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ARTICLE INFO ABSTRACT
Keywords: Background: Saussurea costus (S. costus) is a critically endangered medicinal plant that has been
Plant-based treatments extensively studied for its chemical composition, significance, and therapeutic potential as

Plant-derived medicines traditional phytomedicine. This comprehensive review aims to provide a thorough understanding

of S. costus, including its biological activities, chemical makeup, and potential therapeutic uses in
biotechnology.

Objectives: This study investigated the pharmacological properties of S. costus, including its
antimicrobial, antioxidant, and antifungal properties, and its usefulness in treating conditions
such as thyroid disorders and liver injury. This study also aimed to assess and improve the
techniques used to extract bioactive compounds and to develop effective methods for harvesting
these compounds from medicinal plants.

Methods: This review analyzed the available literature on the phytochemical makeup and
bioactivity of S. costus extract using techniques such as molecular docking against SARS-CoV-2
protease, green extraction methods, and phytochemical analysis.

Results: This review revealed that S. costus possesses various pharmacological properties,
including antimicrobial, antiviral, anti-inflammatory, and anticancer activities. It is effective in
combating fungal infections, reducing inflammation, treating cancer, and inhibiting viral repli-
cation, and has the potential to control Candida species. Moreover, S. costus has been explored for
its capacity to synthesize nanoparticles with antimicrobial properties and for its potential in
treating thyroid disorders and liver injury.

Recommendations: Despite promising results, additional research is necessary to fully comprehend
the benefits of S. costus and validate its effectiveness in clinical settings. Future research should
focus on standardized methodologies and rigorous clinical trials to confirm the safety and
effectiveness of S. costus in various medical fields as well as further investigate its biotechno-
logical and pharmaceutical applications.

Modern and traditional medicine
COVID-19

1. Introduction

Saussurea costus (S. costus) (Falc.) Lipsch, also known as Indian costus, has a long-standing history in traditional Saudi Arabian
medicine and is a medicinal plant [1]. It shows diverse biological activities, including anti-inflammatory, anti-urolithiasis, and
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antimicrobial properties [2]. It has the potential to improve thyroid tissue damage caused by carbazole-induced hypothyroidism [3].
These findings highlight their significance in traditional and modern medicine. Similarly, other medicinal plants, such as saffron [4-6],
costus speciosus [7], Solanum torvum [8], Saururus [9], Swertia chirata [10], and Rhus coriari [11] have been extensively studied for
their therapeutic properties, further highlighting the potential of natural products in modern medicine. These findings underscore the
historical and cultural relevance of S. costus in supporting its traditional use and showcasing its potential in modern medicine.

A plant called S. costus has been widely studied for its ability to treat various health issues and provides multiple therapeutic
benefits, making it a promising candidate for medicinal use. Its anti-inflammatory and anti-urolithiatic properties and ability to
address thyroid disorders and tissue damage have been studied [3,12,13]. Pathogenic bacteria and fungi can be controlled by plant
extracts with antimicrobial activities [2]. It also exhibits hepatoprotective, antitumor, and anti-inflammation impact [14,15]. The
possibility of using S. costus, a related species, in drug discovery has also been emphasized [16]. Similarly, the therapeutic potential of
S. costus in thyroid treatment has been explored [1]. However, the lack of propagation techniques for many Saussurea species,
including S. costus, calls for research on sustainable cultivation methods [17]. Conservation of the genetic pool of this plant species is
also crucial [18]. Therefore, the study of S. costus as a versatile and valuable medicinal plant has the potential to contribute to sus-
tainable cultivation methods, conservation efforts, and impact on various health conditions.

S. costus, a critically endangered medicinal plant, has been extensively studied for its chemical composition and traditional sig-
nificance [19,20]. The therapeutic potential of this plant extract has been demonstrated in traditional medicine, where it has been used
to treat a range of conditions [21]. The main components of the plant are volatile constituents such as costunolide, dehydrocostus
lactone, and cynaropicrin [20]. In addition to other bioactive components, these compounds possess antioxidant, antimicrobial,
anti-inflammatory, antidiabetic, anti-ulcer, anti-cancer, and hepatoprotective properties [7]. Thus, the value of S. costus in traditional
medicine and its preservation are crucial for future medical research.

Comprehensive reviews of the phytochemical profiles of plants and their traditional uses have provided a thorough understanding
of their potential contributions to medicine and conservation [22]. This dual focus underscores the potential of S. costus to address
emerging health challenges, including its inhibitory effect on SARS-CoV-2’s main protease, which indicates its potential role in treating
COVID-19 [21,23]. Despite extensive research, there are still considerable gaps in our understanding of this subject. Although previous
studies have demonstrated antimicrobial properties, a thorough understanding of the specific mechanisms and active components
involved remains elusive [2,24,25]. Molecular docking against the SARS-CoV-2 protease highlights its antiviral potential, but further
validation and optimization are necessary [21]. Therefore, although S. costus shows promise against COVID-19, further research is
required.

This study aimed to gain a comprehensive understanding of S. costus, including its biological activity, chemical composition, and
possible therapeutic uses. This study investigated the pharmacological properties of S. costus, including its antimicrobial, antioxidant,
and antifungal properties, as well as its usefulness in treating conditions such as thyroid disorders and liver injury. By focusing on
S. costus, this study aimed to address emerging health challenges, such as COVID-19, and to uncover bioactive compounds for me-
dicinal and therapeutic purposes. This study suggests that S. costus has significant pharmacological properties, making it a potential
therapeutic agent for thyroid disorders, liver injury, and COVID-19.

This study aimed to assess and improve the techniques used to extract bioactive compounds and to develop effective methods for
harvesting these compounds from medicinal plants. This review highlights the immense historical, cultural, and medicinal significance
of S. costus, and demonstrates its diverse biological activities and potential therapeutic applications. The study’s comprehensive
approach, focused research question, and hypothesis position S. costus as a promising subject for further exploration and potential
contributions to medicine and conservation while acknowledging gaps in knowledge.

2. Ethnobotanical description and distribution

The therapeutic potential of S. costus has been extensively documented in Indian medicinal systems such as Ayurveda, Siddha, and
Unani, owing to its diverse medicinal properties. The roots of S. costus are commonly used as antispasmodic agents to treat a variety of
conditions, including asthma, persistent cough, cholera, chronic skin disorders, and rheumatism [21]. This medication is often
employed to treat a variety of health concerns, including coughs and colds, malaria, leprosy, hiccups, rheumatism, and stomach and
toothache [21]. It is crucial for gout, erysipelas, and enhancement of spermatogenesis [21]. The plant has been traditionally employed
in diverse indigenous medical practices to treat an array of ailments, such as rheumatism, common cold, cough, headache, stom-
achache, and throat infections [26]. S. costus is known for its antimicrobial, cytotoxic, and photocatalytic potential [24]. The potential
anti-inflammatory properties of this substance could explain its historical use in treating rheumatism [21].

The potential benefits of S. costus include its ability to protect the liver, act as an antioxidant, and prevent kidney stones [12,14,27].
It has anti-hepatotoxic, anti-hypercholesterolemic, and anti-thyroidal effects [3,28,29]. The therapeutic potential of the plant is further
demonstrated by its ability to alleviate reproductive, kidney, pulmonary, and splenic tissue damage, and reproductive toxicity
[30-32]. S. costus has antifungal properties against Candida species [2,33]. The diverse biological activities of S. costus, including its
phytochemical constituents, antimicrobial activity, and antifeedant potential, have been extensively evaluated [34]. S. costus exhibits
diverse therapeutic properties, thus validating its use in Ayurveda medicine.

The scientific community has provided substantial evidence to support the use of S. costus in the treatment of many ailments. In line
with its traditional use for addressing rheumatism, Idriss et al. S. costus possesses anti-inflammatory properties [21]. The hep-
atoprotective, antioxidative, and anti-urolithiatic properties of S. costus have been confirmed by Mammate [12] and Marei [29].
S. costus exhibits anti-hepatotoxic, anti-hypercholesterolemic, and anti-thyroidal effects, as reported by Fekry et al. [3] and Elghar-
abawy et al. [32]. S. costus possesses antifungal activity against Candida species, as exhibited by Soliman et al. [2] and Karim et al. [35].
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The diverse biological activities of S. costus, including its phytochemical constituents, antimicrobial activity, and antifeedant potential,
have been extensively evaluated [34]. These results emphasize the extensive range of therapeutic qualities associated with S. costus,
lending credence to its traditional application in healing practices in India (Table 1). S. costus has been used by individuals of diverse
ethnic backgrounds in northern India to address various health issues. Table 1 summarizes the medical applications of S. costus
categorized by geographical region and Table 2 describes the various approaches to using this plant.

2.1. Physical characteristics and habitat

S. costus, also known as kuth or costus, is a plant species of the Asteraceae family, with therapeutic properties demonstrated by
Mujammanmi et al. in traditional medicine [36]. The plant, native to the Indian Himalayan region, has been extensively documented by
Butola and Samant [17]. Its botanical and medicinal properties are diverse. The assertion that the primary contributions to the
Asteraceae family in Indian regions were made by two British botanists is supported by the “Flora of British India," which provides a
taxonomic account of approximately 608 species of Asteraceae [37]. Considerable progress has been made in characterizing the genus
Saussurea, particularly S. cuspidata, in India. These investigators surveyed various macromorphological traits, including plant habits,
size, leaf shape, and the nature of phyllaries. Additionally, they have provided valuable information on the dimensions and config-
uration of leaves and capitula [21]. Hence, S. costus is crucial in Indian medicine and research on the Asteraceae family.

Many scientific investigations have revealed that the Asteraceae family has emerged as the most species-rich family in the Indian
alien flora, as shown in a study by Khuroo et al. [38]. This finding underscores the substantial contribution of non-British botanists in
understanding Asteraceae in the Indian region. Debnath et al.’s study reveals that Asteraceae is the most common alien family in
Tripura, India, indicating its extensive presence and impact in multiple regions of India beyond the Flora of British India [39]. Zhang
et al. [40] also provided insights into the phylogenomics of Saussurea, offering a wider comprehension of the genus beyond the
contributions of British botanists. Xu et al. shed light on the phylogeny, origin, and dispersal of Saussurea, expanding the knowledge
base beyond the contributions of British botanists [41]. Therefore, while the contributions of British botanists are significant, a wealth
of research and contributions from various other sources have expanded our understanding of Asteraceae and the genus Saussurea in
Indian regions.

S. costus has been extensively studied for its medicinal applications. Studies have explored its use in thyroid treatment [36],
antifungal agents [2], and hypercholesterolemia [29]. In addition, several studies have investigated the antioxidant, antimicrobial,
and anti-inflammatory effects of S. costus [13,27,42,43]. Their potential to reduce reproductive toxicity and thyroid tissue damage has
also been explored [30,32]. Hence, the findings of these studies support the paragraph’s claim regarding the therapeutic benefits of
S. costus and its potential application in diverse medical treatments.

Recently, several studies have focused on the hepatoprotective properties of S. costus root extract, making this a topic of significant
interest. Rajan et al. investigated the flavonoid content of the ethanolic root extract and its hepatoprotective effects [44]. These results
suggest that Saussurea species may have therapeutic value because of their promising hepatoprotective properties. These results are
consistent with those found by Yaeesh et al., who showed that S. costus extract has anti-hepatotoxic effects in mice with D-galac-
tosamine and lipopolysaccharide-induced hepatitis. The treatment groups exhibited improved liver architecture and reduced cellular
swelling associated with the toxin cluster [28]. Liu et al. provided a comprehensive overview of the active components, pharmacology,
conventional uses, and obstacles to the preservation and sustainable utilization of S. costus, highlighting its therapeutic potential [45].
However, it is essential to consider contrasting evidence.

