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ABSTRACT

Respiratory disorders, ranging from acute viral infections such as influenza and bronchitis to chronic inflammatory conditions
including chronic obstructive pulmonary disease, asthma, emphysema, and pneumonia, represent a major global health burden,
affecting millions annually. Traditional Anatolian folk medicine has long relied on plant-based remedies to manage these
conditions, offering a valuable reservoir of therapeutic knowledge. Ethnobotanical data on Anatolian medicinal plants are
integrated to evaluate their therapeutic relevance through a mechanistic perspective. A meta-analysis of 187 ethnobotanical studies
published since 1991 was conducted, with 110 meeting strict inclusion criteria. The dataset includes 508 plant taxa, with prominent
families such as Rosaceae, Lamiaceae, Asteraceae, and Malvaceae. Key species include Cydonia oblonga, Glycyrrhiza glabra,
Juniperus oxycedrus, Matricaria chamomilla, Pinus spp., Plantago spp., Rubus spp., Sambucus nigra, and Urtica dioica. A clear
divergence in treatment strategies is evident. Essential oil- and anthocyanin-rich taxa are associated with acute conditions via
antimicrobial activity and yd T-cell modulation. In contrast, mucilage- and iridoid-rich species are linked to chronic conditions,
where mucosal protection and regulation of NF-xB and COX-2 pathways represent central mechanisms. A coherent framework for
evidence-based respiratory therapeutics emerges from ethnobotanical evidence integrated with mechanistic insights and updated
toxicological evaluation. This review defines the mechanistic and ethnopharmacological landscape of plant-based interventions
targeting respiratory disorders.

1 | Introduction nent in regions where extraordinary biodiversity converges with
deep-rooted traditional knowledge [2].

Respiratory diseases exert a significant impact on the airways

and lungs, representing a major global health burden. These
conditions span a spectrum of ailments ranging from self-limiting
infections, such as the common cold and flu, to severe chronic
pathologies like asthma, pneumonia, and other acute respiratory
syndromes. As infectious and inflammatory respiratory condi-
tions rank among the leading causes of illness and mortality
worldwide [1], there is an escalating interest in alternative and
complementary therapies. This interest is particularly promi-

Anatolia, the centerpiece of the Turkish landscape, is recognized
for its extensive plant life, distinctive landscapes, and diverse
climates. The region possesses a rich history marked by various
civilizations that have utilized medicinal plants for healing
purposes [3, 4]. Tiirkiye, being the most extensive country in
area, is home to approximately 12 000 plant species, with 3649
classified as endemic [5]. The biodiversity of Anatolia encom-
passes three notable hotspots: the Mediterranean, Caucasian, and
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FIGURE 1 | The types of respiratory disorders.

Iran-Anatolian regions. These hotspots contribute significantly
to a comprehensive tradition of medicinal practices [3, 6]. His-
torically, the inhabitants of Anatolia relied on plants for both
nutritional and medicinal needs [7]. The geographical position of
Anatolia, bridging Europe and Asia, has facilitated the exchange
of medicinal knowledge among diverse cultures [8].

Among the earliest significant contributions to pharmaceutical
botany from Anatolia is the work of Pedanius Dioscorides, partic-
ularly his text De Materia Medica. This text has served as a crucial
reference for the use of medicinal plants from ancient times
through the Middle Ages and the Renaissance [9]. The historical
context provided by Dioscorides, along with the rich biodiversity
of the region, has fostered a robust system of traditional medicine
that frequently employs medicinal plants to address respiratory
issues [10, 11]. The unique biodiversity, combined with the
traditional wisdom in Anatolia, presents invaluable resources
for Tiirkiye and surrounding nations that share similar cultural
and botanical characteristics [12]. Critically, the exploration of
these plants’ phytochemical profiles has the potential to lead to
the discovery of novel treatments for respiratory diseases [13].
Bridging traditional practices with contemporary scientific vali-
dation requires a clear categorization of respiratory syndromes,
as summarized in Figure 1, which illustrates the prevalence and
interrelationships of various respiratory disorders.

The objective of this review is to critically document and catego-
rize the medicinal plants traditionally utilized in Anatolian folk
medicine for respiratory diseases, encompassing conditions such
as asthma, colds, flu, pneumonia, tuberculosis, and other respira-
tory ailments. By compiling ethnobotanical records and analyzing
relevant scientific literature, this review seeks to emphasize
plants with potential therapeutic benefits [3, 14]. In addition,
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this review promotes further research into the effectiveness and
safety of these plants, contributing to an essential resource for
incorporating traditional healing practices into modern health-
care strategies. Ultimately, this work highlights the imperative of
preserving and utilizing the natural wealth of Anatolia for the
effective management of respiratory health.

2 | Methodology for Literature Search

A systematic approach was employed to gather information on
medicinal plants used in Anatolian folk medicine for respiratory
diseases. Data were collected from multiple scientific databases,
including Google Scholar, Science Direct, and Scopus. Specific
search keywords such as “Ethnobotany,” “Tiirkiye,” “Anatolia,”
“Traditional medicine,” “Folk medicine,” and “Medicinal plants”
were utilized to identify relevant studies [15]. A total of 187 articles
were initially assessed for eligibility. Of these, 12 articles were
excluded because they were not related to folk medicinal use.
The remaining 175 articles were further evaluated according to
the predefined inclusion criteria, specifically the availability of
information on plant parts used, administration, and therapeutic
effects. Among these, 110 articles met the inclusion criteria and
were included in the final analysis. The remaining 65 studies were
excluded because they did not report information on at least one
of these criteria or, although all parameters were present, the data
provided in the tables could not be clearly tracked or reliably
cross-referenced.

Ethnobotanical and folk medicinal studies were systematically
searched using specific keywords related to respiratory symp-
toms. The search strategy included terms such as “asthma,”
“cold,” “cough,” “fever,” “flu,” “shortness of breath,” “pneumo-
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FIGURE 2 | The number of species per family related to medicinal
plants for treating respiratory diseases.

nia,” and “tuberculosis” to identify plants commonly used for
the treatment of respiratory conditions [15, 16]. Plant species
identified through these keywords were compiled into a struc-
tured table according to plant parts used, mode of administration,
therapeutic effects, and regions of use. The citation frequency of
plant species in ethnobotanical studies was assessed to identify
those most relevant to respiratory diseases.

Taxonomic classifications have been confirmed using authori-
tative references, including the Flora of Tiirkiye and the East
Aegean Islands and World Flora Online website, ensuring accu-
racy [3, 5, 17]. The terminology for plant parts and therapeutic
effects was standardized for coherence throughout the literature.
This methodological framework allows for a transparent and
structured analysis of available literature, thereby enhancing the
understanding of ethnobotanical practices related to respiratory
health in Tiirkiye. Additionally, it also provides a reproducible
foundation for evaluating traditional knowledge within a scien-
tific context.

3 | Literature Search Results

A total of 187 ethnobotanical research papers published since 1991
were identified through the literature search. The selected studies
resulted in a rich dataset comprising 770 records corresponding
to 508 plant species across 236 genera and 77 families. The
data summarizing the number of species per family related to
medicinal plants for the treatment of respiratory diseases are
illustrated in Figure 2. Notably, a significant proportion (78%)
of these species originated from the Asteraceae, Lamiaceae,
Malvaceae, and Rosaceae families. This distribution highlights
the critical role of these families in traditional medicinal practices
to treat respiratory ailments in Anatolia. The data were further
categorized to extract species with notable citation frequencies.

A comprehensive list of species with over 10 citations has been
compiled and summarized in Table 1 Appendix. Emphasizing
high-frequency species provides insights into which plants hold
the most value in traditional practices for respiratory health.
Additionally, geographical representation was considered, with

Barks, 2%

Chart Area '
Leaves & flowers, 2% /*Whole Plants, 1%

,-Young Shoots, 1%
[/ ___Others, 1%

Cones, 2% __ N\

Root, 6% ~ <\

Seeds, 6% P>
ﬁ\\

Fruits, 10%

FIGURE 3 | Frequency of different plant parts used for the treatment
of respiratory diseases.

nearly all provinces in Tiirkiye represented across the selected
studies. A map illustrating the districts of folk medicine practices
throughout Tiirkiye [8].

