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Essential oils from different plant species were found to contain different compounds exhibiting anti-inflammatory
effects with the potential to be a valid alternative to conventional chemotherapy that is limited in long-term use due

to its serious side effects.

inflammation oils

| 1. Plant-Derived Essential Oils

An essential oil (EO) is generally defined as a product obtained from a natural raw material of plant origin, usually
by steam distillation or by mechanical processes . These plant products are very complex natural mixtures of
secondary volatile metabolites produced by aromatic plants, where they represent chemical defences against
herbivores and pathogens such as bacteria, viruses and fungi 2. They also exert a dual role in attracting pollinating
insects and in repelling the harmful ones Bl In plants, essential oils are synthesized by all tissues and are stored in
secretory cells, epidermic cells or glandular trichomes; consequently, they can be extracted from any plant organs
such as buds, stems, twigs, leaves, roots, wood, bark, flowers, fruits and seeds . The particular composition of
each EO depends not only on the plant species or plant tissue from which it is extracted but also on the climate, on
the soil composition, on the vegetative cycle stage or age and even on the time of the harvest 4. Moreover, the
chemical profile is also affected by the extraction method carried out, thus highlighting the importance of specific
extraction techniques over the steam distillation, such as solvent extraction, Soxhlet extraction, microwave-assisted
hydro distillation, solvent flavour evaporation, etc., in compliance with the plant material characteristics &I, Their
peculiar chemical composition is mainly represented by various terpenoids and their oxygenated derivatives, along
with aldehydes and ketones, esters and alcohols [4l. Generally, they are colourless volatile liquids soluble in organic
solvents with a density lower than that of water. The most commercial EOs are extracted from various aromatic
plants growing in temperate and warm regions of the Mediterranean and tropical areas, where they are historically
used in traditional medicine against a wide variety of pathological conditions due to their numerous

pharmacological activities including antimicrobial, antiviral, antioxidant and anti-inflammatory effects .

Chronic inflammation and oxidative stress are associated with most of the common chronic disorders and diseases
Bl 1t is known that the normal functions of biological molecules (such as proteins, lipids and DNA) are
destabilized by oxidative stress sustained by free radicals (ROS, NRS), which also affects many inflammation-
related signalling pathways, thus influencing the cellular and tissues homeostasis. On the other hand, chronic
inflammation is characterized by the production of proinflammatory cytokines and chemokines, which leads to pain,

redness and swelling of the involved tissue B In traditional medicine, EOs have been used for the treatment of
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inflammatory processes &, as they possess many beneficial properties due to the presence of several antioxidant
and anti-inflammation compounds such as terpenes, the main class of compounds, and especially monoterpenes
Bl They are also present in numerous pharmaceutical products 9. In recent studies, Citrus bergamia Risso and
Poiteau juice (known as Bergamot) on cardiometabolic risk in dyslipidemic subjects was shown to significantly
reduce plasma lipids and improve the atherogenic lipoproteins and subclinical atherosclerosis 1. Other recent
studies with chlorogenic acid and luteolin-based supplement from artichoke extract showed an improvement of two
early atherosclerotic markers, carotid intima-media thickness and flow-mediated dilation, evidencing a clinical
relevance, considering their beneficial nutraceutical properties, on vascular function and remodelling, including a
beneficial cardiovascular and hepatoprotective effects 121,

| 2. Essential Oils from Lamiaceae Family
2.1. Lavandula x intermedia (Lavender)

