Therapeutic Potential of Essential Oils in Modern Medicine
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Abstract

The EOs from MAPs, with their rich diversity of therapeutic applications, are mainly used as sources of the most essential oils. Made primarily
of volatile terpenes and hydrocarbons, EOs constitute secondary plant metabolites of specific chemical composition, being highly influenced
by environmental as well as physiological factors. Thus, the review will focus on the chemical composition, biological activities, and potential
therapeutic applications of EOs on their anti-oxidative, antibacterial, insecticidal, anti-inflammatory, anti-cancerous, and neurological effects.
Their delivery methods, including aromatherapy, topical application, and nanotechnology-based systems, enhance their bioavailability and
effectiveness. Moreover, integration of genomics and proteomics enabled advancements in mechanisms related to the EOs. Further
revelations include the possibility for influencing microbial gene expression in contact with protein targets. Because EOs have promising
biomedical applications, the potential challenges remain in terms of safety and toxicity, which require strict evaluation and regulation. By
overcoming the challenges of clinical translation and ensuring pharmaceutical safety in clinical use, this chapter outlines the prospective
capabilities of EOs in bridging traditional and modern medicines.
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Introduction

The most significant sources of important components of essential oils happen to be those plants, which have been both fragrant and
medicinal. Consequently, phytochemicals constituents of such plants are largely applied in treatment. Due to its applications for cure of
wide diseases since very beginning, its use within the area of herbal drugs, alternative, and complementary treatments has remained
progressive to these days (Jain, Khatana, & Vijayvergia, 2019). These include among the many plant organs flowers, wood, fruits, and seeds.
Due to their antiseptic and medicinal properties, essential oils as well as their individual volatile constituents are essential substances for
biomedical or pharmaceutic uses. The essential oils are classified as secondary metabolic products from plants that have a strong odor.
They are naturally occurring multi-component systems that are mostly made up of hydrocarbons and volatile terpenes. The quantity of
molecules and the stereo-chemical kinds that are isolated from the EOs produce different chemical profiles. The temperature, soil
composition, plant organ, age, and stage of the vegetative cycle can all impact the quality, quantity, and composition of the extracted
product. Therefore, EOs must be eliminated in order to attain the same composition (Bhanu Prakash, Akash Kedia, Mishra, & Dubey, 2014).
The modern medicine has recognized the potential therapeutic benefits of medicinal herb scents. The pharmaceutical companies are
exploring the development of drugs that incorporate these fragrant compounds. For instance, menthol and eucalyptol, derived from
peppermint and eucalyptus, respectively, are used in over-the-counter medications for their cooling and respiratory benefits (Khorshidian,
Yousefi, Khanniri, & Mortazavian, 2018).

Composition and Biological Activity
Chemical Constituents of Essential Oils

Plants produce complex mixes of low molecular weight bioactive substances called essential oils (EO), which are found in leaves, buds,
stem, fruits, glands and flowers. The malonic acid, mevalonic acid and Methyl-D-erythrol-4-phosphate (MEP) pathways are used to synthesize
bioactive compounds in the cytoplasm and plastids of plant cells. Plants then store these substances in glandular trichomes, resin ducts,
secreting cavities, or epidermal cells (Prakash, Kedia, Mishra, & Dubey, 2015). In addition to its antiviral, antifungal, insecticidal and
antibacterial properties, the volatile chemicals found in essential oils can also draw in certain pollinating insects (Mamatkulovna, 2023). Each
plant species' secondary metabolites, which include phenylpropanoids, terpenes, aldehydes, alcohols, esters and ketones, are linked to the
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characteristics of its essential oils (Fig 1). The largest class of chemicals in essential oils are terpenes and their oxygenated derivatives (Tohidi,
Rahimmalek, & Trindade, 2019). The terpenes can be divided into groups as monoterpenes, diterpenes, sesquiterpenes, tetraterpenes and
polyterpenes. This is based on the numbers of isoprene molecules that combine to produce the molecule. The essential oils comprise mainly of
monoterpenes, which may undergo modification molecularly to generate terpenoids and other chemicals. The few types of monoteroenes are
p-cymene, limonene, y-terpinene, f-myrcene and sabinene (M. Sharma et al., 2022).