This review emphasizes the wealth of ethnobotanical knowledge
within Anatolia, showcasing the integration of local flora and the
different plant parts used for the treatment of respiratory diseases,
which is summarized in Figure 3. The findings emphasize the
significance of these traditional practices and the necessity for
further research to explore the pharmacological properties and
therapeutic benefits of these widely used plant species.

4 | A-ZPlants Used for Respiratory Diseases in
Anatolia

The following section provides an alphabetical list of plants,
categorized by plant families, to facilitate access to the extensive
data compiled in this review. These plants have been used
in Anatolian folk medicine for treating respiratory diseases.
This arrangement allows for easy identification of specific plant
species and associated details, including scientific name, family,
and reported uses.

4.1 | Asteraceae

The Asteraceae family, also known as the aster family, is the
largest family of flowering plants. In Tiirkiye, it encompasses
140 genera [3]. Members of this family are renowned for their
various medicinal properties, largely attributed to common com-
pounds such as polyphenols, flavonoids, and diterpenoids [18].
Notably, sesquiterpene lactones are key compounds within this
family, exhibiting anti-inflammatory, antibacterial, antifungal,
and cytotoxic activities [19].

Among the Asteraceae family, essential oils of certain genera,
including Artemisia, Tanacetum, and, to a lesser extent, Anthemis
species, have been reported to contain thujone, a monoterpene
ketone associated with its central nervous system toxicity. Thu-
jone exerts its effects primarily through antagonism of GABA-A
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TABLE 1 | The list of species used for respiratory disease in Anatolia with 10 or more citations.
Family Plant names Turkish name Monography Number of citations
Rosaceae Rosa canina L. Kusburnu European Pharmacopoeia, [64]
Commission E
Monographs
Rosaceae Cydonia oblonga Miller Ayva — [44]
Urticaceae Urtica dioica L. Isirgan European Pharmacopoeia, [29]
WHO Monographs,
Commission E
Monographs, ESCOP
Monographs
Lamiaceae Mentha longifolia (L.) Hudson Piink — [26]
Cupressaceae Juniperus oxycedrus L. Katranardici — [22]
Santalaceae Viscum album L. Okseotu Commission E [22]
Monographs
Malvaceae Malva sylvestris L. Ebegilimeci European Pharmacopoeia, [19]
Commission E
Monographs, ESCOP
Monographs
Plantaginaceae Plantago major L. Sinirotu — [19]
Malvaceae Tilia tomentosa Moench (syn: Gilimiisi Thlamur — [17]
Tilia argentea Desf. ex DC.)
Asteraceae Tussilago farfara L. Oksiiriikotu Commission E [17]
Monographs
Plantaginaceae Plantago lanceolata L. Damarlica European Pharmacopoeia, [16]
Commission E
Monographs, ESCOP
Monographs
Asteraceae Matricaria chamomilla L. Alman European Pharmacopoeia, [15]
Papatyasi WHO Monographs,
Commission E
Monographs, ESCOP
Monographs
Juglandaceae Juglans regia L. Ceviz Commission E [14]
Monographs
Lamiaceae Teucrium polium L. Aciyavsan — [14]
Pinaceae Pinus sylvestris L. Saricam European Pharmacopoeia [14]
Rosaceae Rubus sanctus Schreber Bogtirtlen — [14]
Pinaceae Pinus nigra J. F. Arnold Karacam — [14]
Asteraceae Cota tinctoria (L.) J.Gay Boyaci Papatyast — [13]
(Anthemis tinctoria L.)
Lamiaceae Mentha x piperita L. Nane European Pharmacopoeia, [13]
WHO Monographs,
Commission E
Monographs, ESCOP
Monographs
Caprifoliaceae Sambucus nigra L. Agac Miirver European Pharmacopoeia, [12]
WHO Monographs,
Commission E
Monographs, ESCOP
Monographs
(Continues)
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TABLE 1 | (Continued)

Family Plant names Turkish name Monography Number of citations
Fabaceae Glycyrrhiza glabra L. Meyan European Pharmacopoeia, [12]
WHO Monographs,
Commission E
Monographs
Lamiaceae Mentha spicata L. Esek Nanesi — [12]
Pinaceae Pinus brutia Ten. Kizilgam — [12]
Hypericaceae Hypericum perforatum L. Kantaron European Pharmacopoeia, [11]
WHO Monographs,
Commission E
Monographs, ESCOP
Monographs
Lamiaceae Origanum vulgare L. Karakinik European Pharmacopoeia, [11]
Commission E
Monographs
Malvaceae Tilia platyphyllos Scop. (Syn: Kafkas Thlamuru — [11]
Tilia rubra DC.)
Asteraceae Bellis perennis L. Koyungozii — [10]
Lamiaceae Melissa officinalis L. Ogulotu European Pharmacopoeia, [10]
WHO Monographs,
Commission E
Monographs, ESCOP
Monographs
Lamiaceae Salvia rosmarinus Spenn.(syn: Biberiye European Pharmacopoeia, [10]
Rosmarinus officinalis L.) WHO Monographs,
Commission E
Monographs
Lamiaceae Thymus longicaulis C.Presl Dag Kekigi — [10]
Lamiaceae Thymus sipyleus Boiss. Sipil Kekigi — [10]
Malvaceae Alcea pallida (Willd.) Walds. Hatmi Cicegi — [10]
&Kit.

receptors, leading to a reduction in inhibitory neurotransmission.
Wide variability in thujone levels across species and geographic
origins forms the basis for the EMA/HMPC emphasis on rigorous
monitoring of dosage and chemotypes in herbal preparations to
mitigate neurotoxic risks [20].

4.1.1 | Anthemis (Chamomile)

The genus Anthemis is primarily recognized for its content of
sesquiterpene lactones, flavonoids, and phenolic acids [21, 22].
However, pharmacological data on A. nobilis are limited and
mainly focus on the antibacterial and antioxidant effects of
its essential oil [23]. Various plant extracts, tinctures, salves,
and teas derived from aerial and root parts are utilized in
Europe for their antibacterial as well as for treating inflammation
[22].

No health hazards or side effects are known in conjunction with
the proper administration of chamomile flower preparations at
specified therapeutic dosages. The herbal substance possesses a
small potential for sensitization and use in individuals with a

known hypersensitivity to the active substance and to other plants
of the Asteraceae family is contraindicated [24].

4.1.2 | Artemisia (Wormwood)

The genus Artemisia in Tiirkiye includes A. absinthium L. and
22 other species [3], predominantly found in eastern and central
Anatolia. Wormwood has a lengthy history as an antimalarial
agent [25]. Important bioactive constituents in this genus include
mainly caffeoylquinic acids, rutin, 3-feruloylquinic acid, and
other phenolics, tannins, and essential oil components such as
B-pinene and thujone derivatives. These phytochemicals serve as
the molecular foundation for the plant’s antipyretic, antibacterial,
and anti-inflammatory activities [26-28].

The essential oil of A. absinthium exhibits activity against both
sensitive and resistant strains of Staphylococcus aureus, Klebsiella
pneumoniae, and Pseudomonas aeruginosa [29]. Ethanol extracts
obtained from the flowers and leaves of Artemisia absinthium
and A. annua, which are rich in polyphenolic compounds, have
been shown to exert significant anti-inflammatory activity by
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modulating the canonical NLRP3 inflammasome pathway. This
modulation suppresses caspase-1 activation and Gasdermin D
(GSDMD) pore formation, thereby reducing the release of key
pro-inflammatory cytokines, including IL-18 and IL-18, which
play critical roles in severe respiratory inflammation. In addi-
tion, these extracts decrease the levels of NF-xB p65, a central
transcription factor involved in inflammatory signaling, thereby
interrupting the amplification cycle of inflammatory mediator
production [28, 30].

