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Abstract

Oliveria decumbens Vent., an annual herb resistant to harsh environmental conditions, is an
aromatic medicinal plant of the Apiaceae family. O. decumbens has numerous pharmacological,
food and feed, and cosmetic applications. This species is endemic to Iran, Iraq, and Turkey.
Published literature, available until 30 November 2022 on the morphology, phytochemistry, and
bioactivity of O. decumbens, has been reviewed, and appraised for the potential therapeutic
potential of this species, utilizing the databases, Web of Science, Google Scholar, PubMed, and
Dictionary of Natural Products. The search term used was O. decumbens. Some manuscripts were
issued on the chemical components of O. decumbens essential oil (EO) and various extracts. The
EO of O. decumbens was evaluated for its chemical composition and medicinal potential against
various diseases. Thymol and carvacrol constituted the primary oxygenated monoterpenes
detected in substantial amounts within the EO. Additionally, diverse metabolites of O. decumbens
were examined for their bactericidal, antioxidant, larvicidal, and immunomodulatory effects. This

review article discusses morphology, phenology, and geographical distribution of O. decumbens
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and presents a critical appraisal of its phytochemistry and therapeutic potential as documented in
the published literature.
Keywords: Oliveria decumbens, Anti-Diabetic, Anticancer, Phytochemistry, Denak, Essential oil,
phytochemicals, Pharmacology, Apiaceae

1. Introduction

Oliveria decumbens Vent. (Apiaceae), an aromatic herb thrives in untamed conditions in South-
East Anatolia, Iraq, Syria, and some areas in Iran [1]. It is the only species in the Oliveria genus
that could be found in the subtropical provinces of Khuzestan, Kermanshah, Ilam, Fars,
Kohgiluyeh, and Boyer-Ahmad in southwest Iran. The herb is commonly known as “Moshkorak”,
“Den” or “Denak” in Iran [1,2]. A few other species, e.g., O. aucheri Jaub. & Spach, O. bruguieri
Jaub. & Spach and O. orientalis DC. were published as new species, but have presently been
recognized as synonyms of O. decumbens. De Candolle (1830) assigned the genus Oliveria to the
tribe Smyrneae; Bentham & Hooker (1867) and Boissier (1878) later moved this genus to the tribe
Ammineae. Afterward, the Oliveria was moved again to the tribe Apieae [3]. The majority of these
conventional Apiaceae classification schemes were based on the morphology and anatomy of
fruits. Based on DNA sequences, a thorough molecular phylogenetic investigation of the Apiaceae
tribal categorization revealed that the genus Oliveria is related to the genus Trachyspermum within
the Pyramidoptereae [4]. Medicinal plants can be considered as supplements to food, and they
have been extensively and intensively studied for their ability to provide antioxidants and
antimicrobial properties. The potential of medicinal plants to impact modern methods of food
preservation is significant, as they can be used as substitutes for synthetic additives. Substituting
synthetic additives with natural antioxidants from plants can help decrease the harmful effects of
free radicals on the human body. Many constituents of EOs are found to exhibit antifungal
properties [5,6]. Thus, it is important to characterize different types of medicinal plants for their

antioxidant and antimicrobial potential. The species of the genus Oliveria are rich in essential oils
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(EOs) that contain several bioactive substances, particularly, antibacterial agents [7], which have
their usage as a food preservative in the industry to increase the shelf-life and safety of foods.
Thymol, carvacrol, p-cymene, and y-terpinene are only a few of the monoterpenes that are
abundant in O. decumbens EO. The concentrations of these compounds vary depending on the
geographic origin, ambient and climatic circumstances, and state of maturation [8—10]. O.
decumbens EO has a long tradition of uses as a bactericidal, anti-Helicobacter pylori, insecticidal,
anticholinesterase, and cytotoxic agent [9]. O. decumbens is a famous endemic plant of Flora
Iranica used for therapeutic purposes. The Persian Traditional Medicine (PTM) recommends the
plant's flower as a dry powder or infusion for dyspepsia, and diarrhea as well as an anti-
inflammatory and bactericidal agent [11,12]. Various infections, cancer, inflammation,
indigestion, fever, boils, abdominal pain, and diarrhea have traditionally been treated with the leaf
and flower of this plant in Iran [11,13]. This plant also possesses anticholinesterase, antitumor,
and insecticidal properties [9]. This plant has been reported as a remedy for skin diseases and a
significant source of antioxidants, anti-inflammatory agents, anticancer, and antimicrobial
compounds [14]. Its traditional use and various scientific evidences suggest that it may have a role
to play in the development of new drugs or natural health products. This review article discusses
the morphology, phenology, and geographical distribution of O. decumbens and presents a critical
appraisal of its phytochemistry and therapeutic potential as documented in the published literature.
To the best of our knowledge, no review article has ever been published on this plant.