The hydroxyl groups of terpenoids, which are produced when terpenes undergo enzymatic changes, are what give them their antibacterial
properties. The terpenoids' structural differences and the location of their hydroxyl groups may affect how well the molecule works against
microbes. Thymol, menthol, a-terpineol, and geraniol are a few examples. Plants produce the class of chemical substances known as
phenylpropanoids from phenylalanine. Nevertheless, they make up a tiny percentage of essential oils, several of their components, including
cinnamon aldehyde and eugenol, have strong antibacterial properties (da Silva, Bernardes, Pinheiro, Fantuzzi, & Roberto, 2021). Due to
differences in harvesting time, climate, plant part, extraction, drying, and storage methods, the kind of chemical compounds and their
concentrations might range between species of plant and even within the same species.
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Biological Actions of Essential Oils

The primary source of many aromatic plants' medicinal properties is their essential oils (EOs). In addition to the primary, essential oils'
diverse biological effects may also be a result of the potent synergisms of additional active substances. In pharmaceutics, essential oils are
primarily used for aromatherapy and to enhance the sensory qualities of pharmaceutical drugs. EOs are used in several traditional systems
across the world to treat a broad range of medical issues. For instance, peppermint oil is used to cure lung congestion, eucalyptus oil is used to
cure bronchitis, clove and sage oils are used to prevent the development of certain germs, and anise and peppermint oil are well-known
carminative (Swamy, Akhtar, & Sinniah, 2016).

Antioxidants

Numerous illnesses, including diabetes, cardiovascular disease, Alzheimer and Parkinson's disease have been linked to the oxidative stress.
By encouraging the development and propagation of tumors, oxidative stress can also result in the development of cancer. Natural medicine,
pharmacology, cosmetics, and aromatherapy all heavily rely on antioxidants (Aebisher, Cichonski, Szpyrka, Masjonis, & Chrzanowski, 2021).
The cell damage brought on by an excess of free radicals in the body has been connected to long-term conditions including cancer and heart
disease. Because of their strong free radical scavenging properties, several naturally occurring antioxidants, including EO bioactives, can
regulate the body's overproduction of free radicals. The clove essential oils had the strongest antioxidant and radical-scavenging properties,
followed by cinnamon, nutmeg, basil, oregano, and thyme (Mohamed & Alotaibi, 2023).

Anti-bacterial

The essential oils have antibacterial properties that can either destroy the bacterial cells (bactericidal) or limit the development of the
germs (Tariq et al., 2019). The antibacterial qualities of essential oils are attributed to their aliphatic constituents, terpenoids, phenylpropenes,
and major and minor low-molecular weight terpenes. The antimicrobial action of EO was shown to be caused by the primary compounds and
minor components that were isolated from different portions of different plant species. The synergistic anti-listerial and anti-salmonella actions
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were demonstrated by the mixing of essential oils from various sources. A significant antibacterial action was demonstrated by EO in
nanoemulsion form and in combination with biopolymer (Meenu, Padhan, Patel, Patel, & Xu, 2023).

Anti-cancerous

Through apoptosis, necrosis, halting the cell cycle and malfunctioning of the primary cell organelles, essential oils (EOs) cause cancer cells
to undergo programmed cell death. The main causes of cell death, including decreased adenosine triphosphate production, altered pH gradient,
increased membrane fluidity of the impacted cell, all work together to cause this (S. H. Sharma, Thulasingam, & Nagarajan, 2017). The greatest
class of chemical substances found in the oils of many plants are terpenes and terpenoids, which are important in preventing cancer (Silva,
Nascimento, Silva, Silva, & Aguiar, 2021).

Anti-Inflammatory Activity

Almost 40% of asthmatics have tried herbal medicines, making them a common additional or alternative medication for their condition.
The essential oils' volatility allows them to readily enter the upper and lower respiratory system, where they may lower inflammation-
associated cells, IgE, IL-4, 5, and 13 levels (Hou et al., 2022). Furthermore, the potential application of essential oils derived from Tunisian
plants as effective sources of therapeutic substances that lower the stagess of inflammatory mediators implicated in the development of many
disorders (Pereira et al., 2023).

Neurological Activity

Studies on humans and animals have demonstrated that a number of essential oils (EOs) cause a variety of pharmacological reactions in
the nervous system, which can lead to sedative, anti-depressant, analgesic, anxiolytic, and psychotropic properties. Consequently, it has been
proposed that oils that are essesntial, may be useful in reducing the symptoms of a number of brain diseases, such as dementia, anxiety, and
depression. In many nations, EOs are used in complementary therapies like aromatherapy, which administers EOs by ingestion, skin absorption,
or inhalation for either active treatment or preventative medical care (Lizarraga-Valderrama, 2021).