4.1.3 | Bellis (Common Daisy)

Bellis perennis is native to Europe and western Asia, with intro-
ductions to North and South America [31]. This species is rich
in anthocyanins, saponins, triterpenes, and polyphenols, includ-
ing flavonoids such as quercetin, apigenin, and kaempferol, as
well as tannins [31-33]. B. perennis demonstrates antimicrobial,
antioxidant, and anti-inflammatory activities [34]. In traditional
and folk medicine, it is utilized to treat headaches, common cold,
and upper respiratory tract infections [10, 34, 35].

The extracts exhibit a broad-spectrum antibacterial action, show-
ing particularly high efficacy against Gram-positive bacteria
(such as Staphylococcus aureus, Staphylococcus epidermidis, and
Streptococcus pyogenes) and specific Gram-negative bacteria (like
Enterobacter cloacae). The powerful anti-inflammatory action of
the plant is mediated by its ability to severely inhibit the cellular
production of nitric oxide (NO). While normal levels of NO are
vital, high rates are heavily implicated in the pathophysiology of
inflammation-based diseases. Phytochemicals in the plant extract
drastically prevent LPS-induced NO secretion in macrophages,
thereby halting the progression of the inflammatory response
[35]. Abacterial mechanism relies on disrupting bacterial home-
ostasis; this is especially effective against Gram-positive bacteria
because their cell wall consists of only a single layer, making
them highly sensitive to the inhibitory penetration of phenolic
compounds [34, 35].

4.1.4 | Matricaria (Chamomile)

The genus Matricaria, belonging to the Anthemideae tribe, com-
prises six species. Matricaria chamomilla var. chamomilla and
M. chamomilla var. recutita (German chamomile) are extensively
distributed in Tiirkiye, while M. aurea and M. matricarioides
have limited distributions [3]. More than 120 constituents have
been identified in the flowers, with essential oils containing
flavonoids, coumarins, mucilages, mono- and oligosaccharides,
and terpenoids such as a-bisabolol, farnesene, chamazulene,
and spathulenol [35, 36]. Major phenolic compounds identi-
fied include coumarins, phenylpropanoids, apigenin, luteolin,
glucosides, quercetin, and rutin [37].

The essential oil of Matricaria exhibits antimicrobial activity
against S. aureus and Candida species, traditionally utilized for
treating acute otitis externa [38]. Evidence from in vivo studies
using extracts of M. chamomilla indicates anti-inflammatory
effects with reductions in inflammation and white blood cell infil-
tration [39]. The intragastric route for delivering M. chamomilla

polysaccharides has been shown to normalize immune responses
to air cooling and enhance them during immersion cooling.
This immune-modulating activity is attributed to the stimulating
effects of these polysaccharides on immune-regulating cells,
which increase sensitivity in effector cells and signaling pathways
[40].

4.2 | Cupressaceae

The Cupressaceae family is characterized by resinous, monoe-
cious, or dioecious trees and shrubs, and this family belongs to
Pinophyta, commonly known as conifers, which represents an
ancient group of land plants characterized by their perennial,
evergreen, cone-bearing, woody structures. These plants domi-
nate expansive regions, particularly in the Northern Hemisphere,
and constitute the largest and most economically significant
component group of gymnosperms [41].

All conifer members have evolved specialized anatomical
structures that facilitate the production and sequestration of
hydrophobic oleoresins (resin) in substantial quantities. This
adaptation renders them rich sources of terpenoids and essen-
tial oils [42]. Pharmacological research has demonstrated that
these essential oils possess a wide range of biological activities,
including antimicrobial, anti-inflammatory, antifungal, antiviral,
antioxidant, and anticancer properties [43-45].

In Anatolia, Juniperus (27 citations) and Cupressus (6 citations)
are the main genera used for treating coughs, colds, asthma, and
bronchitis. The genus Juniperus is represented by eight species
in Ttrkiye [3, 5], including J. communis L., J. drupacea Lab., J.
excelsa M. Bieb., J. foetidissima Willd., and J. oxycedrus L. The
local populations utilize these species for various respiratory
conditions. Different parts of the Juniperus plants, including their
aerial parts, bark, branches, cones, and berries, are employed,
along with essential oils extracted from the berries either by
water or steam distillation. The wood tar obtained through dry
distillation is used to treat a range of ailments, including asthma,
respiratory disorders, coughs, colds, and fevers [46-49].

4.2.1 | Juniperus (Juniper)

Juniperus oxycedrus is the most frequently employed species
within the family, with its berries, wood, and volatile oils used
to treat respiratory diseases such as bronchitis, coughs, colds,
flu, shortness of breath, asthma, tuberculosis, and pneumonia.
Many therapeutic activities attributed to this plant are due to
its antibacterial properties, particularly those derived from its
essential oils. The literature indicates that the essential oil of J.
excelsa, especially containing a-pinene as an active compound,
has displayed antifungal and antimicrobial activities against
various tested strains, including Haemophilus influenzae [50, 51].

Volatile constituent compounds include lignans, coumarins,
sesquiterpenes, abietane, labdane, pimarane-type diterpenes,
flavonoids, and tannins, in addition to phenylpropanoids [52, 53].
These members are traditionally employed in folk medicine in
numerous countries, primarily due to their anti-inflammatory
and analgesic properties [49]. Research conducted by Orhan et al.
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(2012) on four Turkish Juniperus species found that extracts
of J. oxycedrus and J. foetidissima berries exhibited significant
anti-inflammatory activity, while the n-butanol sub-extract of J.
oxycedrus demonstrated promising antinociceptive activity [47].
These findings point toward the value of resins and essen-
tial oils extracted from Juniperus species for further medicinal
exploration.

4.3 | Fabaceae

Glycyrrhiza glabra (Liquorice) is an important species worldwide,
extensively used in pharmaceuticals and foods, especially as a
sweetener and flavor enhancer [54, 55]. In Anatolia, its root
is traditionally employed to treat various respiratory infections,
including bronchitis, common colds, coughs, and asthma, pri-
marily acting as an effective expectorant. Different species of
this genus are also popular in the Far East, traditional Chinese
medicine (TCM), and India [54, 56].

G. glabra possesses powerful antioxidant [56], and antimicrobial
activity, along with notable anti-inflammatory effects in the upper
respiratory tract. The pharmacological activities of G. glabra are
attributed to its saponins, alkaloids, and phenolic content, which
includes glycyrrhizin, 183-glycyrrhetinic acid, glabridin A and
B, and isoflavones [57-59]. The therapeutic effects of this plant
in respiratory diseases are mainly associated with glycyrrhizin,
which helps expel congestion in the upper respiratory tract and
accelerates tracheal mucus secretion [60].

Liquorice is beneficial for sore throats by stimulating gastric
mucus secretion, akin to carbenoxolone, a derivative of gly-
cyrrhetinic acid with a steroid-like structure [59, 60]. G. glabra
also exhibits significant antiviral activity against pathogens
such as Haemophilus influenzae, vesicular stomatitis virus, and
influenza A [57]. Mechanistically, glycyrrhizin interacts with
host cell membranes to diminish endocytic activity and viral
penetration. In addition, glycyrrhizin also modulates the inflam-
matory response by preventing the degradation of IxB, thereby
activating T-lymphocyte proliferation and suppressing host cell
apoptosis [57]. These antiviral, expectorant, immunomodulatory,
and anti-inflammatory properties of G. glabra support its role as
a promising candidate for integrated respiratory diseases.

4.4 | Hypericaceae

Hypericum perforatum (common name: St. John’s Wort) belongs
to the Hypericaceae family and is recognized as one of the oldest
medicinal plants used for wound healing. It ranks among the
most consumed medicinal plants worldwide [61]. Research has
documented its efficacy for bronchial asthma, and historical
accounts spotlight its applications among indigenous people in
America for treating fever, cough, and various ailments [62]. This
genus encompasses a broad spectrum of biochemicals, including
flavonoids, such as hyperoside, quercitrin, isoquercitrin, rutin,
quercetin, kaempferol, luteolin, and myricetin. The aerial parts
of the plant, including flowers and buds, also contain biflavones,
phloroglucinols like hyperforin and adhyperforin, procyanidins,
tannins, coumarins, amino acids, and phenylpropanes [63].

