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Abstract: Through ethnobotanical, pharmacological, and phytochemical data of the Lamiaceae family of
inflammatory, cardiovascular, diabetes, Alzheimer's disease, cancer, and gastrointestinal disorders, this study aims
to gather knowledge on traditional usage. The necessity to guarantee the safety, effectiveness, and purity of herbal
medicines is underscored by the long tradition of folk medicine's use for therapeutic purposes. As this need has
increased throughout the years, collective attempts have been made to conserve priceless information about
therapeutic plants and to archive records of the past. The family Lamiaceae, sometimes known as Labiatae, is well
known for its wide variety of medicinal herbs. The leaves, flowers, roots, bark, fruit, twigs, seeds, and other
components of Lamiaceae species may be separately utilized for medicinal purposes. A multitude of plants in the
Lamiaceae family have been used in traditional medicine to treat a variety of illnesses. The members of the
Lamiaceae family are found across the Mediterranean area. Also, some biochemical and pharmacological analyses
have been used to investigate the biological activity of Lamiaceae species. Its pharmacological qualities have been
confirmed by the thorough study, which has shown that numerous bioactive characteristics of this plants possess
wound healing, immunomodulatory, antioxidant, antidiabetic, anti-Alzheimer’s disease, enzymes inhibitory,
antiviral, antibacterial, anti-inflammatory, anticancer, antihypertensive, and antileishmanial effects. This thorough
analysis provides a perceptive synopsis of the Lamiaceae family, clarifies the extraction techniques used to produce
therapeutic organic compounds, investigates the phytoconstituents found in Lamiaceae medicinal plant species,
and systematically describes the family's diverse range of pharmacological properties.

Keywords Lamiaceae species; antioxidants; phytochemistry; ethnobotany; ethnopharmacology; phenolic
compounds. © 2025 ACG Publications. All rights reserved.

1. Introduction

Plants are potential natural resources for the development of new products in the cosmetic, food,
and pharmaceutical industries [1-3]. Plant-based medications are being used extensively in many
healthcare procedures across the world since they are safe, accessible, and successful at preventing and
treating a variety of fatal illnesses [4-7]. The therapeutic application of herbal medications is widespread

*Corresponding author: E-Mail: igulcin@atauni.edu.tr; Phone:090-442-2314375 Fax:090-442-2314109

The article was published by ACG Publications
http://www.acgpubs.org/journal/records-of-natural-products June 2025 EISSN:1307-6167
DOI: http://doi.org/10.25135/rnp.529.2505.3521
Available online: June 28, 2025



http://www.acgpubs.org/journal/records-of-natural-products
http://doi.org/10.25135/rnp.529.2505.3521
mailto:igulcin@atauni.edu.tr
https://orcid.org/0000-0001-6912-3998
https://orcid.org/0000-0001-5993-1668

467
Karagegili and Giilgin, Rec. Nat. Prod. (2025) 19:S1 466-487

in indigenous medicine, Ayurveda, Sidda, Unani, and other alternative medical disciplines.
Approximately 80% of people worldwide still rely on traditional herb-based remedies, according to the
World Health Organization, since they are inexpensive, easily accessible, and probably have fewer
adverse effects than allopathic pharmaceuticals [8]. The knowledge of traditional medicinal techniques
for the treatment of illnesses is undoubtedly the primary reason for the use of many of the most potent
active medication molecules of plants and their derivatives in traditional medical treatment today [9].
Herbal remedies are widespread because they are inexpensive, easy to obtain, effective, and have little
adverse reactions [10].

Because of its ability to support health, provide temporary symptom relief, or have therapeutic
purposes, medicinal plants, often referred to as medical herbs, are used in herbal medicine [11-13]. A
variety of substances, known as phytoconstituents, are produced by plants and are crucial to their
biological processes, including defense against predators including insects, fungi, herbivores, and
animals. Utilizing complete plants or plant parts (leaves, flowers, fruits, stems, roots, or rhizomes) to
promote a person's overall health is known as herbal medicine or phytotherapy, and it is a long-standing
custom that is performed all over the world [14-16]. Recent studies have shown that some active
phenolic compounds from natural products including plants. [17-19]. The most abundant and
biologically active molecules in plants include hederin [20], caffeic acid [21], tannic acid [22],
rosmarinic acid [23-25], p-coumaric acid [26], usnic acid [27], naringin [28,29], lignans [30,31],
curcumin [32], hesperidin [33], silymarine [34], chrysin [35], baicalin [36], hamamelitannin [37],
isofraxidin [38], magnofluorine [39], secoiridoids [40], spiracoside [41], resveratrol [42], alkaloids [43],
coumestrol [44], eugenol [45-47], olivetol [48] and gingerol [49] obtained from plants are highly
biologically active agents. Medicinal and aromatic plants play a crucial role in primary health care, food
and cosmetic industries in many developing and developed countries. It has been reported that
approximately 400,000 plant taxa have been identified to date and approximately 30,000 of them have
been documented and used in traditional medicine [50-53]. Several ailments, including cancer, diabetes,
heart disease, and aging, have been linked to consuming natural phytochemicals, according to prior
research. Phenolic chemicals have also been shown to be abundant in medicinal plants that exhibit
greater levels of antioxidant activity. As a result, these plants have the potential to be a source of
antioxidants that can help fight cancer and other illnesses [54-56]. The therapeutic application of herbal
medications is widespread in indigenous medicine, Ayurveda, Sidda, Unani, and other alternative
medical disciplines. Approximately 80% of people worldwide still rely on traditional herb-based
remedies, according to the World Health Organization, since they are inexpensive, easily accessible,
and probably have fewer adverse effects than allopathic pharmaceuticals [57]. The knowledge of
traditional medicinal techniques for treating illnesses is undoubtedly the primary reason for the use of
many of the most potent active medication molecules of plants and their derivatives in traditional
medical treatment today [58-60]. It is known that these potent relativities of plants are due to the
biological effectiveness of phenolic contents [61]. Phenolic compounds have effective biological
activities Herbal remedies are widespread because they are inexpensive, easy to obtain, effective, and
have little adverse reactions [61-64].