Insecticidal Activity

As their components can influence many targets, increasing the insecticidal effect, extracts of plants and essential oils have been utilized
and researched as insecticides against the bites of mosquito for years (Mendez-Sanchez, Chaverra-Rodriguez, & Duque, 2021). The EOs exhibit
a broad range of biological actions that combat a variety of bacteria and pests. They can influence the development and reproduction rate of
pests by acting as insecticides, repellents, or anti-feed agents Additionally, EOs are a desirable substitute for traditional pesticides due to their
quick ecological harm and minimal toxicity to animals (Duque et al., 2023).

Delivery Method of Essential Oils

Aromatherapy

e  The essential oils are used in aromatherapy, a subset of phytotherapy, to maintain health. The EOs are mostly used by mouth (digestive
system), topical absorption (skin), or inhalation (respiratory system or olfactory nerves). These oils are blends of several organic molecules
and their chemical makeup determines both their scent and biological activity (A¢imovi¢, 2021).

They fall into a number of categories based on their scent:

e  Citrus

e  Herbaceous

e Camphorous

e  Floral
e Woody
e  Earthy
e  Minty
e  Spicy

Topical Applications and Transdermal Delivery

For the delivery of essential oils, topical or transdermal administration is regarded as reliable. Because of their volatility, these oils can
penetrate the skin and enhance the absorption of several medications; as a result, topical formulations targeting the lower layers of the skin
entail multiple mechanisms of action: (i) Conformational change brought on by contact with the protein's intercellular domain; (ii)
Disintegration of the highly organized intercellular lipid structure encased in the stratum corneum by corneocytes; and (iii) Improved drug
partitioning. The transmission of tiny medicinal molecules can be improved by EOs even when physical procedures such phase separation,
fluidization, extraction, and enhanced disorder are used.

It is difficult for EOs to get past the skin's barrier and into the bloodstream since they are easily removed from the body via the face or
urine. The usage of EOs has become more popular due to their improved safety profile. Almost 90% of EOs are used topically or transdermally,
which is non-invasive, increases patient compliance, and lessens side effects (Paul, El Bethel Lalthavel Hmar, & Zothantluanga, 2020).

Oral Administration

There are several benefits to oral administration: The preparation is self-administerable, the dosage is simple, and it frequently has a high
bioavailability. The oral bioavailability of 1,8-cineole, the primary ingredient, reached 95.6% when bronchitis and sinusitis were treated with
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capsules containing 1,8-cineole, limonene, and a-pinene as the most prevalent molecules. Higher dosages can be used when taken orally,
however dosing must be done with more caution. However, it should be mentioned that concurrently consuming food or medicine might alter
how well chemicals from EOs are absorbed (Bunse et al., 2022).

Nanotechnology and Advanced Drug Delivery Systems

Numerous nanotechnology platforms were explained, including cyclodextrins, liposomes, nanocarriers, and nanoemulsions, along with
pertinent examples and the chemical structure conjugation idea. Technically, EOs increase potency without sacrificing sensitive properties by
optimizing particle size and shape using a platform of nanotechnology. They can freely penetrate and cross the cell membrane of bacteria,
shield against rapid volatility by coating biologically compatible materials, increase aqueous solubility, increase bioavailability, guarantee
sustainable release, and more (Swain, Paidesetty, Padhy, & Hussain, 2023). To get over the restrictions placed on the use of free therapeutic
oils in treatment, the fundamental idea of nanoencapsulation/nanoentrapment is required. The bioactive substances can be protected and
released under regulated conditions by the process of encapsulation, which involves placing ingredients into the empty core of a capsule and
enclosing it with a wall material. On the other hand, loading a bioactive substance by incorporating it in the nanoparticle matrix is known as
nanoentrapment. Both kinds of nanodelivery methods can have an inherent antibacterial action, regulate the release of the EOs, improve their
solubility and stability, or cover up their disagreeable odor (Dupuis et al., 2022).

Safety and Toxicity Considerations

With its wide spectrum of antibacterial, antifungal, antimycotoxicgenic and antioxidant properties, plant-based preservatives in general,
essential oils and their active ingredients extracted from aromatic and medicinally valued plants have become of great interest for the food and
nutrition sectors. Moreover, because EOs are classified under the generally recognized category and are not mammal-toxic, as classified by the
US Food and Drug Administration, their application presents an emerging environmentally friendly food protection approach (Chaudhari et
al., 2020).