While the antidepressant effects of Hypericum have received
substantial attention [64], the herb also demonstrates various
biological activities, including wound healing, anti-inflammatory
effects, antifungal properties, antimycobacterial effects, and
antiviral activities [65-67]. Hypericum perforatum extracts are
more effective against Gram-positive bacteria than Gram-
negative strains, with alcoholic extracts demonstrating superior
efficacy in comparison to aqueous extracts [67, 68]. Hypericin
exhibits antibacterial, antiviral, and anti-inflammatory activi-
ties [68]. Moreover, hyperforin has been reported to exert an
inhibitory effect against excessive inflammation.

4.5 | Lamiaceae

The Lamiaceae family is a globally distributed group of profound
medicinal and economic importance (Table 1). Tiirkiye is home to
782 members of the Lamiaceae family, and 346 of these species are
unique to the area [69]. These aromatic plants are characterized
by complex secondary metabolites, primarily terpenoids stored in
essential oils, which underpin their extensive use in traditional
medicine for conditions ranging from general exhaustion to
chronic respiratory ailments like asthma [70-72]. Phytochemical
analyses have identified flavonoids, terpenoids, essential oils, and
fatty acids as the major constituents of Lamiaceae, with thymol
and carvacrol being particularly noteworthy for their health ben-
efits [73]. Monoterpenoid-rich essential oils from aromatic plants,
particularly in the Lamiaceae family, exhibit strong antibiofilm
activity by inhibiting bacterial adhesion and early-stage biofilm
formation in both Gram-positive and Gram-negative bacteria [74].

Several members of the Lamiaceae family, such as those in the
genus Salvia, have demonstrated antiviral properties through
both in vitro and in vivo studies. Compounds like carnosol,
caffeic acid, prunellin, salvianolic acids, and various polypheno-
lics exhibit antiviral activity against a range of enveloped and
unenveloped viruses, including HIV, and respiratory syncytial
virus (RSV) [75, 76].

Lamiaceae members such as Salvia and Mentha species exhibit
marked chemical variability in their essential oils. Some chemo-
types of Salvia contain thujone. Regulatory evaluations have
highlighted uncertainties in the safety of thujone-containing
herbal products, particularly for vulnerable groups such as chil-
dren and pregnant women, leading to a precautionary approach
toward their use. Similarly, Mentha essential oil, although widely
regarded as safe at therapeutic doses, has been associated with
respiratory depression in young children and rare cases of
systemic toxicity following excessive exposure. These findings
underscore the importance of dose regulation and population-
specific risk assessment for both Salvia- and Mentha-derived
preparations [77-81].

4.5.1 | Mentha (Wild Mint)

As the third most cited genus for respiratory disorders in Anatolia
(receiving 52 citations), Mentha (represented by 10 species in
Tiirkiye) is a cornerstone of folk medicine (Table 1). Various parts
of the plant are utilized for their antimicrobial effects while also
addressing headaches [5, 82].
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Mentha species exert their biological and therapeutic effects
mainly through essential oils, which are complex mixtures of
volatile compounds, predominantly terpenoids, synthesized and
stored in glandular trichomes [83]. Mentha essential oils’ chemi-
cal composition varies among species and chemotypes, and major
essential oils include menthol, menthone, cineole, limonene,
carvone, pulegone, linalool, piperitone, and piperitenone oxide
[84]. M. piperita is rich in menthol and menthone, M. spi-
cata is dominated by carvone and limonene, and M. pulegium
contains high pulegone levels, raising hepatotoxicity concerns
[85-87]. Geographic origin and genetic diversity further influence
chemotype formation and biological efficacy. Although their
multi-target actions highlight their promise as complementary
therapeutics, chemical variability remains a major limitation,
underscoring the need for standardized preparations with defined
profiles [88].

Mentha essential oils exhibit strong antioxidant, anti-
inflammatory, antimicrobial, and analgesic activities [84].
Their antioxidant and anti-inflammatory effects contribute to
the mitigation of oxidative stress and chronic inflammation by
scavenging free radicals and modulating inflammatory pathways
[87], partly through cyclooxygenase inhibition and suppression
of pro-inflammatory mediators [86]. The antimicrobial activity
is mainly attributed to monoterpenes disrupting microbial
membranes and essential cellular functions [89], and Mentha
extracts inhibit pathogens, including Pseudomonas aeruginosa,
Shigella flexneri, Klebsiella pneumoniae, and Staphylococcus
aureus [84].

Mentha extracts also show respiratory benefits by improving
surfactant activity, stimulating respiratory muscle strength, and
increasing end-tidal oxygen levels [84, 90]. They have demon-
strated potential in respiratory infections and asthma models,
alleviating histamine- and ovalbumen-induced bronchial asthma
[91] and improving lung function after short-term nebulization
[92]. Moreover, their use has been associated with reduced
respiratory risks related to urban air pollution [93].

4.5.2 | Origanum (Oregano)

Origanum, with 27 species in Tiirkiye, is a genus of high
commercial and therapeutic value [5]. Certain species, such as O.
onites L. (bilyalikekik) and O. vulgare (karakinik), hold significant
commercial value and are widely utilized as spices [10]. The aerial
parts of O. vulgare and O. onites, particularly during their flower-
ing phase, are commonly employed in the mediterranean region
to alleviate acute symptoms of cough, cold, and flu. The essential
oils produced by these species predominantly contain carvacrol
and thymol [7, 94]. Traditionally, infusions derived from the aerial
parts of Origanum have been used for various medicinal purposes,
including antimicrobial, expectorant, analgesic, antitussive, and
sedative [95, 96].

The pharmacological potency of Origanum is largely attributed
to the synergistic action of carvacrol, thymol, and rosmarinic acid
[97]. Essential oils and extracts obtained from Origanum exhibit
a broad spectrum of biological activities, including antimicrobial,
antiviral, antioxidant, and anti-inflammatory effects [98-100].

Considerable chemotypic variability has been reported in O.
vulgare, with essential oils characterized by different dominant
constituents such as thymol, carvacrol, sabinene and its hydrates,
germacrene D, $-caryophyllene, and ocimenes, which contribute
to variations in biological activity.

These bioactive compounds primarily disrupt bacterial mem-
brane integrity, leading to increased permeability and leakage
of vital intracellular components. Beyond membrane disruption,
their multi-target profile includes inhibition of membrane-
associated ATPases, suppression of efflux pumps, and interfer-
ence with bacterial motility. Their ability to destroy existing
biofilms is especially important in treating persistent respiratory
infections. Furthermore, the ability of thymol and carvacrol
may act synergistically with conventional antibiotics, offering a
promising strategy to combat the escalating global challenge of
antimicrobial resistance [100, 101].

Beyond their antimicrobial potential, Origanum-derived products
display marked antioxidant and anti-inflammatory activities,
mediated in part by modulation of cytokine production and
inflammatory pathways [97]. In traditional and complementary
medicine, oregano essential oil and extracts are used for their
antiseptic and expectorant effects, in digestive disorders, as
mouth and throat rinses, and in inhalations for upper respiratory
tract inflammation [74].

4.53 | Teucrium (Germander)

The genus Teucrium comprises 34 species in Tiirkiye [5]. Among
them, Teucrium polium L. has been widely used in traditional
medicine for over 2000 years for the management of cough,
chronic bronchitis, common cold, and influenza. Its therapeutic
efficacy is primarily attributed to a diverse phytochemical profile,
including flavonoids (notably rhoifolin), terpenoids (thymol,
carvacrol, a-humulene), and -caryophyllene, which collectively
ameliorate airway hyperresponsiveness and obstructive symp-
toms [103-105].

Experimental models have demonstrated that T. polium extracts
attenuate pulmonary inflammation and prevent bronchial
epithelial remodeling, a key factor in chronic airway disease.
Mechanistically, the extract restores immune homeostasis
by increasing levels of IFN-y and IL-12A, while suppressing
Th2 cell differentiation and Thl7-mediated neutrophilic
inflammation [103, 104]. In addition, rhoifolin, a polyphenolic
compound isolated from T. polium, has been investigated for its
potential to mitigate cigarette smoke-induced pulmonary injury
[105].