2. Method of Study
The databases, Web of Science, Google Scholar, PubMed, and Dictionary of Natural Products

have been explored to carry out a detailed literature search covering the materials published until

30 November 2022. O. decumbens was used as the search term. The obtained information was
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then categorized into various classifications including morphology, geographical distribution,
phytochemicals, and bioactivities.

3. Botanical, Morphological, and Phenological Description

O. decumbens is an annual herb that has rarely a decumbent growth habit that is climbing to erect
[15] (Fig. 1). The stem measures 20-45 cm in height, is rigid, white, heavily branched, glabrous or
infrequently hirsute, solid, terete, and has a base diameter of 2-4 mm. The petioles of the basal
leaves, which quickly wither, are between 0.6 and 2.5 cm long and have a sheathing base. The
lamina is 1-pinnate, 4-5 pairs of sections long, and each section is cleaved into smaller, decurrent
lobes. Upper and middle cauline leaves are oblong, sub-sessile or sessile, pilose, and pinnatisect;
lower cauline leaves resemble basal leaves. Umbels that range in size from 1.5 to 2.5 cm and are
hairy and condensed. Bracts are found in 3—5 groups, are 3—8 mm long, obovate, dissected, and
heavily pilose. Flowers are pedicellate, 15-35 hermaphrodites in number. Pedicels are hairy, 0.5-
2 mm in length, somewhat thickened, and rounded. 6-8 numbers, 2.5-5 mm long, dissected,
obovate, and heavily pilose bracteoles. Five distinct, persistent, ovate-triangular, acute, hairy, and
0.5-0.75 mm long sepals. Petals are five, 1-1.6 x 0.8-1.1 mm, white or pink, oblong-obovate,
emarginate, and have hairs on the abaxial surface. The narrow tip is curved inward. Hairy ovary,
enrolled stamens, white, approximately 1.5 mm long filaments, and subglobular, dorsally inserted
anthers. Fruits 2.0-3.6 mm 1-1.6 mm, rectangular; thickly hirsute mericarps; lateral mesocarp cells.
The vittae are big, almost orbicular, and oblong-elliptic. They have thin-walled epithelial cells
lining them. There are two commissural vittaec and one vitta per vallecula. The endocarp has a
single layer and is made up of cells with thin walls. Endosperm cells have a granular interior and
an uneven, polygonal shape. The fruits have dense, long, hirsute hairs with a papillose surface
covering them. The stem of Oliveria, which is bright white and glabrous, is one of its primary

characteristics [15]. Amiri et al. (2011) investigated the morphological features of the leaves and
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stem of Oliveria. and demonstrated that non-glandular hairs cover the surface of leaves, whereas
the cortical region of the cross-section of the stem reveals secretory canals. They investigated the
morphology and anatomies of the fruit for their study. They discovered that O. decumbens fruit is
rectangular, laterally compressed, and heavily hirsute. The plant ranges in height from 20 to 45
cm. Primarily gathered in the provinces of Fars, Chaharmahal & Bakhtiari, Kohgilouyeh &
Boyerahmad, Boushehr, and Khuzestan at elevations of more than 2500 meters from the central
Zagros mountains. This plant starts to flower in June, and there are three distinct colour phases:
green, pink-purple, and white [16]. O. decumbens pollen grains are tricolporate, radially
symmetric, monad, and polar. The pollen grains are roughly triangular with acute angles in the
polar view. The colpus almost reaches the poles. The pore area can be found at the center of the
colpus. The sculpting pattern is irregularly regulated in the equatorial region and striate or psilate
in the polar region. However, there are times when the polar area is striate and the equatorial area
is psilate-foveolate. O. decumbens fruit is covered in thick, long, hirsute hairs with a papillose

surface [15].