Eldaim et al. highlighted that S. costus root aqueous extract improved some aspects of reproductive toxicity in male rats,

Table 1
Region-wise ethnomedical uses of Saussurea costus.
Part Region Biomedical and biopharmaceutical uses Reference
Root e Trans-Himalayan region. e Dysentery, ulcer, stomachache. Pachiyappan et al.
[63],
Decoction of e Kullu region. e Cough and cold align. Liu et al. [96],
roots
Root/root e Hakims and vaidyas of North e The diseases listed are quartan malaria, leprosy, persistent hiccups, chronic Lunz et al. [123],
powder India. gastritis, stomach ulcers, rheumatoid arthritis, asthma, bronchitis, and
inflammation-related illnesses.
Decoction of e Tolcha tribes of Nanda devi e Stomachache, toothache, typhoid fever. Awoke [211]
root region of Uttaranchal.
Root e Northern mountain region of e Asthma, dysentery, skin disorders, and toothache. Priyadarshi et al.
India. [212],
Root e Mountain regions of north e Used to protect clothes from insect. Pachiyappan et al.
India. [631,
Root e Ambala Haryana region. e Rheumatism, cold, cough, headache, stomachache, and throat infection. Tousson et al.
[58],
Root e Kashmir region. e Chronic gastritis, stomach ulcers, and inflammation-related diseases. Mujammami [37],
Root e Kumaon region of e Stomachache. Pachiyappan et at.
Uttaranchal. [63],
Leaves e Lahul region of Himachal o Chewed/edible, Snake repellent, used as incense. Samant et al.
Pradesh. [213],




A.A.M. Elnour and N.H. Abdurahman Heliyon 10 (2024) e37790

Table 2
Traditional methods of application of Saussurea costus.
Conditions Traditional application Reference
Stomachache e There are three steps to the treatment: (i) Take the root powder with water, (ii) Apply the paste Pachiyappan et al.,
directly to the stomach after taking the root decoction, (ii) roasting the root powder in mustard oil. [63].
Headache e Root powder should be taken with warm water. Fekry et al., [214].

Respiratory disorders

Symptoms associated with
coughing and colds

Throat infection

Symptoms of backache and chest
pain

Inflammation of joints and
rheumatism
Minimal urination

Insect bites can cause skin rashes

Fatigue

Enhancement of hair’s luster and
growth

Inflammations and pustules

Experiencing fainting spells

Weakness and fatigue generally

Stacks of piles

Epilepsy
Headache

The general weakness of

0Oil heated with root is applied.

Root powder should be taken with warm water.

Root is chewed.

powder.

milk/decoction of root powder.
Roasted root is powdered and given with milk.
This ghee/butter is applied to the affected area and bandaged to keep it warm.

is applied to the stomach below the navel.

below the naval on the stomach.
An area affected by the infection is rubbed with ghee/butter roasted in root powder.

Smoke is inhaled from the hookah when pieces of root are burned.

washed with decoction.

powder on the hair as a topical application.

Root powder is dusted onto the wound. Mustard oil is heated with root powder and applied.
Root powder is dusted on the wound, and mustard oil is heated and applied.

When sneezing, root powder is rubbed in water, then a nasal drop is prepared using the water.
Boiling the root in milk twice a day and drinking the milk are recommended.

Vacha (Acorus calamus) roots are taken.

Honey is used to take the roots.
An application of root paste is made.

With cow’s milk and ghee, root powder is beneficial.

The affected area is massaged with oil heated with root powder taken with milk/decoction of root

An oil warmed with root powder is massaged on the affected area with root powder taken with

The decoction of root powder is mixed with jaggery, which is then taken. The paste of root powder

A decoction of root powder is mixed with jaggery, and then taken. A paste of root powder is applied

Mustard oil is heated with root powder and applied to the scalp topically after the hair has been

Several different techniques are used to treat hair, including rubbing mustard oil and ginger root

Badeggi et al.,
[215].

Lade and Patil,
[216].

[63].

Pachiyappan et al.,
[63].

Jimoh and Aina
[217].
Abdel-Hafez [218].

Kolahalam et al.,
[64].
Mujammami, [37].
Sinclair [219].

Li and Kasal [220].

Tousson et al., [58].
Abdel-Hafez [218].
Pachiyappan et al.,
[63].

Qais et al., [221].
Zamudio et al.,
[222].

Pachiyappan et al.,

Rasayana [63].
Table 3
Some common, ethnomedicinally important Indian species of genus Sauss
Name Uses Distribution References
The species of Saussurea e The leaves are edible, and they are used as e On open slopes and in shrubs in the Himalayas, Gezahegn
auriculata is found in vegetables. 2000-4300 m. Specifically, Jammu and Kashmir, et al. [223]
Europe and North Himachal Pradesh, and Uttaranchal.
America.
o In the treatment of colds, coughs, and fevers, whole e These mountains are found in Jammu and Kashmir, Semwal

Saussurea ceratocmpa
Decne.

The Saussurea costus species
(Falc.) Lipsch.

Saussurea gossypiphora D.
Don.

Saussurea heteromalla
(Don).

Saussurea obvallata (DC.)
Edgew.

Simpsoniana (Field. & Gard.)
Lipsch.

plants are used.

This plant is used to treat colic, headaches, back pain,
excessive menstrual bleeding, and kidney pain.

Asthma, dysentery, and rheumatism can be treated

with plants that grow in Kashmir, Himachal Pradesh,
and Uttaranchal. Additionally, these plants produce
edible leaves.

Plants are sacred from top to bottom.

Carminative properties of seeds, used to treat horse
bites.

All parts of the plant are sacred, including the root,
which is used to treat bruises and cuts.

Fever and snakebite are treated with inflorescence.

Himachal Pradesh, and Uttaranchal at elevations
between 3500 and 5600 m.

The Western Himalayas extend from 3000 to 5000
m above sea level in Himachal Pradesh and Jammu
and Kashmir.

The Himalayas can be found in subalpine regions
ranging from 3200 to 5000 m above sea level,
particularly in Jammu and Kashmir, Himachal
Pradesh, and Uttaranchal.

At elevations of 3500-5700 m, the Himalayas are
found in Jammu and Kashmir, Himachal Pradesh,
Uttaranchal, and Sikkim.

In the arid regions of the dry hill slopes, ranging
from 550 to 4000 m in elevation, it is found in the
state of Jammu and Kashmir.

Arunachal Pradesh, Jammu and Kashmir,
Himachal Pradesh, Uttaranchal, and Sikkim all
have mountains between 3800 and 4600 m high.
It includes Jammu and Kashmir, Himachal
Pradesh, Uttaranchal, and Sikkim, regions with
altitudes between 4400 and 5600 m.

et al., [224]

Rees [225]

Idriss et al.
[22],

Aryal et al.,
[226]

Rozina et al.,
[227]

Semwal
et al., [224]

Sharma et al.,
[228]
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significantly increasing sperm abnormalities, testicular tissue and DNA damage, and protein expression associated with testicular
damage [30]. Evidence from various sources appears contradictory, implying the need for additional research to explore the negative
effects of S. costus root extracts on reproductive well-being. Furthermore, research conducted by Abbasi et al. [46] in the Lesser
Himalayas of Pakistan has focused on botanical ethnoveterinary therapies, emphasizing the enduring nature of local knowledge in this
area. Although this knowledge may not be related to the hepatoprotective properties of S. costus root extract, it offers valuable insights
into the region’s broader traditional uses of plant-based remedies.

Another study examined the potential of bioactive compounds derived from S. costus to curb the growth of the microorganisms
responsible for food spoilage. These findings indicate that these compounds may function as environmentally friendly alternatives to
synthetic preservatives, which may have harmful health impacts [47]. Furthermore, S. costus has been found to have anti-cancer
properties, suggesting that it is a natural source. A study of Moroccan medicinal plants for cancer treatment revealed the signifi-
cant anti-cancer properties of S. costus [48]. Phylogenetic analysis showed that S. costus is more closely related to Frolovia and
Dolomiaea than to other Saussurea species. This finding supports the proposal to include S. costus in the expanded Dolomiaea genus
based on the molecular phylogenetic context [49]. Table 3 presents the selection of ethnobotanically significant Indian species from
the genus Saussurea that are common.

2.2. Global distribution and conservation status of S. costus

The conservation status and global distribution of S. costus are of great interest because of its medicinal properties and threatened
existence. S. costus is a plant species of the Asteraceae family that is found in the Himalayan region of India, Pakistan, and other Arab
countries [17,50]. The growing need for raw materials in industry has prompted calls for their preservation in natural habitats and
controlled environments [21]. This plant has been extensively used in many medical systems worldwide because it has been shown to
effectively combat a range of health issues. Its anti-inflammatory, anti-ulcer, anti-cancer, and hepatoprotective properties have been
shown [12,32,51]. Superoxide Dismutase (SOD) has been the focus of several investigations, which have highlighted its promising
capabilities in the areas of antimicrobial, antifungal, and antiviral functions, as well as its role as a mediator in the synthesis of
iron-oxide nanoparticles and the production of compounds rich in antioxidants [3,24,50]. The benefits of this plant in combating heart
problems and DNA damage in female mice have been reported, and it may also help improve thyroid tissue under unfavorable con-
ditions [31,52]. Plant roots have pinpointed and evaluated active ingredients as potent antifungal agents against Candida albicans and
non-albicans species [24]. S. costus has also been identified as a source of inulin and has been found to contain anti-trypanosomal
sesquiterpene lactones [53]. Plant extracts have shown potential for the green synthesis of magnesium oxide (MgO) nanoparticles
[3]. Thus, S. costus has therapeutic potential but faces population decline and industrial threats.

Saussurea Costus Plant
ARABIAN SEA

Fig. 1. Detailed illustration of Indian Maps, specifically highlighting the regions where the high-altitude plant Saussurea costus can be found.
Source: Adapted by the Authors under license (5706810004116).
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However, there are differing opinions regarding this. Bheel et al. stated that C. englerianus bagasse, a related plant, does not acquire
significant traction as a partial alternative to cement in concrete production [54]. This suggests a scarcity of interest in the industrial
applications of S. costus and its associated species. This paragraph describes S. costus as a vulnerable medicinal plant in the Himalayan
region and explores its ethnopharmacology [21]. S. costus has been shown to exhibit therapeutic effects in the treatment of cardiac
toxicity and DNA damage caused by Ehrlich solid tumors [32]. These findings contribute to the understanding of the global distri-
bution and conservation of S. costus, emphasizing its presence in the Indian Himalayan region, traditional uses, and potential ther-
apeutic properties [52,55]. These studies highlight the urgent need for conservation efforts to protect S. costus, a medicinal plant that is
endangered and found in Himalayan biodiversity hotspots [56]. This aligns with the priority placed on conserving medicinal flora in
this region. Research supports that medicinal plants, including S. costus, can be valuable sources for new drug discovery targets [57]
and provide a thorough understanding of the conservation status, traditional uses, and therapeutic potential of S. costus, emphasizing
the critical importance of conservation efforts to protect this endangered species. Fig. 1 depicts the global distribution and conser-
vation status of S. costus, illustrating its status worldwide.