Moreover, the flavonoid-rich fractions of T. polium exhibit
antiviral activity, notably inhibiting the infectivity of the
human influenza virus in in vitro investigations [103, 106].
However, despite these promising findings, the potential
for hepatotoxicity and nephrotoxicity with prolonged
use necessitates careful dose standardization and safety
evaluation [102]. Overall. T. polium may represent a promising
phytotherapeutic candidate for allergic and chronic respiratory
disorders.
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4.5.4 | Thymus (Thyme)

The genus Thymus, represented by approximately 40 taxa in
Tiirkiye, is a cornerstone of mediterranean ethnomedicine for
respiratory disorders [5, 10]. The aerial parts and leaves are
commonly prepared as infusions and decoctions and are exten-
sively utilized in traditional Turkish medicine. Its essential oil,
often rich in thymol, carvacrol, caryophyllene, and rosmarinic
acid, possesses antioxidant, antibacterial, anti-inflammatory, and
anti-biofilm properties [107]. While T. sipyleus inhalation is
traditionally favored for sinusitis, T. vulgaris is clinically recog-
nized for its mucolytic, antiseptic, anti-inflammatory, antitussive,
bronchodilatory, and antimicrobial effects [108-111].

Thymus essential oil exhibits pronounced chemical polymor-
phism; while many populations are dominated by thymol and
carvacrol along with their precursors p-cymene and y-terpinene,
other chemotypes may feature 1,8-cineole, a-terpineol, geranial,
neral, a-pinene, intermedeol, or [-caryophyllene [108, 109].
These oils exhibit strong antimicrobial activity against several
respiratory pathogens, including Staphylococcus aureus, Strepto-
coccus pyogenes, Moraxella catarrhalis, and methicillin-resistant
S. aureus, and effectively inhibit biofilm formation in opportunis-
tic pathogens such as P. aeruginosa and S. epidermidis [108].
Anti-inflammatory effects are also reported, primarily through
inhibition of the 5-LOX enzyme, which reduces production of
leukotrienes and prostaglandins [108, 109, 111].

Clinically, T. vulgaris-based inhalation therapy has been reported
to improve mucus clearance, oxygen saturation, and airway
pressure in mechanically ventilated patients [110]. Toxicological
data further indicate a favorable safety profile; for instance,
methanol extracts of T. longicaulis show no acute toxicity at doses
up to 2000 mg/kg and exhibit minimal cytotoxic and genotoxic
effects on healthy cells [111, 112].

4.6 | Malvaceae

The Malvaceae family is represented in Tiirkiye by 10 genera and
46 species, with many genera having a single species [3]. Among
these, five different genera, Alcea, Althaea, Hibiscus, Lavatera,
and Malva, are commonly utilized by Anatolian people for
treating respiratory diseases. The family Malvaceae, particularly
Malva sylvestris (common mallow) and Alcea rosea (hollyhock),
is rich in bioactive secondary metabolites. Members of the
order Malvales are characterized by abundant mucilage deposits
composed mainly of high-molecular-weight acidic polysaccha-
rides such as glucuronic acid, galacturonic acid, rhamnose, and
galactose. The family also exhibits a characteristic flavonoid
profile including malvin (malvidin-3,5-diglucoside), gossypin,
hypolaetin, apigenin, and quercetin [113].

4.6.1 | Malva (Mallow)

The leaves and flowers of Malva are widely employed for treating
an extensive array of conditions, including bronchitis, cough, sore
throat, throat infections and common colds, in Tiirkiye [114].
This genus contains mucilage, glucose, and pectin, which are
constituents responsible for its therapeutic effects, particularly

their anti-complementary, softening, and cough suppression
activities [115, 116].

Their mucilage forms a protective bio-adhesive layer on irritated
mucosal tissues, helping to soothe the respiratory tract and
reduce dry cough, while also exhibiting anti-complementary
and immunomodulatory effects [115, 116]. Experimental studies
have shown that their extracts can regulate immune responses
by influencing cytokines such as IL-4, IL-12, and IFN-y and
by inhibiting the COX pathway, thereby reducing inflammation
[117]. In addition, these species contain antioxidant compounds
such as ascorbic acid, a-tocopherol, and polyphenols, which act as
radical scavengers and inhibit lipid peroxidation. The terpenoid
malvone A further contributes to plant defense by exhibiting
antimicrobial activity against pathogens such as Verticillium
dahliae [115, 116].

4.6.2 | Alcea

The flowers of Alcea biennis and Althaea officinalis are well-
known for their high mucilage content, and they are commonly
utilized for alleviating throat pain and coughs associated with
colds, as well as for conditions such as inflammation and
asthma [118, 119]. Although the pharmacopeia includes detailed
monographs on the root of Alcea, its flowers are more frequently
used in traditional practices and warrant further research to
validate their health benefits fully.

4.6.3 | Tillia (Lime Tree)

The genus Tilia (formerly placed in Tiliaceae), is characterized
by drooping inflorescences with bract-adnate peduncles. The
dried inflorescences, particularly those from T. tomentosa (syn.
T. argentea Desf. ex DC., 14 citations) and T. platyphyllos Scop.
(syn: T. rubra DC. 11 citations), They are widely utilized as
herbal tea to treat bronchitis, colds, coughs, and flu, and as
an expectorant in Anatolia. Both the commission of European
and British monographs endorse the use of T. cordata and/or T.
platyphyllos flowers for upper respiratory catarrh, common colds,
irritable coughs, hypertension, and restlessness [120, 121].

Tilia tomentosa contains flavonoids, predominantly quercetin
glycosides, such as rutin, quercitrin, and isoquercitrin,
kaempferol glycosides like tiliroside, and phenolic acids, such as
caffeic, p-coumaric, and chlorogenic acids [122]. Mucilages in the
bracts are largely made up of galactomannans, phenolic acids,
and proanthocyanidins, while a minor proportion of volatile oil
components, including farnesol, farnesyl acetate, geraniol, and
eugenol, contribute to the characteristic faint odor of the drug
[123].

Infusions of T. cordata and T. argentea demonstrated pronounced
anti-inflammatory activity mediated by flavan-3-ol derivatives,
supporting their use in common cold, pharyngitis, and tonsillitis
[124,125]. Furthermore, immunomodulatory pectins identified in
silver linden flowers were shown to stimulate the production of
ROS and NO, indicating activation of immune-related pathways
associated with inflammation control [125].
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Lime flowers represent an important source of mucilage, which
forms adhesive polysaccharide-hydrocolloid layers on irritated
mucosal surfaces. This mechanical shield exerts a soothing effect
that alleviates cough and catarrhal irritation. The pharmacologi-
cal effects of Tilia extracts are attributed to the combined action
of flavonoids and polysaccharides, which modulate inflammatory
mediators, regulate oxidative stress responses, and enhance local
immune defense [126, 127].

4.7 | Pinaceae

The Pinaceae family, which belongs to the Conifers, is the most
abundant and is especially prevalent in the Northern hemisphere.
It includes genera such as Abies (firs), Picea (spruces), and Pinus
(pines). In Tirkiye, the genera Pinus (36 citations), Abies (7
citations), Picea (2 citations), and Cedrus (1 citation) are used by
local people [3].

Pinus is the most frequently utilized genus for respiratory con-
ditions, including asthma, bronchitis, and pulmonary diseases.
Its young branches, cones, and resins are traditionally adminis-
tered as decoctions, ointments, therapeutic baths, or inhalation
therapies [128-131].

The primary constituents of pine essential oil include o-
pinene, camphene, S-pinene, d3-carene, -myrcene, limonene,
B-phellandrene, a-terpinolene, S-caryophyllene, germacrene D,
and §-cadinene [132]. Essential oils derived from the needles
mainly consist of pinene, carene, and limonene, whereas those
obtained from the cones are characterized by the presence of
caryophyllene and carene [131].