Reactive oxygen species (ROS) are highly reactive chemicals and intermediates formed from
diatomic oxygen (O2) which is abundant. When there is inflammation, neutrophils and macrophages
create ROS, which can also be formed by other processes, metal-catalyzed reactions, atmospheric
contaminants, and mitochondria-catalyzed electron transport reactions. Exposure to UV, X, and gamma
radiation also results in their production [65-67]. The synthesis of ROS and their inactivation are
balanced by the antioxidant system in living things. When pathogenic conditions arise, an excess of
ROS is produced, which leads to oxidative stress. ROS are generated when the body's natural antioxidant
defenses are not strong enough. An imbalance in living things results in oxidative alteration of cellular
membranes or intracellular molecules [68,69]. Within living cells, ROS accelerates the oxidative
degradation of proteins, lipids, and nucleic acids. ROS, sometimes referred to as free radicals, are widely
acknowledged to play a significant role in the development of several severe medical disorders, such as
cancer, heart disease, and aging [70-72]. The balance between the generation of ROS and their
deactivation is maintained by the antioxidants found in living things. Oxidative stress is brought on by
an excess of ROS production in pathological circumstances. ROS are produced when antioxidant
defenses are insufficient [73,74]. Excessive ROS and reactive nitrogen species (RNS) can cause
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oxidative and nitrosative stress and damage the neuronal membrane. The metabolic reaction known as
"nitrification stress" is brought on by RNS formed from nitric oxide (NO) and ROS. This reaction causes
the aromatic rings of residues of amino acids to be hydroxylated, which can cause apoptosis or other
harmful consequences in cells [75,76]. A rise in ROS in living things, which are known to have an
equilibrium between oxidants and antioxidants, causes oxidative stress. The use of antioxidants from
external sources is essential as variables such as stress, air pollution, diabetes, and chronic illnesses
damage the antioxidant defense system. Consuming dietary items with antioxidant qualities is therefore
crucial to lowering oxidative damage [77]. ROS has been shown to cause numerous pathophysiological
conditions, such as diabetes, inflammatory diseases, oxidative stress, malignancies, cardiovascular
problems, and arthritis [78]. Although ROS and RNS have a limited lifespan, unchecked redox reactions
constantly produce new ROS, and RNS are thought to have a role in common illnesses, like, diabetes,
cancer, age-related macular degeneration, and neurodegenerative Parkinson and Alzheimer’s diseases
[79]. Antioxidant enzymes and substances are part of the immune system's defense mechanism.
Numerous biomolecules' oxidation is decreased, stopped, or halted by antioxidant mechanisms. These
compounds consist of polyphenols and are potent ROS blockers that effectively mitigate their
undesirable and harmful consequences [80,81]. Nevertheless, meals or supplements high in antioxidants
can help the body lessen oxidative damage from free radicals and active oxygen [82,83]. Numerous
antioxidant chemicals that occur naturally in plant sources have been discovered as either active oxygen
scavengers or free radicals. Recently, there has been a lot of focus on finding naturally occurring
antioxidants to utilize in foods or pharmaceuticals because synthetic antioxidants are becoming
increasingly rare owing to their adverse effects, such as carcinogenesis [84,85]. Antioxidants, however,
may delay or decrease oxidative damage, preventing and/or treating diseases brought on by oxidative
stress. Enzymatic antioxidants and non-enzymatic antioxidants are two well-known categories into
which antioxidants can be classified [86]. However, cells usually have an inherent antioxidant system
that may inhibit ROS's oxidative capacity by activating several antioxidant pathways. Because they
include phytochemical elements such as phenolics, terpenes, and alkaloids, medicinally significant
plants have strong antioxidant enzymatic activity and free radical removal capabilities. These substances
can scavenge free radicals, preventing the oxidative damage that leads to progressive illnesses [87]. The
oxidative pathways that lead to degenerative disorders are suppressed by antioxidants such as
flavonoids, phenolic acids, tannins, and phenolic diterpenes because they scavenge free radicals like
lipid peroxyl, hydroperoxide, and peroxide [88]. Strong defenses against free radical attacks, which are
the primary cause of serious health issues, can be found in antioxidant compounds. Therefore, finding
novel sources of antioxidants is essential to curing the degenerative diseases listed above. Certain
chemicals, like butylated hydroxyanisole (BHA), and butylated hydroxytoluene (BHT), were chemically
manufactured and utilized in the chemical industry; nevertheless, their possible hepatotoxicity and
carcinogenic effects on humans have raised public concerns about their use [88-90]. Therefore, there
has been a lot of research done on plants to investigate whether they possess any antioxidant properties.
For this purpose, a lot of study has been done on both raw herbal extracts and purified compounds. For
use in food and medicine, there is a rising need for more secure natural antioxidants derived from plants
[91]. Medical plants are one of the most important herbal sources of antioxidants. There are a lot of
phenols in medicinal plants. The primary natural antioxidants found in the human diet are found in
cereals, vegetables, and fruits [92]. Secondary metabolites found in plants called phenolic molecules
contribute to avoiding progressive illnesses such as arteriosclerosis, diabetes, rheumatoid arthritis,
cancer, cataracts, and cardiovascular disease [93]. Thus, consuming them prevents the antioxidative
balance from being upset, which in turn reduces the risk of developing numerous illnesses, such as
cancer, heart disease, diabetes, and neurological disorders [94]. Multiple in-vitro and in-vivo studies
have suggested that plant extracts, fruits, and their secondary metabolites may help avoid diabetes and
neurological problems [95].

