drug as positive control).
SEM = Standard error of mean.

n = number of worms in each petri-dish.

CONCLUSION

This chapter reported the anthelmintic efficacy of various essential oils
in literature as well as the activity of some of the essential oil constituents
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for their individual anthelmintic efficacy and a combined efficacy against
different test organisms. It also provided information on the constituents,
and compositional patterns of essential oils of some Nigerian medicinal
plants used to treat gastro-intestinal troubles ethno-medicinally. Variation in
composition due to either ecological factor, geographical origin, genetic
make-up, climatic condition or physical factors plays important role in the
activity of the oils, such that the constituents present often dictates the rate
of activity. The encouraging activity of these oils and the combined efficacy
of mixture of constituents could be attributed to the synergistic and additive
effect among the multiple bioactive compounds contained in the essential
oils. Promising combined formulations for parasite control could be
explored further for dominant constituent of oils studies from Nigerian
source and deserve further investigations and justification in vivo.
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Chapter 5

MEDICINAL BENEFITS OF LEMON,
LAVENDER AND PEPPERMINT
ESSENTIAL OILS

Danielle McGlynn*, Kayla Broscious, Alexandra Ruth
and Ajay Bommareddy'

Department of Pharmaceutical Sciences, Nesbitt School of Pharmacy,
Wilkes University, Wilkes-Barre, Pennsylvania, US

ABSTRACT

The purpose of this chapter is to describe the medicinal benefits of
lemon, lavender and peppermint essential oils. Essential oils are liquid
extracts from aromatic plants that possess a variety of uses. In order to
extract the liquid oil from plants, the most common extraction processes
are steam distillation, cold press and enfleurage. Quality assurance testing
should be performed on the oils before they are used by consumers to
minimize risk and maximize benefit. To obtain the benefits for the body,
essential oils can be used by topical application, inhalation and ingestion

* Corresponding Author’s Email: danielle.mcglynnl @wilkes.edu.
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as well as other techniques. Many studies have been performed to find the
statistical significance behind therapeutic claims about these oils. Lemon
oil has been proven to help with morning sickness, bacterial infections,
skin inflammation, pain and cognitive function. Lavender oil has proven
use for alopecia, postpartum depression, hypertension, insomnia, and skin
conditions. Peppermint oil has shown use for irritable bowel syndrome,
motion sickness, nausea, pruritus, migraines, chest pain, dysphagia, and to
treat bacterial and fungal infections. Lemon, lavender and peppermint oils
can treat some of the same conditions, such as anxiety and depression.
These oils have an abundance of uses that have been studied and proven to
have statistically significant outcomes. Essential oil use has been proven to
be an influential holistic approach to treatment of various disease states and
symptoms. Further research should be performed to discover even more
uses for these oils so that we can gain the most benefit from use.

Keywords: essential oils, lemon oil, lavender oil, peppermint oil, health

benefits
ABBREVIATIONS

5-HT Serotonin
ACC Anterior Cingulate Cortex
AChE Acetylcholine
ANCOVA  Analysis of Covariance
AQEO Aqueous Working of Essential Oil
BDNF Brain-derived neurotrophic factor
BPH Benign prostatic hyperplasia
CgA Chlorogenic acid
Clp-EO Citrus Limetta Peels
CYP Cytochrome P450
DA Dopamine
DES Distal esophageal spasm
DOl 2,5-Dimethoxy-4-iodoamphetamine
EGJOO Esophagogastric junction outflow obstruction
FDA Food and Drug Administration
GABA Gamma-Aminobutyric Acid
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GBSS-J Gottfries, Brane, Steen scale
GC/MS Gas chromatography and mass spectrometry

IBS Irritable Bowel Syndrome

IL-1B Interleukin 1 beta

IL-6 Interleukin-6

LPS Lipopolysaccharide

MAO-A Monoamine Oxidase A

MBC Minimal Bactericidal Concentration
MDR Multi-drug resistant

MIC Minimum Inhibitory Concentration
MIEO Micelle Solution of Essential Oil
NMDA N-methyl-D-aspartic acid

PSQI Pittsburgh sleep quality index
PUQE-24  Pregnancy-Unique Quantification of Emesis and Nausea
SERT Serotonin Transporter

TBAR Xanax

TDAS Tuberculosis Drug Activity

TNF-a Tumor necrosis factor alpha

TPA 12-O-tetradecanoylphorbol-13-acetate
TSB Tryptic Soy Broth

VAS Visual Analogue Scale

1. INTRODUCTION

Essential oils are liquid extracts from aromatic plants that possess a
variety of uses including bactericidal, virucidal, fungicidal, antiparasitic and
insecticidal properties, and are widely used in industries ranging from the
food and agricultural industries to the cosmetic industry (Aziz et al., 2018).
Aromatic plants have been used for thousands of years as herbal medicines.
It is suggested that several cultures in the world have used aromatic plants
at some point in history, and their use not confined to a specific area.
Centuries of analyzing essential oils and isolating the therapeutic
compounds present led to the beginning of modern medicine (Buckle, 2015).
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All essential oils are primarily composed of carbon, hydrogen and oxygen,
and their aroma is determined by the number of carbon atoms found on the
aromatic ring (Sherwood, 2016). After extraction, essential oils contain a
variety of non-volatile as well as volatile compounds, such as terpenes,
terpenoids, phenol-derived aromatic components and aliphatic components
(Bakkali et al., 2008). Essential oils can be separated into two main groups,
terpenes and oxygenated compounds. Terpenes are unsaturated
hydrocarbons, while “oxygenated compounds encompass a large subset,
including ketones, aldehydes, alcohols, acids, phenols, coumarins, and
esters. Based on the species of the plant, growing environment, the origin
and the extraction method, the components of the oil may differ” (Sherwood,
2016).

Essential oils are used in different ways to obtain physiological benefits
in the body. The oils can be applied and massaged into the skin, inhaled by
steam inhalation, vaporized by a diffuser, or placed in the warm water of a
bath. The most popular method of using these essential oils is aromatherapy,
which is accomplished by using any of the inhalation processes mentioned.
When the essential oils’ essences or aromas are inhaled, the unique scent
will trigger the olfactory receptors of the nose, which sends a signal to the
olfactory bulb, relaying the message through the central nervous system to
the limbic system. The limbic system is directly connected to parts of the
brain that control heart rate, blood pressure, breathing, memory, stress
levels, and hormone balance. Therefore, essential oils can have biological
effects on any of these systems when used as aromatherapy. Each essential
oil will have different physiological effects since each oil triggers the
olfactory receptors in different ways.

To release the essential oils found inside of plants, various extraction
methods are used such as steam distillation, cold press and enfleurage.
Specific extraction methods are optimal for certain plant types. Steam
distillation extraction begins with the plant material being placed inside of
the still. Pressurized steam is forced through the plant material and the
essential oil is freed from the oil glands in the plant tissue. The steam mixture
of water and oil is turned to liquid as it passes through a cold water
condenser. The oil separates automatically from the distillate water due to
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its lighter density, allowing for a simple decanting of the oil layer. Some
volatile oils need to be gathered through a different extraction method,
expression or cold press, because they cannot be distilled without being
broken down beforehand. These extraction methods are best for citrus fruits
since they have tough outer peels that need to be pulverized to release the
oils. The fruits are either ground or punctured with sharp objects to release
the oil from the glands of the epidermis. Pressure is then applied with a metal
plate to expel all of the juices and oils, which are then filtered to separate the
two (Rassem et al., 2016). Lastly, enfleurage extraction is best to obtain the
oils from flower petals. A chassis, which is a large glass plate, is covered
with solid animal fat or vegetable oil and flower petals are placed on top.
The vegetable oil works on the mechanism of dissolving the essential oils
and capturing the aromas. New flower petals are introduced to the chassis
until the fat is fully saturated, becoming a pomade. The pomade is then
dissolved with alcohol to leave just the essential oils behind. Many times
this process is needed because the amount of volatile oil present in flower
petals is so small that the other methods would not yield enough essential oil
(Soe’eib et al., 2016).

Quality assurance testing of essential oils is imperative to minimize risk
for the consumer, ensuring they will not be harmed from impurities, and will
gain the most benefit from the oils. However, the FDA does not regulate
essential oil production or testing. It is at the discretion of the production
company to test the oils, and the consumer to research whether the company
carries out proper testing. Before testing the oils, marker components are set
as standards. If the essential oil falls outside of just one marker, the oil does
not meet therapeutic grade standards and the product should not be sold.
Ways that companies should scientifically test the quality of oils are by
GC/MS, and refractive index. GC/MS is a technique that determines the
presence and quantity of chemical constituents. This method can detect
whether two or more oils have been mixed together, if any phytochemicals
have been removed, or if an oil has been diluted, which are all factors that
would negatively affect the consumer. The refractive index is a measure of
how fast light travels through the material. This can be used to confirm the
identity of the sample and determine the purity of the oil by comparing it to
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a standard (Hanson, 2003). For companies that do choose to test, GC/MS
and refractive index analysis are performed on every batch of essential oils
to confirm quality (“Top”). Consumers can further confirm the quality of the
oils by performing their own tests such as organoleptic analysis.
Organoleptic testing is a learned skill where the five senses are used to
identify adulterants or extenders (“Essential”’). Adulterants and chemically
synthesized versions of the oils are added to essential oils because they are
inexpensive. Consumers can learn this skill from a licensed aromatherapist
who will help to confirm that they are purchasing grade oils. It is necessary
to examine the quality of essential oils to gain evidence behind the
bioavailability and metabolism in the body to prove the mechanism of action
in treating diseases and conditions.

The bioavailability of essential oils has not been heavily tested in
humans and limited data exists. Many previously conducted studies were
performed in mouse models and cannot be relied upon for evidence-based
information or decision making. Most essential oils are rapidly absorbed
after dermal, oral, or pulmonary administration and cross the blood-brain
barrier to interact with receptors in the central nervous system, affecting
biological functions. The majority of components of essential oils are
metabolized and eliminated by phase one enzyme metabolism in the
kidneys, or exhaled from the lungs as carbon dioxide. The fast metabolism
and short half-life of essential oil compounds has led researchers to believe
that there is minimum risk of toxicity (Djilani et al., 2006). More studies will
need to be implemented in human subjects to form evidence behind the
proposed notions of the bioavailability of essential oils.

The three essential oils that are spotlighted throughout this chapter are
lemon, lavender and peppermint oils. The versatility of these oils is immense
and can be used as a therapeutic benefit to many ailments. There have been
numerous studies discovering the pathways and receptors that these oils act
on and have proven relief to various symptoms. In this chapter, each oil is
introduced and research studies are presented to substantiate the therapeutic
claims.
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2. LEMON OIL

Although lemon essential oil has been used for centuries, we are just
now gathering medical evidence to support claims stating that lemon oil is
able to reduce anxiety and depression, ease morning sickness, improve skin
health, relieve pain, soothe a sore throat, improve cognitive function, treat
acne, heal wounds and act as an antifungal. Several pathological diseases
such as diabetes, cardiovascular diseases, inflammation, hepatobiliary
dysfunction and neurodegenerative disorders have been treated using citrus
lemon (Falls et al., 2018). Many of its properties may be due to the major
compounds present in the oil: limonene (37.5%), B-pinene (17.9%) and a-
pinene (19.2%) (Man et al., 2019).

2.1. Anxiety and Depression

In a 2006 study on the anti-stress effects of lemon oil vapor via
modulating the 5-HT and DA activities in mice, conducted by Komiya,
Takeuchi, and Harada, mice were made to complete three tasks: an elevated
plus-maze task, a forced swimming task, and an open field task. This was
done in order to support the claim that lemon oil can reduce anxiety and
depression. A regulatory mechanism of the lemon oil was explored by
observing pretreatments with agonists or antagonists of benzodiazepine, 5-
HT, DA and adrenaline receptors by elevated plus-maze task and forced
swimming task. When pretreated with a benzodiazepine receptor antagonist,
frumazenil, or a nonselective DA receptor agonist, apomorphine, the lemon
oil anti-stress effect was greatly reduced. However, the anti-stress effect of
lemon oil was not altered when agonists or antagonists of the 5-HT and
alpha-2 adrenergic receptors were administered. The findings suggest that
the anti-depressant effects of lemon oil are tied to the serotonergic pathway,
especially the 1A receptor due to the fact that buspirone, 2,5-Dimethoxy-4-
iodoamphetamine, and mianserine blocked the antidepressant effect, but
WAY-100635, a piperazine drug thought to work as a 5-HT1A antagonist,
did not (Komiya et al., 2006).
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A randomized controlled clinical trial was done to determine the impact
of lemon essential oil on patients’ anxiety after orthopedic surgery. Eighty-
two patients were divided into intervention and control groups, making sure
the samples were homogeneous for age, gender, education and marital
status, after being referred to the hospital for a distal radius fracture. The
patients in the intervention group were treated by inhaling three drops of
lemon oil placed on a cloth for 30 minutes. Anxiety levels were measured
prior to surgery, 8 hours, and 16 hours after surgery, using the visual analog
scale (VAS). When the intervention and control groups were compared prior
to surgery there was no significant difference. After intervention with lemon
essential oil, anxiety was significantly reduced 8 hours and 16 hours post
surgery compared to anxiety in the control group. This supports the
statement that lemon essential oil can help relieve anxiety post-surgery in
patients with fractures (Kamrani et al., 2016).

2.2. Morning Sickness

Pregnant women commonly complain of nausea and vomiting, with as
many as 50-80% having experienced some degree of morning sickness.
Many women are interested in the use of herbal products due to their
apprehension of medications causing adverse effects. In a double-blinded,
randomized, controlled clinical trail including 100 preghant women, there
was a statistically significant difference between the mean scores of nausea
and vomiting on the second and fourth days between the intervention group
and the control group. The women in the study were referred to the health-
medical centers of Birjand city, Iran, having mild to moderate nausea, with
a score of 3-12 on the PUQE-24 questionnaire and were six to sixteen weeks
pregnant. They were randomly divided into control and intervention groups
through a four- and six-random block sampling method and treated for four
days, measuring nausea, vomiting, and retch intensity. The placebo was
made using carrot coloring in combination with almond oil, to imitate the
intervention of ten cc of lemon oil, produced via solvent distillation. After
analyzing the data through descriptive tests such as Chi-square, t-test and

Complimentary Contributor Copy



Medicinal Benefits of Lemon, Lavender and Peppermint ... 175

ANCOVA statistical test, it was found that the mean nausea and vomiting
scores were only statistically significant on days two and four, not days one
and three. Therefore, this study provided evidence for the support of lemon
oil use in easing morning sickness (Kia et al., 2014).

2.3. Antibacterial

Due to the variety of essential oil products, depending on the
manufacturing process and microbial diversity, many publications on
antibacterial properties have yielded irregular results, leaving space for more
research. A study completed in 2019 explored the effects of commonly used
essential oils on pathogenic bacteria. The essential oils frankincense (resin
from Boswellia sacra), myrtle (Myrtus communis), thyme (Thymus
vulgaris), lemon (Citrus limon), oregano (Origanum vulgare) and lavender
(Lavandula angustifolia), were tested against six gram-negative and gram-
positive bacteria. Methicillin sensitive Staphylococcus aureus, methicillin
resistant Staphylococcus aureus, Enterococcus faecalis, Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa were maintained in TSB
medium with glycerin, at —70°C. Two broth microdilution methods were
completed, the one method creating a micelle solution of essential oil and
the other an agueous working solution of essential oil. The minimum
inhibitory concentrations were found using concentrations of 50%, 25%,
12.5%, 6.25%, 3.13%, 1.56%, 0.78%, 0.39%, 0.20%, 0.10%, 0.05% and
0.025% v/v in final volume in 96-well plates, one for AGEO and another for
MIEOQ. The studied bacterial strains were checked for purity after being
revitalized on Columbia blood agar 48 hours prior to the study. 100 pL of
10 pL inoculum: 9990 pL 2x Mueller-Hinton broth were transferred to 100
uL of AQEO/MIEOQ creating a bacterial inoculum of 2 x 104 CFU/well. Each
plate contained a negative and positive control. Over 18 hours the plates
were incubated at 35°C and normal atmospheric conditions. The last well
where bacterial growth was not visible for each essential oil was interpreted
as the MIC. 3 pl of the last three wells for each essential oil displaying no
bacterial growth were spot-inoculated on blood-agar plates. After incubation

Complimentary Contributor Copy



176 Danielle McGlynn, Kayla Broscious, Alexandra Ruth et al.

at 35°C, minimum bactericidal concentration was noted where no bacterial
colonies were developed. All of the values found were normalized against
the MIC/MBC of pure ethanol, indicating whether the activity of the
essential oil was lower or higher than the alcohol. The oils with the highest
activity were oregano, thyme, lemon and lavender, with the greatest activity
being achieved by the micelle suspensions. Aqueous solutions were not
sufficient against all strains of bacteria compared to ethanol. The bacteria
most sensitive to the essential oils were the Gram-positive cocci, with the
Enterobacteriaceae family following. The bacteria with the highest
resistance to majority of the essential oils, besides oregano and lemon oil,
was Pseudomonas aeruginosa. Although the largest statistical differences
between MIEO and AqEO occurred with oregano oil, lemon oil also
possessed statistical differences between the two, demanding lower
concentrations of micellar suspensions. The results concluded that essential
oils containing a high amount of terpenes and terpenoids in a colloid form,
including oregano, thyme, and lemon oil, are effective against various
bacterial species (Man et al., 2019).

2.4. SKin Inflammation

After hydro-distillation was completed to extract the essential oil from
Citrus limetta peels, the profile of the essential oil constituents were assessed
via gas chromatography. Its anti-inflammatory effects were evaluated
through the use of in vitro and in vivo models. It was found that the major
components of the Clp-EO were monoterpene, hydrocarbon, and limonene.
Pro-inflammatory cytokines, such as TNF-a, IL-6, IL-1p, in LPS- induced
inflammation and reactive oxygen species in H202-induced oxidative stress
were inhibited upon pretreatment with Clp-EO to macrophages. When the
in vitro portion of the study was observed, topical administration of Clp-EO
was found to lessen ear thickness, ear weight, lipid peroxidation, pro-
inflammatory cytokines and improve ear tissue damage, induced by TPA,
supporting the statement that Clp-EO can aid in treating inflammation
(Maurya et al., 2018).
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2.5. Pain

More research is needed to determine how lemon oil alters pain
experienced by humans. However, it is believed that the anti-stress and
antidepressant effects described above may aid our bodies to deciphering
pain without overreacting. A 2014 study on mice was done to view how their
brains responded to painful stimuli with and without lemon oil, leading to
the evidence that lemon oil altered the way the mice responded to pain. By
observing the anterior cingulate cortex and the descending pain inhibitory
system of mice, as well as their behaviors when formalin was injected into
their hind paw, inducing pain, it was noted that pain behavior decreased, the
number of c-fos expression was significantly increased in the ACC,
periaqueductal grey, nucleu raphe magnus and locus ceruleus, and decreased
in the spinal dorsal horn with the use of lemon oil. Overall, the results
implied that dopamine-related activation of ACC and the descending pain
inhibitory system allowed for the inhibition of pain through lemon oil (Ikeda
etal., 2014).

2.6. Cognitive Function

A 2008 study found aromatherapy to be an effective non-
pharmacological therapy for dementia and may better cognitive function,
especially in Alzheimer’s patients. The study was completed with 28 elderly
people, 17 of whom also had Alzheimer’s disease. Aromatherapy, consisting
of rosemary and lemon oils in the morning, and lavender and orange in the
evening, was performed for 28 days, following a control period of 28 days
and preceding a 28 day wash out period. Before the control period, after the
control period, after aromatherapy, and after the washout period, the
Japanese version of Gottfries, Brane, Steen scale, Functional Assessment
Staging of Alzheimer’s disease, a revised version of Hasegawa’s Dementia,
and the Touch Panel-type Dementia Assessment Scale, designed to rate
cognitive dysfunction, were used to evaluate the effects of aromatherapy.
Overall, the GBSS-J and the TDAS scores showed that patients’ cognitive
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function improved, especially Alzheimer’s patients, who demonstrated
much higher TDAS scores (Jimbo et al., 2009).

Often times, learning environments only incorporate auditory and visual
stimuli, excluding any olfactory stimuli that may also support students
learning. Although this study did not observe the mechanism by which
olfactory stimuli aids in learning and retaining information or whether the
type of essential oil had an impact, it was shown that lemon aroma as an
olfactory stimulus improved student’s learning and achievement. Fifty-eight
fourth grade students were separated into control and experimental groups.
Both groups did not differ significantly on the 20-item test prior to the start
of the study. However, after four weeks of learning English, the
experimental group significantly outscored the control group, even one
month after treatment was terminated. This study does not prove that the
increase in scores was due to lemon essential oil, or olfactory stimuli, but
there is an obvious correlation between lemon oil aromatherapy and memory
and cognition (Akpinar, 2005).

A recent study investigated the effects of lemon oil on the memory of
Swiss young Albino mice, both unstressed and stressed. Various groups of
unstressed and stressed mice were given lemon oil and donepezil for three
weeks, evaluating their nootropic movement with elevated plus maze and
Hebbs Williams maze. In order to assess disease and drug effects, levels of
acetylcholinesterase, plasma corticosterone, reduced glutathione, lipid
peroxidation, superoxide dismutase and catalase, as well as histopathology
were evaluated. The use of lemon oil was able to enhance movement of
stress induced mice, significantly lower acetylcholinesterase and elevate
catalase, superoxide dismutase and reduced glutathione, alter and reverse
scopolamine induced amnesia, and aid in managing corticosterone levels.
This study presumed that the memory enhancement was in part due to the
reduction of AChE and TBAR (Falls et al., 2018).

Lemon oil is an extremely useful oil whether it is being applied topically
or inhaled via aromatherapy. It has been found to be advantageous in various
circumstances from post surgery anxiety to improved concentration and
retention when learning. Although there were many studies performed in
support of the clinical use of lemon oail, there are endless possibilities for
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new studies further enhancing our understanding of how lemon oil is able to
aid in the treatment of numerous disease states.

3. LAVENDER OIL

Lavender essential oil is one of the most versatile oils with many
therapeutic benefits. The main constituents found within lavender oil that
are credited with these therapeutic benefits are linalool and linalyl-acetate
(Garzoli et al., 2019). It can be used for personal use or in clinical settings
such as surgical suites or inpatient facilities to treat ailments that patients are
experiencing. The calming effect that lavender produces when introduced
with the skin has been a proven remedy for conditions such as alopecia and
various inflammatory skin conditions. Inhalation of lavender oil has also
been proven as a remedy for conditions such as anxiety, depression,
postpartum depression, hypertension, insomnia and other sleep disorders.
The published studies that prove these claims are elaborated in this chapter.

3.1. Alopecia

Lavender produces a calming effect and hair growth increase to the scalp
of patients who have been diagnosed with alopecia. Lavender oil was
applied to the backs of C57BL/6 mice once a day, five times a week for four
weeks. The results showed an increased number of hair follicles, deepened
hair follicle depth, and thickened dermal layer which indicated that lavender
could be used as a hair growth promoting agent. However, more studies need
to be performed on humans to find extensive evidence regarding alopecia
treatment (Lee et al., 2016).
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3.2. Antidepressant

The mechanism of action of lavender oil in producing antidepressant
effects was studied by looking at well established targets in the central
nervous system including MAO-A, SERT, GABA and NMDA receptors as
well as in vitro models of neurotoxicity. The results of this study showed
that lavender oil, specifically linalool found within lavender oil, interacts
with the NMDA and SERT receptors by acting as an antagonist and
producing antidepressant effects (Lopez et al., 2017).

The effects of lavender oil in boosting mood and decreasing depressive
symptoms was studied via Sprague Dawley rats that were treated with
chronic administration of high dose corticosterone to induce a depressive-
like state. The rats were assigned to one of four groups which were control,
corticosterone group with high dose of corticosterone, lavender essential oil
group with daily exposure to lavender essential oil by inhalation, and
lavender essential oil with corticosterone. Treatment was performed for
fourteen days with behavioral testing along with serum samples were taken
to measure brain-derived neurotrophic factor (BDNF, a factor in major
depressive disorder), corticosterone and oxytocin levels (Phillips, 2017).
Results of the behavior testing showed that the lavender essential oil group
had significantly decreased depressive-like behavior after treatment
compared to the other groups. It was also found that two to three days after
the treatment with corticosterone, the levels of BDNF significantly increased
in the lavender essential oil and lavender essential oil with corticosterone
groups. This study proved that in rat models, lavender acted as an
antidepressant when treating a depressive-like state induced by
corticosterone. More studies need to be performed before conclusions can
be drawn on the efficacy of lavender oil to treat depression in human subjects
(Sanchez-Vidafia, 2019).

3.3. Anxiety

In a recent 2018 study, the phytochemical linalool, which is a main
component of lavender essential oil, was found to cause the anxiolytic and
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calming therapeutic benefits when lavender was used as aromatherapy. The
anxiolytic effects of linalool were studied with the light/dark box test and
elevated plus maze on mice, of which half had the ability to smell and half
did not. The mice that had the ability to smell were exposed to linalool odor
and had anxiolytic outcomes without motor impairment. The mice that did
not have the ability to smell did not have any beneficial outcomes from the
linalool odor. This finding proved that the anxiolytic response to linalool is
due to action on olfactory receptors. The mice that had the ability to smell
were treated with flumazenil (a GABA antagonist) and found the anxiolytic
effect being antagonized by this treatment. This further proved that the
anxiolytic effect of linalool odor is due to (GABA)ergic transmission by the
benzodiazepine-responsive GABA receptors. The effects of linalool are
similar to that of benzodiazepines but without the motor impairment side
effects. This study has shown the scientific background on the immense
therapeutic benefits from linalool in treating and minimizing anxiety. By
recognizing this mechanism of action, more studies on the anxiolytic
properties of linalool within lavender essential oil can be made with more
specific applications (Harada et al., 2018).

A mixed-methods study in 2019 determined that the use of overnight
lavender aromatherapy skin patches eliminated or significantly reduced
measurable anxiety symptoms for inpatient hematology-oncology patients
(Shady et al., 2019). This study proved that overnight lavender aromatherapy
skin patches are a beneficial option to improve quality of care in an inpatient
setting.

In another study, individuals awaiting dental procedures were stimulated
with the odor of lavender and anxiety levels, mood, alertness and calmness
were assessed. Statistical analysis proved that compared to the control
group, the odor of lavender reduced anxiety and improved mood in these
individuals. This study further confirmed the notion that lavender oil can be
used to ease anxiety and improve emotional state (Lehrner et al., 2005).

A 2019 randomized clinical trial studied the effects of lavender essential
oil inhalation on perioperative oral surgery patients undergoing wisdom
tooth removal under local anesthesia. Patients who expressed anxiety
through the Dental Anxiety Questionnaire were enrolled in the study. The
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factors that were assessed were anxiety, mood, and vital signs including
blood pressure, respiratory rate, heart rate, and saturation which were noted
pre, intra and post-operatively. Statistical analysis proved that compared to
the control group, the group that received the lavender oil inhalation had
significant positive changes in blood pressures post-operatively, indicating
reduced anxiety levels (Karan, 2019).

Anxiety and vital signs of BPH patients prior to undergoing BPH
surgery (open prostatectomy surgery and transurethral resection of the
prostate) were analyzed. The experimental group showed a statistically
significant reduction in symptoms of anxiety and the posttest mean vital
signs showed a decrease in respiration and an increase in oxygen saturation
compared to the control group. The inhalation of lavender oil not only
relieved anxiety symptoms but also improved the vital signs of patients
(Genc et al., 2019).

A 2019 randomized control trial studied patients who were awaiting
breast surgery. Before the surgery began, patients were given both a Personal
Information Form and the State Anxiety Inventory to collect information on
how they were feeling. Patients were split into a control and an experimental
group prior to surgery. The experimental group was given lavender oil
inhalation before the surgery began. It was determined that the experimental
group State Anxiety Inventory post-test scores decreased significantly
compared to the pre-test scores. This study proved that lavender oil can be
used prior to surgery to reduce anxiety levels in patients (Beyliklioglu et al.,
2019).

A 2019 systematic review and meta-analysis of randomized controlled
trials investigated whether published studies about the anxiolytic efficacy of
lavender were considered strong evidence. Twenty two published
randomized controlled trials that studied the anxiolytic effects of lavender
oil in patients with and without clinical anxiety were chosen. The variables
that were studied included self-rated anxiety, vital signs, and salivary
cortisol and CgA levels. Through the meta-analysis, it was found that
lavender aromatherapy had significant outcomes in reducing anxiety,
systolic blood pressure, heart rate, salivary cortisol and CgA levels.
Lavender essential oil reduces anxiety symptoms in patients who are or are
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not diagnosed with clinical anxiety and can also improve vital signs that are
linked to anxiety. This meta-analysis proved that published trials involving
anxiolytic efficacy of lavender aromatherapy are strong evidence for the use
of lavender oil to reduce anxiety due to its calming properties (Kang et al.,
2019).

3.4. Hypertension

Due to the anxiolytic and calming effects that lavender can have on the
body, it has been proven that lavender oil can be used to decrease systolic
blood pressure and supplementally treat hypertension. In a single-blind trial,
a group of patients who had open-heart surgery were chosen. The blood
pressure and heart rate of the patients were measured ten minutes after
extubation, then a cotton swab saturated with lavender oil was placed in the
patients’ oxygen mask and inhaled for ten minutes. Thirty minutes after the
lavender oil treatment, the patients’ blood pressure and heart rate was
measured again. There was a significant decrease in systolic blood pressure,
diastolic blood pressure and heart rate compared to the levels recorded prior
to the inhalation therapy. This study proved that lavender essential oil can
be used to lower blood pressure and heart rate (Salamati et al., 2017).

In a study, participants who were hypertensive were randomly sorted
into the experimental or control group. The experimental group received a
blend of oils including lavender, lemon and ylang ylang and inhaled the oil
blend for two minutes, twice a day, for the duration of three weeks. The
systolic blood pressure and heart rate variability of the experimental group
significantly decreased compared to the control group. Although this study
determined there was a statistically significant decrease in systolic blood
pressure, more research needs to be performed solely on lavender essential
oil to determine if lavender has a direct effect compared to the oil blend used
in this experiment (Cha et al., 2010).

A blend of essential oils composed of lavender, ylang ylang, marjoram,
and neroli, lavender being the highest amount in the blend, was used as
aromatherapy in a group of hypertensive and prehypertensive patients. The
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subjects in the experimental group were given a necklace, which contained
the essential oil blend, to wear during the day and an aroma stone to set by
the bedside with two drops of the oil blend so that there was 24-hour
aromatherapy. The placebo group was given an artificial fragrance and the
control group was not given any treatment. Subjects’ blood pressure was
taken using a 24-hour ambulatory blood pressure and salivary cortisol level
was observed. The daytime systolic and diastolic blood pressure
measurements and salivary cortisol concentrations were significantly
decreased compared to both the placebo and control groups (Kim et al.,
2012). Again, although this study proved that there was a statistically
significant decrease in blood pressure, more studies involving only lavender
essential oil for the use of hypertension treatment needs to be performed to
gain greater scientific evidence.

3.5. Insomnia and Sleep Disorders

As we age, serum melatonin levels tend to decrease which can cause
insomnia or other sleep disorders. The effect of lavender aromatherapy on
serum melatonin levels in older adults was studied. Serum melatonin levels
were measured before and after eight lavender aromatherapy sessions for
four weeks. After the use of lavender aromatherapy, mean serum melatonin
levels were found to significantly increase. This study proved that lavender
aromatherapy can be used to increase serum melatonin levels in older adults,
and therefore treat insomnia or other sleep disorders (Velasco-Rodriguez
etal., 2019).

A study involving thirty elderly patients who live in nursing homes
began with the patients’ answering questions about sleep quality and being
ranked on the PSQI scale. Then, lavender oil was dropped on patients’
pillows and inhaled before sleep for one week. It was found that the patients
experienced improved sleep quality which was proven with significantly
lower PSQI scores at the end of the week of aromatherapy (Faydali et al.,
2018).

Complimentary Contributor Copy



Medicinal Benefits of Lemon, Lavender and Peppermint ... 185
3.6. Postpartum Depression

A sample of pregnant women were selected who were all being cared
for at the same facility and split into three groups: intervention with lavender
oil, control with other oils and control with no oils. Depression level was
determined using the Edinburgh questionnaire before the intervention, at
thirty-five to thirty-seven weeks of pregnancy, two weeks after delivery and
six weeks after delivery. The intervention with lavender oil group placed
seven drops of lavender oil on a cloth, held it up to their mouths and inhaled
deeply ten times before bed and then placed the cloth next to their pillow so
that it was beside them throughout the duration of the night. The intervention
group mean depression score significantly decreased compared to the two
control groups. This study proved that lavender essential oil can be used as
a preventative measure or to decrease feelings and symptoms of depression
in pregnant patients who are at risk for postpartum depression (Moshirenia
et al., 2018). The mechanism of action of lavender essential oil as an
antidepressant was discussed above under the antidepressant section.

