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Abstract

Medicinal plants that exhibit substantial active therapeutic components are considered the richest source
of raw drugs. In 2015, Tu Youyou graciously received the Nobel Prize in medicine for her remarkable
efforts in developing an anti-malaria medication by extracting Artemisinin. This accomplishment has
significantly brought the Asteraceae family into the limelight due to its wide array of essential compounds
and notable functional properties. Thisarticle explores the enduring significance of Artemisia Santolinifolia
(A. santolinifolia), a member of the extensive and varied genus found in the Asteraceae family. We examine
both its historical and present-day trends to illustrate the importance of this exceptional plant. Recently
this exquisite plant has captured the attention of scholars, researchers, and enthusiasts alike due to its
remarkable properties and possible applications. It has a wide distribution across the globe, primarily
found in Central Asia, Tibet, and Pakistan.

However, its role and value have not been thoroughly explored. The purpose of this review is to gather
information on the botanical characteristics and biological functions of A. santolinifolia. This includes
its chemical constituents, traditional medicinal uses, and pharmacological activities supported by
scientifically validated studies. We have examined the most influential studies that highlight the potential
health benefits of A. santolinifolia, focusing on the therapeutic relevance of its bioactive components
and derivatives. Through compositional analyses of medicinally active compounds, the antioxidant,
anticancer, chemosensitization, and antibacterial properties of A. santolinifolia have been scientifically
proven. Regardless of the geographical region where A. santolinifolia is found, we aim to discuss the list of
bioactive molecules that are most prevalent in this species and highlight the general understanding of its
abilities as reported in previous studies. A. santolinifolia demonstrates promising potential in traditional
medicinal practices, as it contains phytoconstituents that are recognized for their pharmacological
activities. Furthermore, it has been reported to show efficacy in combination with conventional drugs
against various diseases.

Keywords: Artemisia santolinifolia; Chemical constituets; Pharmacological activity; Allelopathic effect

Introduction

In recent decades, medicinal plants or herbs have emerged as an abundant source of raw
materials used in various therapies worldwide. These plants contain a high concentration of
bioactive therapeutic ingredients, making them highly sought after [1]. Among populations
worldwide, herbal medicines have well known as the most cost-effective solution for various
therapies [2-4]. Over the past few decades, phytochemical experts have shown great interest
in the Artemisia species due to their wide range of essential compounds and the functional
benefits they offer [5,6]. This heightened interest can be attributed to the recognition received
in 2015 when artemisinin, a sesquiterpenoid lactone derived from the common sweet
wormwood species, Artemisia annua, was discovered. Nowadays, it’s used as a medication
to combat malaria, even against drug resistant strains [5,7]. Artemisia is a large, diverse
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genus in the family Asteraceae comprising more than 500 species.
Several biopharmaceutical products containing extracts derived
from Artemisia species are currently on the market for treating
various diseases [8,9]. Through preclinical and practical evidences,
pharmacological activities of this genus, such as Antioxidant,
Anti-inflammatory [10], Antitumor [11], Antilipidemic [12],
Antimalarial, Neuroprotective [13], Immunoregulatory [14], and
Hepatoprotective [15] properties, have received the most attention
so far.

In this review article, our objective was to examine a commonly
known species called Artemisia santolinifolia Turcz. ex Krasch, also
referred to as A. stechmanniana Besser and A. gmelinii Weber ex
Stechm. However, the most frequently used name for this exceptional
specie, A. santolinifolia, is obtained from The International
Compositae Alliance data (TICA) with the identification number
2333EAFF-5C8A-4851-BAF3-1A15018FAAEO. The original
publication details can be found in “Krylov, Fl. Zap. Sibir. 11” 2791
1949. Until now, A. santolinifolia has been proven to be biologically
active due to its many active ingredients or secondary metabolites
that exhibit various modes of action. The composition analysis
of the medicinally active compounds has scientifically validated
the antibacterial, antioxidant, anticancer, and chemosensitization
potentials of A. Santolinifolia [16-21]. Traditional and modern
pharmaceuticals of various research groups have also mentioned A.
santolinifolia along with other specieslike A. cappilaries, A. sacrotum,
A. absinthium, A. herba alba, A. annua, A. vulgaris, A. tridentata,
A. argentea, A. ludoviciana, etc. These species possess significant
ethnopharmacological value and show promising therapeutic

Diterpene

properties [7,22-26]. Phytochemical profile and pharmacological
activity studies of Artemisia species have revealed the presence
of secondary metabolites such as terpenoids, including mono, di,
sesqui, and triterpenoids, sesquiterpenes, lactones, phenolic acids,
steroids, coumarins, alkaloids, and flavonoids in the essential oil.
These compounds have been reported to exhibit a wide range
of biological activities through various scientifically validated
techniques [27-29].