Integration with Modern Medicine
Genomics

The full genome sequences of some pathogenic microorganisms have been released, a treasure trove which proved highly useful in
identifying potential novel antimicrobial drugs, as well as giving exceptionally informative data on putative drug targets (Fields, Lee, &
McConnell, 2017). This approach employs genomic resources and bioinformatics tools for instrumentation of transcriptional analyses and
molecular basis identification. Apart from the potential to aid in the discovery and improvement of more potent future-oriented antibiotics that
will enable us to end compounds and molecules as potential suppressor of pathogenic targets. The research into EO activity on bacterial genes
revealed that EO from Baccharis psiadioides and rosemary exerts a bacteriostatic impact that affects the growth and operations of Lsteria cells.
It upregulates and downregulates virulence and stress genes such as actA and hly, thereby reducing the virulence of the bacterial cells (Pieta et
al., 2017). The EOs can modify the expression of genes by regulating the stress and virulence genes of some microbes (Aljaafari et al., 2021).

Proteomics

One of the newer strategies involves the use of proteomic technology for effective analytical assessments and alterations in the protein
profile. In fact, these techniques are valuable resources for research on the mechanisms of AMR in microorganisms by deep proteome analysis
(Pérez-Llarena & Bou, 2016). The protein profiles help researchers find out how well EO components and medicines interact with their target
points, which are primarily proteins found in nature. The MALDI-TOF MS, using different proteomic techniques, has shown through the years
its ability to detect and quantify changes in the proteomes of bacterial cells in response to exposure to EO chemicals. And, since then, has been
applied to study the stress response of E. coli upon exposure to EO compounds (Bozik et al., 2018). All things considered, MALDI-TOF MS has
shown to be more cost-effective, reliable, and fast than other diagnostic techniques (Feucherolles, Poppert, Utzinger, & Becker, 2019).

Challenges and Future Directions

Hopefully, in the near future, EOs and their volatile parts will be taken into rumination for more clinical investigations, potential uses,
and adjuvants to existing treatments. The essential oils have the potential to transition from traditional medicine to contemporary medicine.
However, it's crucial to understand that all compounds, including EOs, have the potential to be harmful at excessive quantities. In addition to
their frequent high concentration, essential oils' potential toxicity may differ significantly from that of the plant because of their lipophilicity,
which allows them to easily permeate membranes. In addition, some persons may experience harmful effects from essential oils that have no
known toxicity, which might be impacted by prior exposure to the particular oil. In light of all of this and the enormous biological potential of
EOs, a thorough understanding of the oil should be considered before to its usage in the pharmaceutical industry, as is the case with other
medications. The authorities in charge are aware of the potential toxicity problems or risk mitigation efficiency of every natural substance, and
new laws are now becoming a reality (Baptista-Silva, Borges, Ramos, Pintado, & Sarmento, 2020).

Conclusions

The EOs, with their numerous therapeutic activities such as antibacterial, antifungal, insecticidal, antioxidant, anti-inflammatory, and
anticancer activities, rank amongst the most valued of those in the medicinal and aromatic plants field. These compounds from plants, produced
through their secondary metabolism, have a wide range of applications such as preservation, cosmetics, and medical products. The reason why
EOs offer a natural solution to various health issues and foster the use of sustainable development methods in medications is their complex
chemical structure and the ability to modify cellular pathways. Nevertheless, several factors that may range from the plant source, the extraction
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technique, to the unique chemical profile of each constituent of EOs may impact efficacy and safety. Advances in nanotechnology and genomics
enhance our understanding of EO interactions with microbial targets and human physiology, allowing them to be integrated with modern
medicine. The innovative delivery methods like nano-encapsulation and transdermal applications further enhance their stability, bioavailability,
and therapeutic efficacy.

Despite these promising advancements, there are still challenges related to high concentrations of these oils being toxic, variability in
chemical composition, and some people being sensitive to a particular oil. Thus, comprehensive research and clinical trials are important to
minimize risks and ensure safe use. Regulatory agencies are now attending to such issues to ascertain that EOs meet standards of stringent
safety and efficacy for pharmaceutical applications.

In conclusion, EOs bridge the gap between traditional and modern medicine, thus representing great potential as adjuvants or as single
therapeutic agents. Leverage in technologies and deeper understanding of bioactivity will enable the continuous evolution of EOs as a
cornerstone in natural and integrative health solutions.
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