In a clinical trial, women who had just given birth at the hospital were
split into either an aromatherapy group or a non-aromatherapy group right
after delivery. The intervention group inhaled three drops of lavender
essential oil every eight hours for four weeks. The women were assessed
using the 21-item Depression, Anxiety, and Stress Scale and the Edinburgh
guestionnaire after two weeks, one month, and three months after delivery.
The results of the study showed that the women in the intervention group
had depression, anxiety and stress scores significantly lower than the women
in the control group at two weeks, one month and three months after
delivery. This study further confirmed that lavender essential oil can be used
to reduce symptoms of postpartum depression such as depression, anxiety,
and stress (Kianpour et al., 2016).
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3.7. Skin Conditions

In determining the uses for skin conditions, it was found that applying
lavender oil topically can treat blemishes and ease inflammation by
scavenging free radicals (Orchard et al., 2017). Lavender oil has been proven
to ease inflammation in other areas of the body as well. During this
discovery, the effects of lavender essential oil, linalyl acetate and linalool on
the expression of TNF-a induced cell adhesion molecules in bEnd.3 cells
were evaluated. The bEnd.3 cells were treated with lavender oil, linalyl
acetate or linalool and subjected to TNF-a. Lavender essential oil and linalyl
acetate suppressed TNF-a-induced E-selectin, P-selectin, vascular cell
adhesion molecule-1 and intercellular adhesion molecule-1. These results
indicated that lavender essential oil and linalyl acetate suppress NF-«B
activation and may be used as an alternative anti-inflammatory agent (Aoe
etal., 2017).

The versatility of lavender oil is due to the calming properties of linalyl
acetate and linalool, the two main constituents of lavender oil. Whether
lavender oil is applied topically or inhaled, it can be very beneficial to a
persons’ overall health. Lavender oil has many therapeutic benefits and can
help to dampen or even eliminate conditions such as anxiety, depression,
postpartum depression, hypertension, alopecia, insomnia, or skin conditions.
Although many studies have been performed and supported by scientific
evidence, there are still many opportunities to study lavender oil and
discover even more benefits of its use.

4. PEPPERMINT OIL

Peppermint is known as one of the most versatile oils in the world,
sharing the title with lavender oil. Peppermint’s main phytochemical that has
its biological effects is menthol. Menthol has cooling properties which are
especially helpful in relieving muscle pain and soothing a sore throat.
Menthol contains cyclic monoterpenes which allows it to block calcium
channels and have antispasmodic effects on skeletal and smooth muscles
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(Alam et al., 2013). Peppermint oil has been proven to help with conditions
such as irritable bowel syndrome, nausea & motion sickness, pruritus, and
restlessness, which includes relieving migraines, insomnia, anxiety, and
stress. Although peppermint oil can help with these conditions, those that
take medications that are metabolized by CYP 3A4 enzyme cannot use
peppermint oil because a 2002 study found that peppermint oil (and the
phytochemicals found in peppermint oil such as menthol, menthyl acetate,
and ascorbyl palmitate) is a reversible inhibitor of this enzyme (Dresser et
al., 2002). Therefore, peppermint oil will interact with medications that are
metabolized by CYP 3A4. In the following paragraphs, it is explained how
peppermint oil helps with the listed conditions above, along with studies
proving peppermint oil’s ability.

4.1.IBS

Peppermint oil (Mentha piperita) is most commonly used in the
treatment of digestive ailments, which include IBS, Crohn’s disease,
diarrhea, gas, bloating, and heartburn. IBS affects 7 to 16% of the US
population and is characterized by diarrhea, constipation, or both (Ford et
al., 2017). When peppermint oil is used to help alleviate these conditions,
menthol’s cooling properties soothes the stomach and eases the pain because
menthol can block calcium channels, which causes inhibition of the smooth
muscle contractions in the intestines that are experienced with IBS or other
gastrointestinal conditions. In order to relieve the symptoms of these
conditions, the diluted oil is topically massaged onto the stomach to facilitate
the absorption of the oil into the body. A systematic review and meta-
analysis was done in 2014 on peppermint oil for the treatment of IBS. Nine
studies were evaluated in which 726 patients were identified. The patients
ingested the peppermint oil in the form of enteric coated capsules, rather
than using the application of the oil to the stomach. Peppermint oil was
found to be significantly superior to the placebo group for global
improvement of IBS symptoms and improvement of abdominal pain.
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Therefore, peppermint oil is a safe and effective short-term treatment for IBS
(Khanna et al., 2014).

A double-blind randomized placebo-controlled study which assessed the
efficacy of peppermint oil in diarrhea predominant IBS. This study focused
on peppermint oil’s ability in relieving symptoms and improvement in
quality of life. There were 74 patients that participated in the study, and were
randomly assigned to the placebo or treatment group, but only 65 patients
completed the study in its entirety. The treatment group used peppermint oil
three times a day for 6 weeks while the control group received a placebo in
replacement of the peppermint oil. The symptoms of the patients were
assessed in three week intervals, as well as assessed two weeks after the
study concluded. The data were analyzed using a paired and unpaired t-test.
It was concluded that in a six week period, abdominal pain improved in the
treatment group compared to the placebo group, which shows a statistically
significant improvement. Unfortunately, two weeks after the study
concluded, pain levels increased. Therefore, Peppermint oil is effective in
relieving abdominal pain in diarrhea predominant IBS transiently (Alam et
al., 2013).

4.2. Nausea and Motion Sickness

Peppermint is commonly used for treating nausea and motion sickness
and is safe to use in pregnancy related nausea. Peppermint oil acts as an
anesthetic on the walls of the stomach, which eases vomiting and nausea.
Symptoms of nausea are typically relieved upon inhalation of peppermint
oil. A study conducted in 2016 analyzed inhaled peppermint oil for post-op
nausea patients undergoing cardiac surgery and concluded that peppermint
oil inhalation is a viable first-line treatment. Antiemetics are commonly
given to post-op patients, but these agents have many adverse reactions such
as dysrhythmias and drowsiness, so peppermint oil could serve as an
effective alternative. One hundred twenty-three patients participated in this
study, inhaling the peppermint oil through a nasal inhaler. The average rating
for nausea before inhalation was a 3.29 on a scale of 0-5, with 5 being the
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greatest feeling of nausea. Two minutes after inhalation, the average nausea
rating decreased to 1.44. The study concluded that peppermint oil is a viable
treatment option for nausea in postoperative cardiac surgery patients (Briggs
et al., 2016).

4.3. Pruritus

Pruritus, also known as itchiness, is a common skin complaint.
Peppermint oil has been shown to relieve symptoms of itchiness and soothe
the skin. A study conducted in 2016 evaluated the effectiveness of topical
peppermint oil on symptomatic treatment of chronic pruritus. In the study,
fifty patients, previously diagnosed with chronic pruritus due to hepatic,
renal, or diabetic cause, were divided into two groups. Group 1 was
instructed to hydrate the skin and then apply the peppermint oil to the skin,
while group 2 was instructed to use petrolatum instead of peppermint oil.
The applications were performed twice daily for two weeks. The severity of
pruritus was assessed before and after the study using the 5-D itch scale. It
was found that there was a significant improvement in symptoms of pruritus
with group 1 but no significant improvement in symptoms with group 2. The
total scores from both groups were compared and it was found that
improvement of pruritus favored the use of peppermint oil over petrolatum.
(Elsaie et al., 2016). In conclusion, peppermint oil can serve as an effective
alternative to other pharmacological agents that are used for chronic pruritus
as it is easy to use, safe, and can be less irritating and tolerated than other
products.

4.4. Migraines
Peppermint oil is not only effective in treating migraines but also in
relieving muscle pain. Symptoms associated with headaches are typically

relieved when peppermint oil is massaged into the neck, temples, and/or
forehead, or when a few drops of the oil are placed on a cool wet towel and
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used as a compress on the forehead. A double- blind clinical trial published
in 2019 compared the effects of intranasal lidocaine 4% to peppermint
essential oil drop 1.5% on migraine attacks. A sample of 120 adult patients
with a diagnosis of migraine based on the International Headache Society
criteria, were treated with lidocaine, peppermint oil, or placebo. All patients
recorded their symptoms 30 minutes after administration. The patients
continued on these treatments for two months. At the conclusion of the
study, it was found that there was a significant difference among groups in
headache intensity after treatment compared to placebo. In the placebo
group, fewer patients responded to the treatment, whereas 41.5% of patients
in the lidocaine group and 42.1% of patients in the peppermint oil group
responded to the treatment. Therefore, nasal application of peppermint oil
caused reduction in the intensity and frequency of headaches, and relieved
the majority of patients’ pain similar to that of lidocaine (Hasanpour-
Dehkordi et al., 2019).

Another study explored peppermint oil’s active ingredient, menthol and
its effectiveness on treating migraines. Specifically, the study researched the
cutaneous application of menthol 10% as an abortive treatment of migraine
without aura (light). This study was a randomized, double-blind, placebo-
controlled, crossover study. Patients were separated into two groups in
which one group received 10% menthol (treatment group) and the other
group received 0.5% menthol (placebo) in which the solutions were applied
to the forehead and temporal area. Pain was measured using a questionnaire
with the following endpoints of pain free, pain relief, sustained pain free,
and sustained pain relief. The intention-to-treat population consisted of 35
patients with 118 migraine attacks, and was found to be statistically
significant compared to the placebo group for 2 hours pain free, 2 hours pain
relief, sustained pain free and sustained pain relief end-points. It was also
found that the menthol solution was more effective in alleviating nausea,
vomiting, phonophobia, or photophobia (Borhani Haghighi et al., 2010).
Therefore, peppermint oil and its active constituent, menthol can serve as an
effective, safe, and tolerable therapeutic option in treatment of migraines.
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4.5. Antibacterial/Antifungal

Bacterial resistance has been on the rise and poses a threat to clinical
settings in treating severe infectious diseases. A study performed in 2019,
explored the effects of peppermint oil on various multi-drug resitant (MDR)
gram-negative bacteria such as carbapenem-resistant Enterobacteriaceae,
Pseudomonas aeruginosa or Acinetobacter baumannii, and extended-
spectrum cephalosporin-resistant Enterobacteriaceae (Muntean et al.,
2019). The essential oil was extracted by steam distillation and tested on six
reference bacterial strains and on the MDR strains that were collected from
patients. The antibacterial activity was evaluated by agar disc diffusion
method and microdilution method. The peppermint oil demonstrated
bactericidal effects on both the reference strains as well as the MDR strains
obtained from hospitalized patients. The MIC was lower (20 mg/mL) for
Staphylococcus aureus, Escherichia coli and Proteus mirabilis and higher
(40 mg/mL) for Klebsiella pneumoniae, Pseudomonas aeruginosa and
Acinetobacter baumannii strains. The MBC was equal to the MIC, with the
exception of Pseudomonas aeruginosa, where MBC was double to the MIC.
Peppermint oil can be a possible therapeutic option in the future in the
treatment of infections caused by MDR bacteria such as Staphylococcus
aureus, Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis,
Pseudomonas aeruginosa and Acinetobacter baumannii (Muntean et al.,
2019).

Peppermint oil (Mentha piperita) is very versatile and can be widely
used, inexpensively, for treating the conditions of irritable bowel syndrome,
motion sickness, nausea, pruritus, migraines, and bacterial and fungal
infections. Menthol, the main active ingredient of peppermint oil has been
shown to have vasodilatory and antispasmodic effects. Although peppermint
oil is still being learned about and not widely known as a medical substitute,
it will become more and more known in the near future as an effective
alternative medicine for these conditions.
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CONCLUSION

Essential oil use has been proven to be an influential holistic approach
to treatment of various disease states and symptoms. Various
phytochemicals present in the essential oils when used in their highest purity
may produce beneficial effects to the body. Lemon, lavender and peppermint
essential oils are uniquely diverse. Lemon oil has been proven to help with
morning sickness, bacterial infections, skin inflammation, pain and
cognitive function. Evidence has shown that lavender oil can be used for
alopecia, postpartum depression, hypertension, insomnia, and skin
conditions. Peppermint oil has proven use for irritable bowel syndrome,
motion sickness, nausea, pruritus, migraines, chest pain, dysphagia, and to
treat bacterial and fungal infections. In the same sense, lemon, lavender and
peppermint oils can treat some of the same conditions such as anxiety and
depression. These oils have an abundance of uses that have been studied and
proven to have statistically significant outcomes. Further research should be
performed to discover even more applications of these oils for their
maximum benefit to humans.

REFERENCES

Akpinar, Burhan. (2005). “The Effects of Olfactory Stimuli on Scholastic
Performance.” The Irish Journal of Education, 86—90.

Alam, MS, et al., (2002). “Efficacy of Peppermint Oil in Diarrhea
Predominant IBS - a Double Blind Randomized Placebo - Controlled
Study.” Mymensingh Medical Journal, 2(2).

Aoe, Michinori, et al., (2017). “Lavender Essential Oil and Its Main
Constituents Inhibit the Expression of TNF-a-Induced Cell Adhesion
Molecules in Endothelial Cells.” Pub Med, U.S. National Library of
Medicine.

Complimentary Contributor Copy



Medicinal Benefits of Lemon, Lavender and Peppermint ... 193

Aziz, Zarith Asyikin Abdul, et al., (2018). “Essential Oils: Extraction
Techniques, Pharmaceutical and Therapeutic Potential - A Review.”
Current Drug Metabolism, 19(13): 1100-1110.

Bakkali, F., et al., (2008). “Biological Effects of Essential Oils — A Review.”
Food and Chemical Toxicology, 46(2): 446-475.

Beyliklioglu, Ayse, and Sevban Arslan. (2019). “Effect of Lavender Oil on
the Anxiety of Patients Before Breast Surgery.” Journal of
PeriAnesthesia Nursing, 34(3): 587-593.

Briggs, Patricia. (2016). “Inhaled Peppermint Oil for Postop Nausea in
Patients Undergoing Cardiac Surgery.” Nursing, 46(7): 61-67.

Buckle, Jane. (2015). Clinical Aromatherapy: Essential Oils in Healthcare.
3rd ed, Elsevier.

Cha, Jung-Hee, et al., (2010). “Effects of Aromatherapy on Changes in the
Autonomic Nervous System, Aortic Pulse Wave Velocity and Aortic
Augmentation Index in Patients with Essential Hypertension.” Journal
of Korean Academy of Nursing, 40(5): 705.

Djilani, Abdelouaheb, and Amadou Dicko. (2012). “The Therapeutic
Benefits of Essential Oils.” Nutrition, Well-Being and Health.

Dresser, George K. (2002). “Evaluation of Peppermint Oil and Ascorbyl
Palmitate as Inhibitors of Cytochrome P4503A4 Activity in Vitro and in
Vivo*.” Clinical Pharmacology & Therapeutics, 72(3): 247-255.

Elsaie, Lotfy. (2016). “Effectiveness of Topical Peppermint Oil on
Symptomatic Treatment of Chronic Pruritus.” Clinical, Cosmetic and
Investigational Dermatology, 9: 333-338.

Faydali, Saide, and Funda Cetinkaya. (2018). “The Effect of Aromatherapy
on Sleep Quality of Elderly People Residing in a Nursing Home.”
Holistic Nursing Practice, 32(1): 8-16.

Ford, Alexander C., et al., (2017). “Irritable Bowel Syndrome.” New
England Journal of Medicine, 376(26): 2566-2578.

Garzoli, Stefania, et al., (2019). “Liquid and Vapour Phase of Lavandin
(Lavandula x Intermedia) Essential Oil: Chemical Composition and
Antimicrobial Activity.” US National Library of Medicine National
Institutes of Health, 24(15): 2701.

Complimentary Contributor Copy



194 Danielle McGlynn, Kayla Broscious, Alexandra Ruth et al.

Genc, Hasan, and Serdar Saritas. (2019). “The Effects of Lavender Oil on
the Anxiety and Vital Signs of Benign Prostatic Hyperplasia Patients in
Preoperative Period.” Explore.

Haghighi, A. Borhani. (2010). “Cutaneous Application of Menthol 10%
Solution as an Abortive Treatment of Migraine without Aura: a
Randomised, Double-Blind, Placebo-Controlled, Crossed-over Study.”
International Journal of Clinical Practice, 64(4): 451-456.

Hanson, John. (2003). Refractometry.” Refractometry: Introduction.
www2.ups.edu/faculty/hanson/labtechniques/refractometry/intro.htm.

Harada, Hiroki, et al., (2018). “Linalool Odor-Induced Anxiolytic Effects in
Mice.” Frontiers in Behavioral Neuroscience, vol. 12.

Hasanpour-Dehkordi, Ali. (2019). “Comparing the Effect of Intranasal
Lidocaine 4% with Peppermint Essential Oil Drop 1.5% on Migraine
Attacks: A Double-Blind Clinical Trial.” International Journal of
Preventive Medicine, 10(1): 121.

Ikeda, Hiroshi, et al., (2014). “Contribution of Anterior Cingulate Cortex
and Descending Pain Inhibitory System to Analgesic Effect of Lemon
Odor in Mice.” Molecular Pain, vol. 10.

Jimbo, Daiki, et al., (2009). “Effect of Aromatherapy on Patients with
Alzheimer’s Disease.” Psychogeriatrics, 9(4): 173-179.

Kamrani, Farhad, et al., (2016). “Effect of Aromatherapy With Lemon
Essential Oil on Anxiety after Orthopedic Surgery.” Iranian Journal of
Rehabilitation Research in Nursing, 2(4): 26-31.

Kamrani, Farhad, et al., (2016). “Effect of Aromatherapy With Lemon
Essential Oil on Anxiety after Orthopedic Surgery.” Iranian Journal of
Rehabilitation Research in Nursing, 2(4): 26-31.

Kang, Hyun-Ju, et al., (2019). “How Strong Is the Evidence for the
Anxiolytic Efficacy of Lavender?: Systematic Review and Meta-
Analysis of Randomized Controlled Trials.” Asian Nursing Research,
vol. 13(5): 295-305.

Karan, Nazife Beglim. (2019). “Influence of Lavender Oil Inhalation on
Vital Signs and Anxiety: A Randomized Clinical Trial.” Physiology &
Behavior, vol. 211: 112676.

Complimentary Contributor Copy



Medicinal Benefits of Lemon, Lavender and Peppermint ... 195

Khalaf, Mohamed H. G. (2019) “Impact of Peppermint Therapy on
Dysphagia and Non-Cardiac Chest Pain: A Pilot Study.” Digestive
Diseases and Sciences, vol. 64(8): 2214-2218.

Khanna, Reena, (2014) “Peppermint Oil for the Treatment of Irritable Bowel
Syndrome.” Journal of Clinical Gastroenterology, 48(6): 505-512.
Kia, Parisa Yavari, et al., (2014). “The Effect of Lemon Inhalation
Aromatherapy on Nausea and Vomiting of Pregnancy: A Double-
Blinded, Randomized, Controlled Clinical Trial.” Iranian Red Crescent

Medical Journal, 16(3).

Kianpour, Maryam, et al., (2016). “Effect of Lavender Scent Inhalation on
Prevention of Stress, Anxiety and Depression in the Postpartum Period.”
Iranian Journal of Nursing and Midwifery Research, 21(2): 197.

Kim, In-Hee, et al., (2012). “Essential Oil Inhalation on Blood Pressure and
Salivary Cortisol Levels in Prehypertensive and Hypertensive
Subjects.” Evidence-Based Complementary and Alternative Medicine,
pp. 1-9.

Komiya, Migiwa, et al., (2006). “Lemon Oil Vapor Causes an Anti-Stress
Effect via Modulating the 5-HT and DA Activities in Mice.”
Behavioural Brain Research, 172(2): 240-249.

Lee, Boo Hyeong, et al., (2016). “Hair Growth-Promoting Effects of
Lavender Oil in C57BL/6 Mice.” Toxicological Research, 32(2): 103—
108.

Lehrner, J., et al., (2005). “Ambient Odors of Orange and Lavender Reduce
Anxiety and Improve Mood in a Dental Office.” Physiology & Behavior,
86(1-2): 92-95.

Loépez, Victor, et al., (2017). “Exploring Pharmacological Mechanisms of
Lavender (Lavandula Angustifolia) Essential Oil on Central Nervous
System Targets.” Frontiers in Pharmacology, vol. 8.

Man, Adrian, et al., (2019). “Antimicrobial Activity of Six Essential Oils
Against a Group of Human Pathogens: A Comparative Study.”
Pathogens, 8(1).

Maurya, Anil Kumar, et al., (2018). “The Essential Oil from Citrus Limetta
Risso Peels Alleviates Skin Inflammation: In-Vitro and in-Vivo Study.”
Journal of Ethnopharmacology, 212: 86-94.

Complimentary Contributor Copy



196 Danielle McGlynn, Kayla Broscious, Alexandra Ruth et al.

Moshirenia, Fateme, et al., (2018). “The Effects of Inhalation Aromatherapy
with Rose and Lavender at Week 38 and Postpartum Period on
Postpartum Depression in High-Risk Women Referred to Selected
Health Centers of Yazd, Iran in 2015.” Iranian Journal of Nursing and
Midwifery Research, 23(5): 395.

Muntean, Delia, (2019) “Evaluation of Essential Oil Obtained from
MenthaxPiperita L. against Multidrug-Resistant Strains.” Infection and
Drug Resistance, 12: 2905-2914.

Orchard, Ané, Vuuren, Sandy V. (2017) “Commercial Essential Oils as
Potential Antimicrobials to Treat Skin Diseases.” Evidence-Based
Complementary and Alternative Medicine, 2017: 1-92.

Phillips, Cristy. (2017). “Brain-Derived Neurotrophic Factor, Depression,
and Physical Activity: Making the Neuroplastic Connection.” Neural
Plasticity, 2017: 1-17.

Rassem, Hesham, et al., (2016). “Techniques Available for the Extraction of
Essential Oils from Plants: A Review.” Australian Journal of Basic and
Applied Sciences. 117-127.

Salamati, Armaiti, et al., (2017). “Effect of Inhalation of Lavender Essential
Oil on Vital Signs in Open Heart Surgery ICU.” Iranian Journal of
Pharmaceutical Research, 16: 404-409.

Sanchez-Vidafia, Dalinda Isabel, et al., (2019). “Lavender Essential Oil
Ameliorates Depression-like Behavior and Increases Neurogenesis and
Dendritic Complexity in Rats.” Neuroscience Letters, 701: 180-192.

Shady, Kathryn, et al., (2019). “Lavender Aromatherapy: Examining the
Effects of Lavender Oil Patches on Patients in the Hematology-
Oncology Setting.” Clinical Journal of Oncology Nursing, 23(5): 502—
508.

Sherwood, Bella. (2016). Aromatherapy: A Clinical Guide to Essential Oils
for Holistic Healing. Create Space.

Soe’eib, Siswati, et al., (2016). “Enfleurage Essential Oil from Jasmine and
Rose Using Cold Fat Absorbent.” Journal Kmiah Widya Teknik, 15(1):
58-61.

Complimentary Contributor Copy



Medicinal Benefits of Lemon, Lavender and Peppermint ... 197

Velasco-Rodriguez, R., et al., (2019). “The Effect of Aromatherapy with
Lavender (Lavandula Angustifolia) on Serum Melatonin Levels.”
Complementary Therapies in Medicine, vol. 47.

BIOGRAPHICAL SKETCH

Ajay Bommareddy, PhD
Nesbitt School of Pharmacy, Wilkes-Barre, PA, US

Education: BPharm; PhD
Business Address: 84 W South St, Wilkes-Barre, PA, US

Research and Professional Experience: | primarily work in the area of
natural products and cancer prevention employing various cancer models
both Invitro and In vivo and have more than 16 years of experience in cancer
research. Thus far, | have published 30 articles in reputed cancer research
journals, presented research findings at different conferences with more than
35 conference proceedings, and published abstracts. At my current position,
my primary responisiblilites include teaching students in the professional
PharmD program and engage interested students in research endeavors.

Professional Appointments:

05/01/15-present Department of Pharmaceutical Sciences, Associate
Neshitt College of Pharmacy, Wilkes University
Professor Wilkes Barre, PA (With Tenure)

08/17/09-04/30/15 Department of Pharmaceutical Sciences, Assistant
Neshitt College of Pharmacy, Wilkes University
Professor Wilkes Barre, PA

07/01/07-08/16/09 Department of Pharmacology & Chemical
Research Biology, University of Pittsburgh School
of Medicine, Associate, University of Pittsburgh
Cancer Institute, Pittsburgh, PA.

Complimentary Contributor Copy



198 Danielle McGlynn, Kayla Broscious, Alexandra Ruth et al.

Honors:

e 2018, Awarded “Overall Teacher of the Year” award, Nesbitt
School of Pharmacy, Wilkes University, Wilkes-Barre, PA.

e 2017, Awarded “Outstanding advisor” award, Teacher Recognition
and Effectiveness Committee, Wilkes University, Wilkes-Barre,
PA.

e 2009, University of Pittsburgh Cancer Institute Director’s award for
scientific excellence: First place in Translational & Clinical research
section, poster presentation at 215 Annual University of Pittsburgh
Cancer institute, Pittsburgh, PA.

e 2005, Rho Chi honor society, South Dakota State University,
Brookings, SD.

Publications from the Last 3 Years:

Bommareddy A, Knapp K, Nemeth A, Steigerwalt J, Landis T, Vanwert AL,
Gorijavolu HP, Dwivedi . Alpha-Santalol, a Component of Sandalwood
Oil Inhibits Migration of Breast Cancer Cells by Targeting the [3-catenin
Pathway. Anticancer Research. 2018, 38 (8) 4475-4480.

Bommareddy A, Brozena S, Steigerwalt J, Landis T, Hughes S, Mabry E,
Knopp A, VanWert AL, Dwivedi C. Medicinal properties of alpha-
santalol, a constituent of sandalwood oil, Nat Prod Res. 2017 Nov 13:1-
17.

Complimentary Contributor Copy



In: What to Know about Essential Qils ISBN: 978-1-53617-986-6
Editor: Malene M. Kjeldsen © 2020 Nova Science Publishers, Inc.

Chapter 6
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ABSTRACT

Essential oils are secreted in the glands of plants as volatile oils and
are responsible for the scents emitted from different plant parts. When plant
parts are used as spices, the essential oil present in them enhances the
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palatability of the cooked food. Irrespective of the high price of most
essential oils, it remains an important item needed for human daily living
as it is used in the production of soaps, creams, lotions, perfumes, roll-ons
and deodorizers. It improves mood, enhances self-esteem, ignites romance
and helps to relieve stress. In addition, essential oils have a variety of
applications such as preservation of food and drinks, control of insects and
pests, air freshener, and the treatment of diseases and infections. The
therapeutic value of essential oils cannot be over emphasized. They have
been used to cure diseases for several centuries. In this article, the
medicinal use of essential oils from ancient times to the present are
highlighted. Irrespective of their history, caution must be taken when using
essential oils as they are easily absorbed by the skin and then find their way
into the blood stream. Thus, indiscriminate use of essential oils may lead
to serious health hazards. This article therefore highlights various usage,
its mosquito repellent activities, and reaction of bees to essential oil (EO)
volatiles, toxicity, side effects and applications of EO.

INTRODUCTION

Essential oil (EO) has been utilized since ancient times. The Egyptians
utilized aromatic oils as early as 4500 BC as an ingredient in the production
of cosmetics and ointments [1]. The use of EOs was first recorded in the
Chinese and Indian traditional medicine systems between 3000 and 2000 BC
[1]. The documented history of China and India traditional medicine systems
record more than 700 substances which included cinnamon, ginger, myrrh,
and sandalwood as being effective for healing [2]. Greek history
documented the use of various EOs for the first time between 500 and 400
BC. The recorded EOs included saffron, marjoram, cumin, peppermint and
thyme [3].

UsSE OF ESSENTIAL OIL IN FOOD PRESERVATION
AND EXTENSION OF FOOD SHELF LIFE

In the present era of civilization, much interest has been paid to the use
of EO in the food packaging industry to extend shelf-life as a result of their
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antimicrobial and antioxidant activities. Oregano and sage EOs protect
minced meat samples from autoxidation [4]. Thyme is a common species,
highly utilized in the Spanish meat industry [5] as a result of its antimicrobial
and antioxidant activities. Oregano EO protects extra virgin olive oil from
oxidation during storage and extends the shelf life of sea bream [6].

Essential oils are composed of a variety of highly bioactive compounds
which are volatile in nature and therefore makes EO unstable and liable to
degradation. As a result of this instability of EOs in food matrices, different
methods of protection which can prevent the degradation of EOs when used
to prolong food shelf-life have been developed [5]. Encapsulation has
emerged as an effective alternative to improve EO stability [5]. The
encapsulation of EOs using different materials and methods has been widely
studied [7] and EOs have been encapsulated in polymeric particles,
liposomes, and solid lipid nanoparticles, which enhances its stability and
efficacy [5]. Recent developments in nanotechnology have made the
development of novel carrier agents for the delivery and control release of
EOs in food systems with improved chemical, oxidative, and thermal
stability, possible [8]. EOs have also been utilized as additives in bio-
degradable films and coatings for food packaging [9, 10] as it enhances the
films and coatings with antioxidant and/or antimicrobial properties,
depending both on their composition and the interactions with the polymer
matrix [5]. The antioxidant activity of EO depends not only on the specific
antioxidant activity of the oil compounds but also on the film’s oxygen
permeability [5]. Their incorporation into edible films can promote the
antimicrobial capacity of EOs [5]. The effectiveness of the edible film
against microbial growth is highly dependent on the oil’s nature and the
types of microorganism [5]. EOs have proven to be effective in the inhibition
of various microorganisms responsible for diseases and infections in
humans.
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ESSENTIAL OILS ROLE IN THE INHIBITION OF HUMAN
DISEASE-CAUSING MICROORGANISMS

The germ tube formation which is generally regarded as an important
tool of pathogenicity of C. albicans [11, 12, 13] was highly inhibited by
clove oil and eugenol [14]. The essential oil from Citrus sinensis epicarp is
composed of 84.2% limonene and capable of inhibiting the growth of
Aspergillus niger and in the process leads to irreversible deleterious
morphological alterations [15]. Essential oil extract of Lemon Cui (Citrus
microcarpa) skin has an inhibitory effect on Trichophyton rubrum growth
[16]. Application of thyme essential oil on sheepskin leather for lining
finished with synthetic film completely inhibited the development of
Trichophyton interdigitale, with no increase in growth for 28 days [17].
Several investigations have shown the superior activity of Ocimum
gratissimum L. EO over benzyl peroxide-based products in the reduction of
lesions (papules and pustules) [18].

WOUND HEALING PROPERTIES OF ESSENTIAL OILS

Recently, the therapeutic effect of several plant EOs especially for the
treatment of wounds has received great attention as the EOs have
demonstrated a number of wound-healing effects which are rare to find with
pharmaceuticals [19]. Lavender EO improves the formation of scar tissues
and is therefore commonly used to treat wounds, cuts, burns, and sunburns
[3]. The oil can also be applied to protect the wounds from developing
infections [20]. Tea tree oil increased monocytic differentiation in vitro and
reduce inflammation, thus assisting in the healing of chronic wounds [2].
Tea tree oil has demonstrated effective in vitro activity on several strains of
methicillin-resistant Staphylococcus aureus (MRSA\) isolated from wounds
[21] and therefore justifies its use as a treatment for wounds. The
development of ointment from EOs could offer an effective treatment of first
degree burns as EOs have antiinflamatory, antioxidant, wound healing and
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disinfectant properties. The potency of many EOs is linked to their volatile
components.