The Lamiaceae (Labiatae) is a very diverse and common family of plants, especially when it
comes to its ethnomedical applications. The substantial quantity of volatile oils in plants has been
proposed to be responsible for the strength of their therapeutic effects [96]. Several species have strong
scents, making the Lamiaceae botanical clans one of the largest dicotyledon families. These plants have
glandular structures on the outside that produce volatile oils, which are responsible for their scents [97].
Numerous businesses, including medicines, flavoring, insecticides, scent, perfumery, and cosmetics,
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rely heavily on this specific oil. Mints are a collection of taxonomically different flowering plants that
belong to the Lamiaceae family. It has been acknowledged throughout history that they share an intimate
kinship with the Verbenaceae family [98]. Although the Lamiaceae family is distributed all over the
world, the Mediterranean area is the location it is most prevalent [99]. One of the most significant
flowering plant families with a global distribution is the Lamiaceae, which contains the genus Otostegia
and is often known as the mint family [100]. There are approximately 6,900-7,200 species in the
families around 236 genera. The majority of plants in the Lamiaceae family are fragrant. Ajuga, Coleus,
and Salvia are among the species of this family that are grown for their aesthetic qualities [101].
Numerous plants in this family have biological and therapeutic uses as well. The most well-known plants
in this family include fragrant spices like hyssop, lemon balm, savory, self-healing, mint, thyme, sage,
oregano, basil, rosemary, and others with a broader range of applications [102]. Both annual and
perennial herbaceous plants make up the Lamiaceae family. The species tend to be shrubs or herbs. Due
to the existence of essential oils, several species are fragrant. On the square stems, the leaves are seated
in opposition to one another. Plants in the Lamiaceae family have many glandular trichomes on their
aerial portions. One finds the verticillaster inflorescence, which is made up of two condensed dichasial
cymes. Adventitious roots are seldom produced by some species; instead, roots are often composed of
branching tap roots. The fruits are seldom drupaceous and are composed of achenes, schizocarpic
carcerulus, or nutlets [103]. The Lamiaceae family, particularly members of the Lavandula genus like
Lavandula angustifolia [104] and Lavandula stoechas [105] is perhaps one of the most significant in
the production of essential oils [104]. The genus Salvia is a standout among the diverse Lamiaceae
family, having an astounding 900 species. Other noteworthy genera that add to the enormous diversity
of this botanical family include Scutellaria, Coleus, Plectranthus, Hyptis, Teucrium, Thymus, and
Nepeta. Each of these genera has 200-360 species [98]. Through its worldwide distribution and diverse
range of natural habitats, the Lamiaceae family is incredibly diverse and varied. The strong demand for
particular species' food and medicinal has led to the cultivation of several species of the family, including
thyme, lavender, basil, mint, and oregano [106]. Throughout Europe, northern and eastern Africa, the
Mediterranean, southwest Asia, Arabia, western Iran, and India, there are 41 species of fragrant
blooming plants known as lavender [107]. In addition to examining the traditional botanical knowledge
of the local population and how they utilize plants for various purposes, ethnobotany explains the full
link between humans and plants [108]. Ethnobotanists are increasingly concentrating on the use of
various quantitative and statistical techniques to comprehend and gather information on valuable plants
in particular communities. Ethnobotanical studies highlight the dynamic relationships between botanical
diversity and social and cultural systems [109]. The Lamiaceae family is widely recognized for its
medicinal properties because it produces a large number of secondary metabolites, including alkaloids,
flavonoids, and phenolics. For example, in traditional folk medicine, Mentha spicata is used to treat
intestinal, cold, muscular, and stomach issues. The antioxidant capacity of M. spicata is associated with
the presence of phenolics in its leaves [110]. A perennial plant indigenous to the Mediterranean region,
R. officinalis, sometimes referred to as rosemary, is a member of the Lamiaceae family. But today, most
people know R. officinalis as S. rosmarinus. Because of its therapeutic and nutritional qualities, it is
grown all over the World [111]. The Lamiaceae family includes the well-known therapeutic herb M.
officinalis, usually referred to as lemon balm. The aromatic leaves of this plant have been used
extensively in cooking for over 2,000 years to enhance culinary flavors. Additionally, the plant has been
used as a memory enhancer, heart tonic, antidepressant, sleeping aid, antidote, and to cure a variety of
malignancies, psychological and central nervous system disorders, cardiovascular and respiratory issues,
and other illnesses [112]. Environmental factors and genetic variations can affect the quality and yields
of phytochemicals, which result in a variety of pharmacological activity in medicinal plants [113].

Therefore, the purpose of the study is to provide up-to-date information on the pharmacological
characteristics, phytochemical components, traditional uses, and overall security characteristics of plants
in the Lamiaceae family. The review offers phytochemical and pharmacological data that may be used
to fill up knowledge gaps, explore viable treatment options, and create promising prevention strategies.
This study is suggested to bolster the necessity for more investigation into the development of innovative
dietary supplements and diets.
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2. Materials and Methods

This review's data was gathered from relevant papers on plants in the Lamiaceae family. Web of
Science, Scopus, Elsevier-Science Direct, Google Scholar, PubMed, Google, Springer, Wiley, and other
online libraries were used to gather the literature.

3. Phytochemical Constituents

Phytochemicals may be extracted from plants using a variety of techniques, such as steam
distillation, maceration, Soxhlet extraction, supercritical fluid extraction, and ultrasound-assisted
extraction [114-116]. The plant substance employed, the particular chemicals of concern, and the
intended application of the natural extract are only a few of the numerous variables that affect the
extraction process. Understanding the secondary metabolites in plants that give rise to various medical
applications is crucial. New chemicals and their related function in pharmacological activity are
discovered by researchers. Despite the widespread usage of many plant species to treat illnesses, little
is known about the substances that cause these effects [117,118]. Nonnutritive plant substances with
preventive and antibacterial properties are called phytochemicals. Studies have demonstrated that these
chemicals can be useful in actively curing human ailments, despite the fact that they are mostly
generated by plants as a self-defense strategy [119-121]. An important and new addition to the world
pharmacopeia is phytomedicine. As a result of study and analysis, our understanding of their biological
potential is continuously expanding, perhaps making them a safer alternative to allopathic medication.
These days, the growing need for novel and improved medications derived from plants has rekindled
interest in phytomedicine [122,123]. The current widespread belief that "green medicine" is inexpensive,
environmentally friendly, and potentially safer than synthetic drugs-which are more expensive and have
several negative side effects largely responsible for the renewed interest in plant-based medications
[124]. The structure-activity correlations of secondary metabolites and nutraceuticals with potential
pharmacological efficacy are therefore gaining more attention [125]. The link between the
phytochemical makeup of plants and their botanical and pharmacological capabilities is also being
studied by a large number of researchers from across the World [126,127]. The botanical classification
of the Lamiaceae plants is given in Table 1.