Figure 1. Oliveria decumbens at a pink-purple ﬂwring stagerom a natal habitat ahnoyeh,

Lar, Fars, Iran).
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4. Geographical Distribution

The species of the genus Oliveria can be found in isolated pockets throughout Iran, Iraq, Syria,
and Turkey (Fig. 2) [15]. Iran's subtropical regions, including Fars, Khuzestan, Kermanshah,
Bushehr, Lorestan, Hormozgan, ChaharMahal and Bakhtiari, and Ilam provinces, are the home to
only one species of the Oliveria genus (Fig. 3). It thrives in untamed growth in Iran's warm south

and west, successfully adjusting to challenging climatic circumstances [17].
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125  Figure 2. Geographical distribution of O. decumbens [15].
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126  Figure 3. Map showing the distribution and locations of O. decumbens in Iran.
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5. Phytochemicals

5.1. Essential Oil (EO)

Genetics determines the proportions of various substances in complex mixtures like EOs, yet these
proportions may change depending on the environment [18]. The climatic circumstances (such as
light, precipitation, and temperature), soil qualities (such as soil characteristics, and minerals), and
geographical parameters (altitude, and latitude) are the most significant ecological elements that
might affect the composition of EOs, both quantitatively and qualitatively (Tables 1 and 2) [19—
21]. Although various studies on the O. decumbens EO compounds have been published [2,9,22],
the connection between climatic and environmental factors and chemical compositions has never,
to our knowledge, been the subject of a thorough analysis. Twelve accessions from various regions
in Iran were collected for the study to recognize the impact of geographical and soil features on
the compounds and quantity of O. decumbens EO. These accessions were then analyzed using gas
chromatography coupled with a flame ionization detector (GC-FID) and gas chromatography
combined with mass spectrometry (GC-MS) (Table 3) [1]. O. decumbens is a rich source of EO,
[1,9,11,13,20]. The pink-purple phase is said to have the highest concentration of EO and its
primary components [20]. However, the chemical components of O. decumbens EO are little
known. Thymol, carvacrol, p-terpinene, and p-cymene were found to be the main components in
earlier investigations on O. decumbens EO [1,13,20]. These chemicals may contribute to the
medicinal effects of the EO of this plant. Sajjadi and Hoseini (2002) and Hajimehdipoor et al.
(2010) reported 10 compounds in the O. decumbens EO, with thymol, y-terpinene, p-cymene,
myristicin, and carvacrol being the main components (Fig. 4). The variation in the chemical
composition of EOs, which in turn is controlled by genetic and environmental variables, is related

to the variation in those organisms' biological characteristics [23,24].
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Table 1. Geographical Origins and Climate Characteristics of O. decumbens Habitats

Parameters Latitude Longitude Altitude MDT MDRH MPM MEM MSM
(N) (E) (m) 0 (%)  (mm)  (mm) (h)
From From
O. decumbens 27 24_[(())0’6 N 45 34,1%7'4 E 109-1699 16-28 39-53 17-41 132-259 241-279

34°29°02.9"N  56°14°05.9"E

Abbreviations: MDT, mean day temperature; MDRH, mean day relative humidity; MEM, mean

evaporative per month; MPM, mean precipitation per month; MSM, mean sun hour per month.

Table 2. Soil physical characteristics of different habitats of O. decumbens populations.

Parameters P K N OM TNV EC g Sand  Clay  Silt

(ppm)  (pm) (%) (%) ()  @Sm) PT %) (%) (%)

O. decumbens 2-27 106-650 0.1-09 02-2.5 6-59 0.1-53  6-9 3-60 4-50 27-72

Abbreviations: EC, electrical conductivity; K, potassium; N, total nitrogen; OM, organic matter;
P, phosphorus; pH, the potential of hydrogen; TNV %, total neutralizing value.

Table 3. The chemical composition of O. decumbens essential oil (OEO) and aromatic water
(OAW) was identified by retention index and gas chromatography and gas chromatography-mass

spectrometry.