Although there are limited publications on specific health
advantages associated with A. santolinifolia, including different
parts of the plant, extracts, and pure compounds, the majority of
recent in vitro and in vivo studies are summarized in this article.
Despite these studies are not yet at the stage of practical clinical
application, they are essential in assessing the potential bioactivity
of the species. Furthermore, the relatively small number of studies
conducted on this particular plant compared to other Artemisia
species accounts for the explaining wide selection criteria we
used in this review. In this article, our group aims to delve into
the topic of A. santolinifolia, exploring its various agricultural
applications, nutritional compositions, traditional medicinal uses,
and scientifically validated pharmacological activities (as shown
in Figure 1). We have gathered relevant information from sources
such as Scopus, Research Gate, Web of Science, PubMed, and Google
Scholar databases. To conduct a thorough search, we specifically
focused on the primary keywords “Artemisia santolinifolia” and
“Artemisia” in this comprehensive review. The review compiles the
relevant scholarly work up until August 2023.

Antiproliferative
and chemotherapy

Terpenoid Flavonoid | synergizing activity
Seoateme 8—cineole, E- Rutin, quercetin, : Antibacterial
LV nerolidol, methyl kaempferol, | qc. e
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Figure 1: Graphical abstract.
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Ethnobotanical Characteristics of A. Santolinifolia

The Artemisia genus presents a taxonomical complexity due
to the close resemblance of its species in terms of morphology.
As a result, it becomes challenging to accurately distinguish the
specimens without conducting a thorough examination. Most
Artemisia species are characterized as herbaceous plants that
occasionally grow as shrubs, emitting a distinctive and strong
aroma. The distribution of Artemisia is widespread, as it is a wind-
pollinated genus found across various regions of temperate areas
with moderate to high latitudes. These regions include sandy plains
and stony steppes extending from Central Asia to the Himalayas.
In addition, there is some degree of diversification observed in the
species inhabiting the southern hemisphere. However, the presence
of Artemisia species in Africa and Europe is limited, with only a few
documented occurrences [30,31].

A. santolinifolia is widely distributed across various regions
including Mongolia, China, India, Tibet, Russia, and Afghanistan.
Research conducted in Pakistan has shown that this plant species
is predominantly found at altitudes ranging from 2500 to 3500
meters. The flowering period of A. santolinifolia typically takes

place between the months of July and September [31]. In terms
of its physical characteristics, A. santolinifolia is a perennial shrub
with large branches and compound leaves [3,32,33]. Its branches
can grow up to a height of 50cm and are often devoid of leaves. The
upper leaves are typically pinnatisect, with one or two segments
measuring 1-4mm in length. These leaves have a linear lanceolate
shape with pointed ends. The petiole of the middle leaves can reach
up to 2.5cm in length and is connected to the leaf lamina, which is
oval to wide triangular-ovate in shape. The upper edges of the leaf
lamina may have a few hairs, known as underhair. The dimensions
of the leaf lamina range from approximately 2.5-5cm in length and
1-3cm in width. On the other hand, the lower leaves are three-
pinnatisect and have elliptical to lanceolate shapes. These leaves
exhibit main segments and lobes on both sides (Figure 2) [32]. A.
santolinifolia possesses seeds that display exceptional adaptability
to various environmental conditions. It has a preference for growing
in less favorable soil types, enabling it to dominate open areas and
propagate rapidly, as long as there is sufficient space available. The
germination process of these seeds can occur under both light and
dark condition [34].

Figure 2: Artemisia santolinifolia (Asteraceae).

Chemical Constituents of A. Santolinifolia

Artemisia species possess bioactivity, owing to the presence
of many active constituents or secondary metabolites, which
work through various modes of action. Recently, the authors
conducted a study on the microelement composition of the most
commonly found species within the Artemisia genus [35-37].
Following this, A. santolinifolia has emerged as a highly promising
and potential source for physiologically active substances. These
compounds include coumarins, flavonoids, lipids, polyisoprenoids,
sesquiterpene lactones, tannins, and amino acids, as indicated
by Suleimen et al, and Tsybikova et al. in their study [14,38].
Regarding the flavonoids, the roots of this plant have been found