2.3. Chemical composition and bioactive compounds of S. costus

Commercially important S. costus roots contain essential oils, sesquiterpenoids, and flavonoids, which contribute to their anti-
cancer effects [58,59]. S. costus is a medicinally important traditional plant that grows at altitudes between 2500 and 4300 m in
the Himalayan region, Cuba, Brazil, and Indonesia [60]. Different bioactivities, such as anti-cancer, antidiabetic, carminative, stim-
ulant, and aromatic properties, have been reported owing to different plant chemical constituents [61]. The different bioactivities of
S. costus are due to the presence of different bioactive constituents, such as volatile oils, alkaloids, flavonoids, di-O-p-D-glucosides of
oleanolic acid, COy-soluble extractives, synergizes, and gentiopicrosides [62]. S. costus roots are the most commercially exploited for
their different bioactivities, followed by flowers, rhizomes, and whole herbs. Different constituents, such as a-costal, f-costal,
nemophila-1 (10)-7(11)-diene, p-cymene, costunolide, a-pinene, a-caryophyllene, and an open-chain sesquiterpene have been re-
ported in S. costus herbs, and their contributions to their bioactivities have been studied [63], the wide range of bioactive compounds in
S. costus highlights its potential for medicinal use, warranting further pharmacological research to maximize its therapeutic benefits.

3. Current biological applications
3.1. Medicinal properties and pharmacology

Plant S. costus, a member of the Asteraceae family frequently used in medicinal applications, has garnered substantial attention from
researchers because of its possible pharmacological and therapeutic benefits. Studies have shown that this plant displays antimicrobial,
anti-inflammatory, anti-cancer, antioxidant, and antiviral properties [42,55]. Bioactive compounds, such as sesquiterpenes, lactones,
flavonoids, and alkaloids, have medicinal properties [35,55]. Historically, S. costus has been used for various purposes, including
management of thyroid disorders [3,36]. It has shown potential for the management of urolithiasis, diabetes, and candidiasis [12,35].
Plant extracts have also shown protective effects on thyroid tissues and thyroid hormone levels [15]. Briefly, S. costus has a broad
spectrum of pharmaceutical properties and can potentially serve as a therapeutic solution for many medical conditions [64]. Thus,
S. costus is a potent medicinal plant with diverse therapeutic applications.

The biological activities of S. costus have been extensively studied, revealing its diverse pharmacological potential. Studies have
shown anti-inflammatory, hepatoprotective, anti-ulcer, and anti-cancer activities of the plant [42,65]. The potential of Sapium discolor
S. costus as a natural bioactive source for combating pathogenic fungi has been demonstrated by its significant antifungal activity
against both Candida albicans and non-albicans species [51]. S. costus root extract showed hepatoprotective activity in vivo by
regulating various cellular cytokines and miRNAs, highlighting its potential to protect liver function [65]. Plant extracts have been
used as mediators in the synthesis of iron nanoparticles, exhibiting their ability to combat microbes [42]. These findings support the
traditional claims of S. costus in various medicinal systems and provide a scientific basis for its potential therapeutic applications [42].
Plant extracts have shown efficacy in inhibiting the viability of Echinococcus granulosus protoscoleces, demonstrating their potential for
combating parasitic infections [50]. Furthermore, the crude root extract of S. costus exhibits various biological activities, including
phytochemical constituents, antimicrobial activity, and antifeedant potential, highlighting its pharmacological significance [34].
Thus, studies have identified promising drug targets and therapeutic applications of S. costus.

The biological impact of S. costus has been recognized for specific compounds found in plants, such as lactonized oil and 12-
methoxy dihydrocostunolide, which have shown potent effects [66]. These compounds have been found to exhibit hypotensive ac-
tion through direct peripheral vasodilation and cardiac depression, indicating their potential role in cardiovascular regulation.
Furthermore, the protective effects of different fractions of S. costus against experimentally induced bronchospasm by histamine and
acetylcholine aerosols suggest a potential therapeutic effect on asthma, highlighting their significance in respiratory health [67].
Costunolide, derived from the roots of S. costus, inhibits aortic contractions in rabbits, specifically those induced by potassium chloride,
suggesting a possible calcium antagonistic action. Similarly, dehydrocostuslactone exhibits inhibitory effects on the aorta, particularly
against potassium chloride-induced contractions, suggesting its potential to modulate vascular tone [68]. Therefore, S. costus com-
pounds can potentially be used to treat cardiovascular and respiratory conditions.

Based on the findings of Kim and Choi [69], the current study examined the effect of costunolide, a chemical obtained from the
roots of S. costus. The study findings showed that costunolide inhibited the production and expression of proinflammatory mediators,
particularly cytokines, which aligns with the observed reduction in interleukin-1 (IL-1) gene expression in LPS-stimulated RAW 264.7
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cells. Costunolide’s mechanism of action, as detailed by Kang et al. [70]. As shown by Liu et al., the influence of costunolide can be
neutralized through pretreatment with sulfhydryl compounds, as per the outcomes presented [71]. According to Kang et al. [70], the
function of AP-1 transcription factor and mitogen-activated protein kinase phosphorylation was hindered by costunolide, which aligns
with the findings of Bruna et al., who emphasized the interaction of glucocorticoid receptors with AP-1 and the inhibition of the JNK
pathway by glucocorticoids [72]. Hence, investigating the anti-inflammatory properties and therapeutic potential of costunolide
provides a comprehensive understanding of its potential effects [70]. The results align with the findings of Kang et al., which showed a
decrease in both iNOS protein and mRNA levels, consistent with the observed inhibition of inducible nitric oxide synthase (iNOS) by
the root extract of S. costus [70]. Thus, S. costus exhibits anti-inflammatory and anti-arthritic properties under inflammatory
conditions.

3.1.1. Anti-inflammatory activities of S. costus

Extensive research has highlighted the medicinal potential of S. costus, particularly its anti-inflammatory properties. Various
laboratory and animal studies have demonstrated this phenomenon [55,64]. According to Mammate et al. [43], S. costus has various
pharmacological properties, including anti-ulcer, anti-cancer, hepatoprotective, and anti-inflammatory effects. These results were
consistent with the traditional medicinal uses of these plants. The antimicrobial activity of the plant against pathogens such as Candida,
herpes, and SARS-CoV-2 further underscores its therapeutic versatility [55]. S. costus is a versatile medicinal plant with numerous
health benefits.

The phytochemical composition of S. costus, particularly its sesquiterpene lactones, is a key contributor to its pharmacological
activity [73]. Tag [74] and Idriss et al. [21] provided empirical support for the anti-inflammatory properties of the plant, with further
corroborative findings from Yoo et al. [75] and Jia et al. [76], highlighting its anti-angiogenic and anti-nociceptive properties. The
potential of S. costus as an antioxidant has been highlighted, particularly its ability to neutralize free radicals [77]. Thus, S. costus
phytochemicals are key to their various medicinal properties. Pinedo-Guerrero et al. further advanced the understanding of S. costus ’s
anti-inflammatory potential through detailed studies on its methanol extract and isolated sesquiterpene lactones [78]. Their research
showed significant inhibition of cytokine-induced neutrophil chemotactic factors and suppression of nitric oxide production in
LPS-activated cells. Hence, S. costus has pharmacological effects and potential as an NF-kappa B inhibitor.

The ethanol extract of S. costus has shown promising results, particularly in inhibiting the production of tumor necrosis factor
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Fig. 2. Illustrates the stages of wound healing facilitated by natural compounds, detailing the inflammatory response, immune recruitment, and
pathogen removal, which are mediated by specific chemical compounds: costunolide (C;5H2005), dehydrocostus lactone (C15H1802), and cyn-
aropicrin (C19H2206). It shows a cascade from the initial pathogen invasion at the wound site, eliciting an inflammatory response from mast cells
and macrophages, through the recruitment of immune cells such as monocytes and neutrophils, which aid in tissue regeneration, to the final healing
stage with complete pathogen clearance and tissue restoration. The panels effectively depict the cellular activities and signaling involved, high-
lighting the dynamic interplay between immune responses and the molecular mechanisms of natural compounds in promoting wound healing.
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(TNF)-alpha in LPS-stimulated cells, consistent with its traditional use in Korean prescriptions for treating inflammatory disorders
[78]. Kolahalam et al. provided insights into the botanical, chemical, and pharmacological aspects of S. costus, further emphasizing its
relevance in inflammatory diseases [68]. Extensive research has been conducted on S. costus, including the studies by Cho et al. [79],
Aldjeri et al., [80], and Mathema [81], the anti-inflammatory properties and potential therapeutic applications of this substance have
been demonstrated, as seen in sesquiterpene lactones such as cynaropicrin, which effectively suppress inflammatory mediators.
However, conflicting findings regarding the exact process [64,82-85] supported the importance of conducting additional research to
gain a comprehensive understanding of the therapeutic potential of S. costus. The use of this plant in traditional medicine to treat
inflammatory conditions has been supported by the anti-inflammatory and anti-arthritic properties demonstrated by Gokhale et al.,
which serve as a strong basis for future pharmacological research [77]. Fig. 2 illustrates the mechanisms by which natural bioactive
compounds exert their anti-inflammatory activities in various scenarios, as previously explained.

3.1.2. Antioxidant activities of S. costus

Medicinal applications of S. costus rely heavily on its antioxidant properties. S. costus is a plant rich in flavonoids, phenolic
compounds, polyphenols, sesquiterpene lactones, and other active antioxidants that have been shown to have antioxidant properties in
several studies [73,86-89]. These antioxidants play a significant role in protecting the cells from oxidative stress, reducing lipid
peroxidation, and promoting cellular health [3,90]. In addition to its antioxidant, S. costus exhibits anti-inflammatory, anti-ulcer,
anti-cancer, hepatoprotective, and antimicrobial properties [21,60,91,92]. S. costus root extract contains flavonoids, steroids,
chlorogenic acid, and other bioactive compounds that neutralize free radicals and reduce oxidative damage in the kidneys, liver, and
thyroids [73,87]. Furthermore, S. costus has shown promise in protecting against toxicity caused by various substances such as
diazinon, chloropyrofosethyl, and carbimazole, indicating its potential as a hepatoprotective and neuroprotective substance [3,73,88].
S. costus also alleviates blood biochemical derangements, thyroid tissue damage, and toxic-induced cardiac effects, further empha-
sizing its therapeutic potential [3,15]. Hence, owing to its antioxidant activity, S. costus is a valuable natural resource with diverse
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Fig. 3. Shows the effects of antioxidants on body fluids and summarizes the multifaceted health benefits of Saussurea costus which enhances kidney
and liver health and provides anti-inflammatory, anti-aging, and antimicrobial activities. Dehydrocostus lactone helps maintain healthy sleep
patterns, offers antioxidant protection within body fluids, and exhibits anti-cancer properties. Cynaropicrin supports vision and dental health and
contributes to obesity prevention. The therapeutic potential of each compound was visualized around a central human figure, highlighting its
significant role in promoting overall human health across various systems and conditions.
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medicinal properties. Its biological impact makes it a strong contender for further studies and the development of therapeutic in-
terventions. Fig. 3 illustrates the mechanisms of action by which antioxidants impact body fluids.