The lavender EOs are generally composed mainly by camphor, terpinen-4-ol, linalool, linalyl acetate, beta-ocimene
and 1,8-cineole 23l Immunomodulatory and anti-inflammatory properties of compounds found in the lavender EOs
have also been reported 14, Many inflammatory processes are associated with leukotriene production catalysed
by lipoxygenase (LOX), which can use molecular oxygen or hydrogen peroxide as oxidants. L. x intermedia EOs
showed a moderate antioxidant activity, mainly attributed to the effect of linalool and linalyl acetate. These findings
supported the use of EOs of L. X intermedia as natural ingredients useful for gastrointestinal disorders and for

oxidative stress-related diseases [,

2.2. Rosmarinus officinalis (Rosemary)

Characteristic EOs of Rosmarinus officinalis include 1,8-cineole, a-pinene, camphor, bornyl acetate, borneol,
camphene, a-terpineol, limonene, B-pinene, B-caryophyllene and myrcene. In traditional medicine, it is used for the
treatment of inflammation-related disorders 18, Yet, this plant exerts antioxidant activity and prevents inflammatory
ROS-related injury, stimulates smooth muscle relaxation and has low toxicity. Bustaniji et al. performed a study to
identify the effects of rosemary in blood glucose and lipid profile. They reported through an in vitro assay that
rosemary extract (with the component gallic acid: IC50 14.5 pg/mL) inhibited in a dose-dependent manner the
activity of cyclic adenosine monophosphate of gluconeogenic genes, cytosolic phosphoenol-pyruvate
carboxykinase and glucose-6-phosphatase. Rosemary extract showed hypoglycaemic and hypolipidemic effects by
activation of signalling pathways including AMP-activated protein kinase (which induces glycolysis) and proliferator-
activated receptor gamma (PPAR-y). It upregulated the expression of LDL-C receptor (responsible of the
endocytosis of LDL-C from blood plasma to liver hepatocytes), sirtuin-1 (increasing the oxidation of fatty acids) and
PGCla (activates PPAR-y) 4. Neutrophils are rapidly mobilized, and they are one of the first and main cells to
arrive at the inflammation site. Oral treatment with R. officinalis aqueous extract reduced the neutrophil influx, the
release of cytokines and the oxidative stress on inflamed exudates 18, The study of Borges et al. 12 showed that

all nanoemulsions showed no toxicity and also showed the ability to potentiate the anti-inflammatory action of
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essential oils by exerting immunomodulatory activity by inhibiting the production of the proinflammatory mediator

nitric oxide.

Plant extracts and their compounds have proven to be an alternative for treating periodontal diseases, since
rosemary has shown antibacterial and anti-inflammatory activities in toothpaste presentation, which reduced biofilm
formation and improved gingival bleeding 9. Rasooli et al. also reported an in vivo reduction of biofim by
rosemary EO and suggested its potential use as an anticaries agent (1. Bernardes et al. also confirmed this
antimicrobial activity against oral bacteria in their study. These authors used common bacterial species from the
oral cavity (Streptococcus mutans, Streptococcus mitis, Streptococcus sanguinis,  Streptococcus
salivarius, Streptococcus sobrinus and Enterococcus faecalis) in planktonic form, and the greatest antimicrobial
activity of rosemary EO was shown against Streptococcus mitis (221, The results of Smullen et al. have shown that
rosemary and other plant-derived extracts inhibited growth and adhesion of oral bacteria to glass, inhibited both
glucosyltransferase activity and glucan production by S. mutans and prevented plaque formation in vitro and on