Table 1. The botanical classification of the Lamiaceae plants given in this study.

Kingdom Plantae
Subkingdom Tracheobionta
Super division Spermatophyta
Division Magnoliophyta
Class Magnoliopsida
Subclass Asteridae

Order Lamiales

Family Lamiaceae

Genus Nearly 236 genera
Species Almost 7200 species

During the course of their regular metabolic activities, plants produce phytochemicals.
Alkaloids, coumarins, flavonoids, glycosides, gums, phenols, polysaccharides, tannins, terpenes, and
glycosides are only a few of the numerous chemical types that are referred to as secondary metabolites
in plants. The chemical substances found in plants are not the only ones. They may be employed as
adjuvants to lessen undesirable side effects of the active components or to help absorb them. The 12,000
of the almost limitless variety of aromatic chemicals that plants can synthesize have been discovered
[128]. Among the many bioactive chemical substances found in O. basilicum are trans-a-bergamotene,
geraniol, methyl eugenol, 1,8-cineole, p-allylanisole, and methyl chavicol [129]. O. basilicum contains
a wide range of bioactive metabolites. Nonetheless, the majority of research has demonstrated that the
primary constituents, in differing amounts, are bergamotene, 1,8-cineole, eucalyptol, methyl chavicol,
eugenol, estragole, and linalool [130]. Caffeic acid and its byproducts, rosmarinic acid and chlorogenic
acid, are thought to be abundant in Mentha species [131]. Pulegone, cis-isopulegone, cineol, thymol, a-
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and B-pinen, piperitenone, terpenoids, and flavonoids are among the chemical constituents of this plant
species [132]. Terpenoids, flavonoids, phenolic acids, anthraquinones, hydrocarbons, polysaccharides,
and other phytochemicals are the main components of Mentha haplocalyx, according to a thorough
investigation. The main bioactive components of these are known to be volatile substances such as
terpenoids, among which menthol and menthone are especially noteworthy [133]. Monoterpene phenol
(thymol), monoterpene phenol derivative (thymol methyl ether), monoterpene phenol precursors (p-
cymene and y-terpinene), oxygenated monoterpenes (a-terpineol, cis-sabinene hydrate, borneol,
camphor, and thymoquinone), monoterpene hydrocarbons (a-pinene, B-myrcene, camphene, and
terpinolene), monoterpene hydrocarbons (a-pinene, -myrcene, camphene, and thymoquinone), and
sesquiterpenes (f-bisabolene and B-caryophyllene) make up the majority of the aroma components of
Thymus species [134]. Researchers have been searching for new pharmacologically active molecules
with unique scaffolds because of the broad range of Salvia plants and their phytochemical abundance.
Most importantly, while mono-, sesqui-, di-(abietanes, clerodanes, labdanes, pimaranes, and ent-
kauranes), sester-, tri- (oleananes, ursanes, and lupanes) terpenoids, phenylpropanoids, phenolic acids,
and flavonoids have been documented in large quantities, only a few rare terpenoid metabolites have
been identified from Salvia species up to this point [135]. Diterpenoids, phenolic acids, triterpenoids,
flavonoids, and saccharides are the main phytochemical components of Salvia species. While phenolic
acids and diterpenoids are mostly found in the roots of plants, flavonoids, triterpenoids, and
monoterpenes are primarily found in the aerial sections of the plants, especially in the flowers and leaves
[136]. By using GC-MS analysis, several chemical species have been identified in Clerodendrum
infortunatum, including limonene, phytol, catechol, hexadecanoic acid, squalene, dodecanoic acid,
vitamin E, hydroxymethylfurfural, stigmasterol, cinnamic acid, guaiacol, eugenol, and vanillic acid
[137]. Based on its flavonoids (quercetin, rhamnocitrin, and luteolin), phenolic acids (rosmarinic and
caffeic acid), and volatile chemicals (geranial, citronellal, and geraniol), Melissa officinalis (Lamiaceae)
is used to treat age-related macular degeneration (AMD). Having strong antioxidant qualities and
functioning as radical scavengers, these phytochemicals can lower oxidative damage and apoptosis
[138].
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Figure 1. Chemical structure of some phytochemical compounds in Lamiaceae family plants

4. Ethnobotanical Properties and Medicinal Uses

One of the most well-known families of flowering plants is Lamiaceae, which has around 7756
species, 1059 (13.7%) of which are medicinal [139]. Numerous scientists have concluded that the
phytochemistry of Lamiaceae is complicated. The Lamiaceae include six primary secondary
metabolites: Lignans, flavonoids, iridoids, non-volatile terpenoids, phenylethanoid glycosides,
caffeoylquinic and other phenolic acids, and others. The Lamiaceae family's species include several
secondary metabolites, which have a variety of biological functions [140]. The past several decades
have seen a rise in research on medicinal plants and their traditional uses in medicine around the globe.
In order to conserve and use biodiversity, itis critical to record traditional indigenous knowledge through
ethnobotanical research. Thus, it is accepted that plants can be utilized in either their developed or
original form. According to ethnobotanical knowledge and licensed medications derived from medicinal
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plants, a variety of physiologically active compounds are known to contain medicinal plants that have
been separated from plants and used [141]. Many species of the Lamiaceae family are used in medicine
and cooking, and most of them are fragrant. Among these species is Ballota nigra, which is native to
Europe and Asia and has naturalized in North America. It is said to help with nausea, heart palpitations,
persistent coughing, sedatives, nervous system diseases, and, most importantly, mild insomnia in
children and adults alike [142].