3.1.3. Hepatoprotective of S. costus

The hepatoprotective effects of S. costus root extracts have been previously reported. This extract consists of sesquiterpene lactones,
which have a range of pharmacological effects including hepatoprotection [73]. Research indicates that S. costus may exhibit powerful
hepatoprotective properties by regulating the expression of cellular cytokines and miRNAs [65]. According to various reports, the
antioxidant activity of root extracts can contribute to their hepatoprotective effects [12]. The effectiveness of S. costus in preventing
liver damage has been examined in various induced liver toxicities, and the outcomes have shown its potential as an anti-hepatotoxic
agent has been demonstrated [28]. The protective effect of the S. costus root extract on the liver can be ascribed to its diverse phy-
tochemicals, including sesquiterpene lactones, flavonoids, and terpenoids. These compounds have potent hepatoprotective properties
[3]. Bioactive compounds protect the liver from harmful effects and promote general well-being. Furthermore, the traditional use of
S. costus in various forms of medicine has been validated in laboratory and animal model studies, confirming its hepatoprotective
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Fig. 4. Illustrates the hepatic lobule, a key structural and functional unit of the liver, detailing its cross-section and vertical structure. This highlights
how the bioactive compounds costunolide, Dehydrocostus lactone, and cynaropicrin affect liver health. Costunolide and Dehydrocostus lactone
promote hepatoprotection through anti-inflammatory and antioxidant activities, thereby reducing liver disease progression. Dehydrocostus lactone
also has anti-cancer properties, which are critical for targeting liver cancer. Cynaropicrin supports liver health through its immunomodulatory and
antimicrobial effects, which are essential for managing autoimmune disorders and preventing infection. Collectively, these compounds enhance the
essential functions of the liver in metabolism, detoxification, protein synthesis, and bile production, offering significant therapeutic potential for
liver health maintenance and disease intervention.
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potential [64].Thus, S. costus root extract protects the liver from phytochemicals that affect cytokines, miRNAs, and oxidative stress,
validating its traditional use.

Extensive research has been conducted on S. costus, particularly on its ability to protect the liver. El-Gizawy et al. demonstrated that
the root extract of the plant exhibits hepatoprotective effects by regulating the levels of certain cellular cytokines, including miRNA-
34a and miRNA-223 [14]. Researchers, including Mammate et al., have highlighted the antioxidant and anti-urolithiatic effects of both
aqueous and ethanolic extracts of S. costus, providing additional evidence supporting its hepatoprotective properties [12]. In 2010,
scientists examined the hepatoprotective properties of S. costus extract and demonstrated its ability to reduce hepatitis caused by
D-galactosamine and lipopolysaccharide in mice [28]. Idriss et al. highlighted the potent hepatoprotective properties of this plant,
validating its long-standing use in traditional medicinal practices [64]. Consequently, the sulfated polysaccharide S. costus defends the
liver by exhibiting hepatoprotective properties.

The primary reason for the protective effects of S. costus on the liver is its active components, costunolide, and dehydrocostus
lactone. These compounds have been shown to inhibit the expression of the hepatitis B surface antigen (HBsAg) in human liver cancer
cells (Hep3B) without affecting cell viability [44]. Dehydrocostus lactone has been shown to exhibit anti-angiogenic properties by
inhibiting the Akt/GSK-3p/cyclin D1 and mTOR signaling pathways, which are well-known mechanisms for suppressing angiogenesis
[93]. Both costunolide and dehydrocostus lactone have been shown to trigger apoptosis and cell cycle arrest in various cancer cells,
indicating their potential as anti-cancer agents [94]. The findings of this study align with the previously documented impact of
dehydrocostus lactone, particularly its capacity to inhibit cell growth and initiate programmed cell death in laryngeal carcinoma cells
[95]. Hence, owing to its potent components, S. costus can safeguard the liver and treat cancer.

Various scientific studies have explored the consequences of costunolide and dehydrocostus lactone use, and these results have
been reinforced by a significant amount of research. Costunolide and dehydrocostus lactone possess hepatoprotective properties and
prevent the degradation of the extracellular matrix. Together, these properties suggest that these compounds may relieve hep-
atoprotective reactions [69,93,96-106]. Costunolide and dehydrocostus lactone have been shown to possess hepatoprotective ac-
tivities, which include reducing hepatitis caused by macrophages, suppressing allergic airway inflammation, and limiting the
production of pro-inflammatory cytokines [102,103,105]. The inhibition of cell proliferation, tumor invasion, angiogenesis, and the
induction of apoptosis in different cancer cells have demonstrated the anti-cancer activity of these compounds [104]. Numerous
substances are recognized for their ability to combat microorganisms and protect against the detrimental effects of free radicals owing
to their inherent hepatoprotective activities [101]. The broad spectrum of hepatoprotective effects associated with costunolide and
dehydrocostus lactone make them promising candidates for further therapeutic exploration [69]. Therefore, costunolide and dehy-
drocostus lactone possess multiple therapeutic properties.

Several studies support the notion that costunolide and dehydrocostus lactone can decrease the levels of hepatitis B surface antigen
(HBsAg) at the mRNA level, as reported by Idriss et al. [21]. They confirmed that both costunolide and dehydrocostus lactone
significantly reduce HBsAg expression in human hepatoma cells, indicating their potential as anti-HBV therapeutic agents.
Pena-Oyarzin et al. [107] reported that these substances hinder the Wnt/f-catenin pathway in colon cancer cells, indicating their
potential ability to control cell cycle and programmed cell death (apoptosis). Jeong et al. demonstrated that costunolide can inhibit the
VEGFR KDR/FIk-1 signaling pathway, suggesting its potential to modulate cellular signaling pathways [108]. Lee et al. showed that
dehydrocostus lactone reduced the production of inducible nitric oxide synthase and TNF-a in macrophages activated by LPS, sug-
gesting its potential anti-inflammatory effects [109]. Research has shown that costunolide and dehydrocostus lactone are potential
anti-HBV drugs that can induce apoptosis and regulate cell cycle progression. Fig. 4 provides a detailed illustration of the horizontal
and vertical structures of a hepatic liver lobule, delineating its cross-sectional and longitudinal anatomy.

3.1.4. Anti-ulcer and cholagogic of S. costus

Extracts of S. costus containing costunolide have shown both anti-ulcer and anti-cholagogic effects in mice, validating their
traditional anti-ulcer activity [13,29,30,57,110]. Scientists have shown that S. costus exhibits anti-inflammatory, anti-hepatotoxic, and
immunomodulatory characteristics, suggesting its potential to combat ulcers [13,26,30]. The anti-hepatotoxic properties of the root
extract of S. costus were further demonstrated, providing additional evidence of its potential to protect against liver damage, which is
frequently linked to ulcer formation [30,57]. S. costus possesses antioxidant and anti-inflammatory properties relevant to its potential
anti-ulcer effects [29,111]. Thus, the anti-ulcer properties of S. costus confirm its potential for ulcer treatment.

S. costus extract and its main component, costunolide, have been shown to stimulate the release of bile and suppress the formation
of gastric ulcers in mice, particularly when restrained in water [112]. S. costus decoction has been shown to exhibit potential in the
modulation of gastric function, as some can enhance gastric emptying and promote the release of endogenous motilin in patients with
severe superficial gastritis [83]. The anti-ulcer properties of UL-409, which is rich in S. costus, have been documented, potentially by
enhancing gastric cytoprotection and modulating protective mechanisms [24]. Amino acid-sesquiterpene adducts, particularly those
found in the dried roots of Chinese S. costus, have shown anti-ulcer effects in rats with HCl/ethanol-induced lesions. Additionally,
Saussurea mine A displays inhibitory activity against stress-induced ulcer formation in mice [113]. Thus, S. costus and its constituents
may mitigate gastric ulcer symptoms and regulate gastric functions.

The synthesis of saussure amines and amino acid-sesquiterpene conjugates from the roots of S. costus involves a Michael-type
reaction, in which amino acids are added to the a-methylene-y-lactone portion of sesquiterpene [114]. Experiments with these sub-
stances have shown their capacity to prevent gastric mucosal damage caused by acidified ethanol in rats. Additionally, the ethanol
extract of S. costus exhibited antibacterial activity against Helicobacter pylori in vitro, suggesting its potential use in the treatment of
gastritis-like conditions (Fig. 5). This effect was observed against both standard and clinical strains of H. pylori, with a minimum
inhibitory concentration of 40 pg/ml [114]. Thus, S. costus effectively treats gastric and bacterial infections, and provides therapeutic
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benefits.

The production of sesquiterpene conjugates frequently involves Michael-type addition reactions, which have been extensively
documented in literature [115]. The synthesis of natural products such as sesquiterpenes has extensively employed reactions involving
the addition of nucleophiles to conjugated systems [116]. Sesquiterpenes are often recognized for their wide range of biological effects,
including their ability to inhibit cancer cell growth [117]. Thus, Saussureamines and a-methylene-y-interlocution exhibited anti-
bacterial and gastroprotective properties. They form sesquiterpene conjugates via Michael-type addition reactions. The process by
which Helicobacter pylori contributes to ulcer formation is illustrated in Fig. 5, and the essential stages of this mechanism are
highlighted.

3.1.5. Antiparasitic of S. costus

S. costus has shown significant cytotoxicity against the extracellular bloodstream form of Trypanosoma brucei, with a potent effect
observed at concentrations between 0.2 and 0.5 mg/mL [118]. Additionally, it has demonstrated anti-trypanosomal effects against
Trypanosoma brucei and Trypanosoma equinum [85]. Furthermore, S. costus extract can enhance growth and prevent apoptotic changes
in macrophages infected with Trypanosoma cruzi [119]. In vitro, studies have indicated concentration-dependent activity of S. costus
root extract against various parasites, including Herpetomonas Samuel Pessoa, Leishmania tarentolae, and Leptomonas Seymour, with
minimum inhibitory concentration values of 50, 25, and 12.5 pg/mL respectively [33,120]. Notably, positive results were also
observed for both amastigote and promastigote forms of Leishmania. In addition, S. costus has shown significant activity against
parasites such as P. falciparum and T. cervi as well as against intestinal tapeworms, hookworms, earthworms, and roundworms [121,122].
S. costus demonstrated ovicidal and larvicidal activities against parasites like Fasciola hepatica, Schistosoma mansoni, Hymenolepis nana,
Raillietina spiralis, Ascaris suum, and Setaira digitata [123]. These findings highlight the potential of S. costus as a highly effective and
novel antiparasitic agent with proven safety and efficacy [124]. The root extract of S. costus, also known as C. surea, contains various
active compounds including sesquiterpene terpenes, anthraquinones, alkaloids, and flavonoids [125]. These compounds possess
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various pharmacological effects, including antifungal, antidiabetic, anthelminthic, antitumor, anti-ulcer, immunomodulatory,
anti-inflammatory, and anti-hepatotoxic properties [126]. Extensive research has supported traditional medicinal claims regarding the
antiparasitic efficacy of S. costus, sparking interest in its potential therapeutic applications for combating parasitic infections [122].
Thus, scientific advancements have elucidated the mechanisms by which S. costus root extract acts against parasites, providing new
insights into its therapeutic use.

The utilization of S. costus with resistance to microbes has received significant attention from researchers, particularly those that
exhibit resistance to bacteria, Candida, and other viruses [85]. Various in vivo and in vitro investigations have been conducted to
explore the potential gastroprotective, anthelmintic, parasiticidal, antimicrobial, larvicidal, antioxidative, and antiallergic properties
of the fractions extracted from defatted spirals of Saussurea costus [123]. These investigations have revealed the harmful effects of
Lactobacillus acidophilus, the causative agent of cryptosporidiosis, as well as moderate inhibition of highly resistant dengue virus and
SARS-CoV-2 replication in preliminary studies [127]. With escalating resistance to conventional antiparasitic medications,
herbal-based remedies are promising alternatives with fewer side effects [128]. S. costus, an ancient traditional Asian medicine, has
been used in Indian, Chinese, and Arabian traditional medicine to treat various ailments [119]. The root of S. costus possesses a potent
and long-lasting fragrance, and is the primary source of its distinct essential oil, comprising ketonic sesquiterpenes such as costus root
oil, costus acid, costunolide, and dehydrocostus lactone [125,129]. S. costus root exhibits many biological properties, including
anti-inflammatory, antimicrobial, antimalarial, antiviral, anti-cancer, antiparasitic, and antihyperglycemic effects, which can be
harnessed to manage diverse metabolic disorders [122]. According to accumulated evidence, wisdom, and experiences of AITA, roots
play a vital role in the prevention, diagnosis, and treatment of lifestyle-related chronic diseases according to the accumulated evidence,
wisdom, and experiences of AITA [21,130]. S. costus is effective against Clonorchis sinensis and nematodes, making it a promising
antiparasitic agent (Fig. 6). Based on the information provided, it can be inferred that the phytochemical makeup and diverse bio-
logical effects of S. costus offer valuable opportunities for further scientific investigation in this field. Fig. 7 illustrates the dominant
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Fig. 6. Depicts the lifecycle of the malaria parasite Plasmodium within the human host and its interaction with bioactive compounds. [A] shows the
chemical structures and formulas of cynaropicrin (C;9H2206), suggesting potential targets for therapeutic interventions. where [B] depicts the
sequential stages of Plasmodium infection and propagation: sporozoites transmitted by the mosquito enter the liver cells where they mature into
merozoites. These merozoites are then released into the bloodstream, infecting red blood cells and progressing through several stages, including the
ring form, trophozoites, and schizonts, before culminating in gametocyte production. These gametocytes are taken up by another mosquito to
complete the transmission cycle.