ESSENTIAL OIL PROPERTIES, ITS COMPONENTS
AND ITS SIGNIFICANCE IN AROMATHERAPY

At room temperature, the atmospheric pressure is naturally high, thus
making EOs to be mostly found in a partial vapor state [22]. EOs are highly
soluble in volatile compounds such as alcohol, ether, and fixed oils but
lipophilic i.e., insoluble in water [22]. EOs extracted from cinnamon,
sassafras, vetiver, and other natural sources are liquid in nature and
colourless at room temperature [23]. As a result of this, they are widely
utilized in cosmetic formulations and the aromatherapy industry [22]. The
presence of volatile compounds such as ketones, aldehydes, and aromatic
compounds in the EOs play key roles in aromatherapy as inhalation of these
compounds is highly effective in the reduction of mental and physical
stresses [22]. In the late 20th century, EO-based aromatherapy gained much
popularity as a result of its importance, and widespread use [22]. Inhalation
and external application of some EO volatiles are used for therapeutic
purposes which include mental and physical balance, which is the basis of
aromatherapy [22]. Essential oils are highly utilized for various therapeutic
purposes such as massage aromatherapy, psycho-aromatherapy and
olfactory-aromatherapy [22]. Inhalation of the volatiles of certain EO is
believed to play a crucial role in relieving stress as it rejuvenates and
regenerates the body. Inhalation of essential oil volatiles, especially floral
scents is believed to ignite romance and elevate mood and increase sex drive.
Essential oil diffuser and aromatic floral bouquets are often used in rooms
of some five-star hotels in order to offer a serene, romantic atmosphere for
customers to enjoy. These floral scents also play crucial roles in the control
of insects and flies.
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ESSENTIAL OIL INSECTICIDAL PROPERTY AGAINST
MOSQUITO, SCIENTIFIC REPORTS AND SHORTCOMINGS
OF ESSENTIAL OIL VOLATILES

Globally, mosquitoes are a menace as they are responsible for malaria
which is the cause of high mortality rate especially among children. The
insecticidal activity of different EOs of various plants have been reported in
scientific literature. Diseases transmitted by mosquitoes include malaria,
filariasis, yellow fever, Japanese encephalitis and dengue fever [24]. The
valuable properties of EOs and aromatic plants as insect repellent properties
of plant essential oils against mosquitoes and insects were well known
before the invention of synthetic chemicals (insecticide sprays) to repel
mosquitoes and control their populations. For centuries, several methods
that could be used to control mosquitoes have been developed [24].
Pharmaceutical companies across the globe have been developing synthetic
drugs, antibiotics and insect repellents to combat fever resulting from
mosquito bites and control the population of mosquitoes especially in Africa
where the climatic condition favors the growth and multiplication of these
dreadful insects. However, their products have one shortcoming or the other
and in many cases are not affordable for, and accessible to, the majority of
the populace. Generally, EOs are known to be environmentally friendly,
easily biodegradable and minimally toxic to mammals and have displayed
repellent [25, 26], toxicant [27, 28, 29], growth and/or reproduction
inhibition and oviposition deterrent, [30, 31] activities against different
mosquito species. Hence, use of aromatic plants and EOs still remain the
most accessible, affordable, effective and viable method of controlling
mosquitoes growth and dealing with inflammation and discomfort
associated with mosquito bites among some urban dwellers and the majority
of the rural dwellers.

Traditionally, essential oils from different plants, especially plants of the
genus Cymbopogon have been used as insect repellents in Africa. In Nigeria,
and other West African countries, members of these families, especially
lemon grass is utilized either by burning dry plant material on a tray or by
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hanging the twigs at the door, on the window or under the beds to repel
mosquitoes and or inhibit an increase in their population. Dry peels of Citrus
species such as orange and or lemon are also burnt on trays to repel
mosquitoes. The EOs of lemon-grass (Cymbopogon excavatus), citronella
(Cymbopogon nardus), eucalyptus (Eucalyptus maculata), cedar (Juniper
virginiana), geranium (Pelargonium reniforme), peppermint (Mentha
piperita) are the most studied in scientific literature and have been reported
to have potent insecticidal activity against different species of mosquitoes.
The monoterpenoids and sesquiterpenes are responsible for the repellent
activity of several EOs [32].

Some of the EO volatiles and or compounds responsible for insecticidal
activity against species of mosquitoes have been incorporated into
commercial sprays. Citronella EO is obtained from the aerial parts (leaves
and stems) of different species of Cymbopogon popularly referred to as
lemon grass. Citronella is one of the most popular natural repellents on the
market, with concentrations ranging from 5-10% which is lower than that of
most commercial repellents, but a higher concentration could lead to skin
sensitivity [33]. Skin sensitivity to a high concentration of topically
administered EO is a common occurrence especially among children. The
components of EOs responsible for these allergic reactions/ sensitivities are
yet unknown. However, the volatile components of the EO have been
reported to be responsible for their various bioactivities. In some cases, the
activity of these compounds is more effective, or it has longer duration than
commercially used synthetic chemicals [34, 35].

Geraniol is a plant-derived alcohol and is considered completely safe for
use and thus listed on the US Food and Drug Administration (US FDA)
Generally Regarded as Safe (GRAS) list [36]. It has been reported to be
effective in repelling mosquitoes [37, 38] and other insects such as
houseflies, stable flies [39] and ticks [40]. In a study carried out in Israel,
5% geraniol candles were reported to be about twice as effective as those
with 5% linalool and were about 5 times as effective as 5% citronella candles
in protecting a person from being bitten by mosquitoes when used indoors
[41]. Revay et al., 2012 [36] investigated the extent of protection offered by
a timed-released, water-based emulsion of 0.3% geraniol mist dispensed by
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a pressurized spray can in an area known for high mosquito biting pressure
in Israel. Dispensed aerosolized geraniol reduced biting pressure (landing,
probing and biting mosquitoes) of Culex pipiens and Aedes albopictus [36].
Geraniol-based products are available commercially in several countries and
in several forms [36]. Similarly, Mosi-Guard, a commercial mosquito
repellent contains 50% Eucalyptus oil [36].

However, despite their efficacy, affordability and minimal toxicity, EOs
still do not have a widespread application due to some limitations such as
their high volatility, composition variability and strong smell [43]. Most EOs
are highly volatile and this characteristic is responsible for their poor
longevity as mosquito repellents [33]. However, this shortcoming can be
addressed by using fixatives or effective formulation to improve their
longevity [33]. For example, EOs of turmeric and hairy basil combined with
5% vanillin repelled three species of mosquitoes under cage conditions for
6-8 hours depending on the species [44]. The EOs of Artemisia verlotiorum
Lamotte (Asteraceae), Lavandula dentata L. (Lamiaceae), and Ruta
chalepensis L. (Rutaceae) had substantial skin repellent activity against
Aedes albopictus [43]. The EOs deterred Ae. albopictus oviposition in the
field and exerted a strong larvicidal activity [43].

RELATIONSHIP BETWEEN ESSENTIAL OIL VOLATILES
AND BEHAVIORAL PATTERNS OF BEES

The vapour phase of essential oils plays a variety of biological roles in
plants [45] as it attracts pollinating insects [46, 47, 48]. The bees are one of
the key players in pollination on the field. They are also solely responsible
for honey production which is a globally utilised product. However, the
relationship between EO scents/volatiles and the bees is not well explored.
The role of scents in bee farming is not well documented. Researchers from
the University of Queensland carried out research to test the effect of floral
scents on calming an aggressive beehive. They discovered that the effect of
alarm pheromones, the odour released by aggressive bees to communicate
with other bees that there is a threat and they should join them during bees
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attack can be reduced by a floral scent which indicates the presence of food
nearby. According to the researchers, the floral scent does not act to mask
the odours of the pheromone but acts to tame the bees as floral scent to bees
means food is somewhere around them. The authors proved that specific
floral scents such as linalool, 2-phenylethanol and lavender have the
capacity to block recruitment for attack by the pheromone. On the other
hand, banana makes bees very aggressive as a result of isoamyl acetate
which is a compound responsible for banana scent/aroma. Several reports
from blogs show that bees get aggressive after perceiving the smell of
banana and visiting a beehive after eating banana makes you a target. The
EO volatiles makes up the scent plants emit on the field and they play crucial
roles in plant survival.

ESSENTIAL O1L AND ITS CRUCIAL ROLE FOR PLANT
SURVIVAL IN THE FIELD

The EO vapour phase/scents play a crucial role in natural defence
mechanisms against a variety of pathogens and predators, which includes
microbes, insects and herbivores [46, 47, 48]. Volatile compounds of
essential oil are low molecular weight, lipophilic molecules that have a
tendency to volatise at relatively low temperatures [46, 49]. Volatile EOs are
made up of a complex mixture of compounds that are mostly composed of
monoterpenes and sesquiterpenes [50]. The volatile components of EOs are
usually categorized into various chemical classes such as aldehydes,
ketones, alcohols, amines, amides, phenols and mainly, terpenes [22].
Among these components, alcohols, aldehydes, and ketones are responsible
for the aromatic effects of fruits and other parts of certain plants [22]. The
major compounds of EO include alcohols, aldehydes, esters, ketones,
phenols, oxides, coumarins and phenylpropenes [51]. The antioxidant
potential of many EOs results from the inherent ability of some of their
components, particularly the phenols, to stop or delay aerobic oxidation of
organic matter [52]. However, there are phenol-free EOs with antioxidant
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potentials linked to some terpenoids and other volatile constituents (e.qg.,
sulphur containing components) [18].

APPLICATION OF ESSENTIAL OILS POSTHARVEST,
AN EMERGING AREA OF GLOBAL INTEREST

The postharvest sector faces the challenge of how to prevent the growth
of microorganisms/pathogens that could initiate the process of decay/rot and
growth of toxins in fruits, vegetables and cereals. There has been a growing
interest globally in the efficient ability of some EOs to extend shelf-life of
agricultural produce and thus reduce postharvest loss. Several studies have
reported the effective inhibition of EOs of food pathogen even at a very low
concentration. Clove EO extracted from Syzygium aromaticum (L.) Merr. &
Perry has a bioactive substance as a result of its active component the
monoterpene, eugenol which acts against Botrytis cinerea, Monilinia
fructigena, Penicillium expansum Link, and Phlyctema vagabunda Desm. in
apples [53]. Globally, there is a growing interest in the use of EOs in the
postharvest industries as effective natural substitutes for synthetic
antimicrobial drugs. Oregano EO and its main constituent carvacrol
effectively inhibited mycelium growth of Neofabraea alba in apples [54].
Other studies also highlighted the presence of significant fungicidal effects
of some plant EOs such as thyme and vervain which surpass chemical
preparations in postharvest treatments against Monilinia laxa, M. fructigena,
and M. fructicola on peach fruit [55, 56]. Essential oils of fennel
(Foeniculum sativum Mill.), marjoram, oregano, and sage displayed a
fungicidal effect against Botrytis cinerea and, Penicillium expansum in
apples [57]. Elshafie et al. (2015) [56] demonstrated that the EOs obtained
from T. vulgaris and V. officinalis can be effective for the control of brown
rot infection on peach fruit caused by Monilinia laxa, M. fructicola, and M.
fructigena. Santoro et al. [58] reported the effect of thyme EO and savory
EOs in the control of postharvest diseases and quality of peaches and
nectarines, while Banani et al. [59] reported its efficacy on apples. Post-
harvest synthetic fungicide treatments affect the quality of stored grain [61].
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Thus, natural essential oils have great benefits over synthetic agents due to
their biodegradable nature and low toxicity [62]. Papaya sachets
incorporated with cinnamon, oregano and lemon grass EOs showed a
significant reduction in the growth of mesophilic aerobic bacteria, yeasts and
moulds, with the cinnamon sachet demonstrating the best reduction of
microorganisms at the end of the storage time [63]. Physicochemical
parameters of papaya, such as weight loss, colour, firmness, total soluble
solids/titratable acidity ratio and pH were not significantly altered by the
presence of cinnamon, oregano and lemon grass EO sachets, thus not
affecting the natural ripening process of the papaya [63]. Sdnchez-Gonzalez
et al. (2011) [64] found that incorporation of bergamot essential oil
significantly reduced mould, yeast, and mesophilic counts on table grapes.
Essential oils from different plants have been utilized as a preventive
measure against fungal growth and mycotoxin accumulation in cereals [65,
66]. Especially oils from aromatic and spice plants have been used as a result
of their safety and their common use in the food industry [62]. It is believed
that the benefits of the use of essential oil volatiles surpass the direct
application of the oils as a whole [47]. This includes reduced toxicity
(compared to direct contact) and ease of application [49]. Essential oil could
therefore minimize losses involved during shipment of fruit produce to other
countries as it will inhibit microorganisms responsible for deterioration and
spoilage and lead to extended shelf life of the produce thus offering export
produce which is palatable and presentable. The antimicrobial activities of
EOs against microorganisms responsible for human diseases and infections
have been reported in scientific literature.

EFFECT OF ESSENTIAL OIL AND ITS VOLATILES IN
THE TREATMENT OF HUMAN CONDITIONS AND
ANTI-INFLAMMATORY ACTIVITIES

Inhalation of essential oil volatiles may have a great significance in the
treatment and/or prevention of lung infections [46]. Inhalation of EO

Complimentary Contributor Copy



210 Olufunke O. Fajinmi and Johannes Van Staden

volatiles alleviated the symptoms of various medical conditions which
include bronchitis and sinusitis, and some oil volatiles relieve the symptoms
of asthma [67-69]. Vapour activity of volatiles of 72 essential oils against
Trichophyton mentagrophytes demonstrated that essential oils with phenol
as major constituent demonstrated the most potent vapour activity [70].
According to available literature, EOs have been used since the Middle Ages
by Arabs as a result of their antiseptic, bactericidal, virucidal, and fungicidal
properties [71]. They are utilized for embalming and preservation of foods
and they exhibit antimicrobial, analgesic, sedative, anti-inflammatory,
spasmolytic, and local anaesthetic properties [72]. The effective use of EOs
in clinical procedures has been given great attention [73-75]. Lavender EO
is well documented to be effective as an immune booster and for the
treatment of inflammatory conditions such as abrasions, muscular pain,
burns; and stress, headaches and skin problems [76, 77]. Lemon EO could
act to accelerate the production of white blood cells, boost the immune
system, and aid digestion [76]. The major constituents of lemon EO have
displayed antiseptic, astringent, and detoxifying properties against
blemishes related with oily skin [78]. The EOs in frankincense and geranium
are released as a result of high temperature when their leaves are burnt and
act as antiseptic agents to purify and scent the atmosphere in homes.

ESSENTIAL OIL TOXICITY AND INTERACTIONS
WITH CLINICAL MEDICATIONS

Irrespective of the various uses and numerous applications and
advantages of EO, indiscriminate use and abuse of essential oil is a serious
issue as it can cause health hazards. Essential oil poisoning is on the rise
globally, especially among children and toxicity of EOs could lead to health-
related problems. For example, a 17-month old male who ingest less than 10
ml Melaleuca oil (Australian tea tree oil) developed ataxia and drowsiness
[79]. When applied to the skin, EOs are easily absorbed by the skin and can
find their way into the blood stream. An overdose could be fatal, and EOs
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must therefore be used with great caution. Some studies have also suggested
its interference with the absorption and/or metabolism and efficacy of
clinical medication. Evaluation of garlic oil for its potential effect on CYP
enzymes in clinical trials suggest that garlic oil may selectively inhibit
CYP2EL, but not other CYP isoforms (such as CYP1A2, CYP3A4 or
CYP2D6) [80-84]. Some clinical data suggest that peppermint oil might
increase the levels of drugs metabolized by CYP3A4 such as felodipine [85].
It is important to consult a medical practitioner before using essential oil for
the treatment of health complaints. The quality of essential oil is another
factor that needs to be taken into consideration as some essential oils could
have a high microbial load resulting from its production process or
environment. There are different methods of extraction of essential oils
Common methods include cold-press extraction, solvent extraction, CO-
extraction, maceration, enfleurage, steam distillation and water distillation.
Steam distillation and water distillation could leave traces of water in the
essential oil which is often removed using sodium sulphate. The absence of
water even in minute traces, will prevent the growth of any microorganism
in the oil as microorganisms need a hydrated substrate to grow and multiply.
The use of high quality EOs in the right dosages could be beneficial to
humans.

In conclusion, essential oil remains an indispensable gift of nature. Its
potential could be maximized in the areas of post-harvest and clinical trials.
Further in-depth research needs to be carried out to verify their efficacies
and mode of action on host specific activities. These research activities could
open new and exciting channels into the discovery and formulation of
potential cures for life threatening diseases, especially those related to the
respiratory tract.
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JASMINUM GRANDIFLORUM ESSENTIAL OIL:
CHEMICAL CONSTITUENTS, MULTIPLE
BIOLOGICAL ACTIVITIES WITH HEALTH
PROMOTING EFFECTS
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'Organic Chemistry Laboratory, Sciences of Sfax Faculty, Chemistry
Department, University of Sfax, Tunisia
2Faculty of Sciences and Technology of Sidi Bouzid,
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ABSTRACT

Jasminum grandiflorum essential oil has received a great interest
worldwide for its multiple biological activities due to its chemical
constituents. Indeed, the application of jasminum grandiflorum essential

* Corresponding Author’s Email: gaith.rigane@yahoo.fr.
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oil in cosmetic and personal hygiene products is gradually increasing. Also,
it has been widely used in the traditional medicine for centuries, in the
treatment of respiratory diseases, common cold, influenza, and sinus
congestion. This review addressed chemical composition and ethno-
pharmacological aspects of jasminum grandiflorum plants, as also its in
vitro and in vivo pharmacological activities, and current insights with
regards to clinical efficacy and safety.

Keywords: Jasminum grandiflorum, essential oil, pharmacological
activities, health promoting effects

INTRODUCTION

Jasmine is an important group of flowering plants. It is a genus of shrubs
and vines in the olive family Oleaceae (Table 1) which possess about 2000
species. Jasmine varieties originated from India, but are also well-known in
the Mediterranean countries of Europe, Asia, and Africa, the Comoro
Islands, India and China (Jirovetz et al. 2007) (Figure 1). Jasminum
grandiflorum Linn is small shrub, among different jasmine
species.Jasminum grandiflorum is one of most important and remunerative
crop for loose flower production and oil extraction purpose. It is known as a
night blooming flowering plant with peak fragrance in the night
(Pragadheesh et al. 2017). The jasmine crop has been cultivated in the open
fields since ancient times for its peculiar and delicate fragrance and also for
its aromatic and medicinal value (Mohanasundari et al. 2018). The
traditional use of this plant suggests spasmolytic, antiinflammatory,
antimicrobial, antioxidant, antiulcer, cytoprotective, chemo preventive,
wound healing and antiacne activities (Sachan et al. 2009). Jasmineessential
oil has a sweet and floral aroma. It is regarded as unique, as it blends well
with other floral extracts and which is highly valued throughout the world
for its high grade perfumes, which is used in soap and cosmetic industries
and in flavoring mouth wash liquids. It is extensively used for oil extraction
and also for the preparation of jasmine concrete.
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Table 1. Taxonomical Classification

225

Kingdom Plantae

Subkingdom Tracheobionta — Vascular plants
Super division Spermatophyta — Seed plants
Division Magnoliophyta — Flowering plants
Class Magnoliopsida — Dicotyledons
Sub class Asteridae

Order Scrophulariales

Family Oleaceae — Olive family

Genus Jasminum — Jasmine

Species Grandiflorum Linn.

Figure 1. Jasminum grandiflorum L. plant.
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Essential oil ofjasminum grandiflorum can be useful as an
antidepressant, as a calming agent to soothe stress, pain and anxiety, and as
an aphrodisiac (Arun et al. 2016). The present review will highlight the
analytical techniques used to study the chemical composition as well as the
ethno-pharmacological aspects of jasminum grandiflorum essential oils of
plants by different authors.

BoTANICAL CHARACTERISTICS

Jasminum grandiflorum, with an intensely floral, warm, rich and highly
diffusive odor. It is a large scrambling suberect twining ever green shrub,
which grows up to 10 to 15m high (Figure 1). The leaves are shining dark
green with 5-7 leaf lets. This is twining shrub with pendulous branches. They
can be simple, trifoliate, or pinnate. Flowers are very fragrant, 3.0 — 3.8cm
across. Its color is white with a purplish tinge underneath. They are borne in
cymose clusters with a minimum of three flowers, though they can also be
solitary on the ends of branchlets. Each flower has about four to nine petals,
two locules, and one to four ovules. (Mohanasundari et al. 2018; Arun et al.
2016) (Figure 2).

JASMINE ESSENTIAL OIL EXTRACTION

Different extraction techniques, such as hydrodistillation, maceration,
CO; extraction, etc., are widely used for obtaining essential oils from
jasminum grandiflorum.

The oils were extracted by maceration. Five gram flower buds were
taken along with citric acid. It was grinded with mortar and pestle. Grinding
was carried out for about %2 hour. The pulp mixture was transferred in a
beaker. Juice was collected after filtration. Then it was subjected with ether
for oil separation. Finally, it was stabilized by adding sodium sulphate salts
and dried ether by gentle heat (40°C).
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Figure 2. Flower of jasminum grandiflorum L. plant.

Prakash et al. (2012) have studied the advantages of CO; extraction of
jasminum grandiflorum. Liquid CO, extraction appeared to be a simple
process for obtaining a fine jasmine fragrance that was free from solvent
residues and with low amounts of non-volatile components. The extract is
enriched in volatiles making the product more acceptable for high value
perfume compositions. Our process needs relatively simple equipment,
requiring no compressors or high-pressure pumps for transfer of liquid CO»,
and thus the operating cost has been minimized. The extract was enriched
with terpenoids and benzenoids, which might be suitable for use in
aromatherapy and fine perfumer. They have studied the extraction of
jasmine flowers with 22°C and 62 bar (Prakash et al. 2012). However, Wei
et al. (2015) have studied the extraction of jasminum grandiflorum using
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hydrodistillation for 3h. The essential oil obtained was stored in a sealed
glass tube with a screw cap in a refrigerator at 4°C until analyzed.

ESSENTIAL OIL ANALYSIS TECHNIQUES

The essential oils were analyzed using high performance
liquid chromatography (HPLC), gas chromatography (GC) and gas
chromatography—mass spectrometry (GC-MS). GC-MShas been proven to
be a powerful and suitable tool for the determination of various types of
essential oil because of its high separation efficiency and sensitive detection
and identied a number of has never been reported before. But, gas
chromatography—mass spectrometry (GC-MS) and FTIR spectra, combined
with chemometrics, have been used to identify the different volatile oil
components of raw medicinal materials from different species and different
habitats (Table 2).

THE CHEMICAL COMPOSITION OF JASMINE
ESSENTIAL OILS

Essential oils are liquid that are generally distilled from various parts of
plant that have strong aromatic components such as from the leaves, stems,
flowers and roots.

The chemical composition of jasminumgrandiflorum has been reported
in Table 3. Extraction of flowers with liquid CO; yielded a product that
contained the lowest amounts of fatty components (2.5%) and hydrocarbons
(0.8%), with an improved percentage of oxygenated monoterpenes and polar
compounds (C<11) (17.2%), and benzenoids (42.4%). The major
compounds in the liquid CO2 extract were (Z)-3-hexenyl acetate (5.5%),
linalool (9.6%), benzyl acetate (12.0%), methyl anthranilate (3.1%), (E,E)-
a-farnesene (20.0%) and (Z)-3-hexenyl benzoate (24.8%).
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Table 2. Essential oil analysis techniques
of jasminum grandiflorum L.
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Essential oil
analysis
techniques of
jasminum
grandiflorum

Conditions

Major component

References

GC-MS, GC/FID | The columns were 30m x 0.32mm Benzyl acetate Jirovetz et al.
bonded FSOT-RSL200 fused silica, | (23.7%), 2007
with a film thickness of 0.25um Benzyl benzoate
(Biorad, Germany) and 30m x (20.7%),
0.32mm bonded Stabilwax, with a Phytol (10.9%),
film thickness of 0.50pum.The Linalool (8.2%),
temperature program was: Isophytol (5.5%),
40°C/5min t0280°C/5min, with a
heating rate of 6°C/min
GC-MS 100°C initial temperature, Phytol (25.77%), Wei et al.
increased to 270°C at 4°C/min, 3,7,11trimethyldode | 2015
final temperature 270°C and held ca-1,6,10-trien-3-ol
for 7.5min. (12.54%)
Isophytol (12.42%).
Hexadecanoic acid
(9.16%)
Perhydrofarnesyl
Acetone (4.85%)
GC-FID, GC/MS | A 30m x 0.25mm WCOT column, Linalool (7.1%), Prakash et al.

coated with 0.25pum 5% diphenyl
dimethyl siloxane (DB-5)

Helium was used as the carrier gas
at a flow rate of 1.2mL/min ata
column pressure of 42 KPa.
Component separation was
achieved following a linear
temperature program of 60°-210°C
(2°C/min), and 210°C (50 min).
MS parameters: ionization voltage
(El) 70 eV, peak width 2 s, mass
range 40-400 amu and detector
voltage 1.5 volts

Benzyl acetate
(18.3%),
(E,E)-a-farnesene
(26.2%),
(2)-3-hexenyl
acetate (12.2%)
a-cadinol (7.2%).

2012
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Table 3. Screening of important essential oil isolated
from Jasminum GrandiflorumL.

No. Chemical name Identification References
Method
1 Benzylacetate GC, GC-MS, GC- | lJirovetza et al. 2007; Wei et al.
FID 2015; Prakash et al. 2012.
2 trans-Nerolidol GC-MS, Jirovetza et al. 2007; Prakash et
GC-FID al. 2012; Wei et al. 2015.
3 Cedrol GC-MS Wei et al. 2015.
4 Methyl myristate GC-MS Wei et al. 2015.
5 7-Tetradecene GC-MS Wei et al. 2015.
6 Benzyl benzoate GC, GC-MS Jirovetza et al. 2007; Wei et al.
2015; Tyagi et al. 2017.
7 Neophytadiene GC-MS Wei et al. 2015.
8 Perhydrofarnesyl Acetone GC-MS Wei et al. 2015.
9 Phytol acetate GC-MS Wei et al. 2015.
10 Nonadecane GC-MS Wei et al. 2015.
11 Geranyl linalool GC, GC-MS Jirovetza et al. 2007; Wei et al.
2015.
12 Linalool GC-MS; GC-FID Prakash et al. 2012; Jirovetza et
al. 2007.
13 Methyl palmitate GC-MS Wei et al. 2015;
14 Isophytol GC-MS Wei et al. 2015; Jirovetza et al.
2007.
15 Hexadecanoic acid GC-MS Wei et al. 2015.
16 Methyl phytanate GC-MS Wei et al. 2015.
17 a -Methyl linolenate GC-MS Wei et al. 2015; Jirovetza et al.
2007.
18 Heneicosane GC-MS Wei et al. 2015.
19 Phytol GC, GC-MS Jirovetza et al. 2007; Wei et al.
2015.
20 Octadecanoic acid methyl ester | GC-MS Wei et al. 2015.
21 9,12,15-Octadecatrienoic acid GC-MS Wei et al. 2015.
22 Docosane GC-MS Wei et al. 2015.
23 Tricosane GC-MS Wei et al. 2015.
24 Tetracosane GC-MS Wei et al. 2015.
25 Pentacosane GC-MS Wei et al. 2015.
26 Hexacosane GC-MS Wei et al. 2015.
27 Heptacosane GC-MS Wei et al. 2015.
28 Octacosane GC-MS Wei et al. 2015.
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No. Chemical name Identification References
Method

29 Squalene GC-MS Wei et al. 2015.

30 Nonacosane GC-MS Wei et al. 2015.

31 cis-Jasmone GC-MS; GC-FID Jirovetza et al. 2007; Prakash et
al. 2012.

32 trans-Jasmone GC-MS Jirovetza et al. 2007.

33 Methyl anthranilate GC-MS Jirovetza et al. 2007; Tyagi et al.
2017.

34 (E,E)-a-farnesene GC-MS; GC-FID Jirovetza et al. 2007; Prakash et
al. 2012.

35 (2)-3-hexenyl acetate GC-MS; GC-FID Jirovetza et al. 2007; Prakash et
al. 2012.

36 a-cadinol GC-MS; GC-FID Prakash et al. 2012.

37 T-Cadinol GC-MS; GC-FID Prakash et al. 2012.

38 5-Cadinene GC-MS; GC-FID Prakash et al. 2012.

The liquid CO; extract contained improved amounts of some minor
compounds like methyl salicylate (0.3%), indole (0.3%), (Z)-jasmone
(0.2%), (Z)-methyl jasmonoate (0.2%) and (Z)-methyl epi-jasmonoate
(0.3%), which contribute towards the fragrance characteristics of the floral
extract (Prakash et al. 2012).

In addition, jasminum grandiflorum absolute from India has been
reported by Jirovetz et al. (2007). The chemical composition of a sample of
jasminum grandiflorum L. was analyzed by GC and GC/MS. The major
compounds identified were benzyl acetate (23.7%), benzyl benzoate
(20.7%), phytol (10.9%), linalool (8.2%), isophytol (5.5%), geranyl linalool
(3.0%), methyl linoleate (2.8%) and eugenol (2.5%). But the results of Wei
(2015) using GC/MS technique show that phytol was the major volatile
component of jasminum grandiflorum. The major volatile components of
the flower were phytol(25.77%), 3,7,11 trimethyldodeca -1,6,10-trien-3-ol
(12.54%) and 3,7,11,15 - tetramethyl -1-Hexadecen-3-ol (12.42%)
(Figure 3).

Complimentary Contributor Copy



232 Hajer Riguene, Ghayth Rigane and Ridha Ben Salem

HO /
Phytol
o]
2 )-Lo/\O
3,7, U trimethyldodeca - 16, 1{-4rien- -0l Benzyl acctate
a
HO
0/\,@
Benzyl benzoate Linalool
]
)J\ Om/ﬁ\
(7)-3-hexeny] acetate w2 -cudinol
HO
Isophytol
o]
S e
Perhydrofarnesyl Acetone
a

/\/\/‘\/‘\/\/\/‘\/U\DH

Hexadecanoic acid

N N e

(E,E)-u-farnesene
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THE BIOLOGICAL ACTIVITIES OF JASMINE OIL

The data show that phytol is the major essential component of jasminum
grandiflorum, and this component may have some of the pharmacological
effects of jasminum grandiflorum plant itself and acute administration of
phytol exerts an anxiolytic-like effect on mice by producing sedative and
anxiolytic activities. In open field test, phytol (25, 50 and 75mg/kg)
increased the number of crossings and rearings. In pentobarbital sleeping
time test, phytol 75mg/kg decreased for latency of sleeping and phytol (25,
50 and 75mg/kg) increased the sleep time when compared to negative
control (Costa et al. 2014).

The antimicrobial activities of the jasminum grandiflorum sample and
of some of its main and minor compounds were tested against Gram-positive
and Gram-negative bacteria, as well as against the yeast Candida albicans,
using agar dilution and agar diffusion methods.

The jasmine absolute showed medium to high activity (reference
compounds: eugenol and three synthetic antibiotics) against the Gram-
positive bacterium Enterococcus faecalis, against the Gram-negative
bacteria Escherichia coli, Pseudomonasaeruginosa, Klebsiellapneumoniae
and Salmonellasp., as well as against the yeast Candidaalbicans (Jirovetz et
al. 2007).

Epilepsy is a common chronic neurological disorder that affects 1-2%
of the world population. Phytol exhibits anticonvulsant activity by
modulating of neurotransmitter systems. It was reported that phytol (25, 50
and 75mg/kg, i.p.) increased latency to first seizure and decreased
percentage of these seizures.

Moreover, phytol also protected the animals against status epilepticus
induced by pilocarpine, and decreased the mortality rate. Mice treated with
pilocarpine (n = 24) presented 100% of mortality during the first hour of
observation. In turn, phytol-pretreated animals within 30 min before the
administration of pilocarpine (400mg/kg) remained alive during thefirst
hour of observation (Costa et al. 2012).

The peroxisome proliferator-activated receptor (PPAR) is one of the
indispensable transcription factors for regulating lipid metabolism in various
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tissues. Phytol is functional as a PPARa ligand and that it stimulates the
expression of PPARa-target genes in intact cells. Because PPARa activation
enhances circulating lipid clearance, phytol may be important in managing
abnormalities in lipid (Goto et al. 2005).

Phytol exhibits a good antioxidant activity because of the allylic nature
of the alcohol group. It is able to scavenge reactive oxygen and/or nitrogen
species (ROS/RNS) produced by cellular stress and metabolism (Guo et al.
2014).

Some of the bioactivities of phytol which could be related to its redox
properties are its reported in vitro anticancer effects, anti-teratogenic
activity, tumor-promotor and anti-tumor activity. Furthermore, trans-phytol
inhibits the biosynthesis of estrogen in human ovarian granulose cells by
aromatase (CYP19) (Guo et al. 2014).

Anti-acne activity of essential oil of jasminum grandiflorum was
evaluated towards Propionibacterium acnes and in vitro toxicology against
three human cancer cell lines. Results demonstrated that the essential oil was
found to effective against Propionibacterium acnes and showed significantly
stronger cytotoxicity of essential oil on human prostate carcinoma cell (PC-
3) than on human lung carcinoma (A549) and human breast cancer (MCF-
7) cell lines.