.. Relative percent in Relative percent in
No. Compounds Retention index vep Ve p

OEO (%) OAW (%)
1 B-Pinene 976 1.8 -
2 n-Decane 1000 Trace 33
3 p-Cymene 1026 22.1 0.6
4 Limonene 1027 2.3 -
5 y-Terpinene 1059 17.8 0.9
6 Linalool 1098 Trace 1.4
7 n-Dodecane 1200 Trace 0.7
8 Thymol 1289 25.5 37.6
9 Carvacrol 1296 23.1 52.9
10 Myristicin 1520 3.4 Trace

Retention indices (RI) were determined using a standard mixture of n-alkanes analyzed under the
same chromatographic conditions on an HP-5 capillary column.
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Figure 4. The chemical structure of the most important components (ACS style) of O. decumbens
essential oil.

5.2. Extraction Methods Affecting Essential Oil Composition

Several extraction techniques, such as hydrodistillation (HD), steam distillation, and organic
solvent extraction, can be used to obtain EO [25]. Due to its benefits over the traditional HD
process (such as quicker extraction time and more effective heating), microwave-assisted
hydrodistillation (MAHD) has recently gained popularity as a way to extract essential oils from
medicinal plants [26]. In the isolation of EO from plants, an isolation method based on this
technique was successfully tested [27]. This study is the identification of the volatile oil
components and highlights certain drawbacks of the HD approach, including losses in the volatile
chemicals and lengthy extraction times. An EO was extracted from the aerial parts of O.
decumbens Vent. in a study using MAHD, and the outcomes were compared to the composition
of the extracted EO produced using the traditional HD. The extracted oil's composition revealed
some variation in these components' quantities and presence in MAHD oil as compared to HD oil.

Results showed that the yield of the volatile fractions obtained using traditional HD and MAHD
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was 0.79% and 0.96%, respectively. Distillation method affected E.O. constituents significantly.
Differences among compounds between conventional hydrodistillation and Microwave-assisted
Hydrodistillation method is shown in Figure 5 [27]. In another study, an investigation on the
impact of ultrasonic pre-treatment before hydrodistillation (US-HD) on the extraction of O.
decumbens EO was performed. According to the findings, when compared to the traditional HD
procedure (where the yield is 4.4%), O. decumbens UA-HD provided the maximum EO yield
(5.8%). The results of an analysis of EOs extracted by the UA-HD and HD procedures using GC
and GC-MS revealed that thymol and carvacrol were the principal compounds that accounted for
more than 60% of the EOs recovered by both techniques. Additionally, the ultrasonic pre-treatment
markedly enhanced the proportion of thymol while not affecting the percentage of carvacrol. The
antioxidant analysis showed that the EO obtained using the UA-HD approach (ICso=29.6 pug/mL)
had better antioxidant potential than the EO obtained using the HD procedure (ICso = 141.1
pg/mL). Additionally, there was no discernible variation between the cytotoxic properties of the
EOs extracted utilizing the UA-HD and HD techniques. Additionally, the EO produced via the
US-HD approach demonstrated a high level of insecticidal potential with an LDso value of 32.7
ug/larva, compared with the HD procedure (LDso = 63.2 ug/larva). Therefore, the US-HD
approach is superior to the HD method in that it increases antioxidant and insecticidal properties

while reducing extraction duration and energy use and improving EO production [27,28].

p-

/ \ y ™ / \
| 248% | Carvacrol "’ Comparison Between |  Carvacrol [ 288%
\ N __,,/ /,/ \ A e d ] /
Microwave-assisted | Y y: Two Methods of [ N\ B, Conventional
Hydrodistillation | 344 | Thymol ¢ p Thymol SRS istillati
y . 4 \_ _| Essential Oil Extraction |  / |l
Method . NB T : Method

V| from Oliveria decumbens| *

| 209% | Myristicin =\ Y, p-cymene| 166%

Figure 5. Comparison of E.O. compounds between two extraction methods.
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5.3. Terpenes’ Biosynthesis Pathways in O. decumbens

Isoprenoids are economically significant in both industries and agriculture. All isoprenoids have
their antecedents in prenyl diphosphate. Prenyl diphosphate is produced via the MEP (2-C-methyl-
D-erythritol 4- phosphate) and MVA (cytoplasmic pathway of the mevalonate) pathways. Except
for plants, all living things use just one of the aforementioned channels [29]. Depending on the
presence of ATP, the amount of fixed carbon, and either the plastid's MEP pathway or the
cytoplasm's MVA pathway, plants regulate isoprenoid production to the greatest extent possible.
Additionally, the employment of both the MEP and MVA routes shall reduce the pressure of
survival in varied conditions on the many metabolites of specialized complex isoprenoid-derived
biosynthesis (Figs 4) [30]. Understanding how the genes involved in both of the aforementioned
pathways are expressed in various organs would give us a clear understanding of how the process
works. The floral tissue has the highest levels of overexpression of MEP pathway genes, while the
majority of MV A pathway genes are found in the radix. Because plastid and chloroplast make up
a larger portion of flower tissue than radix, the flower's high level of MEP activity was not
surprising.