Essential oils derived from pine twigs exhibit significant anti-
inflammatory activity, surpassing the effects of oils extracted from
the needles or cones [133]. It is suggested that a-pinene signif-
icantly influences cytokine regulation, while Abies koreana oil,
rich in bornyl acetate, limonene, and a-pinene, inhibits the pro-
duction of IL-13, IL-6, and TNF-a in LPS-stimulated macrophages
[134]. The anti-inflammatory activity of Pinus mugo essential
oils is attributed to major compounds a-pinene, limonene, and
8-3-carene, which assist in downregulating neutrophil activity
[135].

Pycnogenol, a commercial product standardized from the bark
of Pinus pinaster Aiton. It is clinically recognized for its ability
to suppress pro-inflammatory cytokine actions and inhibit viral
replication [136]. Clinical studies cross various phases demon-
strate that Pycnogenol mitigates asthmatic responses and protects
against allergic airway inflammation [135, 137-139]. Notably, the
rich polyphenolic content of Turkish native species, such as Pinus
brutia, P. nigra, P. pinea, and P. sylvestris, suggests they may serve
as potent local alternatives to the French P. pinaster [136].

4.8 | Plantaginaceae

The genus Plantago is commonly utilized in traditional medicine
for catarrhs and inflammatory disorders affecting the oral and
pharyngeal mucosa, sore throats, common colds, coughs, bron-
chitis, and inflammation of the mouth and pharynx [140]. Species

such as Plantago lanceolata and Plantago major are rich sources
of phenolics like alkaloids, caffeic acid, flavonoids, iridoid glyco-
sides, vitamins, various organic acids, fatty acids, and carotenes
[141-143], along with mucilage, polysaccharides, and terpenoids
[144].

Owing to its demulcent properties, Plantago leaf preparations
have been recognized by EMA for the symptomatic relief of
oral and pharyngeal irritation associated with cough. Clinical
evidence underscores the efficacy of Plantago syrups: a study
on 593 patients reported 80% reductions in chest pain and a
67% decrease in cough severity [145]. In acute bronchitis, P.
major has been shown to significantly reduce cough frequency
and sputum production [146]. The mucilage components form a
protective layer over mucosal surfaces, thereby reducing irritation
and suppressing the cough reflex [147].

Evidence also supports a role for Plantago in asthma
management, particularly through bronchodilatory and
anti-inflammatory mechanisms. Clinically, P. major seeds
used as adjunct therapy in patients with refractory asthma were
associated with improvements in pulmonary function parameters
and significant reductions in wheezing, cough, and dyspnea [148].
Mechanistically, these extracts exert bronchodilatory effects via
calcium channel blockade and muscarinic/histamine receptor
inhibition [142]. In vivo studies indicate that Plantago restores
alveolar epithelial integrity and reduces mucus hypersecretion
(MUCS5AC) by suppressing NF-xB and PI3K/Akt signaling
pathways [149, 150].

Additionally, Plantago exhibits broad-spectrum antimicrobial
and antiviral properties. Pectin polysaccharides are effective
against S. pneumoniae, while acteoside has been reported to
inhibit respiratory syncytial virus (RSV) replication, a finding
of particular relevance for severe lower respiratory infections in
children [151, 152]. The available evidence suggests that Plantago
species exhibit anti-inflammatory, antispasmodic, antitussive,
and antiviral properties, which are particularly relevant in
respiratory disorders such as cough, bronchitis, and asthma.
The synergy between mucosal-protective mucilages and inflam-
mation modulating phenolics supports Plantago as a potent
adjunctive agent in respiratory therapy.

49 | Rosaceae

The Rosaceae family is represented by 35 genera in Tiirkiye [3]
and is primarily recognized for its fruits and traditional ther-
apeutic applications. All members of this family are cultivated
globally, highlighting their importance across various cultures.
The biological properties of Rosaceae members are significantly
influenced by various phytochemicals, particularly terpenoids
and phenolic compounds, including flavonoids [153]. Phenolic
compounds play a crucial role in a wide range of biochemical
activities, acting as free radical scavengers and antioxidants [153],
as well as exhibiting anti-inflammatory properties [154].

The findings align with previous research, which identified Rosa
(10 taxa), Crataegus (9 taxa), Rubus (7 taxa), Cerasus (5 taxa), and
Sorbus (4 taxa) as the most frequently utilized taxa for respiratory
diseases in Anatolia [155]. This review highlights commonly
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mentioned taxa, such as R. canina, C. oblonga, and Rubus sanctus,
with a focus on their medicinal and chemical properties. These
Rosaceae members are considered safe, as no toxic or adverse
effects have been reported at recommended therapeutic dosages.

4.9.1 | Cydonia (Quince)

Cydonia oblonga is a small tree or large shrub native to the
Caucasian region and extensively cultivated in Tiirkiye for its
fruits [3]. Different parts of C. oblonga have traditionally been
utilized for respiratory diseases such as asthma, cough, and bron-
chitis [156]. Among the diverse secondary metabolites identified,
including carotenoids, pectin, triterpenes, volatile terpenoids,
dibenzofurans, long-chain fatty acids, and phenolics are the
predominant phytochemical constituents of the plant. Among
the phenolic constituents, caffeoylquinic acid derivatives are the
most frequently reported compounds [157]. Various parts of the
plant, including the fruits, fruit peel, seeds, leaves, and flowers,
have been utilized for different purposes. To date, most studies
have focused on the seeds because of their high mucilage content
and associated pharmaceutical applications [158].

In Tiirkiye, the leaves of C. oblonga are traditionally used inter-
nally for the treatment of respiratory disorders. The leaves have
historically been employed in the management of cough, cold,
and fever [159, 160]. Several studies have investigated the phyto-
chemical composition of C. oblonga leaves, and their significant
antioxidant potential has also been documented [160-163].

The extracts from the leaves and fruit peel of C. oblonga demon-
strate anti-inflammatory activity, with studies indicating that fruit
peel extracts inhibit the release of inflammatory mediators, such
as cytokines (TNF-a) and interleukins (IL-8), while promoting the
release of interleukin-10 and interleukin-6 from mast cells [164].
These properties could hold significant potential for therapeutic
applications in managing inflammatory conditions. However,
despite their confirmed phytochemical richness, pharmacologi-
cal studies specifically investigating the therapeutic effects and
underlying mechanisms of C. oblonga leaves remain limited.

4.9.2 | Rosa (Rose)

Rosa canina (dog rose) is widely consumed for treating respiratory
diseases and colds in Anatolia (Table 1) [165]. The pseudo-fruits,
referred to as rose hips, consist of a U-shaped receptacle filled
with numerous achenes. Traditionally, these pseudo-fruits are
employed for the prevention and treatment of colds, influenza-
like infections, and pulmonary ailments, primarily due to their
high vitamin C content [166].

Its therapeutic profile is characterized by a high concentration of
Vitamin C, combined with a diverse array of bioactive compounds
including phenolics, flavonoids, tocopherols, and carotenoids
[167-169]. Its anti-inflammatory activity has also been confirmed
invivo, as the aqueous extract significantly reduced inflammation
in the formalin-induced paw edema model in rats [171-174].
Mechanistically, fatty acids such as linoleic and a-linolenic acid
inhibit COX-1 and COX-2 enzyme activities, while specific galac-

tolipids suppress neutrophil chemotaxis in human blood [175,
176]. In addition, triterpenic acids (e.g., oleanolic and ursolic acid)
have been reported to downregulate IL-6 production, contribut-
ing to the plant’s significant immunomodulatory effects [177].

Moreover, R. canina has been widely used in the treatment of
various inflammatory conditions due to its vitamin C and fatty
acid content [178, 179]. As a natural vitamin C source, R. canina
is frequently utilized to help prevent acute respiratory infections
and to reduce the duration and severity of certain infections.
Vitamin C is critical for immune function, with its deficiency
linked to heightened susceptibility to infections [180]. Overall,
R. canina may enhance resistance to infections and inflamma-
tory conditions through its antioxidant, anti-inflammatory, and
immunomodulatory properties. Therefore, rather than acting
solely as a symptomatic treatment, R. canina appears to function
primarily as a supportive therapeutic agent, particularly in the
prevention and management of acute respiratory infections.