Use of essential oils as mosquito larvicide has been suggested by
different studies. Jasmine oil shows best results for larvicidal activity against
Aedes aegypti larvae as 42.85 ppm and 78.18ppm while it shows higher
LC50 and LC90 of 73.52 ppm, 399.05 ppm against Anopheles stephensi
larvae (Tyagi et al. 2017).

Jasminum grandiflorum was checked for its antibacterial activity
against selected human pathogens viz., Escherichia coli, Bacillus sp.,
Streptococcus sp., Salmonella sp., Pseudomonas sp., Serratiamarcescens,
Klebsiellapneumonia and Staphylococcusaureus. It was found that the
samples showed antimicrobial activity against some of the pathogens
(Shekhar et al. 2015).

Jasmine oil could be used as blended massage oil or diluted in the bath
for almost everything like addiction, post natal depression, relaxation,
muscle pain, coughs, tension, stress and nervousness. It is also used as a base
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cream or lotion for dry or greasy and sensitive skin, as well as for scratch
marks and scars.

CONCLUSION

The results of this study showed that there was a great variation in the
constituent of the essential oil from jasminum grandiflorum, with the major
component being phytol. It is clear that jasmine essential oils posses a wide
variety of bioactivities (antidepressant, antimicrobial, anticonvulsant,
antioxidant, anti-cancer and anti-acne activities, etc.). The commercial uses
of essential oil (blended massage oil, diluted in the bath, parfum, etc.) are
simple, less expensive and eco-friendly.
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Chapter 8

THE ROLE OF CHARACTERISED MOST
ABUNDANT COMPOUNDS ON IMPACT NOTES
IN ESSENTIAL OIL RESEARCH
WITH BIOACTIVITY ASPECTS

Dorcas Olufunke Moronkola’, Emmanuel Onah Ojah,
Clement Odunayo Ajiboye, Oluwafunmilola Elizabeth Akinpelu
and Olusegun Ekundayo
Department of Chemistry, University of Ibadan, Ibadan, Nigeria

Abstract

We are giving a critical overview of the diverse roles of the most abun-
dant compounds in essential oil (EO) samples as determinants of impor-
tant features such as the influence of impact notes and biological activities
displayed. It calls for genuine and reproducible characterisation of such
dominant compounds. Essential oils (EOs) are complex odoriferous com-
pounds, which are distillable exudates in natural products. Their ubig-
uitous content includes mono-terpenes, sesqui-terpenes and their oxy-
genated derivatives with varied functional groups such as esters, alco-
hols, ketones, carboxylic acids, and aromatic derivatives. Essential oils
obtained from different parts (leaves, stem and stem bark, root and root
bark, fruits parts, etc.) of the same plant do vary uniquely and signifi-
cantly. They are important in medicine, perfumery, and flavouring which

*Corresponding Author’s Email: funkemoronkola@gmail.com; do.moronkola@ui.edu.ng.
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are commercially utilized in pharmaceutical, cosmetics, paints, petroleum
and food industries as inhalants, germicides, stimulants, antiseptics, per-
fumes, toiletries, additives, preservatives and artificial flavours in foods
and drinks. Characterised components have been reported to exhibit a
broad spectrum of bioactivities such as larvicidal, anti-inflammatory and
antimicrobial relevant for several therapeutic interventions. The values
and importance of essential oils depend mainly on the type and quantity
of impact compounds it contains. The dominance of some compounds
in the essential oils has a great influence on the characteristics including
bioactivity exhibited by the plant. They determine the nature of the EO
and are usually responsible for impacting the characteristic notes of each
EO sample. On the suitability of EOs, their most abundant compounds
have characteristic impact notes, which are utilized on finished products
industrially and for commercial purposes. There are earlier reports on
dominant compounds in essential oils such as Limonene for the cashew
fruity odour and S-caryophyllene for Hog plum fruity odour. Fragrances
perceived and aroma exhibited by such abundant compounds play major
roles in acceptability, accessibility (judging) and bioactivities expressed
by the EOs. Most abundant compounds in EOs are important and reliable
in chemotaxonomic studies of plants. Some of these we will be examin-
ing.

Keywords: essential oil, impact compound, notes, bioactivity, spectroscopic
analyses

1. ESSENTIAL OILS

1.1. Definition of Essential Oil

Essential oil (EO) is a natural product and concentrated liquid that is hydropho-
bic in nature containing volatile chemical compounds extracted from different
parts of plants including the fruits, peels, flowers, leaves, rhizomes, wood, stem,
stem bark and root especially from potentially beneficial plants [1]. EOs are in-
soluble in water but volatile with steam, rapidly evaporating at different rates
of atmospheric pressure and room temperature. They are liquid mixtures of or-
ganic compounds that are considered necessary constituents of the plant, hence
its Latin word esentia meaning the characteristic or the most important compo-
nent of the natural substances. They are also referred to as ethereal oils which
are suspensions and distillable exudates. EOs have pronounced odours, which
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could be detected even at low concentrations in air, though each of the volatile
compounds has a varied range of sensory detection threshold [2],[3].

It occurs in extremely small amount in comparison with other compounds
of the plants such as its water content [2]; it consists of odoriferous compounds
which are responsible for the aroma and flavour of the various parts of a plant
with its characteristic odour and taste depending on the plant from which it is
derived [3]. The compositions of each essential oil differ, which is its character-
istic feature and focus of its study.

The quality and quantity of essential oils depend mainly on genetic factors,
drying method, botanical origin, harvesting season and geographical location
[2], [4][9]. Essential oils can be made of a varied number of compounds ranging
from one, though rare, to many. Cinnamaldehyde is the main compound in
cassia essential [10] and methyl] salicylate in wintergreen [11]. There are 140
compounds in Curuba (Passiflora mollissima) fruit pulp [12].

1.2. Classification of Essential Oil

Essential oils can be classified into the following four categories: terpenoids,
phenylpropanoids, open-chain aliphatics, cyclic and hetero atoms [13], [14]:

1.2.1. Terpenes

Terpenes are primary constituents of essential oils, derived from isoprene (2-
methyl-1,3-butadiene) units, which are formed from acetic acid and mevalonic
acid; they are joined in head to tail fashions to form chains or rings. This
is called isoprene rule [15]. Isoprene units are the building blocks of all ter-
penoids. Monoterpenes, sesquiterpenes and few diterpenes are ubiquitous EO
compounds, which are usually responsible for its characteristic impact notes.
Their oxygen-containing derivatives are known as terpenoids, although some
literature uses terpenoids or isoprenoids.

Examples include pinenes found in pinewood and cannabis, it is a known
anti-cancer agent and used for prevention of infections; myrcene a monoterpene
in the bay, citrus fruits, cannabis, and lemongrass is known to treat peptic ul-
cer, insomnia and as pain-reliever. It is also utilised in perfumery [16], [17].
Limonene in limes, lemons, and oranges have antibacterial and antifungal ac-
tivities; humulene which is in tobacco, hops and orange orchards is used in pre-
vention of weight loss, as anti-inflammatory and anti-bacterial agent; camphene
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in turpentine, ginger, and camphor oil are known for reducing plasma choles-
terol; linalool from rosewood and lavender is used to boost immunity, vitamin
E formation, treatment of lung inflammation and often utilised as insecticides;
caryophyllene from cloves, cinnamon, and black pepper treats arthritis, cancer,
chronic and neuropathic pain.

1.2.2. Phenylpropanoids

Phenylpropanoids are benzene derivatives synthesized from amino acids pheny-
lalanine and tyrosine [18]. Caffeic acid (in coffee), an anti-inflammatory and
antioxidant agent; eugenol (in nutmeg, cloves, cinnamon, and wormwood) is a
known anti-inflammatory, antioxidant and cardiovascular agent.

1.2.3. Open Chain Aliphatics

Open chain aliphatics are straight, or branch chain compounds. Examples are
citral isolated from lemongrass which has perfumery and antimicrobial proper-
ties; geraniol found in rose, citronella, and lemongrass is known for antimicro-
bial, anti-inflammatory and antiseptic properties.

1.2.4. Cyclics and Heteroatoms

Essential oils can also be classified based on the presence of cyclic and het-
eroatom. For example borneol, a constituent of camphor, lavender, and rose-
mary relieves pain, treats coughs, colds, and bronchitis; carvacrol found in
oregano and thyme cures cold and has antimicrobial activities.

1.3. Benefits of Essential Qil to Plant

The benefits of essential oils made them to be called the chemical weapons of
the plant world because of the abilities of their chemical constituents to scare
away insects or protect the plant against microbial attacks. They also act as plant
pheromones to attract or seduce their pollinators. Likewise, their oxygenated
molecules can serve as chemical messengers to the cells bringing life to plants,
aiding growth, destroying infestation and stimulating healings [19].
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2. ISOLATION AND EXTRACTIONS

2.1. Introduction

Extractions are methods utilized in obtaining a plants bioactive constituents that
function as its life force. They are essentially the liquefied version of a plant and
are produced when a botanical material is introduced to a solvent in which com-
ponents of the plant material dissolve in. Likewise, their oxygenated molecules
can serve as chemical messengers to the cells bringing life to plants, aiding
growth, destroying infestation and stimulating healings [19]. The solution ob-
tained at the end of the process is usually liquid, however, the liquid can be
concentrated by removing the solvent to obtain the resultant solid extract. The
solvents consequently act as preservatives or agents that aid plant cells to break
down releasing their contents (compounds) into it [20]. The extraction method
is one of the factors that determine the quality and quantity of essential oil ex-
tracted. Inappropriate extraction procedure can lead to total alteration of the
chemical signature of essential oil, as well as artifact formation, resulting in a
rapid change in bioactivity and natural characteristic features of the oils, hence
rendering results of such studies unreliable [21], [22].

2.2. Methods of Extraction of Essential Oil

The extraction of essential oils from plant material can be achieved by various
methods, of which hydro-distillation and steam distillation are the most com-
mon method of extraction [23][25]. Other methods include solvent extraction,
aqueous infusion, cold or hot pressing, effleurage, supercritical fluid extraction
and phytonic process [25][28]. The later process is newly developed, which
uses refrigerant hydrofluorocarbon solvents at low temperatures (below room
temperature), resulting in good quality of the extracted oils. Thus, the chemical
composition of the oil, both quantitative and qualitative, may be influenced by
the extraction techniques. For example, hydro-distillation and steam distillation
methods yield oils rich in terpene hydrocarbons. While the super-critical ex-
tracted oils contained a higher percentage of oxygenated compounds [29][33].

2.2.1. Hydrodistillation

Hydrodistillation has become the standard method of essential oil extraction
from plant materials and it is often used to isolate non-water-soluble natural
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products ranging from low to high boiling points. The process involves the
complete immersion of macerated plant materials in water, with subsequent
boiling at sufficiently elevated temperatures. This method protects the oil ex-
tracted since the surrounding water acts as a barrier to prevent it from overheat-
ing. The steam and essential oil vapours are condensed to an aqueous fraction
at sufficiently low temperature under ice conditions. The main advantage of
this method is that the required materials can be distilled at a considerably low
temperature thereby preventing their loss and undesired chemical modifications.
Okoh et al., 2010, studied different extraction processes on yield and properties
of essential oils from rosemary (Rosemarinus officinals L.) by hydrodistillation
and solvent-free microwave extraction (SFME). The total yield of the volatile
fractions obtained through hydro-distillation and solvent-free microwave extrac-
tion was 0.31% and 0.39% respectively. Hydro-distilled oil contained more
monoterpenes (28.6%)[34].

Delicate flowers such as roses and orange blossoms would clump together
when introduced to steam in the distillation process, hence the most effective
alternative method of extraction in this situation is to submerge the fragile plant
material in pure boiling water (hydro-distillation). The condensed liquids in
iced conditions cool down and separate from each other. The residual water,
which contains some of the fragrance is referred to by several names including
hydrolate, hydrosol, herbal water, essential water, floral water, or herbal distil-
late, which can also be utilized for other applications [35].

2.2.2. Expression

This method is accomplished either by sponge method, scarification, rasping or
by a mechanical process. In the sponge method, the washed plant e.g. citrus
(orange, lemon, grapefruit, etc.) is cut into halves to remove the juice com-
pletely, and turned inside out by hand, squeezed when the secretary gland rup-
ture. The oozed volatile oil is collected by means of the sponge and subse-
quently squeezed in a vessel. Oil floating on the surface is carefully separated.
For the rasping process, the outer surface of the peel of citrus fruits containing
the oil gland is skillfully removed by a grater. The rasping is placed in horse-
hair bags and pressed strongly so as to ooze out the oil stored in the oil glands.
Initially, the liquid has a turbid appearance but on allowing it to stand the oil
separates out which may be decanted and filtered subsequently. For the scarifi-
cation process, the apparatus Eucelle a Piquer (a larger bowl meant for pricking
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Figure 1. Hydrodistillation set up (Adapted Clevenger type).

the outer surface of citrus fruits) is used, the freshly washed lemons are placed
in the bowl and rotated repeatedly when the oil glands are punctured thereby
discharging the oil right into the handle. The liquid is then transferred to an-
other vessel, where on keeping the clear oil may be decanted and filtered. The
mechanical process involves the use of heavy-duty centrifugal devices so as to
ease the separation of oil with water emulsions invariably formed. The advent
of modern mechanical devices has impressively increased oil output. [36].
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2.2.3. Effleurage

Effleurage is one of the oldest methods used for the extraction of essential
oils. It is however rarely used today, probably because of its high cost. The
effleurage process can be done either hot or cold. In both instances, the fat that
is saturated with fragrance is called “effleurage pomade. The basic principles
for both processes are explained below:

Cold Effleurage

1. Highly purified and odourless vegetable or animal fat, usually lard or tal-
low, is spread out over glass plates in a frame called a chassis and is
allowed to set.

2. Fresh flower petals or fresh whole flowers are then placed on top of the
layer of fat and pressed in. They are allowed to set for 1-3 days or for a
couple of weeks depending on the flowers that are used. During this time,
their scent seeps into the fat.

3. The depleted petals are replaced and the process is repeated until the fat
reaches the desired saturation.

4. The final product is the effleurage pomade, which is the fat and the fra-
grant oil. This is washed with alcohol to separate the botanical extract
from the remaining fat, hence utilized in soap making. When the alcohol
evaporates from this mixture, the absolute is what is leftover.

Hot Effleurage

The main difference in this process is that the fats are heated. Despite the
introduction of the modern process of extraction with volatile solvents, the old-
fashioned method effleurage still plays an all-important role. Its principles are
simple. Fat possesses a high power of absorption and when brought in contact
with fragrant plant materials. This principle, methodically applied on a large
scale, constitute eight to ten weeks, batches of freshly picked flowers are strewn
over the surface of a specially prepared fat base (corps), left there and then
replaced by fresh flowers. At the end of the harvest, the fat, which is not renewed
during the process, is saturated with flower oil. Thereafter, the oil is extracted
from the fat with alcohol and then isolated. The success of effleurage depends
on a great extent upon the quality of the fat base employed. [20]
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2.2.4. Solvent Extraction

Conventionally, solvent extraction has been implemented for plant materials
that yield low amounts of essential oil, that are largely resinous, or that is del-
icate aromatics unable to withstand the pressure and distress of steam distil-
lation. This method also produces a better fragrance than any type of distil-
lation method. The extraction process can be carried out with volatile solvents
(e.g. hexane and ethanol) resulting in the production of floral concretes-oils with
solid consistency and partly soluble in non-volatile solvents, which results in the
production of perfumes [37]. Usually, the solvent is mixed with plant materials
and then heated to extract the essential oil, followed by filtration. Subsequently,
the filtrate is concentrated by solvent evaporation. The concentrate is resin or
concrete (a concentration of wax, fragrance and essential oil). From the con-
centrate, it is then mixed with pure alcohol to extract the oil and distilled at
low temperatures. The alcohol absorbs the fragrance and when the alcohol is
evaporated, the aromatic absolute oil remains. The solvent extraction method
of extracting essential oil is dominated by perfume industries; used in shampoo,
bath oils, toothpaste, fly sprays, and air fresheners. However, this method is a
relatively time-consuming process, thus making the oils derived by this method
more expensive than others.

2.2.5. Steam Distillation

Steam distillation s a separation process for temperature-sensitive materials like
oils, resins, hydrocarbons, etc. which are insoluble in water. The fundamental
nature of steam distillation is that it enables a compound or mixture of com-
pounds to be distilled at a temperature substantially below that of the boiling
point(s) of the individual constituent(s). Essential oils contain substances with
boiling points ranging from low to high. In the presence of steam or boiling
water, however, these substances are all volatilized. Fresh, or sometimes dried,
the botanical material is placed in the plant chamber of the still and the steam is
allowed to pass through the herb material under pressure which softens the cells
and allows the essential oil to escape in vapour form, which is trapped under
iced condition. The temperature of the steam must be high enough to vapourize
the oil present, yet not so high that it destroys the plants or burns the essential
oils [38], [39].
Steam distillation process involves the following:
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1. A large container called a Still, which is usually made of stainless steel,
containing the plant material has steam added to it.

2. Through an inlet, steam is injected through the plant material containing
the desired oils, releasing the plants aromatic molecules and turning them
into vapour.

3. The vaporized plant compounds travel to the condensation flask or the
Condenser. Here, two separate pipes make it possible for hot water to exit
and for cold water to enter the Condenser. This makes the vapour cool
back into liquid form.

4. The aromatic liquid by-product drops from the Condenser and collects
inside a receptacle underneath it, which is called a Separator. Because
water and oil do not mix, the essential oil floats on top of the water. From
here, it is siphoned off. (Some essential oils are heavier than water, such
as clove essential oil, so they are found at the bottom of the Separator.)

The steam distillation process involves the following: Here essential oil
vapours condense with the steam. Essential oil forms a film on the surface of the
water. To separate the essential oil from the water, the film is then decanted or
skimmed off the top. The remaining water, a by-product of distillation, is called
floral water, distillate, or hydrosol. It retains many of the therapeutic properties
of the plant, making it valuable in skincare for facial mists and toners (a solution
containing chemicals that can change the colour of a photographic print). The
advantage of Steam Distillation is that it is a relatively cheap process to operate
at the basic level, also the properties of oils produced by this method are not
altered. The steam involved in this method does not decompose the components
of the EOs. This method apart from being economical is also relatively faster
than other methods of obtaining EOs. Steam Distillation is the most popular
method used to extract and isolate essential oils from plants in natural product
studies [25], [27], [28].

2.2.6. COy Extraction

Essential oils derived from the supercritical CO; extraction of herbs are similar
to the oils produced through distillation in that they can be used in aromather-
apy and natural perfumery. Oils derived from steam distillation vary in their
qualities depending on the temperatures, pressures, and length of time applied
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for the process. The C'Os extraction process might thus produce higher quality
oils that have not been altered by the application of high heat.

The C'O4 extraction processes involve the following:

Pressurized carbon dioxide becomes liquid while remaining in a gaseous
state, which means it is now “supercritical.” In this state, it is pumped into a
chamber filled with plant matter.

Because of the liquid properties of the gas, the C'O functions as a solvent
on the natural plant matter, pulling the oils and other substances such as pigment
and resin from the plant matter. The essential oil content then dissolves into the
liquid COs.

The C'O3 is brought back to natural pressure and evaporates back into its
gaseous state, while what is left is the resulting oil.

In C'O7 extraction, none of the constituents of the oil is damaged by heat.
Thus, the difference between traditional distillation and supercritical extraction
is that instead of heated water or steam, C'Os is used as a solvent in the latter
method. The supercritical extraction process operates at temperatures between
95 and 100 degrees F whereas steam distillation operates at temperatures be-
tween 140 and 212 degrees F. CO; extracts are usually thicker than their essen-
tial oil counterparts and often give off more of the aroma of the natural herb,
spice, or plant than a distilled essential oil. CO; extracts have been said to
contain more plant constituents than the amount extracted from the same plant
using steam distillation. C'Oy is colourless, odourless and can be easily and
completely removed by releasing the pressure in the extraction chamber. It is
what we exhale and is needed by plants in order for them to thrive, which illus-
trates its harmlessness when employed in this extraction process. This absence
of potentially harmful solvents in C'Oz extraction means neither the human body
nor the environment is polluted [40]

2.2.7. Maceration

Macerated oils are also referred to as infused oils. They are created when carrier
oils are used as solvents to extract therapeutic properties from plant material.
Maceration process involves the following:

1. Plant material is finely cut, crushed, or ground into a moderately coarse
powder.

2. Plant material is placed in a closed vessel.
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3. Solvent is added.
4. The mixture is allowed to stand for 1 week and is shaken occasionally.
5. The liquid is strained.
6. Solid residue (Marc) is pressed to recover any remaining liquid.
7. Strained and expressed liquids are mixed.

8. Liquids are clarified through filtration or subsidence.

The benefit of macerated oil above distilled oil is that more of a plants
essence is captured in the oil, because it captures heavier, larger plant molecules
than the ones captured in the distillation process. This keeps the product closer
to retaining more of the plants valuable offerings. The ideal plant material to
be infused will be harvested so that it is as dry as possible, as any moisture will
cause the oil to become rancid, thus encourage microbial growth. Adding 5% of
Vitamin E oil or Wheatgerm oil (which is high in Vitamin E) will prevent ran-
cidity. When the maceration process is complete, the base oil will likely have
changed colour. The final maceration should be filtered off its plant material
and poured into an airtight container to be stored in a cool, dry place. 5-10% of
a macerated oil can be used as an active botanical in a cosmetic formula. Used
in a larger quantity, it can also replace a plain base oil [22], [41], [42].

2.2.8. Cold-Press Extraction

This method is also called Expression or Scarification and is used for citrus
peels in particular [41], [43].

1. Whole fruit is placed in a device that mechanically pierces it to rupture
the essential oil sacs, which are located on the underside of the rind. Its
essential oil and pigments run down into the devices collection area.

2. The whole fruit is pressed to squeeze out the juice and the oil.

3. Oil and juice that are produced still contain solids from the fruits, such as
the peel and must be centrifuged to filter the solids from the liquids.

4. The oil separates from the juice layer and is siphoned off into another
receptacle [41], [43].
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3. CHARACTERISATIONS IN ESSENTIAL OIL
STUDIES

3.1. Introduction

In essential oil studies, the active chemical compounds that have some medicinal
applications must be identified. These compounds with many uses and high
volatility require specialized analytical techniques for detailed characterisation
in their identifications [43], [44].

Chromatography, especially gas chromatography (GC) and mass spec-
troscopy (MS) have been the most generally used analytical techniques for in-
vestigating the constituents of essential oils, which have proved reliable [44].
Other methods in sample preparation prior to injection have also been applied
to improve characterisations in essential oil analyses. Such include Solid-Phase
Matrix Extraction (SPME) [45], Headspace-GC [46] or coupling of analytical
instruments to increase the separation power of one-dimensional techniques.

This section discusses some of the advancements in chromatography for
essential oil analysis from gas chromatography to coupled techniques.

3.2. Essential OQil Analysis by Gas Chromatography

In GC analysis, essential oils are vaporised and then eluted through the col-
umn by the gas mobile phase, which are carrier gases such as He and Ha. Its
constituents are separated based on their differential affinities for the stationary
phase as well as their relative vapour pressure. This is a gradient elution method,
where the separated constituents of the essential oil emerge from the outlet of
the column with respect to time, which are detected and recorded in the form of
a chromatogram. The chromatogram is a plotted signal against time where the
peaks are a form of Gaussian distribution-curve shapes; its peak area and height
indicate the amount of the compound present (% total ion concentration, TIC)
with its width being a function of the band that is spread in the column. The
retention time is characteristic of the solute (compound), the values obtained
are utilised for detailed identification of the compound.

Capillary GC has strongly contributed to the advancement of the essential
oil science from both academic research and industrial point of view (qual-
ity control, new sources for odoriferous compounds). Until the introduction
of Golay columns and further improvement by Martin, which afforded higher
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sensitivity by suggesting a decrease in the diametre of the column, only metal
columns packed with more or less inert support coated with a polar or non-polar
liquid stationary phases were used in the early days [47].

Sample preparation, a significant stage in gas chromatography may include
static headspace, SPME or direct thermal desorption. Headspace analysis is a
powerful tool for solving problems such as detection of trace components, or
for checking a wide variety of different materials [48]. The development of
methods such as static headspace in GC, improves the sensitivity and allows
the detection of lower concentration compounds. The improvements brought
about by using SPME include the need for significantly less plant material, more
rapid and reproducible sample preparation, less opportunity for the oxidation of
volatiles to take place and no need for the use of organic solvents.

Another significant development of GC methods in essential oil analysis is
the application of the GC-olfactometry (scent assessment) or GC-sniffing tech-
nique [49]. In the essential oil GC-sniffing method, the investigator writes notes
on the GC chromatogram when the odour is perceived using his nose as a de-
tector. In this way, he points out peaks and regions in the chromatogram where
odours are detected. The method also has limitations because further work is
required to identify the peaks for example by GC-MS.

Each of these developments has contributed a lot to improve the separation
power of GC in terms of the number of peaks separated, as well as qualitative
and quantitative information generated.

3.2.1. High-Speed Gas Chromatography

Instruments and techniques have been improved upon over the years to speed up
capillary GC. A fast capillary should have an average peak width less than one
second. Itis a “super fast GC” when the average peak width is about 100 ms and
“Ultra fast GC” when the peak width is less than 10 ms. Table 1 delineates the
scopes of conditions for conventional, fast and ultra fast GC in terms of analysis
time, heating rates, column length, internal diametre and peak width.

3.2.2. Fast Gas Chromatography in Essential QOils Analysis

The applicability of ultra-fast GC in essential oil investigation, when compared
to conventional GC, is limited. A comparative study of ultra-fast GC with a
resistively heated column and conventional GC with a decreased inner diametre
column (0.25 mm) of various lengths (5 and 25 m long) was undertaken with
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Table 1. Schematic representation of common requirements for reaching a
high speed of analysis in GC [50]

Description Heating Column Column i.d. Analysis Peak
rate length (1 m) time Width
(°C/min) (m) (min) (s)

Ultra Fast 60 - 52 100 - 50 ~1 0.2 0.05
1200

Fast 20-60 155 250 - 100 ~ 10 5-0.5

Conventional 1-20 60-15 320 250 ~ 30 105

different essential oils [48]. Essential oils studied were of different complexities
(Chamomile, peppermint, rosemary, and sage). Comparable results of signifi-
cant peaks expected in these oils were observed for both GC and ultra-fast GC
techniques. Although ultra-fast GC has emerged as a powerful GC method to
provide information in an extremely short time, the resolution is compromised
by rapid heating and high flow rates in a short column. Because of the limited
peak capacity in fast GC more of the peaks co-elute.

3.3. Multidimensional Chromatography
3.3.1. Concepts in Multidimensional Separation

Multidimensional chromatography is defined as the chromatographic procedure
in which two or more analytical techniques are coupled together to improve
their partition power [51]. The coupling can be either two chromatographic
techniques or a chromatographic technique with spectroscopy.

The ultimate goal of chromatography has been to effectively separate sam-
ple mixtures with the largest number of compounds in the shortest time. The
need to analyse samples of increasing complexity and at lower detection lim-
its has placed more stringent requirements on the separating power required
for analysis. A single chromatographic system is inadequate to handle very
complex samples and attempts at analysing complex samples frequently lead to
longer analysis times. The analysis of complex samples often requires the use
of many separation mechanisms to minimise peak overlap and to obtain infor-
mation on individual components [52].
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Mass selective detectors that are capable of de-convoluting merged peaks
have been utilised to aid the separating powers of single chromatographic sys-
tems and for the positive identification of compounds. However, selective detec-
tion is only successful when different responses are produced for the individual
compounds represented by the merged peaks. An alternative solution appeared
with the development of the special concept in separation science, known as
Comprehensive Multidimensional Separations or Comprehensive Multidimen-
sional Chromatography [53].

Two-Dimensional Liquid Chromatography (LCxLC)

Two-dimensional liquid chromatography was first demonstrated by Erni and
Frei [54]. The framework involved a heart-cutting interface coupling the two
liquid chromatographs, however, their data structure was not complete in na-
ture. More enhancements were required for the system to meet the prerequisites
of a comprehensive separation process. Their data structure being considered
indicated correlation between the retention mechanisms of the two separations
which lead to the inefficient generation of separation space that was not utilised.
This ruled out its system data structure from being considered to be comprehen-
sive.

Two-Dimensional Gas Chromatography (GCxGC)

A two-dimensional separation system, which met the comprehensive two-
dimensional requirements, was first proposed by Guiochon and colleagues in
the early 1980s [55]. Though the system had a few highlights of comprehen-
sive multidimensional chromatography, more development of the system was
needed. Liu and Phillips [56], pioneered the modern true GCxGC using an on-
column thermal modulator interface to couple the two separation mechanisms.
Fast sample transfer between columns was achieved using an on-column ther-
mal modulator, which was an effective sample introduction device in fast GC.

Supercritical Fluid Chromatography and Gas Chromatography (SFCxGC)

The first comprehensive two-dimensional supercritical fluid chromatography
and gas chromatography (SFCxGC) system were demonstrated by Lee and co-
workers [57] using a thermal desorption modulator as the interface between the
SFC and GC columns. The first dimension achieves molecular shape analysis
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(SFC). This is followed in the second dimension by volatility analysis (GC). An
integral flow restrictor was installed at the head of the GC column, and an on-
column thermal desorption modulator was placed after the flow restrictor. Both
columns of the SFC and GC were temperature programmed at the same rate and
operated at the same temperature. C'O3 was the carrier gas in both dimensions.

SFCxGC with Independent Temperature Programming in the Second
Dimension

A comprehensive two-dimensional supercritical fluid and independent
temperature-programmed gas chromatography (SFCxGC) employs supercriti-
cal fluid chromatography to effect group type separation [58]. This is coupled
on-line, through a modulating device, to a resistively heated, fast temperature-
programmed gas chromatograph for volatility analysis. In SFCxGC, the ar-
rangement of the separation mechanisms is the reverse of GCxGC [56], where
volatility separation in the first dimension normally precedes polar separation in
the second dimension.

This instrumentation was previously applied to the analysis of petrochem-
ical samples [58]. The capabilities of the SFCxGC instrument to qualitatively
differentiate oil samples of the same species but obtained in different geograph-
ical locations and distinguish two oils of the same species was an improvement
shown by this method.

3.4. Coupled Techniques in Essential Oil Analysis
3.4.1. Gas Chromatography and Mass Spectrometry (GC-MS)

Gas chromatography-mass spectrometry (GC-MS) has probably been the best
multidimensional method for the analysis and identification of essential oil com-
ponents [59].

The GC works on the principle that the EOs will separate into individual
compounds, after which the separated compounds are carried through the col-
umn with an inert gas such as He and Hs. Immediately separated compounds
emerge from the column opening each fly into the mass spectrometer, MS. The
MS identifies each compound by the charge to mass ratio of the positive ions,
which is a plot referred to as a mass spectrum. The mass spectrum shows the
characteristic fragmentation patterns, which afford direct information regarding
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chain length, degree of unsaturation, the position of branching, and nature and
position of functional groups in the EO molecule.

The mass spectrometer may recognise overlaps from GC separations and
apportion relative amounts to overlapping components. The availability of the
accurate mass (high-resolution) MS is a valuable tool for confirmation of the
molecular formula of detected unknown components [60]. Varieties of monoter-
penes in essential oils, with similar or close spectra demands we know its accu-
rate retention times for their identifications [61].

One of the newer methods that have been proposed to give an improved
investigation of complex mixtures, especially for the deconvolution of overlap-
ping GC peaks, is known as time-of-flight mass spectrometry coupled to fast
GC (GC-TOF-MS) [62]. TOF-MS has the capability of generating instanta-
neous spectra. Due to this fact, there is no bias occurring from the mismatch be-
tween scan rates and the peak abundance changes in the ion source (mass spec-
tral skewing). Unlike quadrupole mass spectrometers, TOF mass spectrometers
provide uniform mass spectra across GC peaks, even for the narrow ones found
in fast GC [61]. Recently, better separations of essential oils were accounted
for with GC-TOF-MS [62], [63]. In TOF-MS fast spectral acquisition capabil-
ities of 100+ mass spectra/second that are compatible with fast GC peaks have
as of late pulled in a lot of consideration from specialists and routine research
facilities [61].

3.5. Multidimensional GC and GCxGC

The application of multidimensional gas chromatography (MDGC) to essential
oil analysis has been one of the most effective adopted technologies as a result
of the improved resolving power the technique can offer when investigating
complex mixtures. By effecting a heart-cut event of the analyte on a chosen
region of a chromatogram (from the Ist dimension), the desired components
are transferred into a second, more selective column, where components are
better resolved. MDGC is focused on certain inadequately separated regions and
provides increased resolution [51]. Quantitation or identification of components
is significantly improved using this method. This may be important for essential
oils and specific components whose relative abundance may be required to study
a specific aspect of the sample quality, history, source, and biogenesis.
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In spite of the fact that MDGC offers better separation, a significant part of
the data is lost since it heart-cuts just chosen portions of the effluent from the
first column. A portion of the MDGC applications to explicit parts for scent
examination, for example, investigation of enantiomeric constituents of cold-
squeezed and distilled fruits, have been reported [64], [65].

