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ABSTRACT

Essential oils are highly concentrated, volatile compounds extracted from various parts of plants, known for their unique
aromas and potential therapeutic benefits. This review article explores the diverse applications, pharmacological
activities, and current research on essential oils, with a focus on their antimicrobial, analgesic, and anti-inflammatory
properties. The pharmacological activity of essential oils depends on their potency and route of administration. While oral
ingestion is generally not recommended due to potential dangers, topical application with heat can enhance absorption.
Essential oils have been linked to the stimulation of the limbic region of the brain, leading to relaxation and calmness.

Many essential oils have demonstrated analgesic (pain-relieving) effects, with clove oil being a well-known example. The
main component responsible for this action is eugenol, a phenylpropanoid found in high concentrations in clove buds
and leaves. Studies have shown the anti-nociceptive (pain-inhibiting) effects of eugenol and clove oil in animal models.
Anti-inflammatory effects of essential oils are achieved by regulating the release of inflammatory mediators and inhibiting
enzymes like cyclooxygenase. Essential oils from plants like Chamaecyparis obtusa have exhibited potent anti-oxidant
and anti-inflammatory properties in in vitro and in vivo studies.

Essential oils also possess strong antimicrobial activities against a wide range of microorganisms, including bacteria,
viruses, fungi, and protozoa. The antimicrobial effects are often attributed to the presence of terpenoids and other
secondary metabolites. The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) are
used to evaluate the antimicrobial potency of essential ocils. This review highlights the potential of essential oils as
alternative therapies with fewer side effects compared to conventional medicines. However, further research is needed to
fully understand the mechanisms of action, optimize therapeutic applications, and ensure safe and effective use of
essential oils.
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pressing, rather than through chemical extraction®.
TR OITECTHION These oils are highly concentrated and hydrophobic,
Essential oils are highly concentrated, volatile compounds  meaning they are not soluble in water. They are known for
extracted from various parts of plants, such as flowers,  their distinctive scents and are widely used in
leaves, stems, and roots"). These oils are often referred  aromatherapy, personal care products, and various other
to as the "essence" of the plant, as they capture the  applications®.

unique aroma and properties of the source material®.
The term ‘essential" refers to the essence or
quintessential nature of the oil, which is believed to
represent the plant's unique characteristics.

The major constituents of essential oils can be divided
into two main categories: hydrocarbons and oxygenated
compounds®. Hydrocarbons include sesquiterpenes,
monoterpenes, and diterpenes, while oxygenated
Essential oils are typically obtained through physical  compounds consist of aldehydes, esters, ketones,
methods like steam distillation, water distillation, or cold-  phenols, and other functional groups.
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Aromatherapy, a form of alternative therapy, utilizes these
essential oils for their potential therapeutic benefits. While
the efficacy of essential oils in treating or curing diseases
is still a subject of ongoing debate, their use has
significantly increased in recent years. Many essential oils
have demonstrated various pharmacological activities,

such as analgesic (pain-relieving), anti-inflammatory, and
antioxidant properties, depending on their specific
chemical composition and the plant source®:©),

The following table provides an overview of the plant parts
commonly used for the extraction of essential oils® 7):

Table 1: overview of the plant parts commonly used for the extraction of essential oils

|Bark HBerries HFIowers HLeaves HResin HRhizome HRoots HSeeds HWoods HPeeI |
|Cassia HAIIspice HCannabis HBasiI HBenzoin HGaIangal HVaIerian HAnise HAgarwood HBergamot |
|Cinnamon HJuniper HChamomiIe HBay leaf HCopaiba HGinger H HBuchu HCamphor HGrapefruit|
|Sassafras H HCIary sage HBuchu HFrankincense H H HCeIery HCedar HLemon |
| H HCIove HCinnamon HLabdanum H H HCumin HRosewood HLime |
Common
Hops sage Myrrh Flax ||Sandalwood ||Orange
Nutme

Hyssop Eucalyptus g oil Tangerine
| | [Jasmine _||Guava | | | | | |
| | |Lavender _|Lemon grass| | L | | |
| | [Manuka _[Melaleuca | | L | | |
| | [Varioram _[Oregano _ | | [ | |
[ | oenge |panoui | I [

Pelargonium

(Scented

geranium) ||Peppermint
| | |Pumeria__[Pine | | [ | |
| | [Rose __[Rosemary | | | | | |
| | [Viang-ylang |Spearmint_| | L | | |
| | | [Teatree | | L | | |
| | | [Thyme | | [ | |
| | | [Tsuga | | L | | |
| | | [Wintergreen | | L1 | | |

This review article aims to explore the diverse
applications, potential benefits, and current research on
the use of essential oils in various fields, including
aromatherapy, personal care, and potential therapeutic
applications.