Figure 2. Major Lamiaceae plants species mentioned in this review. A) Salvia officinalis, B) Salvia fruticosa,
C) Thmus vulgaris, D) Lavandula angustifolia, E) Mentha piperita, F) Ocimum basilicum, G)
Rosmarinus officinalis, H) Melissa officinalis, 1) Origanum vulgare

The Lamiaceae plant C. infortunatum is used extensively in traditional medicine to treat a
variety of illnesses. C. infortunatum's leaves, roots, and blossoms are cooked into paste, juice, and ash
and used as medicine. Assam, India, uses roots to cure asthma and bronchitis. Seeds are used as a
snakebite remedy, while leaves and blossoms are utilized as a scorpion sting remedy. Origanum vulgare
in Greece, Turkey and generally in the Mediterranean region in the near future is important, as it
constitutes a plant species with high medical, economic and environmental value.

Most essential oils of the family Lamiaceae consist of monoterpenes and sesquiterpenes. The
primary components of oregano, p-cymene and y-terpinene, are found in conjunction with carvacrol and
thymol, which are responsible for their action [143]. R. officinalis's wide range of chemical components,
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referred to as plant secondary metabolites, are responsible for its therapeutic use. Flavonoids (e.g.,
homoplantaginin, cirsimaritin, genkwanin, gallocatechin, nepitrin, hesperidin, and luteolin derivatives)
and phenolic acid derivatives (e.g., rosmarinic acid) are examples of polyphenolic compounds, as are
essential oils like 1,8-cineole, a-pinene, camphene, a-terpineol, and borneol [144]. Danish traditional
medicine uses herbs like L. angustifolia and R. officinalis to address memory problems. Rosmarinic
acid, an active compound against amyloid fibrillation, is present in both species [145]. Some of the well-
known Lamiaceae species were given in review.

5. Pharmacological Activities
5.1. General Overview of Pharmacological Activities

Petroleum ether, butanol, n-hexane, ethanol, ethyl acetate, hexane, methanol, and in certain
situations, fractionated chloroform, were the extraction chemicals utilized in Lamiaceae plant’s
chemical constituents. Diterpenoids, flavonoids, phenylpropanoids, and other phenolic chemicals are
implicated in a variety of pharmacological effects of Lamiaceae plants.

Lamiaceae species have long been utilized for their preventative and therapeutic qualities. The
production of many secondary metabolites with antibacterial, antioxidant, anti-inflammatory,
antimicrobial, antiviral, and anticancer qualities accounts for their significance. Flavonoids and phenolic
acids, particularly caffeic and rosmarinic acids, are the two primary families of phenolic chemicals that
have been found. These antioxidant capabilities support the upkeep and health of the eyes [138].
Remarkably, phylogenetic analysis of ethnobotanically significant plant species may identify
pharmacologically vital plant families, revealing various civilizations using diverse species similarly,
indicating a trend of cultural convergence [146]. However, there aren't many investigations that have
been done to prove the scientific validity of their ethnopharmacological usage. Demonstrating the
pharmacological processes and the precise phytochemical constitution required to produce the intended
effect, provides a significant area of study that endorses the traditional usage of plant medicines.
Additionally, ethnopharmacological research makes it possible to value medicinal plant biodiversity and
use it in the sectors of pharmaceuticals and nutraceuticals. Finally, to prevent unregulated gathering that
might jeopardize botanical species, ethnopharmacology is a crucial tool for the sustainable use of
therapeutic plants [147]. Lamiaceae species are prized for their aesthetic qualities. Additionally, they
can be used as medications, cosmetics, vegetables, and spices. Because of their curative and preventative
qualities, these species have been utilized for food preservation, flavoring, and medicine. A diverse
variety of bioactive chemicals with potential antiviral, anticancer, anti-inflammatory, antibacterial, and
antioxidant properties may be found in Lamiaceae species [110]. Ocimum (basil), Rosmarinus
(rosemary), Thymus (thyme), Origanum (oregano), Mentha (peppermint, spearmint), Lavandula
(lavender), Marrubium (horehound), Nepeta (catnip), Salvia (sage), and Satureja (savory) are among the
economically significant species in the Lamiaceae that are used for their essential oils or as spices or
herbs. Plant antioxidants, particularly flavonoids and phenolic acids, are abundant in them [148].
Ocimum (basil), Rosmarinus (=Salvia rosmarinus) rosemary), With almost 1000 species and a global
distribution, the genus Salvia L., or sage, is the most species-rich in the Lamiaceae (mint family). With
100 species, comprising 53 endemics, Turkey appears to have the most Salvia species in South-West
Asia, one of the major sites of variety for the plant. The AChE and BChE actions of Salvia species have
been identified in prior research as antibacterial, antifungal, wound-healing, antiproliferative,
antitubercular, cytotoxic, and antioxidant [149]. Many terpenes and phenolic chemicals found in sage
(Salvia) species cooperate with brain function systems to enhance mental capacity [150]. Sage extracts
exhibit several biological actions that have been documented, including liver-protective, hypoglycemic,
hypolipidemic, antibacterial, anticancer, anticholinesterase, antinociceptive, and antioxidant properties
[151]. Salvia spp. and Thymus spp. have been widely used in traditional medicine since ancient times
due to their biological properties in treating certain diseases, including coughs, colds, throat infections,
arthritis, and digestive disorders [7]. O. basilicum, also known as basil, has been extensively studied for
its pharmacological benefits, including antimicrobial, antifungal, antioxidant, anti-inflammatory,
antiviral, and wound healing properties. As a result, this plant has the potential to treat a wide range of
diseases in both humans and animals [54]. The application of lavender essential oils as components for
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scent and aromatherapy dates back many years. Many gastrointestinal, neurological, and rheumatic
conditions are treated with the plant in traditional and folk remedies across the world. It is also utilized
to alleviate anxiety, stress, and sleeplessness [152]. When making herbal teas and infusions, a sizable
portion of imported dried thyme is utilized as a medicinal plant. Additionally, the potato and sausage
businesses include thyme as a component in their spice blends. rising demand for fair-trade and organic-
certified dried thyme in Europe is primarily driven by consumers' desire for reliable and sustainable
sourcing as well as their growing interest in international ethnic cuisines [153]. 1,8-Cineole, a-pinene,
limonene, and camphor are among the several monoterpenes found in the volatile oil that was isolated
from R. officinalis [154]. Its significant antioxidant, analgesic, and anti-inflammatory properties, as well
as those of its nanoemulsion in experimental models, have been emphasized in earlier studies [155]. The
plant's anxiolytic, antiviral, and antispasmodic properties, together with its effects on mood, cognition,
and memory, were the only pharmacological effects demonstrated in clinical studies using crude extracts
and pure substances extracted from M. officinalis [112]. Potential pharmaceutical activities of
Lamiaceae plants are indicated as in the figure.