bovine teeth 23],

2.3. Thymus capitatus (Thyme)

The main single constituents of EOs from Thymus genus are thymol, carvacrol, linalool, a-terpineol, 1,8-cineole
and borneol 24, Jauk et al. [22] have investigated the hypoglycaemic activity of T. capitatus (L.) Hoffsgg. & Link via
the inhibition of a-amylase and a-glucosidase, inhibitors that offer an attractive strategy to control postprandial
hyperglycaemia for type 2 diabetes management. Manconi et al. 281 had suggested that formulations on Thymus
capitatus EO in phospholipid vesicles might be used as an antibacterial-antioxidant mouthwash for the treatment
of oral cavity diseases. Finally, Valerio et al. 21 indicated the potential use of thyme as biopreservative for bakery
products due to its antimicrobial properties. The antioxidant activity of the formulations was evaluated as a
protector of keratinocytes against the damage induced by hydrogen peroxide. They were capable of favouring
wound repair in keratinocytes. The antibacterial activity of the EO was demonstrated against
cariogenic Streptococcus mutans, Lactobacillus acidophilus and commensal Streptococcus sanguinis 28, Alvarez-
Echazu et al. used thymol—chitosan hydrogels to protect the dental biofilm from breakdown and treat inflammation
(28] Thymus zygis has been studied more extensively from an immunological point of view. In a cellular model with
human macrophages the gene expression for IL-13, TNFa and Il-6 were significantly reduced, and anti-
inflammatory cytokines such as IL-10 dose-dependently highly increased 29, Thymus zygis has also been tested
in vitro as an antibacterial agent against E. coli, S. enteritidis, S. essen and other bacterial species [,
Interestingly, in addition to antioxidant, anti-inflammatory, antimicrobial, spasmolytic, antinociceptive and antitumor
activity, some EOs, such as those from Thymus vulgaris L. may enhances cognitive function, as shown in animal

models (31,

2.4. Selected Compounds as Essential Oils from Lamiaceae Family

The following table presents a summary of the main compounds of EOs from the Lamiaceae family and their

effects on inflammatory processes.
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Terpineols are isomers of monocyclic monoterpene alcohol naturally present in different plants, among which the
most common are o-terpineol and terpinen-4-ol 32 (Figure 1). In particular, the latter has been shown in vitro to
suppress inflammatory mediator production by activation of monocytes 231 and to inhibit inflammatory cytokine
generation in LPS-stimulated human macrophages B4 but also in animal models to attenuate inflammation in
dextran sulphate sodium-induced colitis 22, prevent LPS-induced acute lung injury by decreasing LPS-induced
NF-kB activation and trigger peroxisome PPAR-y 3¢ (Figure 2).

Linalesl
Terpineals

Limenene

‘Cumcml

ALY Eucalyprol

Figure 1. General Scheme of the effect of the main EOs derived from Lamiaceae family on the periodontium.
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Figure 2. Selected compounds from Essential Oils from Lamiaceae family. Terpineols: a- terpineol (A), - terpineol

A

(B), y-terpineol (C), and terpinen-4-ol (D).

Linalool (3,7-dimethyl-1,6-octadien-3-ol) is an acyclic monoterpene found in EOs of hundreds of plants widely
spread worldwide and principally in Lamiaceae family B (Figure 3A). Several in vitro and in vivo studies
demonstrated different anti-inflammatory effects of this monoterpene also interfering with the mediators of the
inflammation pathways. In detail, in RAW 264.6 monocyte/macrophage-like cells linalool decreased the generation
of lipopolysaccharide (LPS)-induced TNF-a and IL-6 and inhibited the activation of the nuclear factor-kB (NF-kB)
and mitogen-activated protein kinase (MAPK) pathways (28, In addition, in animal models, it has been shown that
linalool attenuated acute lung inflammation by reducing TNF-a, IL-6, IL-8, IL-13 and monocyte chemoattractant
protein-1 (MCP-1) production B2 further supporting linalool as a promising tool to treat inflammatory related

diseases.
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Figure 3. Selected compounds from Essential Oils from Lamiaceae family. Linalool (A), Limonene (B), Carvacrol
(©), Eucalyptol (D), Thymol (E).

Limonene (1-Methyl-4-(prop-1-en-2-yl)cyclohex-1-ene) is a cyclic monoterpene and one of the most common
terpenes in nature as well as the main constituent of citrus Eos (Figure 3B). Its anti-inflammatory effects are
principally linked to the modulation of cytokines and the interference with the inflammatory-related pathways, as
demonstrated by in vitro and in vivo assays. Limonene decreases leukocytes infiltration and neutrophils migration,
as well as the levels of TNF-a in cell derived from the peritoneal cavity and in the peritoneal exudate of zymosan-
induced peritonitis BALB/C mice 49, In LPS inflammation-induced RAW 264.7 macrophages, limonene reduced in
a dose-dependent manner the levels of proinflammatory cytokines TNF-a, IL-6 and IL-1(3, together with the
expression of inducible nitric oxide synthase (iNOS), cyclooxygenase (COX) and prostaglandin E2 (PGE2) [,
Similarly, in vitro model of osteoarthritis with IL-1p3-stimulated human chondrocytes, limonene negatively modulated
nitric oxide (NO) production by decreasing INOS, matrix metalloproteinase (MMP)-1 and MMP-13expression,
besides NF-kB and p38 activation [42],