The recently described technique of comprehensive two-dimensional gas
chromatography (GCxGC) [56] addresses a number of shortcomings of con-
ventional MDGC when analysing very complex samples such as essential oils.
So far there have been only a few reports of GCxGC application to essential
oils analysis compared to MDGC. Marriott and co-workers [66] used GCxGC
to characterise and compare the tea tree and lavender oils. A coupled column
combination of non-polar (5% phenyl equivalent) and polyethylene glycol phase
columns were used to attain the desired resolution. Dimandja and co-workers
[67] reported work on the qualitative analysis of essential oils of peppermint
(Mentha piperita) and spearmint (Mentha spicata) oils using GCxGC. High-
resolution GC-MS and linear retention indices (LRI) results for the lavender oil
samples were compared with GCxGC results and many compounds could be
identified, even without MS [68].

The task of enantioselective analysis of essential oils is very challenging.
The analysis of enantiomeric compositions of a number of monoterpene hy-
drocarbons and oxygenated monoterpenes in the Australian tea tree (Malaleuca
alternifolia) by GCxGC was reported [66]. GCxGC as a new technique has a
promising future in the analysis of essential oils and the enantiomeric arrange-
ment of the oils.

3.6. High Performance Liquid and Gas Chromatography
(HPLC-GC)

HPLC-GC (where the HPLC is coupled on-line to a GC) has been perceived
as a separation technique providing a great deal of information in a single run.
A compiled review of coupled HPLC-GC in food and essential oil analysis is
accessible [69]. The HPLC step achieves isolation of components of similar
chemical groups, primarily based on their polarity and as a result, oxygenates
will be separated from the saturated and unsaturated/aromatic hydrocarbons.
Numerous papers report the application of HPLC-GC-MS to bergamot oil
[70], the analysis of a wide range of oils [71] and also for chiral analysis [72].
Better results were obtained for the essential oils due to the efficient separation
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and reduced interference from overlapping peaks in the final GC. HPLC is a
powerful technique that may be employed to obtain group separation; however,
its interface to GC is hampered by problems normally associated with the re-
moval of large volumes of HPLC eluent when introduced into the GC injection
port.

3.7. Supercritical Fluid and Gas Chromatography (SFC-GC)

SFC is a separation technique that is often a compromise between GC and
HPLC. SFC combines the group separation capabilities of HPLC with easy
quantitation through the use of C'O3 mobile phase that is compatible with the
universal flame ionisation GC detector. Yamauchi and Saito [73] used semi-
preparative scale packed-column SFC to separate lemon-peel oil into different
chemical classes.

An SFC/GC system was used for the group-type analysis of citrus essential
oil [74]. The lemon-peel oil was fractionated on a silica-gel column into several
compound types, namely, hydrocarbons, alcohols, aldehydes, esters and others
using a stepwise pressure gradient and modifier added to the pure CO3. The
eluted groups from SFC were re-injected into a GC for further separation of
individual compounds.

3.8. Identification of Essential Qil Components

GC is often coupled to a downstream analytical step, for example, MS, which
quantifies and identifies those compounds based on their retention indices (de-
termined with reference to a homologous series of n-alkanes), and by estimating
mass-to-charge ratio in an ionized sample, thereby providing a molecular finger-
print that can be cross-referenced against mass spectral databases with standards
for thousands of known compounds. Open-source databases include traditional
reference tools operated by NIST National Institute for Standards and Tech-
nology (NIST) 2005database/Chemstation data system. Wiley GC-MS Library,
Adams Library (Adams 2007), Mass Finder 3.1 Library [75], [76], in-house
Baser Library of Essential Oil Constituents built up from genuine compounds
and components of known oils, Mass Bank and next-generation collaborative
libraries such as mzCloud. The complexity of data generated by GC-MS of-
ten requires another layer of deconvolution via interpretive software such as
AMDIS, also provided by NIST.
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4. IMPACT NOTES OF ABUNDANT COMPOUNDS

4.1. Introduction

Essential oil aromas have the potential to enhance the mind, body, and atmo-
sphere. While it can be confusing to make a selection when faced with the vast
number of Essential Oil options due to their limitless impact notes, it can be
easier to make a choice by narrowing down the options based on the charac-
teristics of their “aroma families.” Each Essential Oil aroma family exhibits a
primary aromatic trait by which it is easily recognized (citrusy, floral, fruity,
minty, etc.) and a corresponding effect (calming, cooling, energizing, clarify-
ing, etc.), which can help to readily identify the ideal application for it. This
section highlights the core aroma families, as families also have offshoots or
sub-groupings in which several categories of Essential Oils overlap. One exam-
ple is the Balsamic aroma family. Essential Oils in this group can be described
as having soft, sweet, warm, earthy aromas with spicy and floral undertones.
They are reminiscent of resins and exude the scent of the forest and especially
of Balsam trees. Inhaling the scent of balsamic essential oils can produce a
peaceful and soothing effect. Another example of a complex aroma family is
Coniferous oils, which exude a woody and earthy pine scent, as they are gener-
ally distilled from cone-bearing trees. Their scents are characterized as sharp,
biting, camphoraceous, and energizing, reminiscent of fresh outdoor air. Based
on these descriptions, Essential Oils in these sub-groupings can fall into several
of the eight main aroma families. The sub-group of lemony oils, too, can en-
compass not only oils with Lemon in their names Lemongrass, Lemon Balm,
Lemon Eucalyptus but also oils like Ginger, Citronella, and Palmarosa [24],
[77], [78]. The aroma can change from one batch to another, often for reasons
based in nature, such as the source botanicals growing conditions. Thus, due
to the complexity and subjectivity of scent profiles, this article focuses on the
commonly-accepted and widely-recognized classes of aromas or aroma fami-
lies. [79]

4.2. Essential Oil Aroma Notes

Aroma families can also be distinguished by their primary notes. An Essential
Oils aroma note is the feature that distinguishes how long its scent will last.
Notes are categorised as Top, Middle, or Base notes. Some oils can have mul-
tiple notes, which can give them a deep, full-bodied, and seemingly luxurious
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quality; however, oils are largely characterised by a sole defining note that over-
rides the others.

The reason that an oil blend changes over time, sometimes even over a short
period of time, such as from the morning to the afternoon is because the Essen-
tial Oils that it comprises each have varying degrees of volatility, meaning they
all have diverse rates of evaporation and it is the evaporation of each oil in its
own time that causes a fluctuation in the strength of the fragrance.

In an Essential Oil blend, the oils with the smallest molecules the essential
oils that are the most volatile are the first to evaporate. These are the Top notes.
They are the first scent to be detected and the first to dissipate [79].

The oils with the largest and thus the heaviest molecules are the slowest
or last to evaporate, thus they impart the longer-lasting scents. These are Base
notes. Other Essential Oils the majority reveal their scents gradually and help
to integrate the Top and Base notes for a harmonious fragrance, which is what
makes them Middle notes [79].

4.3. Some Abundant Compounds in Essential Oil Research

The following table (Table 2) shows abundant and dominant compounds in some
stated essential oils:

4.4. Eight (8) Essential Oil Aroma Families

The chart below depicts the most popular groupings of Essential Oils; however,
keep in mind that many oils have more than one prevailing aroma and note.

5. BIOACTIVITY AND INDUSTRIAL APPLICATIONS
OF ESSENTIAL OILS

5.1. Introduction

EOs have received scientists attention over the years due to many pharmacolog-
ical activities attributed to them. Healing or soothing effects (aromatherapy) of
EOs obtained from various parts are in varying degrees from plant to plant with
inter and intra relationships across the family group. The biological activities
of EOs largely depend on the major constituents of the oils and at the time the
synergetic effects of the constituents in a particular EO.
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Table 2. Some abundant compounds in essential oil research

S/N Abundant Compound Plant/Part Reference
(% abundance)
1 lauric and myristic Psidium guajava L [80]
acids (34%) Fruits
2 « -farnesene (21.3%) Terminalia catappa [81]
Fruits
3 dodecanoic acid Irvingia gabonensis [82]
(20.4%) Fruits
4 (B -caryophylene Spondias mombin L. [83]
(19.99%) Leaf
[ -caryophylene Spondias mombin L.
Fruit
5 a-pinene (34%) C. albidum Root [84]
6 a-pinene (32.9%) Tithonia diversifolia [85]
Leaf
Germacrene D (20.3%)  Tithonia diversifolia
Flower
7 limonene (85.9%) Anacardium occiden- [85]
tale Leaf
8 (Z)-3-hexylnol (17.9%)  Gmelina arborea Roxb  [86]
Fruit
9 Limonene (42.9%) Pinus Caribaea [87]
Morelet Needle
10 (Z)-3-hexylnol (34.7%) Momordica charantia [88]
L. Aerial shrubs
11 Linalool (36.4%) Phyllanthus Amarus [88]

Aerial shrubs

Essential oils are widely used as components of drugs, biologically active
additives, and dietary supplements. It is widely used in aromatherapy, food in-
dustry, and cosmetics. They have different applications locally, industrially and
in religious settings. It is useful in pharmaceutical products, food, insecticides,
perfumery, flavour, rituals and alternative medicine [90] and these applications
depend on their chemical constituents. Impact compounds determine the char-
acteristics and activities of the oil, although major and minor constituents of
essential oils modify these activities to give significant synergistic or antagonis-
tic effect [91].

Small sizes of molecules of essential oils allow them to easily penetrate
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Table 3. Impact notes in essential oils

NOTES & CHARACTERISTICS

OILS IN THIS CATE-
GORY

These notes become noticeable just as Top notes fade. Smooth and
soft, Middle notes unify the Top and Base notes, helping to reduce the
intensity of any disagreeable or piercing scents and to promote round-
edness to aromas, making them softer. These notes are generally more
enduring than Top notes, lasting up to an hour after the blend has been
applied. We can classify their effect as

Top This is the initial perceptible scent in an aroma blend and is usually | Bay
the one fragrance that stands out to give the scent its distinctive essence. | Cardamom
Despite the powerful and intense quality that makes it the first detected | Citrus oils
smell, it is also the first to quickly fade. Top notes can be classified as: Cypress
Bright Eucalyptus
Refreshing Hyssop
Cheery Mint oils
Clarifying Petitgrain
Inspiring and heartening Pine
Energizing Ravensara
Rosemary
Sage
Tagetes
Vanilla Oleoresin (10
Fold)
Yarrow
Middle Black Pepper, Cajeput

Cedarwood, Chamomile
Cinnamon, Clove Bud
Geranium, Ho Wood
Jasmine, Juniper Berry
Marjoram, Myrtle
Myrrh, Niaouli

Lend a richer aroma to blends

Balancing Nutmeg, Palmarosa
Warming Rose Absolute
Grounding

Base Copaiba Balsam
Not to be mistaken for a Base Oil, which is meant to dilute an Essential | Frankincense

Oil, a Base note emerges after the Heart note and is the longest-lasting | Patchouli (Light & Or-
scent in a blend. Base notes often have strong, provocative aromas with | ganic)

earthy nuances and ascend gradually, remaining for a longer time than | Sandalwood

the other notes, all the while helping to reduce the rate of the other | Spikenard

oils evaporation and subsequently enabling the fragrance of the blend | Valerian

to persist. Vetiver

Calming

Emotionally grounding and soothing

Relaxing

through cell walls and affect various biochemical processes. The biological ac-
tivity of essential oils depends on their composition. Essential oils that contain
substituted phenols (eugenol, thymol, carvacrol, and guaiacol) exhibit strong an-
tibacterial and antioxidant effects. The eucalyptus has been known for hundreds
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Table 4. Eight aroma families

AROMA FAMILY ESSENTIAL NOTE REPUTED BENEFITS
OILS

CITRUS Lemon Most Energizing

These light oils often have fruity | Orange often Uplifting

scents that are characteristic of the | Grapefruit Berg- top Emotionally balancing to

rinds from which they are extracted. | amot notes reduce feelings of stress

They can be described as tangy or | Lime and anxiety

tart, fresh, clean, vibrant, invigorat- | Tangerine Deodorizing

ing, exciting, energizing, and uplift- | Citronella Cleansing; popular addi-

ing. Lemongrass tion to antibacterial oil
Mandarin blends
Litsea Cubeba Refreshing
Tagetes Stimulating for mental and

spiritual vigor

FLORAL Chamomile Most Comforting

These scents are often reminiscent | Geranium often Promotes rest

of the flowers from which they | Jasmine middle Sometimes sleep-inducing

are extracted and can be described | Lavender notes Mood balancing

as being feminine, powdery, sub- | Neroli

tle, modest, romantic, and even po- | Rose

etic. They are often sweet-smelling | Rosewood

and create a feeling of cheerfulness. | Ylang-Ylang

Floral scents are considered to be | Petitgrain

classic and timeless

HERBACEOUS Chamomile Most Calming

Essential Oils, that have herbaceous | Angelica Root often Promotes positivity

scents can be further described as | Clary Sage middle Encouraging

smelling green or grassy. These Es- | Eucalyptus Radi- | notes Emotionally balancing

sential Oils often have mild floral
yet invigorating spring-like scents
that are associated with lush, wet
foliage. They are reminiscent of the
aroma of fresh leaves, moss, mown
grass, herbs, and trees.

ata

Fennel

Hyssop, Marjo-
ram

Melissa, Rose-
mary

Thyme, Oregano
Bay Laurel, Cat-
nip

Sage Dalmatian,
Parsley

Tea Tree, Yarrow

Grounding

of years as antibacterial, fungicidal and antiseptic in nature. The essential oil
from Eucalyptus species is among the worlds top traded oils. Also, Eucalyptus
oil ranks superior in quality and has advantages over essential oil from others,
since it has multipurpose uses in perfumery, pharmaceutical, and other indus-
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CAMPHORACEOUS Camphor Most Stimulating
These Essential Oils have | Cajeput often Refreshing
strong scents and are | Eucalyptus middle Focus-enhancing
known to be beneficial | Pennyroyal notes
for clearing the respira- | Laurel Leaf
tory system due to their | Lavandin
clarifying,  penetrating,
energizing, purifying, and
almost medicinal aromas.
MINTY Spearmint Can be Motivating
Essential Oils with a minty | Wintergreen top, Cooling
scent are strong-scented | Peppermint middle, or base Invigorating
and are distinctly known Notes Mentally clarify-
for their bracing, fresh fra- ing
grances. They are reputed
to be clearing and cooling
when used in aromather-
apy and topical applica-
tions.
SPICY Aniseed Middle Bracing
These Essential Oils have | Basil or base Rousing
exotic, warm, intense aro- | Black Pepper notes Crisp and pene-
mas that are often reminis- | Cardamom trating
cent of baking and other | Cinnamon Lively
warm memories.  With | Coriander
strong scents, they are | Cumin
commonly used to stimu- | Ginger
late energy and focus. Nutmeg
Allspice
Cassia
Clove Bud
RESINOUS/MUSKY Benzoin Middle Grounding
These Essential Oils ex- | Elemi or base Promotes relax-
ude deep, rich scents that | Frankincense notes ation and a sense
are smoky, woody, earthy, | Myrrh of inner calm

sweet, leather-like, and
warm. Their mellow,
alluring, and long-lasting
fragrances lend a reas-
suring quality that makes
them ideal for use in spir-
itual practices.

Peru Balsam

Emotionally
balancing
Uplifting

Known to be
commonly used
for intimacy
enhancement
Tend to be as-
sociated with a
casual feeling
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Table 4. (Continued)

WOODY/EARTHY Cypress Most Grounding
These Essential Oils have | Juniper Berry often Uplifting

deep, warm, lingering | Pine middle Emotionally bal-
scents. Often described | Sandalwood or base ancing

as smelling brown, these | Fir notes Promote feelings
oils are reminiscent of | Cedarwood of comfort, se-
the scents of a forest | (Atlas & Virginian) curity, and well-
floor or damp soil. Their | Palo Santo being

fragrances are soft, mascu- | Rosewood Often considered
line, musky, and sensual. | Patchouli being aphrodisi-
Their alluring, seductive, | Vetiver acs

and hypnotic qualities | Valerian

create an atmosphere of | Carrot Seed

mystery.

tries. The oil has therapeutic, perfumery, flavoring, antimicrobial and biopesti-
cide properties. Lavender oil has been used as a healing agent for burns for half
a century, and it has been appreciated as an antiseptic. Lavender essential oil
is one of the most appreciated oils in the perfume and soap industry. EOs have
equally been reported to increase leather resistance to the actions of bacteria
[92].

5.2. Bioactivities Established in Essential Oils

Biological activities established in essential oils make it useful as chemopre-
ventive, antioxidant, antibacterial, antifungal, antiviral, anticancer and antimu-
tagenic agents [93][96]. Essential oils of various sources have been reported to
possess these activities.

5.2.1. Chemopreventive Activity of Essential Oil

A chemopreventive agent is a substance that intervenes in different stages of
carcinogenesis by reduction of tumorigenesis. Chemopreventive activity which
include antimutagenic activity using strains and known mutagens with and with-
out microsomal activation and anticarcinogenic activity using topical applica-
tion of 7, 12 dimethylbenz[a]anthracene (DMBA) as initiator and 1% croton
oil as promoter for the induction of skin papillomas in mice was established
in turmeric essential oil for example [97]. The major chemical constituent of
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turmeric essential oil is ar-turmerone (61%) which was reported to possess anti-
cancer property [97], [98].

5.2.2. Antioxidant Activity of Essential Oil

Antioxidants are substances that inhibit oxidation or scavenge free radicals that
can cause damage on the cells of organisms. There are different methods to
establish antioxidant activity [99]. These are hydrogen atom transfer (HAT)
and Electron Transfer methods (ET). HAT is lipid peroxidation inhibition
capacity (LPIC), oxygen radical absorbance capacity (ORAC), scavenging
of superoxide radical formation by alkaline (SASA), hydroxyl radical scav-
enging activity by p-NDA (p-butrisidunethyl aniline), total radical trapping
antioxidant parameter (TRAP), ABTS radical scavenging, scavenging of H202
radicals, crocin bleaching nitric oxide radical inhibition activity and inhibited
oxygen uptake (IOC) while ET is 2,2-diphenyl-1-picrylhydrazyl (DPPH) free
radical scavenging, Trolox equivalent antioxidant capacity (TEAC) decolour-
ization, N,N-dimethyl-p-phenylenediamine (DMPD), copper(Il) reduction
capacity, total phenols by Folin-Ciocalteu and ferric reducing antioxidant
power (FRAP). For example, antioxidant activity of Valeriana jatamansi
essential oil was established using DPPH radical scavenging and chelation
power activity and the major constituents are are (-vatirenene (28.07%),
(O-patchoulene (20.18%), dehydroaromadendrene (15.92%), [(-gurjunene
(13.0%), patchoulic alcohol (11.72%), (-guaiene (5.88%), and a-muurolene
(5.20%) (Sakshima et al., 2004). Likewise, antioxidant activity of Blighia
sapida essential oils was established using DPPH radical-scavenging activity
[100]. The dominating constituents of leaf, leaf stalk, stem bark, root, fruit
pulp, fruit husk and fruit seed essential oils are butyl cyclobutyl phthalate
(9.11%), pentadecanal (5.18%), (E)-1,10-dimethyl-trans-9-decalol(6.31%),
4,8,12,15,15-pentamethylbicyclo[9,3,1]pentadeca-3,7-den-12-o0l (7.92%),
tributyl-1-propene-1,2,3-tricarboxylate (12.69%), 4,8,12,15,15-penta methyl-
bicyclo[9,3,1]pentadeca-3,7-den-12-0l  (29.10%) and (Z)-vaccenic acid
(14.24%) respectively. Farnesol (3.93%), a known antioxidant agent is present
in stem bark [101].

5.2.3. Antimicrobial Activity of Essential Qil

Antimicrobial is the substance that stops the growth of microbes or kills the
organism. It can be antibacterial, antifungal or antiviral. There are different
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methods to test for the antimicrobial activity [102] namely diffusion method
which are antimicrobial gradient method (Etest), agar disk-diffusion method,
cross streak method, agar well diffusion method, agar plug diffusion method
and poisoned food method; thin-layer chromatography (TLC) bioautography
which are agar diffusion, agar overlay bioassay and direct bioautography; dilu-
tion methods which are agar dilution and broth dilution method; time-kill test
and ATP bioluminescence assay.

Antibacterial and anti-Candida albicans activity of aromatic plants of var-
ious chemical constituents were tested against Staphylococcus aureus, Ente-
rococcus faecium, Salmonella cholerasuis and Candida albicans. The results
showed inhibition of the essential oils against these organisms [103].

Another example is the antimicrobial activity of Blighia sapida essential
oils that was established against Staphylococcus aureus, Escherichia coli, Bacil-
lus subtilis, Pseudomonas aeruginosa, Klebsiella pneumoniae, Salmonella ty-
phi, Candida albicans, Aspergillus niger, Rhizhopus stolonifer and Penicil-
lium notatum [100]. The major constituents of Blighia sapida were reported
as mentioned above and known antimicrobial agents were detected from this
Blighia sapida, they are germacrene (0.48%) in fruit seed; (Z)-1,8(2H,5H)-
hexahydro-8a-methyl-naphthalenedione (3.34%), farnesylacetate (0.65%), 1-
Dodecanol (0.15%), geranylgeraniol (0.59%) from leaf; pentadecanal from leaf
stalk (5.18%), stem bark (4.83%), fruit husk (0.41%) and fruit seed (0.15%);
farnesol (3.93%) from stem bark and « -cardinal (2.01%) from root [101]

5.3. Some Industrial Influences of Essential Oils

Grandview research report in 2019 established on the basis of product, due to
the increasing therapeutic application of essential oils for various disease con-
ditions, consumables held the largest share of the aromatherapy market in 2018.
These products possess tremendous healing properties in a natural way, thereby,
making them a lucrative segment. For instance, Aura Cacia Lavender Harvest
Essential Oil manufactured by Frontier Natural Products is a blended oil used
for relaxation [104].

Consumables are divided into essential and carrier oils. Essential oils are
sub-divided into singles and blends. For example, Evening Primrose is a carrier
oil, manufactured by Edens Garden. It is used for skincare and treatment of
cardiovascular diseases [104].

Diffusers are emerging products that are likely to pose huge growth oppor-
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tunities. For instance, Bamboo Diffuser by Young Living Essential Oils used
for relaxation is an innovative one. The introduction of novel and innovative
diffusers is anticipated to propel their demand in the next couple of years [104].

Orange oil was the most significant and fastest-growing product segment,
with a demand of 52.1 kilotons in 2018. Major end-use industries, such as
cosmetics, are increasingly utilising orange essential oils to improve product
value and sensory appeal. This oil is believed to firm up the skin, promote
elasticity, and tone up the skin as well as treat acne, dermatitis, and stretch
marks. They also contribute to improving the quality of hair, nails, and skin,
boosting their appeal among women and female teenage consumers. Widening
base of the working women population and rising disposable income are poised
to supplement the growth of the segment during the forecast period [104].

The demand for lavender oil is also projected to witness a significant rise
over the coming years owing to rising interest among the populace of developing
countries in products of natural origin. Surging solvent demand in developed
countries and an extensive range of end-users of the plant are also anticipated to
spur the growth of the lavender oil segment [104].

Shifting preference of consumers in developed countries towards natural
products manufactured through environmentally sustainable processes is stir-
ring up the demand for lavender oil. In addition, rising consumption of premium
products and upgraded standard of living of consumers, especially in developing
countries, are creating ample growth opportunities for lavender oil manufactur-
ers [104].

In 2018, spa and relaxation emerged as the largest application segment in
terms of revenue for cedarwood essential oil. Cedarwood essential oil is of
four types, namely Himalayan cedarwood (Cedrus deodora), Atlas cedarwood
(Cedrus atlantica), Texas cedarwood (Juniperus mexicana), and Virginian cedar-
wood (Juniperus virginia). The most commonly used types are Himalayan and
Atlas cedarwood oils. The personal care industry widely utilizes these oils for
formulating haircare and skincare products [104].
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Chapter 9

INCREASE OF ESSENTIAL OIL YIELD
IN MENTHA PIPERITA BY INOCULATION
WITH PLANT GROWTH-PROMOTING
RHIZOBACTERIA
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ABSTRACT

Peppermint (Mentha piperita) is one of the most important EO
(essential oil crops) and is cultivated worldwide. It is composed primarily
of monoterpenes, whose medicinal properties are mainly due to their EO
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composition, accumulated in glandular trichomes. Nowadays, agriculture
relies heavily on the use of synthetic chemicals, such as fertilizers and
pesticides, to achieve high yields but without taking into account their
deleterious effects on the environment. However, there is an interesting
biotechnological alternative using microorganisms to increase the
availability and intake of nutrients by crops and to control phytopathogenic
organisms and herbivorous insects. The group of bacteria termed plant
growth-promoting rhizobacteria (PGPR) colonizes the rhizosphere and
stimulates plant growth and development by direct or indirect mechanisms.
Thus, in the search for new strategies of plant production to optimize
essential oil (EO) yield, inoculation with PGPR is an interesting candidate.
We present here an integrated summary of our experimental findings from
an analysis of the community of fluorescent Pseudomonas strains in the
rhizosphere of commercially grown Mentha piperita, including the effects
of inoculation and co-inoculation with different PGPR strains (native and
wild type) on total EO yield and glandular trichome density. The
qualitative and quantitative compositions of the main monoterpenes
(menthol, menthone, pulegone, limonene and linalool) were also
determined to analyze the effects of the wvolatiles emitted by
PGPR rhizobacteria on EO production. The various PGPR strains
(Bacillus amyloliquefaciens GB03, Pseudomonas fluorescens WCS417r,
Azospirillum brasilense SP7, Pseudomonas putida SJ04-SJ25-SJ48) and
co-inoculations evaluated produced significant increases in the production
of EO in peppermint plants, but at different magnitudes. Bacterial
inoculants are thus an effective biotechnological tool for stimulating the
secondary metabolism in plants. Application of these techniques may
contribute to environmental conservation, increased crop productivity and
sustainable agricultural practices.

Keywords: Mentha piperita, essential oil, rhizobacteria, PGPR, glandular
trichome, menthol, menthone

INTRODUCTION

Aromatic plants have been cultivated by man since time immemorial
and include a great diversity of plant species whose common characteristic
is the production of essential oils (Glenther, 1948). In contemporary
agriculture, traditional food crops, fodder and fiber are no longer the only
commercially significant crops. Nowadays, there are crops cultivated
involving plants whose secondary metabolites are valued for their aromatic
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characteristics and therapeutic attributes, as natural compounds, which are
utilized mainly in the food industry, but also in perfumery and chemistry
(Arizio and Curioni, 2014).

We are also now in the presence of a growing and sustained trend of
consumption and demand for healthy, organic and natural products, which
has generated worldwide an attractive and expanding market for the
commercialization of aromatic plants (Informe Sectorial sobre Infusiones y
Especias [Sectorial Report on Infusions and Spices] 2010). The main
regional destinations of these plants are distilleries of non-alcoholic bitters
and snacks, medical specialty laboratories, perfumery ingredients,
cosmetology, aromatherapy, and pharmacies. Demand is also growing
rapidly for hygiene and health care formulations (Mufioz Lopez de
Bustamante, 1996).

The international trade of aromatic products is currently undergoing a
constant increase at a pace double that of world population growth (Paunero,
2012; Mathe, 2015). This expansion of demand can be explained by: a)
changes in consumption habits, with an increase in pre-prepared foods and
a greater demand for condiments with antioxidant properties; b) Trends
towards a healthier life imposing the use of flavorings, supplements and
preservatives of natural origin; ¢) A clear trend of substitution of industrial
synthetic medicines for others of a natural origin (Sangwan et al., 2001;
Arizio and Curioni, 2014); d) The rise in ethnic foods, a product of large
migrations to industrialized countries (Arizio and Curioni, 2014; Mathe
2015).

The genus Mentha is a highly diverse and very important taxon in the
family Lamiaceae, and includes 25-30 species that grow worldwide
(Dorman et al., 2003). Mints are fast growing, invasive and can tolerate a
wide range of agro-climatic conditions (BoZovicet al., 2015). The species
belonging to the genus Mentha form an irreplaceable resource of essential
oils, which as a result of their chemical diversity, are a target of human
exploitation. Currently, these are used in a wide range of industries; for
example, in pharmaceutical and perfume products, as flavorings, as food
supplements in the form of vitamins or sweeteners, in pesticides and for
medicinal purposes (Bohlmann and Keeling, 2008). In addition, they contain
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a large number of antioxidant compounds, such as polyphenols, terpenoids,
flavonoids, carotenes, a-tocopherol, betaine and choline, which can have
beneficial effects in the prevention of various degenerative diseases (Sharafi
etal., 2010; Farnad et al., 2014). In fact, Mentha spp. has been used as a folk
remedy for the aliments anorexia, nausea, flatulence, bronchitis, liver
complaints and colitis due to its stimulant, antiemetic, diaphoretic,
carminative, anti-inflammatory, analgesic, emmenagogue, antispasmodic
and anti-catarrhal activities (Iscan et al., 2002; Moreno et al., 2002).
Commercially, the most important mint species are spearmint (Mentha
spicata), peppermint (M. x piperita) (Askary et al., 2016) and corn mint (M.
canadensis) (Singh and Pandey 2018), with peppermint being a natural
sterile hybrid between the species Mentha spicata and Mentha aquatica. It
is very aromatic, with branched stems of between 30 and 70 cm high and a
guadrangular section, and is grown from an underground rhizome. The
leaves are petiolated, opposite and oval with sharp margins. Both leaves and
stems are usually slightly hairy. From the leaf axils, flower stem shoots grow
at the beginning of summer, which appear as terminal spike-shaped
inflorescences. The flowers are small, up to 8 mm, with the tetra lobed
corolla being purple or pink. Given its sterility, it reproduces almost
exclusively by vegetative propagation, by underground rhizomes and also
by cuttings obtained from dividing young bushes (Shah and Mello, 2004).
Essential oils are responsible for the characteristic odour of plants and
are formed by complex mixtures of volatile constituents. Specifically, EO
are composed primarily of monoterpenes with smaller amounts of
sesquiterpenes (Gershenzon et al., 2000). The amount and number of
components of EO varies depending on the region, soil type, climate,
agronomic conditions (Burt, 2004), harvesting season, technique of oil
extraction and drying method (Singh et al., 2012; Gavahian et al., 2015),
with the EO vyield of M. piperita being about 1 to 3%. The menthol and
pulegone present in the essential oil of Mentha species are the substances
that give the mints their characteristic aromas and flavors (Lubbe and
Verpoorte, 2011, Singh and Pandey 2018). Peppermint oil is applied to
flavor pharmaceuticals and many of the oral preparations (toothpastes,
dental creams, and mouth washes). This plant is also used as a flavoring
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agent in confectionery, cough drops, chewing gums, and in some alcoholic
liqueurs. It is also used used in medicines, with its pleasant taste making it
an excellent gastric stimulant (Dorman et al., 2003; MIRC 2010).

The rhizosphere has been defined by Hiltner (1904) as the volume of
soil influenced by the presence of roots of a living plant. Its extent can vary
according to the type of soil, plant species and their age, among other factors
(Foster, 1998). Live roots provide a source of nutrients for soil organisms
from radical exudates, which are chemical compounds released by
exudation, secretion or autolysis of old roots. These contain abundant low
molecular weight compounds including sugars, amino acids, organic acids,
vitamins and various secondary metabolites, as well as high molecular
weight compounds such as proteins and polysaccharides, in addition to
inorganic ions, water and electrons (Pérez-Montafio et al., 2014; Rasmann
and Turlings, 2016). Among the different microbial populations present in
this area of the soil, bacteria are by far the most abundant microorganisms,
with a density of up to 10° cells per gram of soil (Nadeem et al., 2013).

Interaction and communication between roots and microorganisms is a
highly regulated process used to control and alter the activities of the
organisms involved. Fungi and bacteria are able to detect host plants and
initiate the rhizosphere colonization strategy. Moreover, plants are capable
of recognizing compounds synthesized by microorganisms, thereby
regulating their defense lines according to the species found. This molecular
dialogue results in a relationship that goes from pathogenicity to symbiosis
through a highly coordinated cellular process (Walker et al., 2003; Bais et
al., 2004; Ortiz-Castro et al., 2009; Babalola, 2010).