Antioxidant
Antiviral T
Antidiabetic

— Anticancer <€— ‘Eg ¥
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¥ Anti-inflamatuar \
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Lamiaceae plants

Figure 3. Lamiaceae family plants extracts secondary metabolites various pharmaceutical activities
5.2. Antioxidant Activities

In vitro bioassays such as DPPH' and ABTS™ scavenging, reducing power, and
phosphomolybdate antioxidant tests were used to evaluate the antioxidant properties of the crude
methanolic extract and fraction of P. foetida as plant of the Lamiaceae family, with ascorbic acid serving
as a reference. For DPPH and ABTS, the crude methanolic extract displayed 1Cso values of 256.38 + 0.6
and 314.95 + 1.1 mg/mL, respectively. The total antioxidant capacity of P. foetida was determined to
be 55.79 + 0.5 mg/mL, while ascorbic acid showed a total antioxidant capacity of 71.89 + 2.3 mg/mL.
The study found that P. foetida leaves were an abundant source of phytochemicals that act as
antioxidants [110]. Pharmacological characteristics and fragrant components are well-known attributes
of plants in the Lamiaceae family. According to several models, the various Ocimum species exhibit
antioxidant capacity. These models include ferric reducing property, lipid peroxidation inhibition,
hydrogen peroxide scavenging, hydroxyl radical scavenging, DPPH radical scavenging, and ABTS
radical scavenging. It was shown that O. gratissimum and O. basilicum had strong DPPH radical
scavenging activity, with 1Cs values of 14.73+0.54 and 15.02+0.23 pug/mL, respectively. Additionally,
O. basilicum exhibited significant levels of hydrogen peroxide scavenging activity using ABTS™
scavenging (9.46 £ 0.28 and 6.22+0.13 ug/mL) [156]. While M. spicata has remarkable efficacy in
suppressing B-carotene (ICso: 62.67+0.01 ug/mL), M. piperita infusions have the highest capacity to
decrease DPPH and chelate iron (1Cs0:7.50+0.19 and 5.84+0.36 pg/mL, respectively). HPLC
chromatographic tests revealed the preponderance of phenolic acids, particularly rosmarinic acid, and a
substantial correlation between the antioxidant capacity and the total phenolic content [157]. With
values of 0.0925+0.0003 and 0.0744+0.0001 mg/mL for the hexane and ethyl acetate extracts,
respectively, the two investigated S. verbenaca extracts showed better antioxidant activity on DPPH-
These were nearly identical to the 0.0001 mg/mL values. With an ICs, of 0.1338+0.0003 mg/mL for the
ethyl acetate sample and 0.1867 + 0.0002 mg/mL for the hexane extract, the latter showed somewhat
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better activity than Trolox (0.0604+0.0002 mg/mL) in the term ABTS"" scavenging model test [158].
Several in vitro tests, including the DPPH and DMPD radical scavenging as well as the CUPRAC and
FRAP assays, were used to measure the antioxidant activity of M. officinalis leaves. Water and ethanol,
two supposedly distinct solvents, were employed for extractions. For antioxidant properties, water
extract proved to be a more practical solvent than ethanol extract. The current study's findings
demonstrated that radical scavenging capacity of water extract of M. officinalis leaves outperformed
ethanol extract of M. officinalis leaves's in both the DPPH and DMPD tests. Likewise, in both the FRAP
and CUPRAC tests, water extract of M. officinalis leaves's lowering power was greater than ethanol
extract of M. officinalis leaves's [159]. Mentha pulegium methanol and water extracts should be
evaluated for bioactivity and phytochemical screening. The biological activities of M. pulegium a natural
source of phenolic compounds, were investigated, including their antioxidant properties. What's DPPH-,
DMPD, and ABTS™ radical scavenging activities, as well as Fe*, Cu?*, and FRAP lowering
capabilities, were among the bioanalytical tests that revealed the strong antioxidant qualities of
pennyroyal's methanol and water extract [37]. The findings demonstrated the significant degree of
antioxidant activity of chia (S. hispanica) seed oil. Consequently, of chia seed oil may be a promising
natural source of polyphenols and antioxidants [160]. S. officinalis, L. angustifolia, and R. officinalis
demonstrated significant free radical scavenging activity by the findings of the EOs' cancer-preventive
abilities [161].