12



A.A.M. Elnour and N.H. Abdurahman Heliyon 10 (2024) e37790

bioactive compound in S. costus.

3.1.6. Antimicrobial activities of S. costus

The antimicrobial properties of S. costus have been extensively investigated in several studies [34,35,51,64,131]. Studies have
shown that S. costus prevents the spread and growth of microorganisms such as bacteria, fungi, and viruses. S. costus has also shown
several beneficial biological effects, including anti-inflammatory, anti-trypanosomal, anti-cancer, and hepatoprotective impact [13,
64]. These results suggest that S. costus may be a viable therapeutic option for treating various illnesses.

The study carried out by Yu et al. [132] explored the suppressive influence of the ethanol extract of S. costus on Streptococcus
mutans, revealing substantial impairment of bacterial proliferation, acid secretion, attachment, and water-insoluble glucan synthesis.
These results indicated that the ethanol extract of S. costus exerted a considerable inhibitory effect on Streptococcus mutans. The
development and secretion of lactic acid by Streptococcus mutans was hindered, and its adherence to surfaces was reduced in a
concentration-dependent manner by the extract, which was tested at levels ranging from 0.5 to 4 mg/mL. In particular, the extract
displayed a concentration-dependent effect, with diminished growth and acid production at concentrations of 0.25-4 mg/mL and
decreased adherence at concentrations of 0.25-4 mg/mL. The results of the water-insoluble glucan synthesis test revealed that when
administered at concentrations ranging from 2 to 4 mg/mL, the extract effectively prevented the formation of water-insoluble glucans.
These findings suggest that S. costus may be a promising therapy for oral health issues, such as bad breath, tooth decay, and gum
disease, as it has been shown to limit the detrimental impact of Streptococcus mutans, which causes cavities [133]. Therefore, the
S. costus extract is a promising solution for managing oral health issues.

The antimicrobial properties of S. costus are attributed to its phytochemical composition. Various phytochemicals in S. costus,
including terpenoids and lactones, have been identified and characterized [64]. They possess antimicrobial properties that contribute
to the overall antimicrobial activity of S. costus. In addition, S. costus has been evaluated for antifungal activity against Candida species
[51]. S. costus root extracts possess antifungal properties and are, therefore, promising therapeutic agents. Further research is needed
to explain the molecular processes underlying the impact of the bioactive compounds found in the solid dispersions of S. costus. This
can be achieved by investigating the release of antimicrobial peptides from Paneth cells, as illustrated in Fig. 8.

3.1.7. Hypoglycemic properties of S. costus

The efficacy of S. costus as a potent hypoglycemic therapy in obese patients with diabetes was evaluated through a comprehensive
survey and clinical examination of plants from diverse regions of India. However, the cited sources do not directly support this
assertion. Therefore, Bauza et al. [134], Kolahalam et al. [68] and Bheel et al. [54]did not recommend specific claims based on the
efficacy of S. costus density in comprehensive clinical studies of post-tent hypoglycemic plants in India. The potential of S. costus in the
treatment of obesity has been explored in several studies. However, these investigations do not explicitly support the assertion that
S. costus is the most effective remedy for obesity, based on a comprehensive survey and clinical examination of potent hypoglycemic
plants in India [43,135]. According to a study conducted by El-Gizawy et al. [65] the S. costus root extract exhibited in vivo hep-
atoprotective activity, suggesting its potential in modulating the expression of cellular cytokines and miRNAs, contributing to its
hypoglycemic effect. Mujammami et al. [36] highlighted the flavonoid and antioxidant properties of S. costus, indicating their po-
tential role in supporting its medicinal use, including hypoglycemic properties. Fekry et al. investigated the role of S. costus root extract
in alleviating carbimazole-induced hypothyroidism, highlighting its potential in managing thyroid-related disorders via its hypo-
glycemic impact [3]. These studies support the traditional use of S. costus in diabetes management.

3.1.8. Anti-cancer properties of S. costus

S. costus has been extensively studied for its potential therapeutic and anti-cancer properties. Several studies have focused on
exploring these effects. For example, Shati et al. [136] highlighted the anti-cancer activity of secondary metabolites from the roots of
S. costus and demonstrated its potential as a promising anti-cancer agent. Similarly, Idriss [21] emphasized the strong anti-cancer

[A] 8] [l

O-H
Costunolide Dehydrocostus lactone Cynaropicrin
MF: C15H2002 MF: C15H1802 MF: 021 Hz404Se

Fig. 7. Depicts Saussurea costus, a plant species that is rich in bioactive molecules such as [A] costunolide, [B] dehydrocostus lactone, and [C]
cynaropicrin.
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Fig. 8. Shows the release of antimicrobial peptides by Paneth cells and the interaction of the bioactive compounds costunolide (C;5H2005),
Dehydrocostus lactone (Cy5H;1802), and cynaropicrin (C19H2206) with the immune components of the intestinal mucosa. This shows how these
compounds influence cellular responses in the gut. Goblet cells produce mucus that captures bacteria, whereas macrophages and Paneth cells
actively engage in the destruction of these pathogens. Positioned at the base of the intestinal crypts, Paneth cells release antimicrobial peptides that
strengthen the mucosal barrier.

properties of S. costus, suggesting its potential in cancer treatment. One of the key compounds found in S. costus roots is costunolide,
which has been extensively studied for its ability to induce apoptosis in various cancer cell lines. Lee et al. [112] discovered that
costunolide induces apoptosis by producing reactive oxygen species (ROS), leading to mitochondrial permeability transition and the
release of cytochrome C. Rasul et al. [137] supported these findings by revealing that costunolide triggers apoptosis in bladder cancer
cells through ROS production and mitochondrial disruption. Choi and Lee [138] found that costunolide activated c-Jun N-Terminal
Kinase, leading to apoptosis in human leukemia cells. Other sesquiterpene lactones found in S. costus, such as dehydrocostus lactone,
also exhibit significant anti-cancer properties [139-141]. Hua et al. [142] explained that dehydrocostuslactone causes G1/S phase
arrest and initiates mitochondria-mediated apoptotic pathways in human lung squamous carcinoma cells. Hu et al. [143] dehy-
drocostuslactone inhibits osteoclastogenesis and osteoclast-induced bone loss, suggesting its potential benefits in cancer treatment.
Hoesel and Schmid [144] reported that dehydrocostuslactone inhibits cell proliferation and promotes apoptosis in various cancer cells
by targeting the PI3K/Akt signaling pathway. Lu et al. [145] demonstrated the ability of the compound to reduce osteoclastogenesis
and osteoclast-mediated bone loss by modulating the NF-«B signaling pathway.

Cynaropicrin, another compound in S. costus, has also shown promising anti-cancer properties. Lau et al. [146]. found that cyn-
aropicrin effectively inhibits the proliferation of leukocyte cancer cells and promotes apoptosis and cell cycle arrest. Zimmermann
et al. [147] suggested that cynaropicrin exhibited cytotoxicity against various cell lines, indicating its potential as a cytotoxic com-
pound. Cicco et al. [148]. explored the suppression of human melanoma growth by cynaropicrin, and highlighted its possible cytotoxic
effects. Pulito et al. [149] further supported the cytotoxic effects of cynaropicrin by demonstrating its role in promoting apoptosis.
Fig. 9 presents a proposed Cell Line-Derived Xenograft Model (CDX) incorporating S. costus-purified bioactive compounds.

3.1.9. Antifeedant of S. costus

The rhizomes of S. costus exhibited significant repellent qualities against the red flour beetle Tribolium castaneum (Herbst). They
also showed antifeedant effects against the lesser grain borer, Rhyzopertha dominica (F.) [83]. The results of scientific research have
shown that the essential oil derived from S. costus can repel adult insects of Tribolium castaneum and suppress larval development [21].
The effectiveness of the essential oil of S. costus and its separate elements as natural larvicides against the larvae of Aedes albopictus has
been proven [45]. These findings emphasize the potential of Saussurea species in pest management, particularly for controlling
stored-product insects and mosquitoes.

Moreover, monoterpenoid odors repel Tribolium castaneum and Rhyzopertha dominica, highlighting the potential of these natural
compounds in pest control [150]. Plant sources have been studied for their insecticidal and repellent activities against the pest
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Fig. 9. outlines an experimental protocol used to assess the efficacy of the bioactive compounds costunolide (C;5H2005), dehydrocostus lactone
(C15H1805), and cynaropicrin (C;9H2206) in tumor suppression using an immunodeficient mouse model. [A] shows the chemical structures of these
compounds. [B] depicts the experimental flow: established human tumor cell lines were cultured and then injected into immunodeficient mice. The
treatment timeline showed drug injections on days 10, 11, and 15, with body weight measurements extending over 7 weeks. The study concluded
with the harvesting of tumors and organs on the day of sacrifice.

Tribolium castaneum, revealing their potential for pest control. Essential oils are among the natural products studied for their insec-
ticidal and repellent activities against pest [151-154]. Thus, monoterpenoid odors and essential oils can combat pests such as Tribolium
castaneum and Rhyzopertha dominica.

Numerous studies have investigated the ability of certain substances to inhibit the growth of microorganisms, focusing on limiting
the emergence of adults. Among these compounds, S. costus showed impressive repellent properties at 0.1 % and 0.5 % concentrations.
After 24 h, it achieved 85.25 % and 85.71 % repellency, respectively, and maintained these levels at 85.22 % and 88.10 % after 48 h
[155]. In contrast, adult emergence remained unaffected when the growth-inhibitory effects of S. costus were tested. This study
explored the repellent properties of S. costus against the red flour beetle Tribolium castaneum and its capacity to deter feeding by the
lesser grain borer Rhyzopertha dominica.

The potential of natural products, particularly S. costus essential oils, for pest control has been extensively studied [156]. The
insecticidal and repellent properties of essential oil against Tribolium castaneum demonstrate their potential in pest management.
Additionally, monoterpenoid odors from Tribolium castaneum and Rhyzopertha dominica have shown promising results in repelling
pests [157]. Essential oils derived from plants have been explored for their ability to repel and kill T. castaneum, demonstrating the
versatile applications of natural substances in pest management [21]. S. costus, a plant with therapeutic properties, has been used in
traditional medicine to address various health concerns such as asthma and inflammation [158]. Thus, S. costus essential oils and other
plant-derived oils have the potential to manage pests, offering a natural alternative to synthetic insecticides.