6. Pharmacological Applications

Iranian traditional medicine has an illustrious history that dates back to the Babylonian-Assyrian
era. The sophisticated experience of humans who have searched for valuable plants for health
improvement through millennia is one of the most important ancient legacies. Many species of the
Apiaceae (and some other family plants) are still utilized in folk remedies in Iran due to their high
species diversity and endemism rates. In traditional Iranian medicines, O. decumbens is utilized
for a variety of conditions, including gastrointestinal diseases and pain. In traditional medicine,

Oliveira has been used to treat stomachaches, diarrhea, abdominal pain, fever, and skin soreness



223 [7,11,13]. A brief summary of the pharmacological effects of this plant species is shown in Figure
224 6. Numerous investigations have been carried out on this genus to demonstrate its anti-
225 inflammatory, anti-cancer, antihemolytic, and antioxidant effects [7,9,13,22]. O. decumbens has
226  been utilized as a central nervous system stimulant, and a liver and cardio tonic [31]. Moreover,
227  it's bactericidal [9,11], antioxidant [32], and anti-Helicobacter pylori properties were also studied.
228  Medicinal uses of different extracts of this plant are presented in Table 4. Also, another team
229  worked on O. decumbens and investigated the bactericidal potential of the EO on the growth of
230  Pseudomonas aeruginosa, Escherichia coli, Streptococcus pyogenes, and Staphylococcus
231 epidermidis [11].
232
4
Antibacterial 1 ] 6 Anti-diabetic
A4 y
Antifungal 2 7 Anti-Leishmania
Oliveria decumbens
A4 v
. . Skin Disorders
Azl 3 Therapeutlc 8 (Boils,Wound Healing)
N 4 Effects
Antioxidant and 9 Indigestion and
Anti Inflammatory Diarrthea
4 N 4
Anti-cancer D) 10 Senm;liﬁilufi};cosal

233 Figure 6. A Brief graphical summary of O. decumbens pharmacological effects.

234  Table 4. Various O. decumbens extracts and their therapeutic effects

No. Mode of Action Extract References
(Khosravinezhad et al., 2017; Behbahani
etal., 2018; Eftekhari et al., 2019; Hojjati
1 Antibacterial Hydrodistillation & Ghodsi, 2019; Khoshbakht et al.,

2020; Nikravan et al., 2020; Barzegar et
al., 2021; Amin et al., 2022;)
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(Khajehie et al., 2017; Khosravinezhad

2 Antifungal Hydrodistillation ctal, 2017; Barzegar ct al., 2021)
3 Antiviral Methanolic extract [39]
(Saidi, 2014; Khajehie et al., 2017,
.. e Esmaeili et al., 2018; Vazirzadeh et al.,
4 Antioxidant Hydrodistillation 2019; Nikravan et al., 2020; Mollaei et
al., 2021)
5 Anti-cancer Ethanolic extract (Jamali et al., 2020; Khodavirdipour et
Hydro distillation al., 2021; Shariatzadeh et al., 2023 )
6 Anti-diabetic Hydroalcoholic Extract [43]

7 Anti-Leishmanial Hydroalcoholic Extract (Khademvatan et al., 2019; Amin et al,

2022)
8  Wound Healing  Hydrodistillation (zlzgl)bo“bl et al, 2018; Amin et al,
9 Diarrhea Hydroalcoholic Extract [46]
jo Serumandmucosal p 4 gicination [40]