5.3. Enzyme Inhibition Activities

When treating the cholinergic deficiency in AD patients, cholinesterase (ChE) inhibitors target
AChE. AChE inhibitors are the mainstays of AD treatment, increasing acetylcholine levels in the
synaptic cleft and improving cholinergic transmission. The pharmacotherapeutic alternatives available
for AD are still rather limited and reflect an unmet need despite decades of study. Numerous natural
AChE inhibitors and antioxidants isolated from Lamiaceae species have been shown in studies to be
beneficial in the prevention and treatment of AD and other associated conditions [162]. Applying seven
distinct techniques, the antioxidant properties of Phlomis tuberosa, which a plant in the Lamiaceae
family, methanol and water extracts were examined. According to the study's findings, the methanol
extract consistently shown higher levels of antioxidant activity than the water extract. Additionally,
compared to the water extract, the plant's methanol extract showed a greater level of inhibition against
the CA II and a-glycosidase enzymes [163]. Combining a-amylase and tyrosinase, the extracts of
Stachys cretica showed intriguing enzyme inhibitory properties. The methanol extract exhibited the
strongest a-amylase and tyrosinase inhibitory activity. According to the findings, S. cretica may be a
useful new natural source with advantageous biological qualities for applications in medicine and food
[164]. The endemic Thymus canoviridis and Thymus pubescens were shown to be efficient in inhibiting
the a-glycosidase, AChE, and CA Il enzymes. These enzymes are essential, but excessive usage can
lead to major health problems. Because thymus extracts include phenolic and flavonoid compounds that
have antioxidant, reducing, and radical scavenging properties, they may be employed as a natural
product in the food and pharmaceutical sectors as well as in the treatment of dangerous and common
diabetes, Alzheimer's disease, and glaucoma [69]. Studies have also been conducted on the inhibition of
a-amylase, BChE, and AChE. S. sclarea had the strongest AChE inhibitory capacity (4.00 mg
GALAE/qg), ahead of S. palaestina (3.38 mg GALAE/g) and S. absconditiflora (3.01 mg GALAE/qg).
The extracts' a-amylase-inhibiting properties were comparable [165]. The enzymes AChE, BChE, a-
glycosidase, and a-amylase were found to be inhibited by pennyroyal methanol and water extracts [37].
Recognized for its extensively reported characteristics and function, R. officinalis is one of the most
popular spices. According to a study's findings, all rosemary extracts have a variety of antioxidant
molecules that, in vitro, may efficiently scavenge different reactive oxygen species and free radicals
[166]. CSO's ability to block three distinct metabolic enzymes was also investigated. While -
glycosidase and hCA Il enzymes were found to be less inhibited by CSO, the AChE enzyme was found
to be highly inhibited [76].
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6. Traditional Uses and Clinical studies

Occasionally, plants with components with proven antibacterial capabilities are employed to
treat microbial ailments in traditional herbal treatments [167]. Considering wound and skin infections
are particularly prevalent issues in indigenous populations, microbial infections continue to represent a
major hazard to public health worldwide [168]. A vast array of fragrant, medicinal, and attractive plants
belonging to the Lamiaceae (mint family) yield essential oils that are utilized in the food, cosmetics,
pharmaceutical, and traditional and modern medical industries. This family, which contains various
fragrant medicinal spices including mint, oregano, basil, and rosemary, is well-known for its ability to
effectively modulate pain and may have analgesic or antinociceptive effects [169]. One of the most
significant families of plants, Lamiaceae is well-known for its therapeutic properties. With over 30
species spread over Asia, Europe, and Africa, the Ziziphora species is the archetype of the Lamiaceae
family. But China and Kazakhstan, as well as parts of Afghanistan, Anatolia, Armenia, Caucasia, Iraqg,
Pakistan, Syria, Turkey, Turkmenistan, and West Siberia, are where they are most concentrated.
Annuals, perennials, herbaceous plants, and sub-shrubs are all included in Ziziphora. For the treatment
of colds, bronchitis, coughs, headaches, diarrhea, nausea, typhus, and even cardiovascular diseases,
several of the identified species of the genus Ziziphora, especially Z. clinopodioides and Z. tenuior, were
often given in traditional medicine throughout numerous nations. Some of these species are known to
be aphrodisiacs and flavorings in addition to having potent analgesic, tranquilizing, and anti-
inflammatory effects [170]. In the past, many plants from the genera Calamintha, Lavandula, Mentha,
Melissa, Origanum, Rosmarinus, Salvia, Teucrium, and Thymus have been used to treat gastrointestinal
issues, respiratory illnesses, and abnormalities of the neurological system in Croatia and its neighboring
countries [171]. Traditionally, Mentha species have been utilized in food preparation as fragrant and
flavoring ingredients. The aromatic leaves are prized as a great appetizer because of their superb fresh,
sweet, toasty flavor and cool, refreshing aftertaste. Commonly utilized as flavorings in culinary items
including ice creams, syrups, mint sauces, and beverages include species like M. piperita and M.
arvensis. The two most popular mints, spearmint (M. spicata) and peppermint (M. piperita), are
frequently used to make tea. Chewing gums, toothpaste, mint pills, and breath fresheners are frequently
linked to menthol and Mentha essential oil [131]. The Lamiaceae family's medicinal plant M. spicata,
also known as Mentha viridis, is distinguished by its ability to produce and secrete secondary
metabolites, which are basically essential oils. The aerial portions of this plant are used by several people
to make tea [172]. In a separate culture, spearmint is utilized in a wide range of traditional medicines.
Since ancient times, traditional Iranian medicine has utilized spearmint to treat a variety of ailments,
including flatulence, colds, influenza, sinusitis, headaches, indigestion, intestinal weakness, stomach
discomfort, and diarrhea. The leaves of M. spicata are suggested by traditional Iranian medical
practitioners as a treatment for flatulence and digestive issues [173]. Asthma, fever, colds, coughs,
obesity, and digestive issues have all been treated using spearmint essential oil in traditional Arabic and
Palestinian medicine [174]. The Lamiaceae family includes some of the most popular culinary herbs,
including oregano, mint, thyme, and basil. Since ancient times, people have utilized these herbs for their
nutritional qualities, as well as to enhance the qualities of food and as natural preservatives [152].
Agueous and various solvent extracts of Gmelina arborea have been shown to have strong
hypoglycemic potential in in vivo experimental animal model studies. Only in Wistar rats has the
antidiabetic activity been investigated by many writers. Ethanol, methanol, and water were the
extraction solvents employed. Additionally, several plant components were utilized. Bark samples were
employed in two experiments, while roots and fruits were used in others. This implies that the majority
of its components have anti-diabetic qualities. However, the dose differed depending on the portion
employed. The lowest dosage was 300 mg/kg bw (fruits), while the maximum was 1 g/kg bw (bark).
Either an intraperitoneal or oral route was used for delivery. The typical medication for diabetes that
was most frequently used was glibenclamide. While just one author examined the activity in rats given
alloxan for varying periods of time (ranging from 7 to 30 days), the majority of studies examined the
antidiabetic action caused by streptozotocin. According to the findings, the bark's aqueous extract
outperformed the standard, indicating that the active ingredients are soluble in water [117]. As for in
vivo research, it was determined that male rats treated with phenolic compounds (200 mg/kg bw)
isolated from the leaves of the M. spicata plant and given an intraperitoneal injection of alloxan (125
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mg/kg bw) developed diabetes as a result of this activity. Blood glucose, triglyceride, cholesterol,
plasma LDL, and VLDL levels all decreased throughout the course of the 14-day daily therapy, whereas
plasma HDL levels significantly increased. Mentha spicata's promise in managing diabetes and its
consequences was validated by this study [172]. In addition to being used as a food preservative, thyme
is a crucial herb for adding flavor and spices to meals. Because of its anti-inflammatory, digestive,
expectorant, carminative, and antispasmodic qualities, thyme essential oil has been used extensively in
traditional medicine since ancient times [175]. Having notable therapeutic benefits reported for
rheumatic arthralgia, severe injury, traumatic hemorrhage, and diabetes brought on by hemostatic
imbalances, Lamiophlomis rotata (Lamiaceae) has been utilized in traditional Tibetan medicine for over
a millennium. According to traditional Tibetan medicine, L. rotata increases blood circulation, reduces
pain and swelling, and breaks blood stasis to achieve its therapeutic effects. L. rotata was used for
marrow replacement and to make yellow water after treating edema, which is when its use in China was
first documented [176]. The tiny, nutrient-rich seeds of S. hispanica plants are well-known for their
many health advantages and have become a superfood. The most well-known component of the plant is
chia seed oil, which is frequently eaten for its nutritional benefits [177]. Particularly in the
Mediterranean diet, rosemary is frequently used as a culinary spice to improve the flavor of a variety of
foods. Due to its abundance of bioactive chemicals, which are thought to provide exceptional
phytopharmaceutical qualities and enhance the physiological functioning of the human body, it is one
of the most fascinating plants. Fresh or dried leaves, as well as the entire aerial sections of the plant, are
used to make rosemary extracts or rosemary essential oils. Bioactive substances are usually tested in
two different categories: volatile and non-volatile. Camphor, linalool, borneol, and humulene are among
the sesquiterpenes and ketone monoterpenes that make up the volatile fraction's essential oils.
Conversely, the non-volatile fraction contains fewer hydrophobic substances that are important
components of rosemary extracts, including terpenes and phenolic acids, flavonoids, mostly organic
acids, diterpenoids, and triterpenoids [178]. Herbal remedies employ a variety of chemicals in their
therapeutic actions, and these intricate processes may help to increase their effectiveness while lowering
the possibility of negative side effects. Furthermore, distinct medicinal qualities can be produced by the
distinct components of each species, as well as by the techniques of preparation and administration. In
aromatherapy, for instance, R. officinalis and M. officinalis are utilized differently, and their volatile
ingredient profiles differ significantly for sleeplessness and memory loss, respectively [180].