3.1.10. Imunomodulator of S. costus

Plant S. costus from the Asteraceae family has immunomodulatory impacts recognized in traditional Saudi Arabian medicine [36].
Bioactive compounds found in the roots of S. costus plants, including alkaloids, flavonoids, phenols, and terpenoids, are abundant. The
primary components of essential oils derived from these plants include costunolide and dehydrocostus lactone [159]. These com-
pounds have been associated with anti-inflammatory, anti-ulcer, anti-cancer, and hepatoprotective properties [160]. S. costus has
shown significant anti-cancer properties in various cell lines, demonstrating its potential as an anti-cancer agent [48]. S. costus has
been proposed as a potential therapeutic option for COVID-19 owing to its ability to regulate the immune system [161]. The roots of
S. costus have been widely used for healing throughout history, indicating a long-standing recognition of their safety and effectiveness
[161]. The standard dose of S. costus has been reported to be 3 g/day, further emphasizing its potential therapeutic use [162].
Immunomodulation has been observed in S. costus owing to its bioactive constituents. For example, vitamin D, which plays a major role
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in immunomodulation, has been found to have receptors present in various immune-competent cells, suggesting its involvement in
modulating immune responses [163]. Thus, S. costus has immunomodulatory effects and potential therapeutic uses in COVID-19 and
cancer.

The study conducted by Hacyxosa et al. provides valuable information concerning costunolide and dehydrocostuslactone in laurel
leaves, which has garnered attention because of their potential biological activity [164]. The study conducted by Secchi et al. [165]
was unsuitable, as it explored the signaling response to redox stress in T-cells and the function of Syk kinase, IL2 receptor, and
L-selectin, but did not specifically address the inhibitory effects of costunolide and dehydrocostus lactone on cytotoxic T-lymphocy-
te-killing activity.

A study conducted by Pachiyappan et al. primarily focused on the synthesis and analysis of MgO nanoparticles while simulta-
neously exploring their potential use in the photocatalytic degradation of dyes [67]. This research explores the synthesis and char-
acteristics of magnesium oxide nanoparticles without analyzing the structure-activity relationship of Mokko lactone, dehydrocostus
lactone, and specific guaianolides. Consequently, the findings of Pachiyappan et al. [67] were irrelevant because their information is
not crucial for understanding the relationship between the structure of guaianolides and their ability to inhibit CTL function and
induce ICAM-1 expression.

3.1.11. Central nervis system depressant and S. costus

The impact of S. costus as a depressant of the Central Nervous System has been studied. Studies have shown that compounds from
S. costus, such as dehydrocostus lactone and costunolide, depress the central nervous system by increasing sleep duration when induced
by hexobarbital, thereby reducing nociception and spontaneous locomotion [166]. In particular, costunolide has been highlighted as
an active ingredient that contributes to these effects [167]. S. costus also has anti-inflammatory properties owing to its
sesquiterpene-lactone fractions, which stabilize lysosomal membranes and inhibit cell proliferation [168]. S. costus also contains
complement-inhibitor substances that may be useful for treating diseases related to complement activation, such as respiratory distress
[23]. Moreover, the plant possesses antioxidant properties and can prevent and treat many ailments, including cancer, diabetes, and
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Fig. 10. depicts the interaction of bioactive compoundsd, such as costunolidee (C15H2002) dehydrocostuss-lactonee (C;5H1805), and cynaropicrinn
(C19H5,0¢) with immune responses to pathogens in the respiratory system, which contributese to the development of COPD. [A] shows the chemical
structures of the compounds. [B] illustrates the initiation of an immune response to different pathogens (bacteria, particles, and viruses) including
eosinophils, macrophages, and neutrophils. These cells release inflammatory mediators, such as IL-1p, IL-6, IL-8, TNF-a, neutrophil extracellular
traps (NETs), and reactive oxygen species (ROS), leading to airway inflammation, remodeling, and subsequent lung damage, which are critical
processes in the pathogenesis of COPD. This figure highlights the potential therapeutic roles of these bioactive compounds in modulating detri-
mental immune responses.
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hemorrhoids [60,169]. According to previous studies, S. costus may also have therapeutic potential against conditions such as
COVID-19 [60]. Its roots, which contain alkaloids, flavonoids, terpenoids, and sesquiterpenoids, have been studied for their thera-
peutic and synergistic effects against leukemia [159]. S. costus exhibits antifungal and hepatoprotective properties [169,170].
Therefore, S. costus has many biological applications, including central nervous system depression. This finding supports the claim that
costus oil, which is rich in sesquiterpene lactones, handles numerous cases of allergic contact dermatitis.

3.1.12. Bronchitis and S. costus

S. costus, commonly referred to as costus or kuth, has been extensively used in Ayurvedic medicine to treat respiratory issues,
particularly bronchitis, for a long time. Some studies have suggested that S. costus possesses biological properties that may be beneficial
for the management of bronchitis. For instance, Yu et al. demonstrated the significant impact of biological pesticides on bacterial and
fungal activity, indicating the potential biological effects of substances such as S. costus in combating respiratory infections [171].
Middleton et al. emphasized the significance of the One Health approach in managing disease outbreaks, emphasizing the deep
interconnectedness between human, animal, and environmental health [172]. This interconnectedness underscores the potential
relevance of botanical interventions, such as S. costus, in managing diseases, such as bronchitis, which can have zoonotic implications.

Several studies have explored the biological effects of S. costus on bronchitis and asthma. For instance, Sclare et al. investigated the
impact of various S. costus extracts on chronic bronchitis and asthma [173]. The alkaloid fraction exhibited potent spasmolytic and
antispasmodic properties in guinea pig smooth and tracheal muscles and perfused lungs in response to histamine stimulation. These
findings suggest a possible therapeutic benefit of S. costus for the treatment of bronchitis and asthma. Kim and Choi. discussed the
diverse therapeutic potential of costunolide, a bioactive sesquiterpene-lactone found in S. costus [69]. A study by Karim et al. [36]
emphasized the anti-inflammatory, antioxidant, and antineoplastic properties of compounds found in S. costus, indicating their po-
tential to impact respiratory conditions such as bronchitis and asthma. Furthermore, we investigated the in vitro anticandidal activity
of the secondary metabolites extracted from the roots of S. costus. Therefore, S. costus roots show potential against Candida, with
broad-spectrum activity against respiratory infections.

The study performed by Sastry and Dutta [174] used Tincture Saussurea (TS) with petroleum ether extract and TS made from
defatted roots, aligned with the findings of Abdallah et al. [34] and Karim et al. (2022b), as demonstrated by the assessment of the
biological properties of the crude root extract [34]. The antifungal properties of the secondary metabolites extracted from S. costus
roots were examined in a laboratory setting [35]. Research indicates that S. costus extracts can be used to manage chronic bronchitis
and asthma, a finding supported by initial trials showing the efficacy of the medication in addressing these conditions. El-Gizawy et al.
highlighted the potential therapeutic benefits of S. costus extract, which extend beyond respiratory conditions [65]. Development of
chronic obstructive pulmonary disease Fig. 10.

3.2. Nutritional value and other uses S. costus

S. costus, also known as costus or S. costus, has traditionally been used in various forms of medicine to treat a range of diseases [57,
126]. This plant exhibits diverse biological and therapeutic effects. Studies have shown that this plant possesses anti-inflammatory,
anti-trypanosomal, anti-cancer, antibacterial, antifungal, and antiviral properties [64]. It also exhibits antioxidant and hep-
atoprotective impacts [65,175]. Studies have shown that S. costus exhibits anti-ulcer, anti-cancer, and anti-urolithiatic properties
[175]. This plant’s potential application in treating thyroid disorders has been explored.

S. costus is clinically relevant for the treatment of thyroid conditions and for the maintenance of thyroid hormone levels in tissues
[15,36]. The ameliorative effects of S. costus have been demonstrated in thyroid tissues under the negative impact of hypothyroidism
caused by carbimazole [3]. The potential of S. costus to exhibit antimicrobial properties was examined, and it was found to possess in
vitro anti-cancer activity, particularly against Candida species [35]. Their antimicrobial activity and antifeedant potential were also
evaluated [34]. Thus, S. costus has therapeutic potential in thyroid conditions, antimicrobial benefits, and anti-cancer properties.

S. costus, commonly known as Qustal Hindi or S. costus, is a medicinal plant used in traditional medicine to address various health
issues [36]. It has numerous pharmaceutical characteristics, including anti-inflammatory, anti-ulcer, hepatoprotective, and antioxi-
dant properties [64,175]. S. costus roots have effectively treated thyroid disorders such as hypothyroidism and have demonstrated
clinical importance in thyroid treatment [36]. S. costus has shown a variety of biological and therapeutic effects, including antimi-
crobial, antifungal, and antiviral effects against Candida spp [35], therapeutic effects by reducing cholesterol levels [29], and pro-
tective effects against kidney toxicity [57]. The medicinal properties of plants are attributed to their bioactive compounds, including
flavonoids, terpenoids, alkaloids, and lactones [21]. S. costus has been conventionally employed in various medical contexts and has
shown promise in managing thyroid ailments [35]. Although notable advancements have been achieved in the medical field of
S. costus, additional research is necessary to fully understand its underlying mechanisms and potential applications. S. costus presents a
range of therapeutic possibilities and holds promise for further investigation in natural medicine.

4. Chemical constituents of S. Costus
4.1. Leading bioactive compounds

S. costus, also known as costus or S. costus, has been traditionally used in various forms of medicine owing to its medicinal properties
[67]. Several studies have investigated bioactive compounds in S. costus and their potential therapeutic applications. Karim et al. found

that S. costus contains terpenoid and alkaloid compounds that effectively control Candida species, making it a promising candidate for
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antifungal treatment [35]. For example, Salooja et al. [176] isolated a major constituent, S. costus Aussurea lactone (C15H205), from
the roots of S. costus and costunolide from costus root oil of S. costus (Rao and Verma, 1951; Rao et al., 1960). Several compounds have
been identified in S. costus [42]. These chemicals included costunolide, dehydrocostuslactone, costic acid, palmitic acid, linoleic acid,
p-sitosterol, p-cyclocostunolide, alantolactone, p-cyclocostunolide, isoalantolactone, isodehydrocostus-lactone, iso-zaluzanin C, and
guiainolides. These chemicals have been used to produce derivatives such as a-, -, and y-cyclocostunolides, with p-cyclocostunolide
being the most abundant product resulting from the transformation of costunolide [177]. These compounds are derived from naturally
occurring costunolides [178]. Their identification was based on NMR spectra, GC-MS, and comparisons with literature [179].
Furthermore, the biosynthesis of these compounds involves the P450 enzyme CYP71DD6 [180]. Therefore, the diverse pharmaco-
logical compounds in S. costus validate its traditional use and underscore its therapeutic potential, warranting further detailed
research.

The scientific literature references a variety of compounds, including 12-methoxy dihydro dehydrocostuslactone, 4-methoxydehy-
drocostus lactone, saussure aldehyde, isodehydrocostus-lactone-15-aldehyde, sesquiterpene lactones, 11,13-epoxydehydrocostus-
lactone, 11,13-epoxy-isozazulanin C, 11,13-epoxydehydroiso-zaluzamine, 11,13-epoxy-3-keto dehydro-costus-lactone, cynar-
opicrin, reynosin, santamarine, 6,10-dimethyl-9-methyleneunused-S-E-en-2-one, (+)-germacrene A, germacra-1(10),4,11(13)-trien-
12-al, germacra-1(10), 4,11(13)-trien-12-al, and germacra-1 (10), 4,11(13)-trine-12-oic acid. These compounds are part of the
sesquiterpene biosynthetic pathway and exhibit anti-cancer properties. These compounds were identified and produced in previous
studies [40,45,181-184]. These compounds are important in a range of biological processes and exhibit promising prospects for
medical and biotechnological applications.