Pharmacological
Essential Oils

Activity and Applications of
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The pharmacological activity of essential oils depends on
their potency and the route of administration into the body.
Certain methods, such as topical application with the
addition of heat, can increase the absorption of essential
oils into the body. However, oral ingestion of essential oils
is generally not recommended, as high concentrations
can have dangerous effects, including burning sensations,
salivation, and antispasmodic effects®).

The use of essential oils has been linked to the
stimulation of the limbic region of the brain, leading to
relaxation and calmness. This is because the limbic




system is responsible for controlling various physiological
functions, such as heart rate, breathing, and blood
pressure. Alterations in the limbic system can directly or
indirectly affect the state of mind and the body®).

More than 90 types of essential oils are found in the world,
and many have been extensively used for their beneficial
activities. Some of the commonly used essential oils and
their therapeutic applications include®:

Therapeutic Applications of Essential Oils

Peppermint: Used to boost energy and aid digestion.
Lavender: Used for stress relief.

Sandalwood: Used to calm nerves and improve focus.
Bergamot: Used to reduce stress and improve skin
conditions like eczema.

Rose: Used to improve mood and reduce anxiety.
Chamonmile: Used for improving mood and relaxation.
Ylang-Ylang: Used to treat headaches, nausea, and skin
conditions.

Tea Tree: Used to fight infections and boost immunity.
Jasmine: Used to help with depression, childbirth, and
libido.

Lemon: Used to aid digestion, improve mood, and relieve
headaches.

Essential oils and aromatherapy have been
suggested for the following common conditions®® 19

Depression and anxiety

Headaches and migraines

Sleeplessness or insomnia

Analgesic (pain-relieving) effects

Anti-inflammatory effects

Antioxidant effects

Antimicrobial and antibiotic properties

Hormonal balance

Boosting immunity and fighting infections

Aiding digestion

Increasing energy levels

Improving skin and hair health

Antimicrobial, Analgesic, and Anti-inflammatory Properties
of Essential Oils

This research article will focus on the antimicrobial,
analgesic, and anti-inflammatory properties of essential
oils. To understand these properties, it is important to
identify the specific compounds responsible for these
activities.

24

Sesquiterpenes and sesquiterpene alcohols are some of
the compounds that possess anti-inflammatory
properties'). Cineole, a terpene oxide commonly found in
essential oils like eucalyptus, basil, cinnamon, and
rosemary, has been shown to exhibit inhibitory effects on
nociception (pain perception) receptors and reduce
chemical-based inflammatory responses in experimental
studies").

Other essential oil components, such as farnesene,
limonene, pinene, aldehydes, and phenols, have
demonstrated antibacterial, antiviral, or antifungal
activities!'?. The effectiveness of these compounds is
dependent on their concentration, dosage, and the overall
potency of the essential oil.

Studies have shown that essential oils tend to be more
effective at lower pH levels, lower temperatures, and in
low-oxygen environments. Additionally, gram-positive
microorganisms are generally more sensitive to essential
oils compared to their gram-negative counterparts('3).

Specific essential oil components, such as thymol,
carvacrol, and eugenol, have been found to have effective
antibacterial ~ properties, with  minimum inhibitory
concentrations (MICs) ranging from 0.05 to 5 microliters
per milliliter in in vitro studies. In vitro studies have also
demonstrated the antibacterial properties of essential oils
against organisms like Escherichia coli, Listeria
monocytogenes, Staphylococcus aureus, and Shigella
dysenteriae at concentrations between 0.2 and 10
microliters per milliliter(4),

It is important to note that the composition and
therapeutic properties of essential oils can be influenced
by various factors, such as the season, climate, and the
stage of plant maturity. These environmental factors can
affect the concentration of the active compounds
responsible for the antimicrobial, analgesic, and anti-
inflammatory activities of the essential oils. Therefore, it is
crucial to conduct studies that account for these variables
to ensure accurate and reliable results(®).

Analgesic and Anti-Inflammatory Effects of Essential
Oils

Analgesic effects refer to the ability of a substance, such
as a drug or essential oil, to provide relief from pain by
acting on the central and peripheral nervous systems.
Analgesics differ from anesthetics, which can partially or
completely eliminate sensation. Essential oils do not
cause loss of sensation like anesthetics('®).
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Clove oil, extracted from the herb Eugenia caryophyllata,
is a well-known essential oil used for its analgesic effects,
particularly for toothaches. The main component
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responsible for this action is eugenol, a phenylpropanoid
that makes up 80-90% of clove buds and 82-88% of clove
leaves. Eugenol has proven effective against a wide
range of oral bacteria and viruses and is used in dentistry
for dental caries, periodontal diseases, and root canal
sealing!'”).

Anti-inflammatory effects refer to the ability to reduce
inflammation, which is a response to infectious agents,
toxic substances, or physical injury. Inflammation involves
the release of chemical mediators like histamine,
cytokines, interleukins, and prostaglandins, leading to
redness, swelling, pain, and heat. Inflammation can be
acute, such as allergic reactions, or chronic, as in
autoimmune diseases.
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Thymol

sinensis). These oils can reduce inflammation by
regulating the release of inflammatory cytokines and
inhibiting enzymes like cyclooxygenase!®).