7. Toxicology

Multitude therapeutic and helpful components were found in Lamiaceae species used in various
pharmacological and clinical research studies. This provides an excellent chance for the development of
new medications that lower cholesterol, reduce pain, lower blood sugar, treat diabetes, treat depression,
reduce inflammation, and protect the heart. The need to conduct more comprehensive and varied clinical
research for the use of Lamiaceae species in the treatment of various illnesses is essential because of the
genus's capacity to alleviate the symptoms and degenerative consequences of humerous disorders.

Additionally, it is necessary to draw attention to and focus on some aspects of the significant
safety and toxicity concerns that result from using extracts or products derived from Lamiaceae species.
Before using any herbal medication, its quality and safety must be evaluated because assurance is a
major concern associated with its use.

The effectiveness of a plant or natural component alone does not, in pharmacology, support its
medicinal use. Indeed, at least in large dosages and for extended periods of time, every bioactive material
is expected to have harmful consequences on human health. The plant is harmless, according to certain
research that looked at the toxicological analysis of M. spicata extracts. However, not any clinical
investigations were carried out, and given the plant's good safety profile from the toxicological analysis,
it is imperative that these trials be carried out to encourage its usage [172]. The cytotoxic effects of
Otestegia fruticosa leaf methanol extract was examined utilizing both in vitro and in animal models.
Using MCF-7 breast cancer cells in vitro, the methanol extract showed moderate efficacy (ICso = 51+9.8
pg/mL) [181].
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6. Conclusion

The antiviral, antiglaucoma, anti-Alzheimer, antimicrobial, antioxidant, and anticancer
properties of plant-based bioactive natural compounds are still being researched. Minerals, vitamins,
flavonoids, phenolic acids, fiber, natural antioxidants, and saponins are all abundant in plant-based
goods. Variants, origins, climate, location, cultivating circumstances, harvesting periods, storage,
extraction procedures, and determination techniques all contribute to the high variances in chemical
profile and functional qualities that remain problematic problems. Thus, it is imperative that the
important traditional knowledge of ethnomedicinal plants be reviewed, documented, and verified for the
benefit of humankind. This research promises to provide valuable insights for the development of new
medications and medicines and may serve as a pilot that records the sustainable use of commonly used
biological resources by understanding traditional knowledge systems.

Mentha, Thymus, Origanum, Salvia, Rosmarinus, Lavandula, Ocimum, and Melissa are among
the Lamiaceae members whose efficacy we have discussed. The bioactive chemicals found in species
of R. officinalis, L. angustifolia, and S. officinalis in particular make these medicinal plants excellent
choices for a variety of therapeutic applications. These herbs have large concentrations of potentially
beneficial components, and research shows that they can help with glaucoma, diabetes, cognitive
decline, and a number of common illnesses.

Therefore, various analytical techniques such HPLC, GC-FID, GC-MS, UH-HPLC-HRMS, and
LC-MS should be used to investigate the chemical components in these plant sections. The
pharmaceutical properties of botanical extracts and oils from the Lamiaceae family have many
biological effects, including analgesic, wound healing, cardioprotective, anticancer, antidiabetic,
antibacterial,  antifungal,  antitumor,  antihemolytic,  antihypertensive,  antileishmanial,
immunomodulatory, and enzyme inhibitory activities. New medicinal preparations should be developed
through additional studies, such as the extraction of phytochemical ingredients and clinical
investigations, as the initial assessment of extracts and their pharmacological properties can lead to the
discovery of new drug candidates.
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