Immunity

6.1. Antimicrobial Potential

O. decumbens essential oil demonstrated a wide range of antibacterial potential against all the
investigated microbes (Table 5). The antimicrobial activity of the O. decumbens EO was evaluated.
The EO showed strong inhibitory outcomes on Gram (+) and Gram (-) bacteria (Table 5).
Additionally, it had antifungal effectiveness against Candida albicans and Aspergillus niger
(Table 5). It appears that oxygenated monoterpenes, such as the well-known chemicals thymol and
carvacrol, which have strong antibacterial potentials, can be linked to the antimicrobial activity of
O. decumbens [13]. Many studies have shown that the extracted oil of O. decumbens exhibited
strong antimicrobial and antifungal activities against filamentous fungi and yeast [11] and the
antibacterial activity on bacterial strains that cause infections such as (Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus epidermidis, and Streptococcus pyogenes) has been
documented [47], while the efficiency of the herbal formulation containing O. decumbens EO was
evaluated against methicillin-resistant S. aureus (MRSA) related skin wound infection in
experimental mice model [7]. To evaluate anti-Helicobacter pylori activity, an agar dilution

technique was used to measure the anti-Helicobacter pylori activity in an experiment. The essential



251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

oil significantly reduced H. pylori (MIC= 20.4 pg/mL). Notable anti-Helicobacter pylori potential
of O. decumbens EO was reported. According to a recent study, carvacrol had strong anti-
Helicobacter pylori activity, however, its effectiveness was diminished when thymol was present
[9,12]. EO extracted from O. decumbens aerial parts, used as an antiseptic agent and a broad-
spectrum antimicrobial agent, possesses strong antibacterial activity [48]. In another study, the
EO exhibited a large antimicrobial potential against the tested Gram-positive and Gram-negative
bacteria and fungal strains [13]. Further research investigated the antimicrobial potential of O.
decumbens on well-known fungi (Candida albicans) by using the disk diffusion agar method. The
EO was reported to enclose antibacterial and antifungal effects. With increasing EO concentration,
the inhibitory zone increases [33]. Haji et al (2010), reported strong antibacterial activity for O.
decumbens EO on Staphylococcus aureus, Escherichia coli, Aspergillus niger, and Candida
albicans but the low bactericidal activity on Pseudomonas aeruginosa [8]. Motamedi et al., (2010)
stated that some microbes are resistant to the antimicrobial effects of O. decumbens extracts [49].
Mahboubi et al., (2008) stated that Gram-positive bacteria are more susceptible to O. decumbens
EO's antibacterial effects than Gram-negative bacteria [50]. The antimicrobial effects of ethanolic
and methanolic extracts of O. decumbens were also evaluated. Their results are shown in Table 5.
S. aureus was the most susceptible strain of bacteria examined, and O. decumbens ethanolic extract
was effective against all of them. Salmonella typhi, Pseudomonas. aeruginosa, and Proteus.
mirabilis was more resistant to the methanolic extract than the other bacteria [49].

Table 5. Antimicrobial activity of O. decumbens essential oil and extracts.

Microorganism Plant Extract References
Staphylococcus aureus ATCC 6538
Staphylococcus epidermidis ATCC 12229 Essential oil (Amin et al., 2005)

Gram

) Bacillus cereus PTCC 1247

Bacillus pumilus
Bacillus anthracis

Ethanolic and Methanolic ~ [49]
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Bacillus licheniformis

Bacillus cereus

Staphylococcus aureus

Staphylococcus epidermidis

Streptococcus pyogenes

Listeria monocytogenes

Escherichia coli ATCC 8739

Pseudomonas aeruginosa ATCC 9027 Essential oil (Amin et al., 2005)
Seratia marcenscens PTCC 1111

Escherichia coli

Gé?)m Salmonella typhi
Proteus mirabilis . .
Bordetella bronchiseptica Ethanolic and Methanolic  [49]
Klebsiella pneumoniae
Pseudomonas aeruginosa
Yeasts Aspergillus niger ATCC 16404 Essential oil (Amin et al., 2005)

Candida albicans ATCC 10231

6.2. Anti-Leishmania Activity

The primary health issue, leishmaniasis, affects millions of individuals. Leishmania infections
cannot be vaccinated against, and available commercial medications are ineffective. Consequently,
efforts are being made to find alternative natural therapies. O. decumbens hydroethanolic extract’s
effect on Leishmania major and Leishmania infantum was evaluated in a study. Results
represented that antileishmanial activity of O. decumbens, on L. major and L. infantum
promastigotes were affirmed with ICso of 0.85 and 0.23 ug/ml after 72 h incubation. The anti-
leishmania activity of the hydroethanolic extract was determined using an MTT assay. Inhibitory
concentration (IC50) values were for the hydroethanolic extract of O. decumbens at 24, 48, and
72h for L. major promastigote 22.3, 2.7, and 0.85 pg/ml and for L. infantum promastigote 7.1,
1.13, and 0.23 pg/ml, respectively. Their findings demonstrated that the hydroethanolic extract of
O. decumbens had potent anti-leishmanial activity against the forms of L. major and L. infantum

promastigotes in vitro after 24, 48, and 72h of incubation (P < 0.05) [44].