PGPR (Plant Growth Promoting Rhizobacteria) are beneficial bacteria
of soil-free life that play a significant role in promoting growth and plant
development by colonizing the root system through different mechanisms
(Kloepper 1993; Lucy et al., 2004; Pérez Montafio et al., 2014; Shrivastava
etal., 2015). The benefits to the plant that result from host-PGPR interaction
include increases in the germination rate of the seeds, stronger growth of the
root and leaf area, higher chlorophyll and protein content and nutrient
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absorption, tolerance to abiotic stress, the suppression of diseases caused by
pathogens and a decrease in senescence (Yang et al., 2009; Pérez Montafio
et al., 2014; Glick 2012; Verbon and Liberman, 2016; Etesami and
Maheshwari, 2018).

The mechanisms by which PGPR promote plant growth depend on each
microorganism-plant interaction. Therefore, it is necessary to determine the
particular effects of a certain PGPR strain on the physiology and
development of a specific plant species (Santoro et al., 2015). These
mechanisms can be either direct or indirect. The direct ones include the
biological fixation of nitrogen, phosphate solubilization, siderophore
production, phytohormone production (auxin, giberelin and citokinin),
regulation of the ethylene level, and production of volatile organic
compounds (MVOCs) (Gupta et al., 2017). Among the indirect ones are
siderophore production, the production of antibiotics and antifungal
compounds, lithic activity, competition for substrates, inhibition of enzymes
or toxins produced by phytopathogens, and hydrocyanic acid production
(Kloepper 1993; van Loon 2003, Lucy et al., 2004; Shrivastava et al., 2015,
Vejan et al., 2016; Etesami and Maheshwari, 2018).

In the search for new strategies of plant production with high yield, but
without undesirable effects or compounds being created, it is important to
investigate unconventional alternatives such as inoculation with PGPR.
However, to date, very little is known regarding the effects of inoculation
with this type of bacteria on aromatic and medicinal plants. Thus, the
purpose of the present chapter is to present and discuss results regarding the
responses to the inoculation with various PGPR strains on M. piperita,
considering in particular the effect on Essential Qil yield and composition
of the main compounds of M. piperita. Related to this, the effects of PGPR
volatile organic compounds (VOCs) emission and the combined effect of
phytohormone application and PGPR inoculation under controlled
conditions were also considered.
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PLANT GROWTH PROMOTION RHI1ZOBACTERIA INDUCED
ESSENTIAL OIL PRODUCTION BY DIRECT INOCULATION

For the aromatic plant studied (M. piperita), increases were recorded for
different parameters of growth and development after the inoculation and
co-inoculation with strains capable of promoting plant growth (Santoro et
al., 2011; 2015; 2016; Cappellari et al., 2017), as has been reported for other
plant species (Vessey, 2003; van Loon, 2007; Pérez Montafo et al., 2014;
Vejan et al., 2016). The dimension of the changes registered was found to
depend on the bacterial strain inoculated (Santoro et al., 2015; Cappellari et
al., 2017).
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Figure 1. Essential Oil (EO) yields in the Mentha piperita control and treatment
groups. Different letters above bars indicate significant differences according to
Fisher’s LSD test (p < 0.05).

Yields of the major EO components ((+) pulegone, (—) menthone, (—)
menthol, 1,8-cineole and linalool) were higher for all five treatment groups
compared to the control group (Figure 2). Menthol yield increased to 2.09
ug/g fresh weight (p < 0.05) in the WCS417r+SJ04 group in comparison
with 0.22 ug/g fresh weight in the control group and 1.1-1.2 ug/g fresh
weight in the other treatment groups. Similar trends were observed for
menthone, 1,8—cineole, linalool and pulegone, with the yield always being
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higher for the WCS417r+SJ04 group than for the other treatment groups.
Generally, when plants were inoculated individually, the yields for each of
the major EO components were higher for the GBO3 group than for
WCS417r or SJ04, but the differences between these three singly-inoculated
groups were generally not significant (Cappellari et al., 2015).
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Figure 2. Concentrations of major essential oil (EOQ) components in Mentha piperita
control and treatment groups. Different letters above bars indicate significant
differences according to Fisher’s LSD test (p < 0.05).

To determine which factors contributed to the increase in essential oil
content, we measured the density of the glandular trichomes, which are the
structures that synthesize and store monoterpene-rich essential oil.
Peppermint (M. piperita) has single glandular capitate trichomes and peltate
glandular trichomes on the adaxial and abaxial leaf surfaces, with a small
capitate glandular trichome consisting of a globose unicellular head attached
to the leaf by a two- or three-celled uniseriate stalk. The peltate glandular
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trichomes consisted of a large eight-celled head with an enlarged secretory
cavity attached to a one-celled short stalk, with these trichomes being
present on both surfaces of the plants, but with their density being higher on
the abaxial surface (Rios-Estepa et al., 2010). The increased EO yield was
associated with the larger number of peltate glandular trichomes, the primary
site of EO synthesis. The average numbers of trichomes recorded per mm?
for the control group and the five treatment groups are shown in Figure 3.
Trichomes were significantly more abundant on the abaxial than the adaxial
surface. Peltate trichomes were present on both surfaces of the treatment
groups, but their density was lower on the adaxial surface, with the density
of peltate trichomes on both surfaces being higher for the treatment groups
than the control group (Figure 3). Differences in peltate trichome density
among the five treatment groups were not significant (Cappellari et al.,
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Figure 3. Density (per mm?) of peltate glandular trichomes in M. piperita control and
treatment groups. Different letters above bars indicate significant differences according
to Fisher’s LSD test (p < 0.05).

Other experiments with M. piperita grown in in vitro conditions and
inoculated with native strains were carried out. Peppermint plants were
grown in Petri dishes coated with MS semisolid medium (0.5% agar) and
inoculated with three native pseudomonad strains (Pseudomonas putida
SJ04, P. putida SJ25, P. putida SJ48) isolated from the rhizosphere soil of
M. piperita plants in a commercial agricultural field in San Jose, Villa
Dolores, Cordoba province, Argentina, and a reference strain (P. fluorescens
WCS417r) bacteria was used at a concentration 10° CFU dish™. The total
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essential oil content in plants inoculated with three of the tested bacterial
strains was significantly (p < 0.05) higher than in controls (Figure 4), with
this increase being ~two-fold for native strain SJ25, and ~60% for reference
WSCA417r and native SJ04. Essential oil content in native SJ48 was not
significantly different from that of controls (Santoro et al., 2015).
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Figure 4. Total essential oil yield in M. piperita plants grown in vitro inoculated with
native PGPR strains. Letters above bars indicate significant differences according to
Fisher’s LSD test (p < 0.05).

The effects of direct bacterial inoculation in the in vitro condition on the
major monoterpenes present in M. piperita EOs were variable (Table 1).
Terpineol content increased significantly after treatment for all four strains,
and by up to four-fold for SJ25. The increase in menthone was similar
(~50%) for the four strains. Menthol revealed the largest increases for the
treatments with SJ04 (~seven-fold) and SJ25 (~six-fold). The levels of
limonene, menthofuran and pulegone were not significantly different
(p > 0.05) for any of the strains (Santoro et al., 2015).

Regarding the trichomes, their number increased significantly after
treatment with each of the strains (Figure 5), which was ~2.5-fold higher for
SJ25 and ~60% higher for the other strains in comparison with controls.
SJ25 also produced the greatest increase in the EO yield (Santoro et al.,
2015).
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Table 1. Variation in content (ug/mg FW) of major essential oils of M. piperita inoculated with bacterial strains

Treatment limonene terpineol menthone menthofuran menthol pulegone
(Hg/mg FW) (Hg/mg FW) (Hg/mg FW) (Hg/mg FW) (Hg/mg FW) (Hg/mg FW)
control 0.20 £0.03 a 0.1310.01 a 0.13+0.05a 0.20 £0.09 a 0.55+0.08 a 17.1343.15a
SJo4 0.17 £0.02 a 0.23£0.03 b 0.23 £0.03 b 0.20 £0.04 a 4.20+0.45c¢c 15.73+4.91 a
SJ25 0.26 £0.08 a 0.63 £0.09 ¢ 0.18 £0.04 b 0.17 £0.05 a 3.55 +0.67 bc 17.21 +3.46 a
SJ48 0.26 £0.09 a 0.40£0.10 b 0.19£0.05b 0.16 £0.02 a 2.68 £0.06 b 19.46 +0.72 a
WCS417r 0.20+0.01 a 0.3310.07b 0.22 +0.06 b 0.37+0.11a 0.70 £0.12 a 27.18 +3.43a

Data shown are mean + SE. Values within a column followed by the same letter are not significantly different according to Fisher’s LSD test (p < 0.05).




294 L. del Rosario Cappellari, M. Valeria Santoro, J. Chiappero et al.

14 -

|

10 A

o

Number of glandular trichomes (mm?)

Control SJO4 SJ25 5748 WCS417r

Figure 5. Number of glandular trichomes per mm?, at day 30, in M. piperita plants
inoculated with five PGPR strains. Letters above bars indicate significant differences
according to Fisher’s LSD test (p < 0.05).

VOLATILE ORGANIC COMPOUNDS EMITTED
BY PLANT GROWTH PROMOTING RHIZOBACTERIA
INDUCED ESSENTIAL OIL YIELD

Treatment of plants with PGPR has been shown to increase shoot
growth, total biomass, seed weight, early flowering, and the yields of grain,
fodder, fruit, etc. (van Loon 2007). Numerous mechanisms have been
proposed to explain how rhizobacteria promote plant growth, including
increased nitrogen fixation, the production of auxin, gibberellins, cytokinins
and ethylene, solubilization of phosphorus, oxidation of sulfur, increased
availability of nitrates, extracellular production of antibiotics, lytic enzymes
and hydrocyanic acid, increased root permeability, competition for available
nutrients and root sites, suppression of harmful rhizobacteria, and the
enhanced uptake of essential nutrients (Vessey 2003; Niranjan et al., 2006;
Vejan et al., 2016). In addition to the above mechanisms, studies over recent
years have shown that rhizobacteria are capable of releasing functional
volatile organic compounds (VOCs) (Fernando et al., 2005; Kai et al., 2007;
Vespermann and Piechulla 2007; Kai et al., 2009), which are characterized
by their relatively low molecular mass (<300 Da), low boiling point and
lipophilic properties. Various rhizobacteria have a great variability in the
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gualitative and quantitative complexity of their VOC profiles, and the
number of different compounds produced and emitted by a particular strain
may be as high as 60 (Kai et al., 2007). However, for most VOCs, their exact
chemical structure still remains to be elucidated (Kai et al., 2009). The
manifestation of a characteristic volatile compound or profile is attributable
to specific metabolic pathways being active in the bacterium. Thus,
depending on the growth conditions or medium, the “bouquet” of released
VOCs can vary for each species (Fincheira and Quiroz 2018).

To evaluate the effect of volatile organic compounds (VOCs) emitted by
rhizobacteria, one node of M. piperita, from an aseptically cultured plantlet,
was placed on one side of a specialized plastic Petri dish (90 x15 mm)
containing a center partition (I-plate, Fisher Scientific), with both sides of
the dish containing 50% strength MS solid medium. Then, a 20 ml
suspension culture of various PGPR strains in sterile distilled water was
applied drop-wise to the side of the dish opposite the plant node. By this
method, plants were exposed to bacterial VOCs without any actual physical
contact. The dishes were sealed with parafilm and placed in a growth
chamber with controlled conditions of light, temperature and relative
humidity, and plants were harvested after 30 days.The three strains P.
fluorescens WCS417r, B. subtilis GB03, A. brasilense SP7, previously
reported as PGPR, were then assessed for their effects (Santoro et al., 2011).

Regarding the effect of rhizobacterial VOCs on the formation of plant
secondary compounds, we observed an almost 2-fold increase in the
accumulation of EOs in plants treated with P. fluorescens, compared to B.
subtillis, A. brasilensis, or control (Figure 6). In P. fluorescens- and
Azospirillum brasilense-treated plants, the EO yields were 4.46 and 3.22
mg/mg fresh weight, respectively, which were 2-fold higher than in controls
(Figure 6). B. subtilis did not produce any increase in EO yield, in contrast
with our previous study, whereas O. basilicum plants exposed to B. subtilis
VOCs showed an increased accumulation and content of major EOs
(Banchio et al., 2009; Santoro et al., 2011).

Yields of the major EOs (+) pulegone, (-) menthone, (-) menthol and (+)
menthofuran were generally higher in plants exposed to rhizobacterial VOC
emission compared to controls (Figure 7). The pulegone concentration was
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only significantly increased (3.14-fold; p < 0.05) by P. fluorescens
treatment, while Menthone was increased 15.4- and 13.5-fold (p < 0.05) in
P. fluorescens- and A. brasilense-treated plants, respectively. Also,
menthofuran was increased significantly in P. fluorescens treated plants. In
fact, the only decreases in EO yield (5-fold) were observed for menthol and
menthofuran in A. brasilense-treated plants, compared to control plants
(Santoro et al., 2011).
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Figure 6. Essential oil (EO) yield in M. piperita exposed to VOCs from three PGPR
species. Letters above bars indicate significant differences according to Fisher’s LSD
test (p < 0.05).
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Figure 7. Concentrations of major EO components in M. piperita exposed to VOCs
from three PGPR species. Letters above bars indicate significant differences according
to Fisher’s LSD test (p < 0.05).
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The observed changes in the EO levels suggest that VOCs from soil
bacteria, as well as inducing biosynthesis of secondary metabolites in M.
piperita, can also influence the pathway flux or specific parts of the
monoterpene metabolism. An increased pulegone content in EOs may
enhance pulegone reductase enzyme activity, and favor the reduction of
pulegone to menthone rather than oxidation to menthofuran (Santoro et al.,
2011).

It has also been observed that full interaction of bacteria with plants
(inoculation) may induce secondary metabolite responses (Tabanca et al.,
2004; Banchio et al., 2008; 2010). The inoculation of peppermint with P.
fluorescens increased the yield and accumulation of major EOs. In fact, plant
growth can be promoted by bacterial effects including growth hormone
production, VOC production, solubilization of phosphates, oxidation of
sulfur, increased nitrate availability, increased root permeability or bacterial
volatiles, or by a combination of these effects (Kai et al., 2009; Liu and
Zhang 2015).

It is noteworthy that A. brasilense VOCs did not significantly affect the
EO vyields, and caused a decrease in the menthol level. B. subtilis VOCs
revealed a growth promoting effect in both O. basilicum and M. piperita, but
caused an increased yield of EOs only in the former species. These findings
suggest that the effects of bacterial VOCs on plants are species-specific, so
VOCs from a given bacterial strain do not cause the same effects, or at least
not to the same degree, in all plant species, with responses being
characteristic of a specific plantebacteria combination. Possible
explanations for this phenomenon are: (i) different plants respond to
different components of VOC mixtures; (ii) reactive sites are different; (iii)
plant differ in their ability to metabolize VOCs (Santoro et al., 2011).

The VOCs from bacteria show a diversity and complexity comparable
to those from plants and fungi, and are rich sources for new natural
compounds. However, the biological functions of most bacterial VOCs are
still not well understood. Using an analogy to VOCs from plants and fungi,
we may expect that bacterial VOCs may serve as: (a) “infochemicals” for
communication within and among organisms; (b) cell-to-cell
communication signals; (c) carbon release valves; (d) growth-promoting or
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growth-inhibiting agents. The present results indicate that the VOCs from
soil bacteria released underground play a crucial role in rhizosphere
interactions (Fincheira and Quiroz 2018). Investigation into the structural
elucidation and biological activities of these volatile compounds should now
be the subjects of ongoing and future studies.

PLANT GROWTH PROMOTION RHIZOBACTERIA
INOCULATION COMBINED WITH EXOGENOUS
PHYTOHORMONES, AS ELICITOR,
INCREASED ESSENTIAL OIL YIELD

To evaluate the effect of the phytohomones methyl Jasmonate (MeJa)
and salicylic acid (SA) combined with PGRR inoculation, the following
procedure was carried out. Plants growing in sterile vermiculite were first
inoculated with 1000 pL bacterial suspension, with sterile water being
applied to the control seedlings. After 7 days of inoculation, plants were
sprayed until run-off with 1, 2 or 4 mM MeJA solution or 1, 2 mM SA
solution. After 14 days of applied phytohormone treatment, the plants were
removed from their pots and different parameters were evaluated (Cappellari
etal., 2019).

The gas chromatographic (GC) analysis of EO revealed that spraying
with MeJA increased the EO yield. In addition, plants treated with 1 or 2
mM MeJA increased their EO yield approximately three-fold with respect
to the control (similar to that of PGPR) (p < 0.05), while using 4mM MeJA
led to a five-fold increase (Figure 8). After spraying with SA, the EO vyield
rose approximately two-fold in comparison to the control, similar to the
increase observed in PGPR-inoculated plants (Figure 9) (Cappellari et al.,
2019).

The response of plants treated with PGPR in addition to MeJA depended
on the concentration of MeJA applied. The strongest effect was observed
when plants were treated with 2 mM, with an increase in EO yield of nearly
8-fold being observed compared to controls without MeJA or PGPR, which
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was also much greater than that observed for either treatment alone. In
addition, plants treated with 2 mM MeJA + WCS417r revealed the greatest
increase, followed by SJO4 (~7 times) and then WCS417r (~5 times). In
plants inoculated with PGPR and then sprayed with 1mM or 4 MelA, the
EO yield was similar to that in plants which had only been inoculated (Figure
8). Finally, the EO content was similar to that of control plants only for
plants treated with 1 mM MeJA+GBO03 and 4 mM MeJA + SJ04, and this
value was less than that of the inoculated plants. (Cappellari et al., 2019).
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Figure 8. Inoculation with PGPB and MeJA treatments increased the essential oil
concentration in shoots of M. piperita plants. Different letters above bars indicate
significant differences according to Fisher's LSD test (p < 0.05).
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Figure 9. Inoculation with PGPB and SA treatments increased the essential oil
concentration in shoots of M. piperita plants. Different letters above bars indicate
significant differences according to Fisher's LSD test (p < 0.05).
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Table 2. Inoculation with PGPB and MeJA or SA treatments
increased the density of peltate glandular trichomes on the abaxial
(lower) surface of the M. piperita leaves (units of trichomes per mm?)

Treatment Density (N°/mm?)
Control 407+02a
GBO03 435+022a
SJ04 498+0.18b
WCS417r 507+0.2b
MeJA 1 mM 6.16+0.24b
MeJA 1 mM + GB03 6.47+0.35b
MeJA 1 mM + SJ04 6.69+0.27b
MeJA 1 mM + WCS417r 6.73+0.41b
MeJA 2 MM 598+0.15b
MeJA 2 mM + GB03 6.47+0.35b
MeJA 2 mM + SJ04 594+0.46b
MeJA 2 mM + WCS417r 6.21+0.58 b
MeJA 4 mM 6.71+0.26 b
MeJA 4 mM + GB03 576+0.34b
MeJA 4 mM + SJ04 8.88+0.36¢C
MeJA 4 mM + WCS417r 839+0.26 ¢
SA1mM 5.92 +0.26 bc
SA 1 mM + GB03 6.89+0.74c
SA 1 mM + SJ04 6.14 £ 0.39 bc
SA 1 mM + WCS417r 6.13 £0.28 bc
SA2mM 711+06¢
SA 2 mM + GB03 9,41+0,29d
SA2mM + SJ04 7,29+0,33¢c
SA2mM + WCS417r 7,83+0,31cd

Data shown are mean + SE. Different letters above bars indicate significant differences according to
Fisher's LSD test (p < 0.05).

The EO vyield of plants treated with PGPR in addition to 1 and 2 mM
concentrations of SA showed an increase of approximately three-fold in
comparison to untreated uninoculated controls, which was generally higher
than for either treatment alone (Figure 9), irrespective of the inoculated
strain.

The density of the peltate glandular trichomes was increased by JA and
SA treatments. PGPR alone induced a 20-25% rise in the peltate glandular
trichome density, with spraying with MeJA also significantly increasing the
peltate trichome density on the abaxial surface (p < 0.05). The MelJA
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treatment produced an increase in peltate trichomes of approximately 50%
in plants sprayed with respect to control or PGPR inoculated plants (Table
2). However, the combination of MeJA spraying and PGPR inoculation
resulted in higher densities, with the highest values being observed for plants
inoculated with SJ04 and WCS417r and sprayed with 4mM MeJA. The SA
applications led to a significantly increased density of peltate trichomes on
the abaxial surface (Table 2) compared to control or PGPR inoculated plants,
with plants treated with 2mM and inoculated with GB03 and WCS417r
producing the highest increase in the number of peltate trichomes. As the
control with solvent for MeJA and SA did not differ statistically from the
control (p> 0.05), this is not shown in the Table 2.

Our finding that the endogenous levels of SA and JA increase after
PGPR inoculation (Cappellari et al., 2019), suggests that both
phytohormones are involved in the signaling pathways elicited by
rhizobacteria. PGPR inoculation has been shown to increase the EO yield in
M. piperita plants (Cappellari et al., 2015), but the promotion of growth and
the increased EO production induced by PGPR cannot be replaced by the
external application of phytohormones (as JA causes an increase in EO
yield, but a decrease in growth). In the present study, we observed that in
addition to inoculation, the external application of MeJA at 2mM increased
the EO production by up to 8-fold, indicating that there is synergy between
PGPR and MeJA. Thus, from a biotechnological standpoint, our findings
could be useful to help improve the production of EOs (Cappellari et al.,
2019). Nevertheless, further studies are still required in order to identify the
main molecular mechanisms driving the increase in essential oil after PGPR
inoculation.

CONCLUSION

Essential oil in plants plays several key roles in plant-environment
interactions and plant-plant communication, which depend on the EO
composition and concentrations. Terpenoids are crucial components in plant
defensive responses to abiotic and biotic stresses (Unsicker et al. 2009;
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Vickers et al. 2009), in signaling among plant organs (Heil and Silva Bueno
2007), and in plant-plant communication (Baldwin et al. 2006; Lange and
Ahkami 2013). The increases in EO synthesis observed in various
investigations presumably represent defensive responses to colonization by
microorganisms. In previous studies, we have observed a significant rise in
free jasmonic acid, the active form JA-lle and SA, in M. piperita plants
inoculated with different rhizobacteria strains (Cappellari et al., 2019).
While the induction of SA and JA by PGPR may have various benefits for
their host plants, the increase of these two defense hormones suggests that
plants may perceive these bacteria as a threat and thereby initiate a defensive
response. Related to this, several EO compounds in M. piperita exert
insecticidal, antifungal, and/or antibacterial effects (Sangwan et al. 2001).

Induction of systemic resistance, which can be elicited not only by
pathogens and herbivores but also by beneficial microorganisms and certain
synthetic compounds, provides plants with an enhanced capacity for rapid
and effective activation of cellular defensive responses against pathogen or
insect attack (Conrath 2011). The induction of systemic resistance against
herbivores also involves the priming of jasmonate-dependent responses and
also some other as yet unidentified mechanisms (Pineda et al. 2010; van
Oosten et al. 2008). Priming of plant defenses by beneficial microorganisms
has been proposed to be a consequence of the modulation of the plant
immune systems associated with the establishment of symbiosis, and other
related changes in defense-related signaling (Pozo and Azcon- Aguilar 2007;
Zamioudis and Pieterse 2012).

The higher monoterpene concentrations we observed in inoculated
plants may have resulted in addition to the increase in defensive
phytohormones, from growth-promoting substances, secreted by PGPR,
which affect the plant metabolic processes. Increases in stomatal density and
chlorophyll content in inoculated plants can be reflected in a higher rate of
carbon assimilation and result in an increased terpenoid biosynthesis,
requiring carbon fixation through photosynthesis (Ghirardo et al., 2011;
Cappellari et al., 2015).

Terpenoid biosynthesis depends on the primary metabolism
(photosynthesis) and oxidative pathways for carbon and energy supplies
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(Singh et al. 1991). Giri et al. (2003) found that net photosynthesis of PGPR-
hosting plants is correlated with nutritional status. Moreover, factors that
increase dry matter production affect the interrelationship between the
primary and secondary metabolisms, leading to increased biosynthesis of
secondary products (Shukla et al. 1992). In our studies, the trichome density
was higher in the treatment groups than in the control group. Related to this,
oil yield is strongly correlated with the total number and developmental
distribution patterns of glandular trichomes, the biosynthetic machinery that
quickly and efficiently converts imported carbohydrates into EOs (Lange et
al. 2011; Lange and Turner 2012). Rios-Estepa et al. (2010) proposed a
mechanism whereby the increased expression of a biosynthetic gene induces
production of glandular trichomes, thereby facilitating the production and
storage of EOs.

In summary, we have described a novel approach for evaluating the
effects of specific PGPR strains on M. piperita using bacterial inoculants,
which are an effective biotechnological tool for stimulating the secondary
metabolism in plants. Future studies of the activities of these inoculants will
help clarify certain adaptive processes that are poorly understood at present.

There is a steadily increasing demand for environmentally safe and
sustainable organic agricultural practices that can reduce the negative
environmental effects associated with food and feed production (Lind et al.
2004). In fact, a worldwide shift is currently underway, moving from
traditional inorganic farming methods toward ecofriendly, organic farming
methods. Indeed, for the numerous medicinal and aromatic plant species that
are consumed without further processing, it is important that no synthetic
compounds be present in the harvested crop. Thus, these type of crop plants
are ideal candidates for the development of growth-promoting strategies
involving PGPR and biofertilizers.
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ABSTRACT

Certain  plants produce some essential oils containing
phenylpropanoids/terpenoids (e.g., (E)-anethole, estragole, eugenol, (E)-
isoeugenol, safrole, (E)-/(Z)-citral, (R)-/(S)-citronellal, (E)-/(Z)-geraniol
and carvacrol) as main constituents (relative amounts >50%), which are
isolated of different parts from star anise/aniseed, winter tarragon/Mexican
tarragon, clove tree, sassafras, lemongrass, lemon balm, citronella grass,
palm rose, and Cuban oregano. These EO/molecules have many and
different bioactivities (e.g., antimicrobial, antiparasitic, antioxidant, anti-
inflammatory, anticancer/chemopreventive, cytotoxic/toxic, anesthetic/
analgesic, antinociceptive, antispasmodic, pro-cholinergic, anticonvulsant,
hypotensor/vasorelaxant, antidiabetic, insecticidal, larvicidal, fumigant
and repellent, among other) and are used as flavoring/preserving/active
ingredients in foods and beverages, personal care and cosmetics,
perfumery, etc., as well as raw materials. Since the 1950s, the EO have
been sources of substances as starting materials for different chemical
synthesis; however, with the emergence of green chemistry, the EO and
their main constituents (as biomass) have become attractive to the scientific
community, as starting/raw material for fine chemical synthesis. Some
examples are the preparation/obtaining of tetrahydroquinoline,
isoindoloquinolinone, dihydrobenzofuranol, iridoid, octahydroacridine,
trioxane, oxirane and benzochrome derivatives, from EO isolated of star
anise fruit, clove bud, citronella and palm rose grasses, and Cuban oregano
leaves. These hemisynthetic derivatives showed interesting biological
properties, e.g., antiparasitic, antimicrobial, antiviral, antioxidant, and
anticancer.

Keywords: essential oils, renewable resources, phenylpropanoids,
terpenoids, chemical reagents, fine synthesis, heterocycles

INTRODUCTION

Some essential oils (EO) produced by certain plants contain
phenylpropanoid or terpenoid molecules such as (E)-anethole [(E)-1-
methoxy-4-(1-propenyl)-benzene], estragole (4-allyl-1-methoxy-benzene),
eugenol (4-allyl-2-methoxy-phenol), (E)-isoeugenol [(E)-2-methoxy-4-(1-
propenyl)-phenol], safrole (4-allyl-1,2-(methylenedioxy)-benzene), (E)-
1(Z)-citral [(E)-/(Z)-3,7-dimethyl-2,6-octadienal], (R)-/(S)-citronellal [(R)-
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/(S)-3,7-dimethyl-6-octen-1-al], (E)-/(Z)-geraniol [(E)-/(2)-2,6-dimethyl-
2,6-octadien-8-ol] and carvacrol (5-isopropyl-2-methyl-phenol), as major
constituents (relative amounts >50%).

These EO have been isolated of useful parts (flowers, buds, fruits, seed,
leaves, stem or trunk/wood/bark) from Illicium verum L. (star
anise)/Pimpinella anisum L. (aniseed), Artemisia dracunculus L. (winter
tarragon)/Tagetes lucida L. (Mexican tarragon), Syzygium aromaticum L.
(clove tree), Sassafras albidum L. (sassafras), Cymbopogon citratus L.
(lemongrass), Melissa officinalis L. (lemon balm), Cymbopogon nardus L.
(citronella grass), Cymbopogon martinii L. (palm rose) and Plectranthus
amboinicus L. (Cuban oregano), and, both EO and the constituent major
molecules have many, different and interesting biological properties
e.g., antimicrobial, germicidal, antioxidant, antiulcer, anti-inflammatory,
anticancer, pro-cholinergic, anesthetic/analgesic, antiseptic, sedative/
anxiolytic, stimulant, skin irritant, enzyme inhibitors, ion channel
modulators, antiviral, anti-quorum sensing, insecticidal, anti-feedant,
mosquitocidal, nematicidal, anthelmintic, fumigant and repellent, among
other) and are used as flavoring/preserving/active ingredients in foods and
beverages, personal care and cosmetics, perfumery, and agriculture/
pharmaceuticals; as well as raw materials, etc.

Since the 1950s, the EO have been sources of substances as starting
materials for different chemical synthesis or isolation of pure molecules,
particularly, fixative and flavor/fragrant agents. Nonetheless, with the
advent of green chemistry as a tool for sustainable development, three
decades ago, researchers have turned their attention to the use of biomass as
a renewable carbon resource, which is one of the most important principles
of this chemical science. Thenceforth, the EO and their main constituents
have become attractive as starting/raw material for fine chemical synthesis,
because they could efficiently replace those chemical reagents based on
fossil resources.

It is worth mentioning some interesting examples: the EO from
star anise, clove bud, citronella grass, palm rose, and Cuban oregano
were used for obtaining tetrahydroquinoline, isoindoloquinolinone,
dihydrobenzofuranol, iridoid, octahydroacridine, trioxane, oxirane and
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benzochromene derivatives which showed biological properties such as
antiparasitic, antiprotozoal, antimalarial, antimicrobial, anti-tubercular,
antiviral, antioxidant, and anticancer. Therefore, the use of EO mentioned
above in the preparation of these pharmacologically important molecules is
the central subject of this chapter. Its goal is to highlight the advances in the
synthetic efforts to construct new heterocyclic compounds using basic
principles of sustainable chemistry.

TEXT MINING ABOUT ESSENTIAL OILS AS RENEWABLE
REAGENTS FOR FINE SYNTHESIS

In order to identify the use of essential oils as renewable reagents for
fine synthesis, the following search equation was structured in the Scopus
database (Elsevier, VB; 2020): (TITLE-ABS-KEY (“essential oil * “OR”
volatile oil * “OR phenylpropanoid * OR terpenoid * OR biomass OR
derivative *) AND TITLE-ABS-KEY (tetrahydroquinoline OR
isoindoloquinolinone OR  dihydrobenzofuranol OR iridoid OR
octahydroacridine OR trioxane OR oxirane OR benzochromene) AND NOT
TITLE-ABS-KEY (ABS) biosynthesis AND NOT glycosid * AND NOT
sugar)) AND DOCTYPE (ar) AND PUBYEAR > 1999 AND (LIMIT-TO
(SUBJAREA, “CHEM”) OR LIMIT-TO (SUBJAREA, “PHAR”)), which
linked the keywords related with essential oils and the compounds of interest
obtained by organic synthesis. Consequently, 3025 indexed registers were
found in the database during the 2000-2020 timeline.

The obtained data were processed/analyzed by using VantagePoint
software (Search Technology, Inc, version 12) with which the scientometric
indicators (article number published per year) were obtained, representing
the scientific dynamic in the subject of interest (Figure 1) whose general
trend was increasing. Thus, the year with greatest science activity was 2014
with 212 registers, followed by 2018 and 2016 with 206 and 203 records,
respectively. In addition, the growth rate (percentage value/year) of the
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publications was 16.0% per year (R? 0.8812), calculated by means of De
Solla Price’s law [1].

y = 253,346 .
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Source: Blbllometry Unit - CRAI- lerary Universidad Santo Tomas (Bucaramanga)
Data based on Scopus information (Elsevier, 2020) and processed with
VantagePoint software (Search Technology).