The root oil of S. costus pictus is abundant in 22-dihydrostigmasterol and sesquiterpenoids, including saussureal, steroids, preg-
nenolone, -sitosterol, daucosterol, a phenylpropanoid glycoside, syrine, a lignan glycoside, 1-hydroxypinoresinol-1—d-glucopyr-
anoside, 12-octadecadienoic acid, (Z,Z)-9,12-octadienoic acid-2-hydroxy-1,3-propanedinyl ester, and seven non-cytotoxic
compounds, two of which are unique sesquiterpenes: a guaianolide-type compound with a C17 skeleton, a lappalone, and 1,6-dihy-
droxycostic acid ethyl ester [156]. Thus, the rich and varied composition of S. costus pictus root oil underscores its therapeutic po-
tential, inviting further pharmacological study.

Jung et al. [185] carried out a study investigated the cytotoxic compounds present in the roots of S. costus, known as shikokiols.
During their investigation, the researchers isolated five new amino acid-sesquiterpene adducts and identified them as Saussureamines
A, B, G, D, and E, as well as a lignan glycoside called (—)-massoniresinol 4**-O—d-glucopyranoside [186]. Matsuda et al. [187]
subsequently synthesized these compounds. The production of dihydrocostunolide requires farnesyl pyrophosphate (FPP) as the
precursor, which ultimately results in the formation of dihydrocostunolide [183]. Additionally, multifunctional triterpene synthases
contribute to the simultaneous presence of ursane- and oleanane-type triterpenes in plants [188]. In addition, dihydrocostunolide
occurs naturally [189]. The transformation of costunolide into dihydrocostunolide involves multiple enzymes [183]. These findings
provide evidence for the synthesis and natural occurrence of dihydrocostunolide. Two sesquiterpene lactones, santamarine and rey-
nosin, were isolated from the roots of S. costus by HPTLC and HPLC analysis. Their molecular structures and arrangements were
determined using spectroscopic methods [190]. According to Singh and Sitaramaiah [191], various techniques can be used to extract
oil from S. costus root. Similarly, Bose et al. [192] conducted a chemical analysis of S. costus and found that it contains reducing sugars,
tannins, resins, essential oils (1.39 %), and alkaloids (0.05 %). Researchers, including Namboodiripad [193], have successfully isolated
two chemical compounds from costus leaves: taraxasterol and taraxasterol acetate. Omer et al. [194] extracted the active compounds
costunolide and dehydrocostus lactone from the methanolic portion of crude drug S. costus. On the other hand, Viswanathan and
Kulkarni [195]reported that S. costus (Kuth) is a new source of inulin.

The roots of S. costus have been found to contain chlorogenic acid and saussurine, as determined using HPTLC and HPLC,
respectively [20]. Two novel compounds, 13-sulfo-dihydrosantamarine and 13-sulfo-dihydroreynosin, were isolated from the roots
and their chemical structures and unique arrangements of atoms were identified using advanced analytical techniques [196]. Oil
extraction from roots can be achieved using various methods, as reported by Dawood et al. [197]. Bose et al. [192] conducted a
chemical analysis of S. costus and discovered reducing sugars, tannins, resins, essential oils (1.39 %), and alkaloids (0.05 %). Re-
searchers, including Namboodiripad, have successfully isolated taraxasterol and taraxasterol acetate from costus leaves [193]. A team,
including Chaturvedi, discovered the pharmacologically active compounds costunolide and dehydrocostus lactone in the methanolic
extract of the crude drug S. costus [198]. In conclusion, Viswanathan and Kulkarni’s [195] research disclosed a new source of inulin,
S. costus (Kuth).

Another study demonstrated the anti-inflammatory, anti-cancer, antibacterial, antifungal, and antiviral effects of S. costus, lending
credence to its traditional medicinal use [21]. The antioxidant, anti-ulcer, and hepatoprotective effects of S. costus have been
well-established [12]. The bioactive ingredients of S. costus include terpenes, alkaloids, flavonoids, and anthraquinones [3]. These
compounds contribute to the pharmacological effects of plants and may explain their wide range of therapeutic uses. S. costus has
shown potential for the treatment of COVID-19, with some studies suggesting that plant roots can be used for healing purposes and may
play a role in the treatment of the disease [161]. The use of bioactive compounds in S. costus has been shown to offer a range of
therapeutic benefits, including anti-inflammatory, anti-cancer, and potential treatments for COVID-19.

The in vitro anticandidal activity of S. costus has been demonstrated to be significant against various Candida species, such as
Candida albicans and non-albicans species [35,51]. S. costus exhibits antifungal properties against both Candida albicans and non-C.
Candida albicans species [51]. S. costus displays antiviral properties against SARS-CoV-2’s main protease and other viruses [21].
S. costus also exposes anti-inflammatory influences [51]. The following sentence indicates that the substance in question exhibits
potent anti-cancer properties and exerts cytostatic effects by regulating cyclins and pro-apoptotic molecules [125]. Current evidence
indicates that S. costus exhibits various pharmacological properties, including antimicrobial, antiviral, anti-inflammatory, and
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anti-cancer effects. Several studies have shown its potential to combat fungal infections, reduce inflammation, treat cancer, combat
bacterial infections, and inhibit viral replication, among other effects, as an antioxidant, anti-ulcer, and hepatoprotective agent [34].
Hence, S. costus’s wide-ranging pharmacological effects from antimicrobial to anticancer highlight its therapeutic potential, empha-
sizing the need for further research.

4.2. Extraction and analysis methods of bioactive compounds in S. costus

S. costus, also known as costus, has been the subject of extensive research because of its numerous biological effects and potential
therapeutic benefits. Various studies have investigated the phytochemical makeup and bioactivity of S. costus extract. One such study
by Mammate et al. focused on the antioxidant and anti-urolithiatic properties of the aqueous and ethanolic extracts of S. costus [12]. The
ethanolic extract displayed the greatest antioxidant capacity, as determined using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) tech-
nique, whereas the aqueous extract showed considerable reducing power, as assessed using the ferric reducing ability of plasma
(FRAP) method. In another study, Idriss and colleagues [21]. This analysis aimed to differentiate between S. costus phytochemicals
obtained through a water extraction process at room temperature.

The researchers employed a green extraction method to identify various phytochemicals in S. costus extract. Idriss et al.
comprehensively reviewed this plant, emphasizing its botanical, chemical, and pharmacological properties [21]. This review identifies
several compounds in S. costus, including lactones, sesquiterpenes, and fatty acids. Elshabrawy et al. examined the potential thera-
peutic and collaborative benefits of S. costus extract in treating leukemia in rats [159]. This study aimed to investigate using S. costus as
a natural chemotherapeutic agent. The investigation conducted by Karim et al. assessed the in vitro antifungal activity of secondary
compounds from the roots of S. costus [35]. The research showed that the isolated compounds exhibited considerable anti-Candida
activities against various Candida species. Albrahim et al. [42] explored the antimicrobial properties of iron-oxide nanoparticles
synthesized using an aqueous extract of S. costus.

The potential protective effects of S. costus root extract on the thyroid gland in carbimazole-induced hypothyroidism have been
investigated [3]. El-Gizawy et al. [65] analyzed the compounds present in the extract of S. costus roots and evaluated their hep-
atoprotective effects. Al-obaidy and Esmaeel. explored how S. costus extracts affect the viability of Echinococcus granulosus protoscoleces
[50]. Thus, the ethanolic extract of S. costus displays strong efficacy against these parasites.

Farani et al. recently conducted a study that explored the formation of magnesium oxide nanoparticles using S. costus plant roots
and evaluated their antimicrobial and antifungal properties [199]. Researchers have also investigated the possibility of using S. costus
to create nanoparticles with photocatalytic characteristics. S. costus, also known as costus, is a medicinal plant that has been widely
researched for its numerous properties and potential applications [200]. Several studies have explored the antioxidant and
anti-urolithiatic activities of [43]. The ethanolic extract of S. costus had the highest ICsg value in the DPPH assay, indicating strong
antioxidant activity. The aqueous extract of S. costus exhibited significant reducing power in an FRAP assay [12]. A phytochemical
analysis of S. costus extracted with water at room temperature was also performed [21]. This green extraction procedure allows the
identification of phytochemicals present in plants. The potential ameliorative role of S. costus in carbimazole-induced hypothyroidism
has been previously investigated [3]. This study aimed to determine whether S. costus root extract could reduce the harmful toxic
changes in the thyroid gland caused by carbimazole.

Elgharabawy et al. reported that S. costus is a medicinally important plant with a range of therapeutic properties [201]. The roots of
this plant have been studied for various potential medicinal uses, and it is one of the few species of Saussurea for which propagation
and cultivation techniques have been documented [17]. This critical information is dependent on the conservation and sustainable use
of this endangered species. Soliman et al. [51] examined the antifungal activity of S. costus root extracts against Candida albicans and
non-albicans species. Therefore, S. costus is a valuable botanical resource with diverse therapeutic properties.

Investigation of antifungal properties of polar and non-polar crude extracts. This plant has previously been studied using botanical,
chemical, and pharmacological methods [21]. This review provides a comprehensive overview of plant characteristics, chemical
makeup, and therapeutic potential. S. costus is known for its therapeutic properties that are attributed to its flavonoid content. This
plant has been studied for its endophytic fungal species and antibacterial activities [202]. Parts of the plants, including their roots,
stems, and leaves, were utilized to study endophytic fungal species. Moreover, the traditional use of this plant as a treatment for
thyroid-related problems in Saudi Arabia by Mujammami [36] further validated its potential as a therapeutic agent.

In addition, Albrahim et al. demonstrated the potential of S. costus extract as a biomediator for the synthesis of iron-oxide nano-
particles with antimicrobial properties [42]. Using S. costus as a natural antimicrobial source is a viable option. The medicinal plant
S. costus has been extensively studied for its antioxidant, anti-urolithiatic, ameliorative, antifungal, antibacterial, and antimicrobial
properties. Plant phytochemicals have therapeutic effects and are used to treat thyroid-related conditions in traditional medicine.
Additional research is needed to comprehensively understand the uses and operational processes of S. costus extract.

In summary, S. costus possesses antioxidant, anticandidal, antimicrobial, hepatoprotective, and anti-cancer properties. The
phytochemical composition of the S. costus extract includes lactones, sesquiterpenes, fatty acids, and other bioactive compounds. These
findings support the potential therapeutic applications of S. costus in various fields, including medicine and nanotechnology.

5. Potential future applications
S. costus has gained attention in various studies owing to its potential applications. According to Idriss et al., S. costus has anti-
inflammatory, anti-trypanosomal, anti-cancer, antibacterial, antifungal, and antiviral effects, which supports its use in the medical

field [21]. Soliman et al. further examined the antifungal properties of S. costus root extracts against Candida albicans and non-albicans
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species, underscoring their promising medicinal potential [51]. The effectiveness of S. costus in the treatment of specific diseases has
been explored in several studies. According to a survey and clinical study conducted by Elgharabawy et al. in India, S. costus has
emerged as the most effective plant for obese diabetic patients [201]. Mujammami et al. [36] also highlighted the clinical significance
of S. costus in the treatment of thyroid disorders, emphasizing its use as a traditional medicine.

S. costus has been studied not only for its medicinal properties but also for its antimicrobial activity. Ibrahim [43] explored the
antimicrobial potential of S. costus extract in synthesizing iron-oxide nanoparticles with promising results. Al-obaidy and Esmaeel
conducted a study to evaluate the effectiveness of S. costus extracts in maintaining the vitality of Echinococcus granulosus protoscoleces,
demonstrating its potential use as an antimicrobial agent [50]. Previous studies investigated the phytochemical composition of
S. costus. Idriss et al. [21] reviewed the botanical, chemical, and pharmacological aspects of S. costus and identified sesquiterpenes and
lactones as its significant constituents.