4.9.3 | Rubus (Raspberry and Blackberry)

The genus Rubus comprises nine species in Tiirkiye [3] and
is primarily recognized for its fruit. Leaves, fruits, roots, and
young shoots of various species, including R. sanctus Schreb, R.
canescens DC., R. discolor Weihe & Nees, R. idaeus L., R. serpens
Weihe ex Lej. & Courtois, and R. ulmifolius Schott, are commonly
utilized by local populations.

Its diverse chemical profile includes approximately 260 com-
pounds, with ellagitannins, ellagic acid, and anthocyanins iden-
tified as the primary drivers of its antibacterial and immunomod-
ulatory properties [181-183]. In addition, Rubus polysaccharides,
which represent a group of macromolecular compounds, have
exhibited diverse biological activities in both in vitro and in
vivo studies, including antioxidant, immunomodulatory, and
anti-inflammatory effects [184].

In both European and Anatolian traditional medicine, Rubus
preparations are recognized for their antiviral and antipyretic
activities, particularly in treating tonsillitis and pharyngitis [185,
188]. Mechanistically, flavonoid-rich fractions and branch extracts
from R. ulmifolius demonstrate broad-spectrum viral inhibition
and mucosal protection [187-189].

Despite R. idaeus [190] being the most extensively studied Rubus
species in Tiirkiye, R. sanctus is the most commonly utilized
species in traditional medicine for respiratory disorders. How-
ever, pharmacological studies on this species remain limited and
have primarily focused on its antioxidant, antimicrobial, and
anti-inflammatory activities [191-193]. Despite the widespread
traditional use of Rubus species in respiratory conditions, their
pharmacological mechanisms of action have not yet been
fully elucidated. Therefore, comprehensive pharmacological and
mechanistic studies are required to validate their traditional uses.

4.10 | Santalaceae

Viscum album (common name: Mistletoe) is an evergreen, semi-
parasitic plant from the Santalaceae family that grows on various
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deciduous trees such as apple, oak, pine, and fir [194]. Prepa-
rations derived from this plant, such as fresh juice, tinctures,
and decoctions, are employed to treat coughs and inflammation
of lymphatic glands. Additionally, it is used as a sedative and
analgesic remedy. Mistletoe is recognized for its diverse array
of chemical components, including lectins, viscotoxin, triter-
penes, flavonoids, peptides, such as viscumamide, amino acids,
thiols, amines, and polysaccharides [195-197]. In addition to
these toxic proteins, the plant extract contains numerous other
functional phytochemicals, including flavonoids, peptides (such
as viscumamide), specific enzymes, amino acids, thiols, amines,
polysaccharides, cyclitoles, lipids, phytosterols, triterpenes, and
phenylpropanes.

The plant exerts a potent anti-inflammatory effect by dose-
dependently inhibiting the cellular secretion of PGE,. Interest-
ingly, V. album does not inhibit the mRNA transcription of the
COX-2 gene; instead, it acts post-transcriptionally to drastically
suppress the actual protein expression of COX-2 induced by
inflammatory cytokines like IL-183. Crucially, this mechanism is
highly selective: the plant inhibits COX-2 without modulating
the constitutive expression of COX-1. This selectivity makes it
an attractive therapeutic alternative, as it bypasses the severe
gastrointestinal side effects commonly caused by traditional
NSAIDs that indiscriminately inhibit both COX-1 and COX-2
[198].

4.11 | Urticaceae

Urtica dioica L. (stinging nettle), locally known as “Isirgan
otu”, has a long-standing history in managing asthma, cough,
and tuberculosis [199]. Both lipophilic and hydrophilic fractions
of U. dioica contain bioactive constituents, and different plant
parts (leaves, roots, and seeds) exhibit distinct phytochemical
profiles. The aerial parts are characterized by a rich phenolic
composition, whereas the roots contain comparatively higher
levels of lectins and lignans [200, 201]. The stinging trichomes
responsible for skin irritation contain various neurotransmitters
and organic acids, including acetylcholine, histamine, formic
acid, and serotonin [202].

U. dioica is included in authoritative monographs, which recog-
nize its anti-inflammatory, immunomodulatory properties and
support its safe use at recommended therapeutic doses [203,
204]. In vivo models confirm the efficacy of U. dioica against
airway inflammation, with leaf extracts demonstrating significant
antihistaminic and anti-allergic activities [205, 206]. Seed prepa-
rations have been reported to be more effective than leaf extracts
in suppressing key pro-inflammatory cytokines (IL-4, IL-5, IL-13,
and IL-33), thereby attenuating mucus hypersecretion and goblet
cell hyperplasia [207].

In vitro investigations related to allergic rhinitis have demon-
strated H, receptor antagonism and inverse agonism, along with
inhibitory activity against COX-1, COX-2, and hematopoietic
prostaglandin D, synthase [208, 209]. Beyond anti-inflammatory
effects, U. dioica lectins exhibit broad-spectrum antiviral activity,
particularly against influenza, RSV, and HSV [200, 210]. U. dioica
agglutinin (UDA), a plant-specific lectin, has been shown to
inhibit SARS coronavirus replication by up to 90% in vitro and

to confer protection against lethal infection in animal models
[211]. In silico studies indicate that phytochemicals such as -
sitosterol, rutin, luteoxanthin, and violaxanthin may inhibit the
ACE2 receptor, which plays a key role in viral entry into host
cells [212]. However, the clinical application of U. dioica in res-
piratory care requires caution. The presence of bioactive amines
(acetylcholine, histamine, and serotonin) in the plant’s trichomes
can induce acute tracheal smooth muscle contraction even at low
concentrations. Consequently, its consumption is generally not
recommended for patients with asthma or COPD due to potential
bronchoconstrictive risks [213]. Moreover, robust, scientifically
validated clinical trials establishing the long-term safety and
efficacy of U. dioica in chronic inflammatory respiratory diseases
remain limited.

4.12 | Viburnaceae

In Anatolia, the flowers and herbs of Sambucus nigra (common
name: Elderberry) are used internally as expectorants for treating
coughs, colds, flu, bronchitis, shortness of breath, and asthma
[214]. While the flowers contain higher concentrations of phe-
nolic compounds compared to the fruits and leaves, both are
rich in bioactive anthocyanins and flavonoids [215, 216]. However,
the presence of cyanogenic glycosides, specifically sambunigrin
and prunasin, necessitates caution; these compounds are most
concentrated in the leaves, with lower levels found in the flowers
and berries [217, 218].

Due to the presence of flavonoids, particularly anthocyanins,
S. nigra flowers exhibit a broad array of activities, including
antioxidant, anticarcinogenic, immune-stimulating, antipyretic,
anti-inflammatory, antiallergic, antibacterial, and antiviral effects
[216]. Berry extracts have demonstrated significant inhibitory
effects against HIV, influenza A and B viruses, and the infec-
tious bronchitis virus [219-221]. Polyphenolic constituents are
considered effective factors in these antiviral activities.

Consumption of elderberry beverages stimulates the proliferation
of y56-T cells, which act as the first line of defense in the
epithelium, thereby helping to alleviate symptoms associated
with colds and flu [222]. These properties have led to the global
commercialization of S. nigra supplements, such as Sambucol,
available in various formulations for the management of colds,
flu, and other infectious respiratory illnesses [223, 224].

5 | Discussion

Respiratory diseases are often preventable, and proactive inter-
ventions are generally more sustainable and cost-effective than
reactive treatments. Controlling pathogenic causes such as bac-
teria and viruses, while enhancing immune function through
specialized nutrition and phytotherapy, can significantly dimin-
ish the global impact of respiratory illnesses [16]. Many medicinal
plants have been historically used to treat and prevent respiratory
diseases. These plants are preferred due to their cost-effectiveness
and ease of cultivation. Traditionally, medicinal plants have
been favored for their accessibility and diverse therapeutic pro-
files, as they contain numerous therapeutic compounds that
provide various benefits, including antioxidant, antibacterial,
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antiviral, antitussive, antipyretic, immunomodulatory, and anti-
inflammatory effects. The anti-inflammatory properties of these
plants are particularly important in the management of res-
piratory disorders, as such conditions are often associated not
only with microbial infections but also with inflammation of the
airway mucosa [225]. While the historical clinical use of many
taxa is well-documented [226, 227], the transition to evidence-
based medicine requires a rigorous evaluation of their molecular
targets.