Figure 1. Scattering of science articles by number of records per year (2000-2020
timeline) correlating the main constituents of EO with hemisynthetic derivatives along
with the growth rate of publications by De Solla Price law.

The most important knowledge areas of research/application (as
interdisciplinary teamwork) on this topic were Chemistry (2442 records),
Pharmacology, Toxicology and Pharmaceutics (1482 records), and
Biochemistry, Genetics and Molecular Biology (1223 records). As well as,
the top five (highest number of articles) of scientific Journals were
Tetrahedron (139), Journal of Organic Chemistry (129), Tetrahedron Letters
(128), Bioorganic and Medicinal Chemistry Letters (88) and Synlett (68). In
addition, the register distribution by countries was mainly headed by China
(674) followed by the USA (370), India (295), Japan (271), among others.
If Latin America is taken into account, Brazil, Argentina, Colombia, Mexico
and Chile, were the countries with highest register numbers, each one with
61, 39, 34, 21 and 13 registers, individually.
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On the other hand, from the general search equation described in the first
paragraph of this topic, a new more specific search equation was proposed
in the Scopus database to correlate the main constituents of EO with
compound derivatives: (TITLE-ABS-KEY (anethole OR estragole OR
eugenol OR safrole OR citral OR citronellal OR geraniol OR carvacrol)
AND TITLE-ABS-KEY (tetrahydroquinoline OR isoindoloquinolinone OR
dihydrobenzofuranol OR iridoid OR octahydroacridine OR trioxane OR
oxirane OR benzochromene)) AND DOCTYPE (ar) AND PUBYEAR >
1999. The evaluated timeline was ranged between 2000-2020.

The science behavior based on the indexed record number, according to
the last search equation, is represented in Figure 2, in which a generalized
growth trend can be observed, although with some variability/distribution in
maximums and minimums. Therefore, 84 published articles were indexed
during the observation window, and 2018 and 2019 were the years with the
highest number of records (14 and 11, respectively). The growth rate of the
publications, calculated with De Solla Price’s law, was 16.4% per year (R?
0.967).

y = 6,2109¢%1516¢
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Source: Blbllometry Unit - CRAI-lerary, Universidad Santo Tomas (Bucaramanga).
Data based on Scopus information (Elsevier, 2020) and processed with
VantagePoint software (Search Technology).

Figure 2. Distribution of science articles by number of registers per year (2000-2020

timeline) related to the use of essential oils as renewable reagents for fine synthesis;
besides, the growth rate by De Solla Price law is included.
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Some of the most important areas of research or application were
Biochemistry, Genetics and Molecular Biology (48 registers), Chemistry (42
registers), and Pharmacology, Toxicology and Pharmaceutics (28 registers).
Whilst among the Journals stood out Tetrahedron Letters (7 articles),
Industrial Crops and Products/Insect Biochemistry and Molecular Biology
(each one 4 articles), Organic Letters/Synthetic Communications (each one
3 articles), etc. When considering the distribution of publications by
countries, in the first place is China (15) followed by India/USA (each one
11 registers), among others. At the Latin American level, Colombia (7) and
Brazil (6) were between the 10 main countries in which the topic is studied.

As a deduction based on the scientometric measurement, the topic
related to the essential oils and their main constituents, as renewable
reagents for synthesis of heterocycle compounds, is still a relevant subject
for the sciences of natural product and organic synthesis.

SOME PLANTS CONTAINING ESSENTIAL OILS RICH
IN PHENYLPROPANOIDS/ TERPENOIDS

The production of volatile mixtures such as essential oils (consisting of
terpenoids and phenylpropanoids) from the secondary metabolism of some
plants is well-kown. Many of them (EO and their components) fulfill
different functions, f.i., reproductive or defense mechanisms (inter-
fintraspecies attractants), as alerting or signaling of food sources.
Furthermore, they have showed certain therapeutic (i) and non-therapeutic
(if) biological properties: (i) external - antiphlogistic/antiinflammatory,
antiseptic/disinfectant, deodorant, etc.; internal - antinociceptive,
antiinflammatory, anticancer, antimicrobial, antiviral, antispasmodic,
antioxidant, sedative, carminative, expectorant, penetration-enhancer, etc.;
(i) antiseptic/disinfectant, absorption enhancer, preservative and spice,
repellent/pesticide, toxic, etc [2-5].
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Chemical and Biological Importance

Pursuant to the reviewed science literature, 11 plants were selected (star
anise/aniseed, winter tarragon/Mexican tarragon, clove tree, sassafras,
lemon grass, lemon balm, citronella grass, palm rose and Cuban oregano)
which produce EO containing phenylpropanoids or terpenoids as the most
abundant components [e.g., (E)-anetol (1), estragole (2), eugenol (3), (E)-
isoeugenol (4), safrole (5), (E)-/(2)-citral (6/7), (R)-/(S)-citronellal (8/9),
(E)-/(2)-geraniol (10/11) or carvacrol (12)]. These EO were associated with
renewable chemical reagents for synthesis of particular heterocycle
compounds. The location of these plants along with the plant parts producing
EO, yields, chemical compositions (main constituents, including relative
amounts) and demonstrated bioactivities are reported in Table 1.

According to this Table, the content of (E)-anethole, as well as the EO
yield from star anise fruits of different locations, varied between 77-94%
and 2-7.5%, in that order. Nonetheless, some EO from China did not contain
(E)-anethole but foeniculin (48-50%) or anisole (71%) [134, 135]. Among
the most significant biological properties determined for star anise EO could
be mentioned: antimicrobial (against bacterium [Escherichia coli (0.5-5%,
¢ inh. 6-9 mm)] and fungi [Alternaria alternate (MIC/MFC 2.5 uL/mL), A.
solani (ICsp 90 pg/mL), Aspergillus parasiticus (MIC 2 pL/mL; 73% inh. at
100 pg/mL), A. flavus (MIC 1 pL/mL; 83% inh. at 100 pg/mL),
Aureobasidium pullulans (MIC/MFC 2.5 uL/mL), Bipolaris maydis (ICso 70
pg/mL), Candida albicans (MIC/MFC 5 pL/mL), Cladosporium
cladosporioides (MIC/MFC 2.5 pyL/mL), C. fulvium (MIC/MFC 2.5/5
pL/mL), Fusarium graminearum (ICso 80 pg/mL), F. sporotrichioides
(MIC/MFC 5 pL/mL), F. tricinctum (MIC/MFC 5 uL/mL), F. verticillioides
(89% inh. at 200 pg/mL), Mucor mucedo (MIC/MFC 5/10 pL/mL), Phoma
magdonaldii (MIC/MFC 2.5/5 pL/mL), Phomopsis helianthi (MIC/MFC
2.5 uL/mL), Pythium aphanidermatum (ICso 90 pug/mL), Rhizoctonia solani
(ICs0 80 pg/mL) and Trichphyton mentografites (MIC/MFC 5/10 uL/mL)]
strains), larvicidal [Culex pipiens (LCso/LCg 18/23 pg/mL)]/adulticidal
[Aedes aegypti (KCso 7.3 pg/mgrem. and LCso 10.3 pg/mgrem.)]/repellent
[Brevicoryne brassicae (effect at 0.5%)]/fumigant [Callosobruchus
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chinensis (LCso 7 pg/mL)] and antiproliferative [HCT116 (ICs 50 £ 1
ug/mL)]. Lastly, the antimicrobial effectiveness of (E)-anethole isolated
from star anise EO against yeast/fungi/bacterium strains (Agrobacterium
tumefaciens, Bacillus cereus, B. licheniformis, B. megatarium, B. subtilis,
Escherichia coli, Helminthosporium oryzae, Macrophomina phaseolina,
Myrothecium roridum, Penicillium cryogenum, Rhizobium leguminosarum,
Saccharomyces cerevisiae, Sarcina lutea, Sclerotium rolfsii, etc.) was
verified by means of the MIC values, which were between 5-50 pg/mL
[136].

Other EO rich in (E)-anethole come from the aerial parts/fruits/seeds of
P. anisum; the content of (E)-anethole has been reported between
38-98%, and the EO yields varied among 0.5-3.9%. This plant and its EO
did not have great variability in terms of the majority component. The main
bioactivities of these EO were insecticidal [C. quinquefasciatus (LCso 0.6-
27 pL/mL, LCy 1-34 pL/mL) and Daphnia magna (LCso 31
puL/mL))/larvicidal [C. pipiens (LCso/LCo 15/24 pg/mL)]/fumigant
[Lycoriella ingenua (93% mortal. at 1.2 pL/mL)], antifungal [A. alternate
(10-100 pg/mL, ¢ inh. 15 + 1 - 20 + 3 mm), A. niger (10-100 pg/mL, ¢ inh.
24 +3-38+4mm; 4.8 mg, 20.0+£0.5-40.0 £ 0.7 mm), A. parasiticus (10-
100 pg/mL, ¢ inh. 8 £ 2 - 15 + 2 mm), Trichophyton rubrum (4-16 pg/mL,
¢ inh. 20-38 mm), Botrytis cinerea (600 puL/mL, inh. radial growth <1 cm)],
and anticancer [A549 (ICso 334 pg/mL), HepG2 (ECs 0.39 + 0.03 mg/mL),
Caco2 (ECs 0.25 + 0.04 mg/mL), MCF-7 (ECso 0.30 = 0.01 mg/mL) and
THP-1 (ECs0 0.1100 £ 0.0007 mg/mL)].
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Table 1. General information (e.g., useful parts, yields, main
constituents and bioproperties) on 11 selected plants that produce EO
(as renewable resources) used as fine synthesis reagents

Estragole (85)

Species Location  [Useful |Yield, | Main constituent Biological properties
part |% (relative amounts %)
1. verum Brazil Fruits |NR (E)-Anethole (90) Repellent [6]
Antimicrobial [7]
31 Larvicidal/adulticidal, anti-
AChE [8]
China 6.1 (E)-Anethole (77) Antimicrobial [9]
75 (E)-Anethole (90) Antifungal [10]
Colombia 2.0 (E)-Anethole (83) Antioxidant [11]
Egypt NR Antioxidant/antifungal,
antimycotoxigenic [12]
Greece 24 (E)-Anethole (86) Larvicidal [13]
India NR (E)-Anethole (94) Antioxidant [14]
Malaysia (E)-Anethole (7) Antioxidant/anticancer [15]
Serbia (E)-Anethole (91) Antifungal [16]
Vietnam Fumigant [17]
P.anisum [Czech Seeds- |3.3 (E)-Anethole (81) Insecticidal [18]
Republic Fruits
Greece 1.2 (E)-Anethole (94) Larvicidal [13]
NR (E)-Anethole (88) Antifungal/cytotoxic [19]
India NR (E)-Anethole (90) Antioxidant [20]
Iraq (E)-Anethole (19) Antifungal/cytotoxic [21]
Korea (E)-Anethole (90) Fumigant [22]
Iran (E)-Anethole (91) Antifungal [23, 24]
Turkey 1.9 (E)-Anethole (94)
Aerial (2.1 (E)-Anethole (83) Antimicrobial [25]
A Canada parts |NR Methyleugenol (36), | Antibacterial/antioxidant [26]
dracunculus terpinolene (19)
China 0.7 Sabinene (19) Antimicrobial [27]
Egypt 1.0 Methyleugenol (73) Antifungal [28]
France NR Estragole (77) AChE inhibition [29]
Hungary Estragole (77-83)
Iran Estragole (76-83) Antioxidant [30-32]
NR (2)-Anethole (52)

(E)-Anethole (21), o-
trans-ocimene (21)

Anticonvulsant [33]

Estragole (68)

Larvicidal [34]

Estragole (85)

Antibacterial [35]
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Species Location  [Useful |Yield, | Main constituent Biological properties
part |% (relative amounts %)
Italy Estragole (80-82) AChE inhibition [29]
(E)-Anethole (53) Antibacterial [36]
Poland Methyleugenol (31), | Larvicidal/antimicrobial [37]
elemicin (27)
Russia 0.24 |Sabinene (42) Antioxidant [38]
Turkey NR (2)-Anethole (81) Antimicrobial/antioxidant [39]
USA Estragole (89) [28] AChE inhibition [29]
T. lucida Colombia  |Flower (0.5 Estragole (93) Antioxidant [11]
Leaves 0.9 Estragole (94)
Whole (0.4 Estragole (92) Insecticidal [40]
plant
NR NR Estragole (94) Cytotoxic/antiinflammatory
(inhibitions NO/iNOS, PGE-
2/COX-2, TNF-a) [41]
Estragole (96) Cytotoxic/antioxidant [42]
Cuba 0.8 Estragole (97) Antibacterial/antiparasitic,
antioxidant [43]
Mexico Whole |NR Estragole (36), Insecticidal/repellent [44]
plant methyleugenol (27)
Aerial [0.3 Estragole (49), (E)- Antifungal [45]
part anethole (36)
S. Brazil Buds |NR Eugenol (62-69) Antibacterial [46]
aromaticum | Cameroon 4.1 Eugenol (60) Antioxidant [47]
Chad 1.9 B-Caryophyllene (44), |Antibiotic [48]
eugenol (43)
China NR Eugenol (87) Antioxidative [49]
15 Eugenol (77) Larvicidal [50]
Colombia 12 Eugenol (60) Antioxidant [51]
Croatia NR Eugenol (92) Antioxidant [52, 53]
Egypt extract | Eugenol (72)
NR Eugenol (80) Antioxidant/antibacterial [54]
India NR Eugenol (75) Antifungal [55]
Korea NR Geranial (28), Antifungal [56]
neral/citronellal (21)
Malaysia 3.0 Eugenol (49) Antibacterial [57]
Mexico 2.7 Eugenol (75) Antifungal [58]
Nigeria NR Eugenol (80) Larvicidal [59]
21 Eugenol (75) Antimicrobial [60]
Pakistan 8.5 Eugenol (19) Antidiabetic [61]
Saudi 0.6 Eugenol (75), Antifungal [16, 62-64]
Arabia chavibetol (20)
Serbia NR Eugenol (79)
Spain Eugenol (89)
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Table 1. (Continued)
Species Location Useful |Yield, |Main constituent Biological properties
part |% (relative amounts %)
Sri Lanka Eugenol (79)
Togo 14 Eugenol (83) Antimicrobial [65, 66]
Tunisie NR Eugenol (89)
UK Eugenol (78) Cytotoxic [67]
S. albidum | Serbia NR Safrole (82) Antifungal [68]
C. citratus | Algeria Leaves |0.6 Geranial/neral (42/32) | Antifungal/antiinflamm. [69]
Benin 0.7 Geranial/neral (40/36) | Antiparasitic/cytotoxic [70]
0.9 Geranial/neral (27/20), | Analgesic/antiinflammatory
myrcene (28) [71]
Brazil NR NR Geranial/neral (43/33) |Cytotoxic [72]
Leaves Geranial/neral (44/34) |Repellent [6]
NR Geranial/neral (26/32) |Insecticidal, effect respir. rate,
locomotory behavior [73]
Leaves |0.4 Geranial/neral (41/36) |Anticonv./neurobehavior [74]
NR 1.0 Geranial/neral (50/38) | Insecticidal [75]
Leaves |0.3 Geranial/neral (25/60) |Antinociceptive [76]
NR Geranial/neral (43/32) |Hypotensive/vasorelaxant [77]
Geranial/neral (53/36) | Insecticidal/larvicidal [78]
Burkina 15 Geranial/neral (48/35) | Antimicrobial [79]
Faso 1.4 Geranial/neral (45/33) | Antioxidant [80]
Cameroon [NR 0.8 Geranial/neral (38/21) |Antifungal [81]
Colombia [Whole [0.5 Geranial/neral (26/29), | Insecticidal [40]
plant myrcene (20)
NR Geranial/neral (34/28) |Repellent [82]
Cuba Leaves Geranial/neral (51/35) | Insecticidal/larvicidal [78]
Ethiopia 0.8 Geranial/neral (41/31) |Skin irritation/toxicity [83]
France Leaves |0.5 Geranial/neral (33/29) |Antiparasitic [84]
India NR Geranial/neral (42/30) |Antidiabetic [85]
Geranial/neral (29/18) |Insecticidal [86]
Iran Geranial/neral (39/31) |Antifungal [87, 88]
Kenya Whole [0.8 Geranial/neral (40/33)
Malaysia plant (0.3 Geranial/neral (45/30) | Antioxidant/cytotoxic,
antiangiogenic [89]
Netherlands |NR NR Geranial/neral (46/35) | Antifungal [90]
Nigeria Leaves |0.6 Geranial/neral (27/20), | Antioxidant/antibacterial [91]
myrcene (28)
Togo Arial  [1.6 Geranial/neral (45/32) |Cytotoxic [92]
parts
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Species Location  [Useful |Yield, | Main constituent Biological properties
part |% (relative amounts %)
C. martinii | Brazil NR NR Geraniol (81) Anthelmintic [93]
Whole {2.0 Geraniol (64), geranyl | Antibacterial [94]
plant acetate (29)
NR Geraniol (58) Cytotoxic/antiinflammat. [95]
India Leaves 0.2 Geraniol (61) Antimicrobial [96]
Taiwan Leaves 0.7 Geraniol (52) Antimicrobial/antioxidant,
antiinflammatory [97]
UK NR NR Geraniol (65), geranyl | Antimicrobial [98]
acetate (20)
C.nardus |Benin Leaves |1.1 Citronellal (36), nerol |Antiparasitic [70]
(24)
NR Citronellal (41), Analgesic [99]
geraniol (23)
Brazil NR NR Citronellal (28), Antimicrobial/cytotoxic [100]
citronellol (25), nerol
(22)
Colombia Citronellal (31-42) Toxic/antioxidant [42]
Congo Leaves |[NR Citronellal (38), Analgesic [99]
geraniol (29)
France 14 Elemol (26), Antioxidant/antibacterial [101]
citronellal (13)
NR NR Citronellal (42), Antifungal [102]
geraniol (21)
India Leaves |3 Geranial/neral (39/31) | Antimicrobial [103, 104]
Malaysia Whole Citronellal (30)
plant
Leaves |NR Citronellal (33), Toxic/antitermite/repellent
geraniol (24) [105]
Thailand Aerial [0.1 Geraniol (36), geranial | Antifungal [106]
parts (23)
Togo 1.3 Citronellal (36), Cytotoxic [92]
geraniol (28)

M. Argelia Leaves |0.3 Geranial/neral (44/30) |Antimicrobial [107]
officinalis | Brazil 1.0 Geranial/neral (47/39) | Antitumoral/antioxidant [108]
Germany NR NR Geranial/neral (20/14) |Antiviral [109]

B-Caryophyllene (24), | Antibacterial/cytotoxic [110]
geranial/neral (20/15)
Greece Aerial [0.2 Terpinen-4-ol (16), Larvicidal [111]
parts caryophyllene
oxide/sabinene (13)
Iran 0.1 Geranial/neral (35/24) | Antispasmodic [112]
Korea Leaves |[NR Geranial/neral (65/25) | Antidiabetic [113]
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Table 1. (Continued)
Species Location Useful |Yield, |Main constituent Biological properties
part |% (relative amounts %)
Morocco 0.5 Nerol (30), citral (27), |Antiinflammatory [114]
isopulegol (22)
Aerial |1 p-Mentha-1,2,3-triol | Antifungal [115]
parts (13)
Serbia 0.09 |Geranial/neral (24/18), | Toxicity [116]
citronellal (21-22)
0.2 Geranial/neral (23/16) |Antimicrobial/antioxidant [117]
citronellal (14)
Turkey NR  |B-Cubebene (15), - |Antiviral [118]
caryophyllene (14)
P. Brazil Leaves [0.1 Carvacrol (89) Allelophatic [119]
amboinicus NR Carvacrol (90-98) Antibacterial [120-122]
0.2 Germacrene D (39), B-
caryophyllene (19)
Leaves |0.07 |Carvacrol (88)
stem
Leaves |0.01 |Thymol (64) Antimicrobial [123, 124]
0.1 Carvacrol (38)
Colombia 0.1 Carvacrol (54) Antioxidant [11]
India 0.2 Carvacrol (29), thymol | Larvicidal [125]
(22)
NR Carvacrol (70) Antifungal/antioxidant [126]
Carvacrol/thymol Chemopreventive [127]
(NR)
Malaysia | Whole |0.2 3-Carene (21), Antimicrobial [128]
plant carvacrol (19),
camphor (18)
Marocco Leaves |1.2 Carvacrol (23), Antibacterial [129, 130]
camphor (22)
Philippines 0.04 |Carvacrol (51)
Taiwan Whole [0.6 Carvacrol (62) Larvicidal [131]
Venezuela |plant [0.05 |Carvacrol (65) Antibacterial [132]
Yemen 1.4- | Thymol (37-79) Antibacterial/antioxidant [133]
1.6

NR - not reported.

For its part, EO from A. dracunculus presented a certain chemical
variability, i.e., they were rich in estragole (68-89%), (E)-anethole (21-
53%), (Z)-anethole (52-81%), methyleugenol (25-76%) or sabinene (19-
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42%). In addition, EO yields were found between 0.01-1%. Astonishing
activities such as antimicrobial [Acinetobacter spp. (0.6-1.2 mg/disk, ¢ inh.
7-11 mm), A. niger (¢ inh. 13 + 1 mm), B. subtilis (10 pg/mL, ¢ inh.
13.6 £ 0.1 mm), C. albicans (¢ inh. 10.0 £ 0.7 mm), Cryptococcus
neoformans (¢ inh. 13 £ 1 mm), E. coli (¢ inh. 8 mm), Fonsecaea pedrosoi
(¢ inh. 15 £ 1 mm), Klebsiella pneumoniae (10 pg/mL, ¢ inh. 11.00 + 0.09
mm; 0.6-1.2 mg/disk, ¢ inh. 7-8 mm), K. oxytoca (MIC 7.8 mg/mL), Listeria
monocytogenes (MIC 15.6 mg/mL), Micrococcus luteus (10 pg/mL, ¢ inh.
10.6 + 0.2 mm), Microsporum canis (¢ inh. 15 + 1 mm), M. gypseum (¢ inh.
16 £ 1 mm), Proteus vulgaris (0.6-1.2 mg/disk, ¢ inh. 7-15 mm),
Pseudomonas aeruginosa (10 ug/mL, ¢ inh. 10.5 + 0.2 mm; 0.6-1.2 mg/disk,
¢ inh. 7-13 mm), P. syringae (0.6-1.2 mg/disk, ¢ inh. 7-15 mm), Salmonella
paratyphi (10 pg/mL, ¢ inh. 13.0 £ 0.1 mm), S. typhimurium (0.6-1.2
mg/disk, ¢ inh. 7-9 mm), Serratia marcescens (MIC/MBC 3.8/7.8 mg/mL),
Shigella dysenteriae (MIC/MBC 3.8/7.8 mg/mL), S. cerevisiae (10 pg/mL,
¢ inh. 12.3 + 0.1 mm), Staphylococcus aureus (10 pg/mL, ¢ inh. 10.0 £ 0.1
mm; 1-4 pl/disk, 20 + 1 - 35 £ 2 mm), S. aureus MRSA (¢ inh. 10 mm), S.
epidermidis (¢ inh. 10.0 £ 0.7 mm), T. rubrum (¢ inh. 20 £ 2 mm), Vibrio
spp. (0.6-1.2 mg/disk, ¢ inh. 7 mm), Xanthomonas axanopodas (0.6-1.2
mg/disk, ¢ inh. 8-14 mm)], AChE inhibition [ICs, 0.06 + 0.03 - 1.9 + 0.1
mg/mL], anticonvulsant/sedative [(EDso 0.84 mL/kg (MES) and 0.26 mL/kg
(PEM)] and larvicidal [Anopheles stephensi (LCso/LCg 11/18 pug/mL)] were
reported for these EO. It is worth noting that in the Indian EO was identified
capillene (56%) as main constituent [137]; as well as other terpenes (from
Russia and USA) have been reported such as B-pinene (24-32%) and
terpinolene (25%) [138, 139].

A Latin American source of estragole is T. lucida (both leaves and
flowers); their EO have contained it between 36-97%. Into the bargain, the
EO yields have been relatively moderate (0.3-0.9%). Among the biological
properties could be highlighted insecticidal [A. aegypti (LCso/LCgo 65-
66/94-95 pg/mL)]/repellent [Diaphorina citri (20-40 mg/mL, 45-99%
repellency)], cytotoxic, anti-inflammatory (0.2 mg/mL, 100% inh.
production of prostaglandins E», production of NO- > 100%, cytokine TNF-
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a production > 2000 pg/mL), antiparasitic [Plasmodium berghei (ICsp 72 +
4 pg/mL)] and antimicrobial [A. niger (2%, 27% mycelial red., ¢ inh. 6.6 +
0.6 mm), F. oxysporum (2%, 48% mycelial red., ¢ inh. 4.7 £ 0.2 mm),
Penicillium janthinellum (2%, 24% mycelial red., ¢ inh. 6.8 + 0.6 mm), R.
solani (2%, 57% mycelial red., ¢ inh. 3.9 £ 0.6 mm)].

Regarding clove (S. aromaticum), these plant/EO are well-known and
widely distributed in the world; and, eugenol (its main molecule) is a quasi-
biomarker for this species. The relative amounts of eugenol in the EO have
varied amid 19-92% and the percentage yields of EO were ranged between
0.6-14%. Aside from the wide distribution of clove, eugenol and EO that
contain it are powerful antimicrobials [Actinomyces spp. (MIC/MBC 30-
40/100 pL/L), Aeromonas spp. (MIC 0.015-0.031 pg/mL), A. alternate
(MIC/MFC 0.25 pL/mL), A. flavus (MIC 1 pyL/mL; MIC/MFC 1/2.5
pL/mL), A. niger (MIC/MFC 0.5 pL/mL), A. ochraceus (MIC/MFC 1
puL/mL), A. pullulans (MIC/MFC 0.25 uL/mL), A. terreus (MIC/MFC 2.5
pL/mL), A. versicolor (MIC/MFC 0.5/1 pL/mL), B. cereus (MIC 2.5
mg/mL), B. megaterium (MIC 2.2 mg/mL), B. subtilis (MIC 2.8 mg/mL),
Botrytis cinerea (MIC 93 pL/L), C. albicans (MIC 1 pL/mL; MIC/MFC
1.25-2.5/2.5-5.0 pL/mL; MIC/MFC 0.5/1 upL/mL), Citrobacter freundii
(MIC 0.015 pg/mL), C. cladosporioides (MIC/MFC 0.1/0.25 uL/mL), C.
fulvium (MIC/MFC 0.1 pL/mL), Colletotrichum musae (MIC/MLC
0.04/0.065%), Edwardsiella spp. (MIC 0.015-0.062 pg/mL), Enterococcus
faecalis (MIC 1 mg/mL; MIC 2.4 mg/mL), E. coli (MIC 1 mg/mL; MIC 2-
2.3 mg/mL; MIC 5 uL/mL), F. gramineareum (300 pg/mL), F. proliferatum
(MIC/MLC 0.05/0.1%), F. oxysporum (ICs 18 ug/mL), F. sporotrichioides
(MIC/MFC 0.5/1 pL/mL), F. tricinctum (MIC/MFC 0.25/1 pL/mL),
Lactobacillus spp. (MIC/MBC 60/120 uL/L), Lasiodiplodia theobromae
(MIC/MLC 0.045/0.06%), L. monocytogenes (MIC 1.4 mg/mL), M. mucedo
(MIC/MFC 0.25 pL/mL), Penicillium spp. (MIC 1 pL/mL; MIC/MFC 0.5
pL/mL), P. helianthi (MIC/MFC 0.1/0.25 pL/mL), P. magdonaldii
(MIC/MFC 0.25 pL/mL), P. aeruginosa (MIC 2.2 mg/mL; MIC 0.015
pg/mL; MIC 9 puL/mL), S. typhimurium (MIC 3.6 mg/mL), S. typhi (MIC
3.2 mg/mL; MIC 625 pg/mL), S. enteritidis (MIC 625 pg/mL), S. aureus
(MIC 4-10 mg/mL; MIC 1.5 mg/mL; MIC 625 pg/mL; MIC 5 pyL/mL), S.

Complimentary Contributor Copy



Taking Advantage of Some Essential Oils ... 329

warneri (MIC 2.7 mg/mL), Streptococcus spp. (MIC 0.015-0.062 pg/mL;
MIC/MBC 30/60-80 pL/L), Trichoderma viride (MIC/MFC 2.5 uL/mL), T.
mentografites (MIC/MFC 0.5 pL/mL), Vibrio spp. (MIC 0.015 pg/mL)] and
antioxidants [DPPH- (509 + 5 umol/g; 12.5 pg/mL, % inh. > 80), ABTS*"
(ICso 8.5 pg/mL; TAA 11900 + 164 mmol Trolox®kg EO), Oz (ICs 58
pg/mL)]; other remarkable biological effects were larvicidal [A. aegypti
(LCso/LCg5 125/180 pg/mL; LCso 93 pg/mL) and C. quinquefasciatus (LCso
124 pg/mL)], antidiabetic (ICso 74 pg/mL) and cytotoxic [HMEC-1 (LCso
0.018%), HNDF (LCso 0.025%) and 153BR (LCso 0.017%)].

On the other hand, the antimicrobial efficacy of sassafras EO was
demonstrated on 17 strains [A. alternate (MIC/MFC 5-10/10 pL/mL), A.
flavus (MIC/MFC 15 pL/mL), A. niger (MIC/MFC 15 upL/mL), A.
ochraceus (MIC/MFC 15/25 pL/mL), A. pullulans (MIC/MFC 5-10/25
pL/mL), A. terreus (MIC/MFC 10-25/30 pL/mL), A. versicolor (MIC/MFC
10-25/25 pL/mL), C. cladosporioides (MIC/MFC 5-10/15 pL/mL), C.
fulvium (MIC/MFC 5-10/10 pL/mL), F. sporotrichoides (MIC/MFC 10-
25/25 pL/mL), F. tricinctum (MIC/MFC 10/25 pL/mL), M. mucedo
(MIC/MFC 5-10/15 pL/mL), Penicillium funiculosum (MIC/MFC 10-25/25
pL/mL), P. helianthi (MIC/MFC 5/10 puL/mL), P. magdonaldii (MIC/MFC
5-10/10 pL/mL), Penicillium ochrochloron (MIC 15-25/25 pg/mL) and T.
viride (MIC/MFC 10-25/30 pL/mL)].

In line with description made above for clove and EO/eugenol, in a
similar way, lemongrass (C. citratus), its EO and the terpenoids citral A
(geranial)/citral B (neral) (quasi-biomarkers for this species) are also
broadly distributed and recognized. The relative amounts of geranial and
neral found in these EO were 25-53% and 20-60%, respectively, with EO
yields of 0.2-1.5%. The promising bioproperties attested were antimicrobial
[A. flavus (20-60 pL, ¢ inh. 60-90 mm; MIC 118 mg/mL), A. fumigatus (20-
60 uL, ¢ inh. 50-90 mm; MIC 59 mg/mL), A. niger (20-60 pL, ¢ inh. 25-90
mm; MIC 15 mg/mL), A. ochraceus (MIC 59 mg/mL), A. parasiticus (MIC
59 mg/mL), A. terreus (20-60 uL, ¢ inh. 65-90 mm), C. albicans (20-60 pL,
¢ inh. 33-90 mm), C. parapsilosis (20-60 uL, ¢ inh. 15-90 mm), C. tropicalis
(20-60 pL, ¢ inh. 36-90 mm; MIC/MFC 1-4 pL/mL), E. aerogenes (MIC
13.3 + 0.4 mg/mL), E. coli (MIC 10 mg/mL), E. faecalis (MIC 1 mg/mL),
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L. monocytogenes (MIC 8.3 + 0.2 mg/mL), Mucro sp. (20-60 uL, ¢ inh. 35-
48 mm), Penicillium sp. (20-60 pL, ¢ inh. 90 mm), P. expansum (1000
pug/mL, NDR cfu/mL 0.36 + 0.04 - 0.48 + 0.03), Phytophthora capsici (30
pug/mL, Gl > 60%), P. drechsleri (80 pg/mL, Gl > 60%), P. melonis (44
pug/mL, Gl > 60%), Shigella sonnei (ICsp 1.6%), S. aureus (MIC 2.5
mg/mL), S. dysenteria (MIC 8.3 + 0.2 mg/mL), S. enterica (MIC 2.1 + 0.1
mg/mL), S. typhimurium (MIC 2.5 mg/mL)], antiparasitic [Trypanosoma
brucei brucei (ICso 1.8 + 0.1 pg/mL), Plasmodium falciparum chloroquine-
sensitive (ICsop 48 = 13 pg/mL); P. berghei (200-500 mg/kg, 62-87%
suppression)], cytotoxic [CHO (ICso 10.6 £ 0.7 pg/mL), WI38 (ICso 40 £ 3
pg/mL), HaCat (39-66 pg/mL; ICso 150 pL/mL), LDH (130-138 pg/mL);
MCF-7 (ICsp 47 pg/mL), HCT-16 (ICso 32 pg/mL)], analgesic (2-3 g/kg,
tail-flick test (staying period): 6 + 1 - 8 + 2 s; reduction number of cramps
39 + 3 - 30 * 2), antiinflammatory [40-200 pL, 2.7 + 0.1 - 2.88 £ 0.01 mm
of left hind paw thickness (% inh. 67-97%); 2-3 g/kg, reduction edema
volume (37.0 + 0.3)], anticonvulsant [0.5-1 g/kg, not convulsive/anxiolytic
on mice], antinociceptive [50-100 mg/kg, 50-80% increased reaction time;
10-50 mg/kg, produced 46-70% inh. (formalin test)], antiangiogenic (ICso
52 pg/mL), antidiabetic [400-800 mg, 29-47% decrease glucose, 22-24%
decrease insulin], and insecticidal [Podisus nigrispinus (1%-5" instar,
LDso/LDgo 1-139/2-192 ug/insect); Frankliniella schultzei (LCso 1.5%),
Myzus persicae (LCso 0.3%); A. aegypti (LCso/LCyo 94-123/163-243
pg/mL)]/repellent [Brevicoryne brassicae (0.01-0.1%, 5+ 2 - 2 + 2 aphids,
24-48 h); Tribolium castaneum (RDsp 0.016-0.021))/larvicidal [Musca
domestica (LCso/LCyo 3-4/92-83%); M. domestica (LCso/LCy 0.4-5/1-10
uL/cm?)].