Recent studies of S. costus have shown that this herb has many biological effects and therapeutic potential. Various laboratory and
animal model experiments have uncovered its anti-inflammatory, anti-trypanosomal, anti-cancer, antibacterial, antifungal, and
antiviral properties [64]. The hepatoprotective properties of S. costus have been observed along with its ability to regulate the
expression of cellular cytokines and miRNAs such as miRNA-34a and miRNA-223 [65]. It also exhibits antioxidant, anti-ulcer, and
anti-cancer effects [12]. S. costus has traditionally been used in various forms of medicine, as supported by pharmacological experi-
ments [175]. The Asteraceae family includes S. costus, found in India, Pakistan, and certain regions of the Himalayas [42]. The
Himalayas are home to this species, which is limited in its geographical range and is unfortunately facing critical endangerment [203].
Thus, S. costus offers diverse therapeutic potentials and requires urgent conservation efforts.

Studies on S. costus have shown that this herb has many biological effects and therapeutic potential. Recent research and pre-
liminary findings have revealed its anti-inflammatory, anti-trypanosomal, anti-cancer, antibacterial, antifungal, and antiviral prop-
erties in laboratory and animal model experiments [21]. S. costus exhibits hepatoprotective properties and alters the levels of cellular
cytokines and microRNAs, including miRNA-34a and miRNA-223 [65]. The following sentence shows the antioxidant qualities and
exhibits anti-ulcer and anti-cancer impacts [12]. Traditional use of S. costus has been demonstrated through pharmacological ex-
periments in various forms of medicine [12]. The plant species S. costus is a member of the Asteraceae family and is native to regions
including India, Pakistan, and certain areas of the Himalayas [42]. The species in question is typically found in specific regions of the
Himalayas and currently faces a critical threat of extinction [200]. Consequently, owing to its significant endangerment, S. costus has
therapeutic value and requires immediate conservation.

The therapeutic potential of S. costus as a medicinal plant has been demonstrated through recent research and initial findings
showing its anti-inflammatory, anti-cancer, antifungal, antiviral, and antimicrobial properties. Its effectiveness in treating specific
diseases such as obesity and thyroid disorders has also been explored. The phytochemical composition of S. costus, including ses-
quiterpenes and lactones, has been identified as contributes to its therapeutic effects. Further research is necessary to fully understand
the mechanisms of action and potential uses of plants, but this remains an interesting topic for investigation.

5.1. Areas of interest for further exploration

Many studies have shown the promising potential of S. costus for various medical applications, owing to its bioactive components,
which possess antimicrobial, antioxidant, and anti-cancer properties [3,13,35,42,51,65,130,204-206]. Research has shown that
S. costus possesses therapeutic qualities and has been used to treat conditions such as thyroid disorders, cancer, and renal diseases [21,
32,36,57]. This plant has shown potential as a natural source of inhibitors to combat SARS-CoV-2’s main protease, highlighting its
potential role in managing viral infections [21,130]. The protective effects of S. costus on the liver, heart, and inflammation have been
investigated [65]. Therefore, S. costus displays healthcare potential with antimicrobial, antioxidant, and COVID-19 management
properties.

Preclinical research has yielded promising results regarding the ability of S. costus to synthesize nanoparticles and regulate
oxidative stress and apoptosis [42,207,208]. Further research is necessary to elucidate the specific modes of operation and substantiate
their effectiveness in clinical contexts. The diverse results reported in these studies emphasize the necessity of implementing stan-
dardized research methodologies and conducting rigorous clinical trials to confirm the safety and effectiveness of S. costus in various
medical fields. It is crucial to approach the study of S. costus cautiously and emphasize the need for a thorough investigation to
substantiate its potential in clinical settings.

5.2. Potential biotechnological and pharmaceutical uses

The potential of S. costus in biotech and pharma has been extensively studied and documented. It is commonly used to treat various
conditions, including chronic gastritis, stomach ulcers, rheumatoid arthritis, asthma, bronchitis, and inflammation-related diseases
[36]. Studies in laboratory and animal models have demonstrated anti-inflammatory, anti-cancer, antibacterial, antifungal, and
antiviral effects, supporting its traditional use in medicine [64]. S. costus exhibits antioxidant, anti-ulcer, anti-cancer, and hep-
atoprotective effects [13]. This plant has also been investigated for its potential use in synthesizing nanoparticles with antimicrobial
properties [24]. S. costus has shown promise in controlling Candida species, particularly through terpenoids and alkaloids [35]. Thus,
our results indicate promising prospects of S. costus for a range of biotechnological and pharmaceutical applications.
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6. Challenges and limitations
6.1. Cultivation and sustainability issues

The difficulties and restrictions associated with developing and maintaining Senecio cineraria, a plant belonging to the Asteraceae
family that grows annually or biennially, are noteworthy. Despite its widespread use in traditional medicine owing to its therapeutic
properties, the cultivation and sustainability of this herb present significant challenges [208]. However, propagation and cultivation
techniques for most Saussurea species, including S. costus, are lacking, hindering their sustainable cultivation [17]. The biological
effects of the plant, such as its curative and preventive effects against various diseases including cancer, diabetes, and hemorrhoids, are
well documented [12]. S. costus has been acknowledged for its capacity to produce cytostatic effects facilitated by the regulation of
cyclins and pro-apoptotic molecules. This implies that it may be a promising therapeutic option for cancer treatment [21]. Despite
these promising attributes, challenges persist in cultivating and sustaining S. costus because cultivation techniques are not
well-established, limiting their availability for potential biological use.

6.2. Side effects and safety concerns of S. costus

S. costus, also known as Mu-Xiang or Guang Xi-Xin in Chinese medicine, is widely used in traditional Tibetan medicine to treat
conditions, such as hyperlipidemia and scrofula [119,209]. It belongs to the Compositae family and grows mainly in high-altitude
regions of China such as Tibet, Yunnan, and Sichuan [210]. The plant’s long, cold winters, and moist conditions allow it to accu-
mulate significant amounts of active substances [211]. Despite itexhibitednal uses, S. costus can cause severe liver injury and can even
lead to acute hepatic failure or death [212]. Research has identified 329 compounds in S. costus with various pharmacological ac-
tivities, including antimicrobial, antitumor, anti-inflammatory, analgesic, immunomodulatory, antidiabetic, antioxidant, and hep-
atoprotective effects [125]. However, these extracts are toxic to normal liver cells and can have significant side effects during
long-term oral use [213]. Clinical reports have documented adverse effects of S. costus for several years. It has been linked to sub-
acute azotemia and liver, kidney, and other organ toxicities as well as multiple organ failure and death [119,214]. S. costus oil has also
been used topically to treat various conditions, including hand ulcers, paronychia, abscesses, and burns [215]. S. costus, which has
been known for centuries for the treatment of various ailments, can produce essential oils with different medicinal values [125].
However, its main component, Saussurea-lactone, has been associated with significant toxicity [85]. Safety concerns and the potential
for severe side effects underscore the need for careful dosage recommendations and further research on the toxic mechanisms of herbs
[216]. The primary focus of extensive research on the biological applications of S. costus has been its conventional medical use,
including the treatment of chronic gastritis, stomach ulcers, rheumatoid arthritis, asthma, and bronchitis [126]. Studies have shown
that S. costus has anti-inflammatory, anti-trypanosomal, potent anti-cancer, antibacterial, antifungal, and antiviral properties, sup-
porting its historical use in therapeutic applications [217]. Incorporating this plant has shown its capacity to exert cytostatic effects,
which can be attributed to its ability to regulate cyclins and pro-apoptotic molecules and suppress anti-apoptotic molecules [217]. The
benefits of S. costus include antioxidant, anti-ulcer, anti-cancer, and hepatoprotective effects [60]. Nevertheless, it is crucial to consider
the careful use of S. costus because of its impact on protoscoleces viability, which depends on the concentration and exposure time [50].
Despite these considerations, S. costus has shown potential therapeutic effects and its use in medicine warrants further investigation.

6.3. Strengths and weaknesses

1. Comprehensive review: This study provides a thorough overview of the biological activities, chemical compositions, and po-
tential therapeutic uses of S. costus, a critically endangered medicinal plant.

2. Diverse applications: This review highlights the wide range of pharmacological properties of S. costus, including its antimicrobial,
anti-inflammatory, antioxidant, anti-cancer, antiviral, and hepatoprotective effects, demonstrating its versatility as a potential
therapeutic agent.

3. Detailed analysis: This study investigated the specific bioactive compounds present in S. costus, such as costunolide, dehy-
drocostus lactone, and cynaropicrin, and explored their mechanisms of action and contribution to the plant’s diverse biological
activities.

4. Conservation importance: This comprehensive review emphasizes the critically endangered status of S. costus and the urgent need
for conservation efforts to protect this valuable medicinal species.

5. Interdisciplinary approach: This study integrates information from various fields, including traditional medicine, phytochem-
istry, pharmacology, and biotechnology, to provide a comprehensive understanding of S. costus.

6. Limited cultivation and propagation techniques: This review identifies the lack of well-established propagation and cultivation
techniques for S. costus as a significant challenge that hinders the sustainable utilization and availability of this plant.

7. Gaps in understanding: Despite the extensive research summarized in the review, there are still considerable gaps in the un-
derstanding of the specific mechanisms of action and full therapeutic potential of S. costus, particularly in clinical settings.

Overall, our comprehensive study of S. costus presents a robust and informative review, highlighting the significant potential of this
medicinal plant and acknowledging the need for further research, standardized methodologies, and conservation efforts to fully realize

its therapeutic applications.
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7. Conclusion and future directions

Extensive research on S. costus has revealed its significant potential for addressing various health issues and diverse biological
applications. The medicinal properties of this plant have been thoroughly investigated, including its antimicrobial, antioxidant, and
anti-inflammatory effects, and its potential in treating conditions such as thyroid disorders, liver injury, and COVID-19. The findings
highlight the historical and cultural importance of S. costus in supporting traditional use and demonstrate its potential in modern
medicine. However, despite these promising results, there are still considerable gaps in our understanding of S. costus. Although this
research has provided valuable insights into the biological impacts and therapeutic potential of plants, further validation and opti-
mization are necessary to confirm its effectiveness in clinical contexts. The conflicting evidence obtained from various sources em-
phasizes the need for additional research to explore the complete range of benefits of S. costus and its potential negative impacts. Future
research should focus on validating the potential of S. costus in clinical settings and further investigate its biotechnological and
pharmaceutical applications. Standardized research methodologies and rigorous clinical trials are vital for confirming its effectiveness
and safety in various medical fields. Moreover, the lack of propagation techniques for several Saussurea species, including S. costus,
necessitates research on sustainable cultivation methods and conservation of the genetic pool of this plant species. The diverse out-
comes reported in these studies emphasize the importance of implementing standardized research methodologies and conducting
rigorous clinical trials to ensure the safety and effectiveness of S. costus in a range of medical fields. It is essential to approach the study
of S. costus cautiously and to emphasize the need for extensive investigation to validate its potential in clinical settings. In conclusion,
this review of S. costus has highlighted its significant potential in diverse medical treatments and its promising biological uses.
However, further research, standardized methodologies, and rigorous clinical trials are necessary to confirm their effectiveness and
safety in various medical fields. This study provides a foundation for future research to validate the potential of S. costus in clinical
settings and to explore its biotechnological and pharmaceutical applications.
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