6.3. Anticancer activity
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Despite the development of conventional therapies to combat cancer, including chemotherapy,
these therapies cause damage to many tissues and increase resistance leading to treatment failure.
Hence, to minimize these problems, the finding of alternatives to cancer therapy is important,
among which herbs have been known as a significant source of novel bioactive compounds for
chemotherapeutic development [51]. Anticancer characteristics (in vitro) of O. decumbens EO
were evaluated [42]. Based on the results of the MTT experiment, EO significantly reduced the
vitality of 4T1 cancer cells while having no significant impact on L.929 normal cells in 2D. In
addition, OEO significantly reduced the proliferation of 4T1 spheroids in 3D. These findings
demonstrated that OEO causes DNA damage, ROS production, mitochondrial membrane potential
disturbance, and apoptosis. A cytokine assay and evaluation of EO's efficiency in 4T1 tumor-
challenging mice demonstrated its anti-tumor effects and the emergence of an immune response
linked to Th1 expansion. According to this study, EO can inhibit the growth of 4T1 breast cancer
cell lines in 2D and 3D settings. According to the 2D data, the ROS formation, MMP decrease,
and eventual induction of apoptosis are how EO exerts its inhibitory impact. This result was even
seen in tumor-bearing mice treated with EO, demonstrating that EO, despite causing the death of
tumor cells, exhibits anti-tumor effects because of the emergence of an antineoplastic immune
response. EO may therefore be a chemical with several advantages for the treatment of breast
cancer. However, additional research into the molecular processes and metabolic pathways
implicated in O. decumbens EQ's anticancer effect is required in the future [42]. Another anti-
cancer study showed that by upregulating the box gene and slightly downregulating the anti-
apoptosis gene bcl2, the real-time PCR demonstrated that O. decumbens ethanolic extract
considerably triggered apoptosis in cells. Another study was aimed at investigating the

pharmacological potential of O. decumbens essential oil (OEQO) and its main compounds, focusing
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on OEQ’s cytotoxic effects on MCF-7 breast cancer cells. Thymol, carvacrol, y-terpinene, and p-
cymene were the main OEO constituents. When MCF-7 cells were treated with OEO, the
expressions of genes related to apoptosis (BIM and Bcl-2), tumor suppression (PTEN), and cell
growth inhibition (AURKA), were evaluated using real-time PCR. Moreover, molecular docking
was used for studying in silico the interaction of OEO principal compounds with PTEN and
AURKA. The expression of AURKA was significantly reduced since the OEO treatment enhanced
the expression of PTEN. Through in silico molecular docking, it was revealed that thymol,
carvacrol, p-cymene, and y-terpinene can activate PTEN and thus inhibit AURKA. Additionally,
the DNA fragmentation assay, acridine orange/ethidium bromide (AO/EB) double-staining assay,
and real-time PCR highlighted the fact that the OEO treatment could activate apoptosis and inhibit
cell proliferation. Therefore, OEO is a viable candidate to be employed in the pharmaceutical
industry, specifically as a possible agent for cancer therapy [52]. This plant EO despite inducing
death in tumor cells, displays the anti-tumor effects due to the development of an anti-tumor

immune response [42].