Other species belonging to the genus Cymbopogon is C. martinii, whose
chemical composition has been mainly characterized by geraniol (52-81%),
and with EO yields that varied between 0.2-2.0%. The EO from species have
demonstrated biological effects such as anthelmintic [Haemonchus
contortus/Trichostrogylus spp. (LCso/LCg 30-150/170-610 pg/mL larval
instar)], antimicrobial [C. albicans (MIC 2.4 ug/mL), E. coli (MIC 100-900
pug/mL; MIC 1.54 + 0.07 pg/mL), Pityrosporum ovale (MIC 1.20 + 0.07
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pg/mL), Propionibacterium acnes (MIC 0.91 + 0.07 pg/mL), S. aureus
(MIC 1.04 + 0.07 pg/mL), Saccharomyces cerevisiae (5 uL, 85% growth
inh.)], antiinflammatory [5 pg/mL, stimulated production of TNF-a level; 5-
lipoxygenase inh. (ICso 1.50 £ 0.04 pg/mL)], and antioxidant [DPPH: (I1Cso
51 + 1 pg/mL), NO- (ICso 56.9 £ 0.4 pg/mL), B-carotene/linoleic acid (ICso
0.99 + 0.03 pg/mL)].

The EO from C. nardus species contained mainly citronellal (13-42%)
along with other terpene alcohols [geraniol (11-36%), nerol (22-24%),
citronellol] and aldehydes (geranial/neral); the EO yields ranged among 0.1-
3%. These EO also had biological effectiveness as antiparasitic [T. brucei
brucei (ICso 8 + 1 pg/mL), P. falciparum chloroquine-sensitive (ICso 53 + 5
pg/mL)], analgesic [acetic acid-induced writhing test (2 mL/kg, 37-51%
inh.)], antimicrobial [Aeromonas spp. (MIC 0.5-1 pg/mL), A. candidus (250
pug/mL, 100% inh.), A. flavus (250 pug/mL, 100% inh.), A. niger (MIC 400
pg/mL), B. subtilis (MIC 0.5 pg/mL), A. versicolor (250 pg/mL, 100% inh.),
C. albicans (5x-10x MBC/MFC, 30-47% red.; MIC 25 pg/mL), C. glabrata
(MIC 50 pg/mL), C. tropicalis (MIC 50 pg/mL), C. freundii (MIC 0.2
pg/mL), Edwardsiella spp. (MIC 0.2-1 pg/mL), E. faecalis (MIC 0.5
pg/mL), E. coli (MIC 0.2-0.5 pg/mL), Eurotium amstelodami (250 pg/mL,
100% inh.), E. chevalieri (250 pg/mL, 100% inh.), Flavobacterium spp.
(MIC 1 pg/mL), L. monocytones (MIC 0.7 pg/mL), Penicillium adametzii
(250 pg/mL, 100% inh.), P. citrinum (250 pg/mL, 100% inh.), P.
griseofulvum (250 pg/mL, 100% inh.), P. islandicum (250 pg/mL, 100%
inh.), Pseudomonas spp. (MIC 0.2 ug/mL), P. aeruginosa (MIC 0.2 pg/mL),
Salmonella spp. (MIC 0.2-0.5 pg/mL), S. typhinurium (MIC 6 pg/mL), S.
agona (MIC 8 pg/mL), S. aureus (5x-10x MBC/MFC, 23-40% red.; MIC
0.7 pg/mL), S. epidermidis (MIC 3 pg/mL), Streptococcus spp. (MIC 0.5
pg/mL), S. agalactiae (MIC 0.2 pg/mL), Vibrio spp. (MIC 0.2-0.5 pg/mL),
Yersinia enterocolitica (MIC 0.5 pg/mL)], cytotoxic [HaCat (12.5%, 40%
cell viability; 1Cso 450 pL/mL)]/toxic [Artemia salina (LCso (24/48 h) 12-
20/5-12 pg/mL)], insecticidal [Coptotermes curvignathus (LCso
4%)]/repellent [C. curvignathus (4%, 59% repellency)], and antioxidant
[ORAC (13645 + 1168 pumol TE/g dew, 190 + 25 umol TE/g dmw), and
TBARS (CEso 310-860 pg/mL)].
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In reference to the EO from lemon balm (M. officinalis), its chemical
compositions were also represented by terpene aldehydes, geranial (20-
65%) and neral (14-39%), and some minor variability in the terpene
chemistry (e.g., terpinen-4-ol, nerol, mentha-1,2,3-triol, -caryophyllene, -
cubebene) and yields (0.09-1%). Their significant bioactivities were:
antimicrobial [B. subtilis (MIC 2 uL/mL; 20-50%, ¢ inh. 28 +2 -29.6 + 0.9
mm), B. cinerea (2 pL/mL, 77 £ 2% growth inh.), C. albicans (MIC 3
pL/mL; MIC/MFC 30/60 pL), Epidermophyton floccosum (MIC/MFC
30/60 pL), E. coli (MIC 2 pL/mL; 20-50%, ¢ inh. 14.8 + 0.8 - 40 £ 1 mm),
F. oxysporum albedinis (MIC 2 pL/mL), F. oxysporum lini (MIC 1 pL/mL),
Haemophilus influenzae (MIC/MBC 0.02/0.03%), K. pneumoniae (MIC 3
puL/mL), L. monocytogenes (MIC 2 uL/mL), MRSA (MIC/MBC 0.1%), M.
canis (MIC/MFC 30 uL), Micrococcus flavus (20-50%, ¢ inh. 27.4 £ 0.9 -
30 £ 0 mm), Moraxella catarrhalis (MIC/MBC 0.02-0.03/0.02%), Mucor
ramannianus (MIC 1 pL/mL), P. expansum (1 pL/mL, 100% growth inh.),
P. aeruginosa (MIC 2 pL/mL; 20-50%, ¢ inh. 13.4 £ 0.9 - 15.6 + 0.6 mm),
Rhizopus stolonifer (2 pL/mL, 100% growth inh.), S. cerevisiae (MIC 2
pL/mL), S. enterica (MIC 5 pL/mL), S. enteritidis (20-50%, ¢ inh. 15.2 +
0.4 - 16.2 £ 0.8 mm), Sarcina lutea (20-50%, ¢ inh. 25+ 2 - 27 + 1 mm), S.
aureus (MIC 3 pL/mL; MIC/MBC 0.1%; 20-50%, ¢ inh. 19.4+0.9 -24 + 1
mm), S. epidermidis (20-50%, ¢ inh. 18 + 2 - 27 £ 2 mm), Streptococcus
pyogenes (MIC/MBC 0.06%), S. pneumoniae (MIC/MBC 0.03/0.06%), S.
sonei (20-50%, ¢ inh. 37 + 2 - 38 = 2 mm), S. typhi (20-50%, ¢ inh. 19.8 +
0.4 - 24.4 £ 0.9 mm), T. mentagrophytes var. mentagrophytes (MIC/MFC
15/30 pL), T. rubrum (MIC/MFC 15/30 pL), T. tonsurans (MIC/MFC 15
pL)], antitumoral [A549 (0.05%, >90% inh), MCF-7 (0.05%, >90% inh),
Caco-2 (0.05%, >80% inh), HL-60 (0.01%, 80% inh.), K562 (0.01%, 94%
inh.), HaCat (CCsy 0.01-0.002%), HEp-2 (>100 pg/mL, toxic), B16F10
(0.01%, >60% inh), BEAS-2B (CCso 0.04-0.001%)], antiviral [HSV-
1/HSV-2 (ICso 0.0004/0.00008%); HSV-2 (1-100TCDso 78-23% decr.
infectivity)], larvicidal (C. pipiens, LCso/LCgo 61/87 pg/mL), antispasmodic
(ileum contraction of rats, 1Csp 19 + 2 ng/mL), antihyperglycaemic (250
mg/kg o.a., decreasing blood glucose levels and increasing serum insulin
levels), antiinflammatory (200-400 mg/kg p.o., 62-71/65-77% inh.
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inflammation induced by carrageenan), toxicity [A. salina (LCso 39 pg/mL),
BALB/c mice (LDsy 2.6 g/kg)], and antioxidant [DPPH- (ECso 2 uL; ICs0 7.6
Hg/mL)].

Finally, the essential oils from P. amboinicus consisted predominantly
of carvacrol (19-98%) and in some cases, by its structural isomer thymol
(22-79%). These EO had relatively low vyields (0.04-1.6%) and the
noteworthy biological effects were allelopathic [Lactuca sativa (0.12%, 0%
germination), Sorghum bicolor (0.12%, 23% germination)], cytotoxic
[B16F-10 (5-50 ug, 27-65% cell death)], antimicrobial [Aeromonas caviae
(10%, ¢ inh. 17.5 = 0.7 mm), A. flavus (10 pL, 55% inh. mycelial growth),
A. niger (10%, ¢ inh. 17.3 £ 0.6 mm; 10 pL, 64% inh. mycelial growth), A.
ochraceus (10 pL, 60% inh. mycelial growth), C. albicans (MIC 80 pg/mL;
MIC 12 mg/mL), C. gattii (MIC 30 pg/mL), C. tropicalis (MIC 6 mg/mL),
C. versatilis (10 uL, 43% inh. mycelial growth), C. neoformans (MIC 10
pg/mL), E. coli (MIC 128 pg/mL; MIC 780 pg/mL; MIC 0.2%; MIC/MBC
1/2%; MIC 10 pg/mL; 10 pL, ¢ inh. 3.8 £ 0.2 - 22.7 + 0.7 mm), E. faecalis
(MIC/MBC 0.5/1%; MIC 30 pg/mL), F. oxysporum (10 pL, 55% inh.
mycelial growth), K. pneumoniae (MIC/MCB 0.09 + 0.01%; MIC 10
pg/mL), MRSA (MIC 6 mg/mL; MIC/MBC 2%), Penicillium sp. (10 pL,
60% inh. mycelial growth), P. aeruginosa (MIC/MBC 0.5/1%; 10 uL, ¢ inh.
15.4 + 0.3 - 36 = 1 mm), P. vulgaris (10%, ¢ inh. 24.5 = 0.7 mm; MIC 6
mg/mL), S. cerevisae (MIC 20 pug/mL), S. aureus (MIC/MBC 0.25-0.5/1-2
mg/mL; 10%, ¢ inh. 25.5 £ 0.7 mm; MIC 12 mg/mL; MIC 0.1%; MIC/MBC
0.06%; MIC 20 ug/mL; 10 pL, ¢ inh. 21.6 + 0.8 - 26.1 + 0.3 mm), S.
cerevisiae (10 pL, 45% inh. mycelial growth), S. epidermidis (MIC 31
pg/mL; MIC 25 mg/mL; MIC/MBC 0.03/0.1%), Streptococcus pyogens (10
ML, ¢ inh. 13.2+0.4 - 28.3+ 0.4 mm), S. typhi (MIC 10 pg/mL)], antioxidant
[ABTS* (TAA 4800 = 198 mmol Trolox®/kg), DPPH- (200 pg/mL, 88%
inh.; 10-100 pg/mL, 41.1 £ 0.4 - 89.4 + 0.8% inh.)], and larvicidal
[Anopheles stephensi (LCso/LCg 28-34/59-70 pg/mL), A. albopictus
(LCs0/LCoo 52-64/80-104 pg/mL), A. aegypti (LCso/LCgoo 43-45/62-64
pg/mL), C. quinquefasciatus (LCso/LCgo 23/38-39 pug/mL)].
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RENEWABLE STARTING MATERIALS FOR DIFFERENT
CHEMICAL SYNTHESIS

Throughout the ages, humans have relied on natural products from
plants. Nonetheless, chemists have studied plants to find new molecules,
which could be useful for practical applications. During this long and hard
process, numerous natural products were isolated and characterized for the
first time, and subsequently applied to human needs, especially medicine
[140]; thus, natural products and their related moieties have been an
extraordinary source of therapeutic agents. However, research of natural
products in the pharmaceutical industry has declined in the last 5-10 years,
but despite this fact, natural products remain a predominant source of novel
leading drugs [141].

Currently, other “urgent” guideline of modern chemistry that has caught
the researchers’ attention is the use of biomass (and in an ecological way),
which is not only a source of food, medicines, fragrances and energy, but
also of fine chemicals [142]. Interest in the value chain of biomass-to-
chemicals increased as the chemical industry accelerated the development
of sustainable manufacturing processes; this is mainly due to the
requirement to decrease society’s dependence on crude oil. In effect, some
easily isolated biomass components are now used as chemical reagents in
the synthesis of novel products with higher added value, replacing chemical
substances based on petroleum source. For instance, ethanol, furans,
glycerol, lactic acid, succinic acid, hydroxypropionic acid/aldehyde,
levulinic acid, sorbitol and xylitol are all important platform molecules or
building blocks for the synthesis of bio-based chemicals [143]. In contrast
to the vast vegetable components such as carbohydrates, proteins, fats and
some terpenoids, the EO, which are natural products of the secondary
metabolism of “aromatic” plants, were poorly explored in this context [143,
144].

Even with the diverse bio-medical applications, EO could also be
appropriate materials to be utilized as suitable/particular chemical agents.
Being terpenic and/or phenolic in nature with additional functional groups,
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the constituents of essential oils appear as attractive renewable precursors in
the construction of new and varied molecules with novel structural/skeletal
diversity and greater added value (pharmacological, biological, physical
properties) [145, 146].

FINE SYNTHESIS OF HETEROCYCLES

Some of the essential oils mentioned above (e.g., star anise and clove
essential oils) are considered suitable sources of raw-material for
heterocyclic synthesis [147, 148]. The olefinic nature of the main
components of these EO allows its use in the construction of diverse
heterocyclic ring systems, which are common scaffolds of numerous natural
products, e.g., alkaloid or phenol metabolites/groups.

The significance of heterocycles is very complex to explain; they are of
immense biological and industrial importance, and overriding for the
functioning of any developed human society. Most biologically active
pharmaceutical and agrochemical products are heterocyclic, as are countless
additives and modifiers used in industries as varied as cosmetics,
reprography, information storage, and plastics [149].

Tetrahydroquinolines

Quinolines and tetrahydroquinolines are important ubiquitous structural
motifs in biologically active natural products and pharmacologically
relevant therapeutic agents due to their broad spectrum of activities, which
include antiparasitic, antibiotic, antifungal, antiviral, antioxidant, anti-
tuberculous, anticancer, inter alia [150-152].

Taking into consideration this information, the Kouznetsov’s group has
demonstrated for the first time the synthetic applicability of star anise and
clove bud EO for these heterocycles. First, a three-component condensation
([4+2] cycloaddition reaction) starting from anise EO (Route a) or star anise
fruit under scCO; conditions (Route b), i.e., (E)-anethole (1), anilines (13),
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and benzaldehydes (14) in the presence of a Lewis acid catalyst (BFsOEt,)
produced polyfuncionalized cis-2,4-diaryl-3-methyl-tetrahydroquinolines
(15) in a very simple and efficient manner [153] (Figure 3).

CH,CN 54-92 %
70°C, 10 h
R
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Figure 3. Chemical transformations of star anise EO towards new 2,4-diaryl-3-methyl-
tetrahydroquinolines, interesting rigid molecules in pharmacological studies.
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Figure 4. Chemical transformations of clove EO towards new 3-methyl-6,7-

methylendioxy-1,2,3,4-tetrahydroquinolines, interesting rigid molecules in drug
research against cancer.
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Therefore, star anise EO was used as a renewable material in which the
main component [(E)-anethole] acted as a chemical reagent (dienophile) in
this type of cycloaddition reaction. Remarkable features of these procedures
were mild and green reaction conditions, good yields and reaction rates, and
cleaner reaction profiles.

Clove EO, which contains eugenol as its main component could also be
an appropriate reagent for the synthesis of (tetrahydro)quinolines. Although
eugenol (3) has an olefinic nature like (E)-anethole, it could not be used in
the transformations described in Figure 3. To be useful as a dienophile,
eugenol should become (E)-isoeugenol (4) (e.g., transformed clove bud EO).

The latter phenolic compound smoothly reacted with anilines (16), and
benzaldehydes (17) to provide tetrahydroquinoline molecules with phenolic
and dioxymethylene moieties (18). This three-component condensation was
catalized by BFsOEty, a low-cost catalyst [154] (Figure 4).

It is noteworthy that the transformations of allylbenzenes such as (3) in
the corresponding 1-propenyl derivatives, e.g., (4), is a clear example of the
synthetic utility of this textbook reaction, since the latter are common
starting materials in the flavor and fragrance industries, as well as advanced
intermediates for the preparation of a wide variety of biologically active
compounds.

Following this idea, the isomerization reaction of clove bud EO
(eugenol) was performed with potassium hydroxide (10% KOH) supported
on alumina, which allowed to obtain a modified clove EO with 50.5%
(2)/(E)-isoeugenol (4) in a 1:6 (Z)/(E)-ratio. This last product was used in
the aforementioned transformation without prior purification [154].

As depicted in Figure 4, a modified clove OE was used as a dienophile
component (4) in the [4+2] cycloaddition reaction with an aldimine derived
from 3,4-(methylenedioxy)aniline (16) and benzaldehydes (17) to
produce new heterolignan-like 3-methyl-1,2,3,4-tetrahydroquinolines (18),
which could be prospective and safe agents for adjuvant cancer therapy
[51, 155, 156]. Some of these 3-methyl-6,7-methylendioxy-1,2,3,4-
tetrahydroquinoline derivatives resulted in active compounds having a
greater selectivity index compared to colchicine and doxorubicin, reference
compounds that confirm their potential in the treatment of cancer [157].
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Isoindoloquinolinones

Isoindoloquinolinones, in particular, dihydroisoindolo[2,1-a]quinolin-
11(5H)-ones are complex heterocyclic molecules based on the isoindoline
substructure fused with the tetrahydroquinoline skeleton. These heterocycles
are found in many natural products and bioactive synthetic compounds, for
example, alkaloid nuevamine, a molecule of medicinal importance isolated
from Berberis darwinii (shrub). Berberine alkaloid analogues act as
inhibitors of N»-induced hypoxia and human topoisomerase-I1.

CH3 C HOOC: :
20

1 R, =CH;0,R, =

/4;{l OH, R27CH3O

\ \\oéio 0SO;H
HO:SO 0 °C. 4-
55010:50 0«% _}|| 90°c.48n
HO;SO OSO;H
AMCell-SO;H n

21 45-82%

Figure 5. Highly green construction of the isoindolo[2,1-a]Jquinolinone skeleton using
EO containing arylpropanoids (1) and (4).

Due to the biological significance of these heterocycles, their synthetic
methods are constantly being developed. One of them is based on the acid-
catalyzed three-component condensation and included the utilization of
renewable and nontoxic phenylpropanoids (1) and (4), main components of
star anise and clove EO, respectively. The simple and effective construction
of  isoindolo[2,1-a]quinolin-11(5H)-one  derivatives  (21), new
pharmacologically important rigid molecules, was easily achieved by means
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of cycloaddition/intramolecular amide cyclization cascade reactions of these
phenylpropanoids, anilines (19) and 2-formylbenzoic acid (20) without
solvent and with AMCell-SO3H (catalytic amorphous milled cellulose
sulfonic acid) [158] (Figure 5).

The last example is worth mentioning, biomass was not used only as
starting fine chemical reagents (eg, activated alkenes (1) and (4) from star
anise and clove EO), but also as substrates for recoverable heterogeneous
acid-catalysts (eg, modified cellulose-based acids such as AMCell-SOsH).
As the most abundant renewable feedstock derived from plants, cellulose
derivatives and EO are attractive for the heterocyclic synthesis of new
chemical entities using green processes.

Dihydrobenzofuranols

In the nature collection of biologically active heterocyclic metabolites,
benzofuran derivatives constitute an interesting group, as they are very
important phenolic compounds. The broad spectrum of pharmacological
activities in individual benzofurans indicates that this series of compounds
is of undoubted interest [159, 160].

oo e
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1 PEG-400 23 579
rt, 14h
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! CH,0
e v MeO . 2, 1
' Modified ! oy 24 | Ho Me
veloveoil | ~7TTTTTL n L MeOH/NaOH .
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25 0. _0O
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Figure 6. Chemical transformations of phenylpropanoid-based EO towards new
oxygenated heterocycles of phenolic nature.
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One of the most efficient preparation of such oxygenated heterocycles
is a BF3OEt;-promoted [3+2] cycloaddition reaction between (E)-anethole
(1) or star anise oil and 1,4-benzoquinone (22) on PEG-400 to result in the
corresponding trans-2,3-dihydrobenzo[b]furan-5-ol (23) with good yields
[161] (Figure 6).

A simple processing of the isoeugenol molecule, obtained from the
modified clove EO (see Figure 4), with formaldehyde (24) in methanol
under basic conditions provided a new 2-methoxy-4-(5-methyl-1,3-dioxan-
4-yl)phenol (25), which exhibited a strong antioxidant activity that was ca.
3-fold more effective than vitamin E [51]. An easy preparation and
remarkable antioxidant property of this 1,3-dioxane phenolic derivative
make it attractive as a molecular model in pharmacological research.
Therefore, both star anise and clove bud EO resulted in suitable starting
materials for the preparation of more complex phenolic compounds with
potential biological activities.

Iridoids

Iridoids represent an interesting class of cyclopentano[c]pyran
monoterpenoid compounds that display hepatoprotective, choleretic,
vasoconstriction, anti-viral, anti-microbial, anti-inflammatory and analgesic
activities. They also act as chemical agents for defense against herbivores
and pathogens. Some synthetic methods for its preparations include the use
of citronella EO, extracted mainly from Cymbopogon nardus. The annual
production of this valuable renewable feedstock is around 2300 metric tons.
Its main constituent (40-50%), citronellal, is typically isolated as a non-
racemic mixture of its R- and S- enantiomers by steam distillation or solvent
extraction.

This acyclic monoterpene is recognized as a raw material for
commodities such as isopulegol, menthol, a-tocopherol, and irones [162].
Nonetheless, its use in heterocyclic synthesis is still underdeveloped.
Among the first reported heterocyclic synthesis based on citronellal, the
highly efficient synthesis of isoiridomyrmecin (26), defensive iridoid of
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Iridomyrmex ants [163] and nepetalactone (27), sex attractant of aphids
[164] should be mentioned. Synthesis of the iridoid molecule (26) involved
three consequent cyclocondensation reactions starting with (R)-citronellal
(8) (Figure 7, Route a); while production of iridoid lactone (27) using (S)-
citronellal (9) is based on intramolecular [4+2] cycloaddition reactions
(Figure 7, Route b) [165, 166].

Route a Me Route b
CHO  1.HO(CHy,0H <~ CHO Me._CgHs
! C¢Hg, p-TsOH 1. SeO,/BuOOH Me. s
CHO -
2.Se0,/EfOH || 2. MeNHCHs 0
Me Me i
< 8@
2 steps
HZsteps 9(S) --> ) $
Me
3\: SN
"N
26 Me 27 Me

Figure 7. Use of citronellal-based EO in the synthesis of biologically important iridoid
molecules.

It should be noted that citronellal and citronella oil are not only valuable
materials for oxygenated heterocycles, but also for nitrogen-containing
cyclic molecules.

Octahydroacridines

Among the nitrogen-containing heterocycles, octahydroacridines
(OHA) stand out as a pharmacologically interesting class of linear tricyclic
molecules [167]. In addition, acridine derivatives have been used to
synthesize labeled conjugates with peptides, proteins and nucleic acids that
exhibit antitumor and DNA-binding properties. OHA molecules could be
prepared using citronellal and citronella EO.
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For example, the preparation of OHA (29) consisted of a simple
interaction between citronellal (8) [or (9)] and aniline derivatives (28)
through the intramolecular imino Diels-Alder reaction in the presence of
acid catalysts (Figure 8).

This approach is the most atom-economic and provides OHA with high
yields (78-85%). The use of citronella EO, obtained from Brazilian
Cymbopogon nardus (L.) Rendle, as a chemical reagent in this reaction
makes it “greener.” In fact, this eco-friendly protocol was successfully
applied to the synthesis of 20 OHA by using anilines and crude citronella
oil, avoiding the need for separation of citronellal [168] (Figure 8).

Cltronella EO

\5\1@

8(®)
chlz/SlOZ
MW
1- 3 min
: / Me
R=H,Cl Cis-29a Trans-29b
78-85 %

Figure 8. Intramolecular imino Diels-Alder reaction with citronella EO as a raw
material.

It should be noted that the used EO contained 40-51% of (R)-citronellal
(8). However, the formation of cis/trans OHA (29a/29b) (1:1 cis/trans ratio)
occurred under reaction conditions. The diastereoselectivity of the cis/trans

OHA product using this reaction appears as a central problem for synthetic
organic and medicinal chemists.
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Fortunately, the bulky N-substituent group (allyl, propargyl and/or
benzyl substituents) in anilines played a key role in the formation of the
cis/trans ratio of OHA. The authors [169] found that the use of N-
benzylanilines (30) and citronella EO (containing 46% of citronellal)
allowed to complete a highly diastereoselective process, which offered the
easily separable trans-fused N-benzyl substituted OHA (31), with good
yields (Figure 9).

Although chiral chromatographic analysis is not yet available for
Colombian Cymbopogon nardus EO (the enantiomeric content of citronellal
is unknown in the mixture), this essential oil proved to be a cost-effective
renewable source of citronellal to successfully create diverse functionalized
OHA products as potential bioassays substrates [170].

Citronella EO

\ Me Me
Me R R

10 mol% BiCl,
* + —_— >

N HN CH,CN,rt.  Me N

0 6-7h
62-78 %
Hy,C” O CHy R = H, Me, OMe,

8,9 30 F, CI, Br Trans-31

jasi}

b

Figure 9. Preparation of trans N-benzyl OHA from citronella EO.

Trioxanes/Oxiranes

Like citronellal, geraniol is a biologically and synthetically important
acyclic monoterpene, which occurs as a main component of palm rose EO
(Cymbopogon martinii). This terpenoid is of pharmacological and
commercial importance due to the numerous and different biological
properties (Table 1). In addition, their esters of carboxylic acids, such as
geranyl acetate, are important constituents of many natural fragrances used
in the food, cosmetic and pharmaceutical industries.
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Thus, the laboratory preparation of these monoterpenoids and their
chemical transformations into new geraniol-based heterocyclic molecules
are an important and prospective task. Being a naturally-occurring allylic
alcohol of abundant availability, geraniol has been used as a starting material
to prepare diverse potentially bioactive heterocycles, e.g., geraniol-based
1,2,4-trioxanes with potent in vivo antimalarial activity [171] or (2R,3R)-3-
methyl-3-hydroxypipecolic acid, a key intermediate in the synthesis of dual
MMP-13/aggrecanase inhibitors [172].

In addition, the best-known oxidized derivatives of geraniol are iridoids
with important medicinal properties [173]. However, there is only one report
that describes the use of palmarosa EO as raw material for the synthesis of
new heterocyclic molecules [174].

Palmarosa EO
Me Me O
\, N 0 PPhy, I, s~ AL

OH Imidazole O R
—_—_—
| + HOT Ry 619 GA(OTh), |
CH,CI

Me” “Me 32 e Me  46-60 %

10

) m-CPBA
R = Ph, PhCH,, CHzClz
PhCH,CH,, 3-Py
Me™ “Me 26-70 %

Figure 10. Preparation of geranyl esters using palmarosa EO and its oxidation reaction
to geraniol esters-based oxiranes.

In this work, the authors developed a new sustainable and eco-friendly
protocol for the novel geraniol esters-based oxiranes (34) using EO of
palmarosa (C. martinii), enriched (84%) with geraniol (10). This protocol
involved the Gd(OTf)s-catalyzed esterification reaction of palmarosa EO
(e.g., 10) and different carboxylic acids (RCOOH, 32) in the presence of
PPhs-l,-imidazole [as an activating system, to produce geraniol esters (33)],
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along with the Prilezhaev reaction (m-chloroperoxybenzoic acid, m-CPBA
at 0 °C in dichloromethane) (Figure 10).

The final products, 6,7-epoxy geranyl esters (34) are interesting models
for pharmacological studies, as well as for the synthesis of novel compounds
with a complex molecular architecture.

Benzochromene Derivatives

Benzochromenes are important pharmacophores associated with a broad
range of pharmacological activities, such as antimicrobial, anticancer,
hypolipidemic, antioxidant, analgesic, antileishmanial, estrogenic,
anticoagulant and antispasmolytic, as well as vascular-disrupting and
platelet-antiaggregating effects [175]. Thus, the synthesis of benzochromene
compounds has been well developed by way of mainly multicomponent
reaction strategies, which involved some phenolic molecules [176].

It is interesting to note that carvacrol and carvacrol-rich EO (e.g.,
Plectranthus amboinicus from Colombia) have not been used in the
preparation of 6H-benzo[c]chromene prior to Kouznetsov’ work reported in
2017 [177]. In this work, the authors described a preparative method for the
new oxygenated heterocycle, 1-isopropyl-4-methyl-6H-benzo[c]chromene
(37), using a two-step linear synthesis including carvacrol (12) and
carvacrol-rich EO as green starting materials (Figure 11).

This synthetic tactic involved the O-benzyl alkylation of this EO with 2-
((2-bromobenzyl)oxy)-4-isopropyl-1-methylbenzene (35) to provide a
modified EO containing O-benzyl substituted carvacrol (2-((2-
bromobenzyl)oxy)-4-isopropyl-1-methylbenzene, (36) and its
cyclocondensation conversion to an oxygenated heterocycle (37) [177].
Interestingly, thymol also reacted easily in this scheme to produce an
analogous benzo[c]chromene derivative. Moreover, similar sequence
reactions of clove bud EO with its main component eugenol offer
polyfunctionalized benzo[c]chromenes, interesting molecules for biological
research.
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P. amboinicus EO
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* Br
Acetona
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Me %

PACl,(MeCN),,
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DMA, 120°C
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Figure 11. Use of P. amboinicus EO to construct 6H-benzo[c]chromene ring.

CONCLUSION

The imperative need to develop green and sustainable processes for the
conversion of renewable biomass into commodity chemicals is now
commonly recognized. In fact, some easily isolated biomass components are
used as fine reagents in the preparation of higher value-added chemicals,
replacing existing petroleum-based chemicals. In this context, the
implementation and sustainable exploitation of essential oils as a valuable
chemical resource for the design of chemical/structural platforms has been
underdeveloped. The key problems identified for its synthetic uses are
generally related to low yield of isolation (<0.5%, in some cases) and multi-
component chemical nature (>20 constituents, in certain cases). However,
as it was demonstrated here, certain EO (rich in eugenol, anethole or
citronellal) could be successfully used in the preparation of potentially
bioactive heterocycles.

Finally, in the search for more adaptable and sustainable protocols for
obtaining new heterocyclic molecules, these EO are incorporated as
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reagents/raw materials of alternative and efficient methodologies as a
possible replacement for fossil resource-based production of commodity
chemicals. Without any doubts, the most sustainable technologies based on
renewable biomass, including EO, will continue to grow in the future, on the
road to a more sustainable bio-based economy.
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