Carvacrol (5-isopropyl-2-methylphenol) is a cyclic monoterpene mainly present in the EO of plants
from Lamiaceae family (Figure 3C). In an experimental rat model of periodontal disease, carvacrol maintained
alveolar bone resorption and decreased tissue lesion at histopathology, with preservation of the gingival tissue also
demonstrating anti-inflammatory and antibacterial activities 43, In addition, in vitro in murine macrophages
carvacrol (1, 10, and 100 pg/mL) reduced the LPS-induced nitrite production as well as in vivo in a model of

carrageenan-induced pleurisy with a pretreatment 50 or 100 mg/kg, i.e., carvacrol reduced the levels of TNF-a and
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suppressed leukocytes recruitment in pleural lavage 4. In human macrophage-like U937 cells, carvacrol
suppressed LPS-induced COX-2 expression, activating PPARYy, indicating its anti-inflammatory properties 42 and
having no selectivity for both COX-1 and COX-2 enzyme isoforms 48, Furthermore, it has been shown that
carvacrol induces Nav blockade in DRG neurons 22481 and Gongcalves et al. also reported significant analgesic
activity and dose-dependency of T. capitatus EO. It is suggest that it is the main active molecule behind the
antinociceptive effects of T. capitatus through peripheral nervous excitability blockade 2. Other study showed that
carvacrol and thymol have the most potent antimicrobial activity against Escherichia coli, Sta. aureus, Str.
epidermidis, Enterococcus faecalis, Yersinia enterocolitica, Candida albicans, Bacillus cereus, Listeria
monocytogenes, Salmonella typhimurium and Saccharomyces cerevisiae, with the exception of Pseudomonas
aeruginosa 89, Taking into account that T. capitatus fractions are characterized by the presence of carvacrol as

dominant constituent, the antibacterial properties may be attributed to this oxygenated monoterpene.

Thymol (2-isopropyl-5-methylphenol), a monoterpene phenol, is a typical compound in EOs from thyme species
(Figure 3E). Thymol also ameliorates inflammation in vitro in LPS-induced inflammation in murine macrophage
cells B as well as in LPS- and interferon (IFN)-y-induced macrophage inflammation, besides inhibition of the iNO
RNA expression in J774A.1 cells 2. Thymol may also modify prostaglandin catalysed biosynthesis by the
inhibition of COX-1 and COX-2 isoforms 3. Moreover, in mouse mammary epithelial cells, LPS-induced
inflammatory response was decreased after thymol treatment (40 pg/mL) by the downregulation of MAPK and NF-
kB signalling pathways B4, Recently, Perrino et al. 23 have reported a high bioactivity also found in endemic wild
species as spinulosus Ten., indicating its potential use in organic agriculture, since thymol may also serve as

natural agent against phytopathogenic microorganisms.

Eucalyptol or 1,8-cineole (1,3,3-trimethyl-2-oxabicyclo[2.2.2]octane) is a bicyclic monoterpene isolated from EOs
from numerous plants B8 (Figure 3D). Its anti-inflammatory properties have also been investigated in human and
animal models of respiratory diseases such as asthma, Chronic Obstructive Pulmonary Disease and bronchitis 7
BEI9 |n vitro studies on LPS-induced human lymphocytes and monocytes showed a reduced expression of

cytokines including TNFa, IL-6 and IL-1B accompanied with a decrease in NFkB activated form 6261,
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