5.1 | Acute Infectious Pathways and
Broad-Spectrum Defense

The efficacy of Anatolian remedies against acute infections is
largely driven by essential oils and phenolic complexes. Essential
oils of Cupressaceae, Lamiaceae, and Pinaceae are fundamentally
linked to broad-spectrum antibacterial activity [226, 228]. As
synthesized in Figure 2, these volatile constituents provide a rapid
defense against respiratory pathogens. In parallel, antiviral activ-
ity is predominantly associated with polyphenols and phenolic
acids (e.g., rosmarinic, chlorogenic, and caffeic acids) and diverse
alkaloids [229, 230].

Taxa such as Rosa canina, Rubus spp., Sambucus nigra, and
Cydonia oblonga exert their effects through phenolics, flavonoids,
anthocyanins, carotenoids, vitamins, and polysaccharides. These
compounds confer antioxidant, anti-inflammatory, immunomod-
ulatory, and antiviral effects, enhancing epithelial defenses
and reducing oxidative stress and cytokine-mediated inflam-
mation [159, 170, 171, 173, 176, 188]. Notably, Sambucus nigra
distinguishes itself clinically through its ability to stimu-
late y6-T cell proliferation, providing a dual-action approach:
direct viral inhibition and enhanced host immune surveillance
[231].

5.2 | Mucoprotective and Immunomodulatory
Roles of Polysaccharides

A critical finding of this synthesis is the role of polysaccharides
in mucilage-rich plants, like Malva and Tilia, as well as Cydonia
seeds. They play important roles in various biological processes
owing to their structural diversity and bioactivity. Unlike volatile-
rich plants, these taxa provide mechanical mucosal protection
by forming adhesive hydrocolloid layers, which physically shield
the respiratory tract and reduce cough reflex [14, 231-233].
Polysaccharides also influence the immune system by activating
macrophages, T/B lymphocytes, and natural killer cells [234].
By encouraging NO synthesis and balancing inflammatory/anti-
inflammatory cytokines (e.g., IL-10), they stabilize the respiratory
microenvironment [235]. The literature indicates that flavonoids
are principal constituents of numerous folk remedies for respi-
ratory ailments [236]. Flavonoids target prostaglandins involved
in fever, and earlier studies suggest that flavonoids, tannins,
and other phenolic compounds significantly contribute to the
antipyretic effects of herbal medicines [237]. Comparison of
citation frequencies (Figure 4) suggests that the high consensus
on these taxa in folk medicine is due to this dual symptomatic-
mechanistic action.

5.3 | | Chronic Inflammatory and Allergic Airway
Pathways

Chronic and allergic airway diseases are primarily driven by
persistent inflammation, oxidative stress, and immune dysregula-
tion, in contrast to acute respiratory conditions where infection is
the dominant trigger. Therefore, therapeutic strategies in chronic
conditions should mainly target inflammatory and immunologi-
cal pathways rather than antimicrobial activity (Figure 5).

Within this framework, plants such as U. dioica, Plantago spp.,
Tilia spp., Hypericum perforatum, and members of Pinaceae (e.g.,
Pinus spp.) exert their effects through deep-tissue immunomod-
ulation. Their bioactivity is largely attributed to diverse phyto-
chemicals, including flavonoids (rhoifolin, quercetin glycosides),
phenolic acids, polysaccharides, and essential oil terpenoids (a-
pinene, limonene, and §-3-carene). These compounds modulate
Th2/Th17 cytokine signaling, stabilize reactive oxygen species
and nitric oxide levels, inhibit COX and NF-xkB pathways, and
support mucosal protection [124, 125, 149, 150, 207]. As illustrated
in Figure 3, Plantago spp. emerges as a high-priority candidate
for chronic management due to its multi-target activity, includ-
ing bronchodilatory, anti-inflammatory, and cough-suppressive
effects, with additional supportive antiviral activity [142].

5.4 | Multifunctional Families and Literature
Gaps

Multifunctional plant families such as Lamiaceae (Mentha,
Origanum, Thymus, Salvia, Teucrium) and Asteraceae
(Artemisia, Anthemis, Bellis, Matricaria) demonstrate both
anti-inflammatory and antimicrobial activities, addressing
infectious, inflammatory, and febrile respiratory conditions.
Essential oils rich in thymol, carvacrol, menthol, pulegone,
a-humulene, and f-caryophyllene, along with flavonoids and
phenolic acids, contribute to antioxidant, antiviral, antitussive,
and immunomodulatory effects, supporting upper and lower
respiratory tract health while also mitigating pathogen-induced
and inflammatory damage [27, 74, 84, 103].

Several traditionally used plants, such as Rubus spp., Cydo-
nia oblonga, and less studied Plantago species, demonstrate
promising respiratory benefits but remain poorly characterized
pharmacologically. While ethnomedicinal use suggests anti-
inflammatory, antiviral, or mucoprotective potential, mechanistic
studies and clinical trials are scarce, underscoring the need for
targeted investigations to validate efficacy, optimize dosing, and
clarify active constituents [164, 191, 151].

5.5 | Toxicological Imperatives and Safety

Lamiaceae chemotypes rich in pulegone or thujone may exert
hepatotoxic or neurotoxic effects, particularly in children or
during prolonged use [23, 85, 78]. Sambucus nigra leaves contain
cyanogenic glycosides, necessitating caution in preparation and
dosage [217, 218]. These findings highlight the importance of stan-
dardized extracts, chemotype identification, and safety evaluation
in phytotherapeutic applications.
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6 | Conclusion

This comprehensive review highlights the plants traditionally
used for respiratory disease treatment in Anatolia and emphasizes
their frequent incorporation into folk medicine practices. A total
of 508 taxa were identified in ethnobotanical studies, with a
particular emphasis on 33 commonly utilized plants and their

plants in the management of chronic and allergic respiratory disorders.

key phytochemicals responsible for biological activities related
to respiratory health. Frequently employed taxa such as Cydonia
oblonga, Rosa canina, and Tilia tomentosa remain foundational
for acute symptomatic relief, while the Lamiaceae family (Mentha
longifolia, Mentha x piperita, Origanum vulgare, Salvia spp.,
Thymus spp., and Sideritis spp.) provides a versatile chemical
library of terpenoids essential for antimicrobial and mucolytic
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action. Moreover, Plantago major, P. lanceolata, and several
members of the Asteraceae family, such as Anthemis, Matricaria,
and Tussilago farfara, play significant roles in treating cough,
the most prevalent respiratory disease symptom, and act as
expectorants.

For chronic conditions characterized by inflammation, such as
asthma and shortness of breath, Juniperus oxycedrus, Rosa canina,
Viscum album, and Urtica dioica represent some of the most
frequently used taxa. These plants transition from traditional
decoctions to promising pharmacological leads through their
ability to modulate Th2/Th17 cytokines and inhibit the NF-
xB/COX-2 cascades. Furthermore, the frequent application of
Anthemis tinctoria, Artemisia absinthium, Teucrium polium, and
Salix spp. in fever management suggests a potent antipyretic
potential that warrants rigorous clinical validation.

However, the transition from folk medicine to standardized phy-
totherapy must be guided by toxicological vigilance. The presence
of neurotoxic thujone in certain Asteraceae or the paradoxical
bronchoconstrictive risk of Urtica amines necessitates strict
chemotype standardization. As the global burden of viral and
antibiotic-resistant respiratory diseases escalates, the Anatolian
botanical heritage offers a high-priority reservoir for drug dis-
covery. Future research must prioritize the synergistic potential
of these multi-component systems and their interactions with
conventional antivirals and immunosuppressants. By bridging
the gap between traditional citation frequency and mecha-
nistic clarity, this review provides a roadmap for integrating
Anatolian biodiversity into evidence-based respiratory clinical
guidelines.
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