6.4. Wound healing activity

The EO of O. decumbens was evaluated for its wound healing property [36]. O. decumbans’ ability
to cure wounds was comparable to that of conventional skin cream. Thymol was anticipated to
create the most stable complex with hydrogen bonds and hydrophobic interaction as the GSK-3
protein active site's strongest binder. p-Cymene, limonene, y-terpinene, and carvacrol were the
second-best binders. In addition, the healing effect of a skin dressing containing carvacrol showed
that it significantly reduced the surface of a wound lesion, promoting changes in lesion depth and
granulation tissue thickness. Subsequently, it was documented that carvacrol was capable of

retaining the release of transforming growth factor, tumor necrosis factor-a, and interleukin 18
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during tissue repair. O. decumbens can also use as a wound dressing. Bacterial infections are
common in wounds, which slow the healing process. Using natural antimicrobial agents can help
prevent the development of bacterial resistance to conventional antibiotics. A biological polymer
called chitosan has some antioxidant and antibacterial properties. In an experiment, nanofibrous
scaffolds made of polyvinylpyrrolidone (PVP)/maltodextrin (MD) as the shell and chitosan
(CS)/polyvinyl alcohol (PVA) as the core was created. In the center of the scaffolds that were
created, O. decumbens EO was encapsulated. The examination of the broth microdilution revealed
that the EO had substantial antibacterial action. The CS/PVA-PVP/MD and CS/PVA/EO-
PVP/MD scaffolds showed appropriate mechanical characteristics. The antioxidant activity of the
scaffolds was improved by the addition of the investigated EO. The antimicrobial assay of the
manufactured scaffolds revealed that 10% O. decumbens EO loading might increase the CS/PVA-
PVP/MD scaffolds' capacity for microbicidal activity and as wound dressing materials [36]. O.
decumbens may have the potential as a natural wound healing agent. However, further research is
needed to fully understand its mechanism of action and potential therapeutic applications [14].
Regarding anti-inflammatory docking results, the highest affinity was observed among essential
oil compounds when thymol docked into the GSK-3 protein binding site. It formed hydrogen bond
interactions with Asp, Tyr, and Val. Hydrophobic; Alkyl-Alkyl type interaction with Ile, Leu Ala,
Val Leu, and Cys. Also, Pi-Alkyl-Pi orbital type interaction with Ile, Val, and Ala was observed.
Although it is difficult to pinpoint these substances' precise molecular targets, it is possible to
propose that they affect redox balance, inflammatory cytokines, and growth factors. Thymol and
carvacrol play a crucial part in this process by having the ability to modify all stages of wound

healing [13].

6.5. Pesticide and insecticidal activity
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In the framework of a novel and eco-friendly pesticide development, plants represent a major
source of effective compounds, which can be used to manage arthropod populations, formulating
novel insecticides, acaricides, and repellents [53—60]. In particular, the use of botanical-based
insecticides strongly reduces the chance of resistance development in targeted pests and vectors
due to their multiple modes of action, including but not limited to inhibition of
acetylcholinesterase, GABA, and octopamine receptors [54,61,62]. In a study, the efficacy of O.
decumbens EO was assessed against three economically significant insects, Culex quiquefasciatus,
Musca domestica, and Spodoptera littoralis. This EO's side effects on earthworms, Eisenia fetida,
were evaluated. Results showed that the three target insects showed the EO to be very hazardous,
on Culex quefasciatus, M. domestica, and S. littoralis, respectively. When evaluated at 200 mg/kg,
the EO's toxicity to non-target soil insects was negligible, resulting in no or very low death of E.
fetida [63]. Another study evaluated the insecticidal activity of O. decumbens E.O. It represented
notable larval cabbage looper toxicity. O. decumbens E.O. showed an LDso of 52.1 (ug larval).
Constituents of E.O. were also tested against Trichoplusia ni via topical application. Results
showed that p-Cymene had a maximum LDso, 202.8 (ug larval), while minimum LDso was

achieved by Myristicin (32.7 (ug larval)) [9].

7. Conclusion

O. decumbens is an aromatic medicinal plant that is endemic to the middle east, including some
parts of Iran. O. decumbens EO may be utilized to treat infections and appears to be a significant
source of antioxidant and antibacterial agents. It has various pharmacological activities including
antiviral, anticancer, antidiabetic, and antifungal. Further research aiming at discovering
phytochemicals from non-EO extracts of these plants and assessment of bioactivity of all

secondary metabolites present in this plant is essential to appreciate the true potential of this plant
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and to provide scientific evidence in support of its traditional medicinal uses. Since this plant has

multiple and unique medicinal properties, the development of its cultivation, the separation and

purification of its medicinal metabolites, and its usage in various industries, including

pharmaceuticals, as a critical and vital industry, is very valuable and recommended.
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