Carvacrol

While conventional anti-inflammatory drugs like NSAIDs
and corticosteroids are effective, their long-term use can
lead to side effects, making essential oils an attractive
alternative for some people

Antimicrobial Mechanisms of Essential Oils

Essential oils have demonstrated
activities against a wide range
including bacteria, viruses, fungi,
antimicrobial effects of essential oils can be either
biostatic, inhibiting the growth of microorganisms
temporarily, or microbicidal, killing or eradicating the
microorganisms completely('®).

potent antimicrobial
of microorganisms,
and protozoa. The
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Table 2: Antimicrobial Spectrum of Essential oil
Plant
Essential Oil |[Part ||Chemical Composition ||Antibacterial Activity Against Human Pathogens
Yomogi  alcohol,  1,8-
Achillea Aerial ||cineole, artemisia alcohol,||Staphylococcus aureus, Staphylococcus epidermidis, Escherichia
fragrantissima |[parts ||thujone coli
Achillea Aerial
ligustica parts ||Viridiflorol, terpinen-4-ol Streptococcus mutans
Artemisia Aerial ||Myrcene,  trans-thujone,
absinthium parts ||trans-sabinyl acetate E. coli, S. aureus, Staphylococcus epidermidis
(Z)-Beta-ocimene, (E)-beta-
farnesene, acetylens, (2)-
Artemisia Aerial |land (E)-En-yn-
biennis parts ||dicycloethers E. coli, S. aureus, S. epidermidis
Aerial ||Santolina triene, alpha-
Artemisia cana |parts ||pinene, camphene E. coli, S. aureus, S. epidermidis
Methylchavicol, methyl|E. coli, S. aureus, S. epidermidis, Brochothrix thermosphacta,
Artemisia Aerial |leugenol, beta-||Listeria innocua, L. monocytogenes, Pseudomonas putida,
dracunculus parts ||phellandrene, terpinolene ||Shewanella putrefaciens
Artemisia Aerial ||Alpha-pinene, camphene,
longifolia parts |1,8-cineole E. coli, S. aureus, S. epidermidis
Artemisia Aerial |[1,8-Cineole,
frigida parts ||methylchavicol, camphor ||E. coli, S. aureus, S. epidermidis
Enterobacteriaceae, S. aureus, Streptococcus pyogenes, S.
pneumoniae, Enterococcus faecalis, E. faecium, Bacillus cereus,
Acinetobacter Iwoffii, Enterobacter aerogenes, E. coli, Klebsiella
Cinnamomum ||Bark, pneumoniae, Proteus mirabilis, P. aeruginosa, Salmonella
zeylanicum leaves ||Cinnamaldehyde typhimurium, Clostridium perfringens, Mycobacterium smegmatis

The antimicrobial activity of essential oils is often
attributed to the presence of terpenoids and other
secondary metabolites. Many essential oils derived from
plants like thyme, clove, bay, and cinnamon have shown
significant antimicrobial properties.

The antimicrobial activity of essential oils is typically
evaluated by determining the minimum inhibitory
concentration (MIC) and the minimum bactericidal
concentration (MBC). These values can be assessed
using the agar plate method, where the essential oil is
placed on a filter paper and incubated with the target
microorganism on an agar plate. However, it is important
to note that different essential oils may have varying
modes of action and may not be equally effective against
all microorganisms.
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Studies have revealed that some essential oils, such as
sandalwood and vetiver, exhibit greater inhibitory effects
on gram-positive bacteria compared to gram-negative
bacteria. Conversely, other essential oils may be more
effective against gram-negative strains. Additionally,
certain essential oils may require specific conditions, such
as temperature, pH, and oxygen levels, for optimal
antimicrobial activity®.

The antimicrobial mechanisms of essential oils involve
disrupting the structural and functional integrity of the
microbial cell membrane, leading to the leakage of
intracellular substances and ultimately cell death.
Essential oils can also interfere with the microbial efflux
system, inhibiting the expulsion of antimicrobial agents
from the cell.

Ongoing research is focused on exploring the
antimicrobial potential of various essential oils and
understanding their specific mechanisms of action against
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different microorganisms. This knowledge can aid in
developing novel antimicrobial agents and strategies to
combat microbial infections while minimizing adverse
effects associated with traditional antimicrobials®).

The inhibitory effect of these oils was due to the
occurrence of eugenol and cinnamaldehyde. Other major
compounds were thymol, camphor and carvacrol.

Essential oils may disrupt the cell membrane of the
targeted pathogens by increasing membrane permeability,
inducing leakage of vital intracellular constituents, and
interrupting the cellular metabolism and enzyme kinetics
of the targeted pathogens. The present study reveals
more information on in vitro research studies of essential
oils; however, more efforts are required to conduct clinical
trials in the future.
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