to contain quercetin, luteolin, rutin, kaempferol, and its glycoside.
Moreover, coumarins like scopoletin and umbelliferone have been
extracted from the roots of A. santolinifolia. On the other hand, the
aerial parts of the plant have been found to contain genkwanin and
acacetin, as highlighted by Suleimen group. Additionally, a distinct
research group utilized Gas Chromatographic-Mass Spectrometric
(GC-MS) techniques to determine the fatty acid composition of A.
santolinifolia. Their analysis revealed a lipid fraction consisting
of 25 fatty acids with carbon chains ranging from 9 to 28 atoms.
The Saturated Fatty Acid (SFA) content in A. santolinifolia was
approximately 51.80% to 65.02%. Among the SFAs, palmitic acid
was the most abundant, accounting for about one-fifth of the total
content.
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However, during the early flowering period, Polyunsaturated
Fatty Acids (PFAs) were pre-dominant among the unsaturated fatty
acids. Notably, linoleic and a-linolenic acids were present, which
are essential for vital bodily functions and have been reported to
exhibit strong antioxidant activities. However, oleic acid made up
the majority of the monounsaturated fatty acids [39]. The chemical
composition of A. santolinifolia, as revealed by previous studies,
suggests that it holds promise as a source of fatty acids [16].
Further-more, another research project utilized an identical GC-MS
method to analyze the essential oils of aerial parts of three Artemisia
species indigenous to Mongolia: A. adamsii Bess, A. santolinifolia
Krasch, and A. glauca Pall Ex. Willd. The analysis revealed a total of
79 different components in the essential oils obtained from these
samples. Notably, a-thujone (13.10-67.12%) and B-thujone (11.35-
58.77%) following 1.8-cineole (14.32-21.37%) were found to be
the most prevalent substances in A. adamsii and A. santolinifolia,
while E-nerolidol, and methyl eugenol were identified as the next
most abundant compounds [17]. The authors determined the
content of 58 constituents in the extracts obtained from the aerial
parts of plants of the genus Artemisia collected in the flowering
phase in typical growing areas in Siberia, Kazakhstan and Mongolia.
Subsequently, a cluster analysis by microelement status was
performed, leading to the construction of a dendrogram.

In particular, according to the resulting dendrogram, the plants
were combined into 5 clusters according to the degree of similarity
or elemental composition. Afterwards, the following groups of
elements have been identified: macroelements (magnesium,
potassium, calcium, and phosphorus), which are essential for the
structure and proper functioning of various cellular processes,
trace elements (iron, manganese, chromium, and copper), are the
key factors of enzyme systems and have been detected to possess
a certain level of specificity to different species. Furthermore, they
are considered microelements of the hematopoietic complex and
are required in preparations for the treatment and prevention of
iron deficiency anemia. In addition, it should be noted that the
elements considered potentially toxic elements, such as arsenic,
cadmium, mercury and lead were identified. Nonetheless, the
content of these toxic elements determines the safety the safety of
utilizing herbal preparations is carefully controlled and overseen
in the Russian State Pharmacopoeia, which focuses on the quality
and standards of medicinal plant raw materials [40]. Notably,
certain widespread species of Artemisia, such as A. santolinifolia,
were found to possess an optimal concentration of trace elements
required for hematopoiesis. This finding implies that they hold
promising potential as a source of antianemic medicinal plant
materials [41].

The morphological features of closely related wormwood are
also confirmed by the composition of essential oil components.
At the same time, the analysis confirmed not only their
phylogenetic closeness, but also noticeable differences, which
indicates their sufficient isolation, leading to their independent
status. Consequently, another research team conducted a study
focusing on the specific components found in the essential oil of
wormwood species A. sacrorum var. messerschmidtiana (Besser),
A. gmelinii, and A. santolinifolia. Notably, A. sacrorum exhibited

higher levels of certain components, including transsabinene
hydrate (2.4%), y-terpinene (2.0%), and germacrene D (1.6%). It
is important to highlight that while these components demonstrate
the specificity of this particular species, there are also common
essential oil components present in all three species. These
common components include a relatively high content of borneol
(8.0%/12.6%/4.0%), a-terpineol (0.6%/4.3%/0.2%), and bornyl
acetate (2.8%/0.9%/2.5%). Additionally, the essential oil of A.
sacrorum contains a notably high percentage of 1,8cineole (30.3%),
while A. gmelinii contains 40.3% -1,8-cineole, and A. santolinifolia
possesses only a minimal amount of 0.3% [42].

The taxonomic classification of A. santolinifolia remains a subject
of debate among researchers. While some authors acknowledge
its distinct species status [43,44] others consider it a variant of
Gmelin’s wormwood: Artemisia gmelinii Weber ex Stechm.=A.
santolinifolia auct. non Turcz. ex-Besser [41,45]. Extensive literature
exists regarding the chemical composition of the essential oil of
A. gmelinii wormwood. However, a comparative analysis of the
essential oil from different populations of A. gmelinii in Western
Siberia revealed two distinct chemotypes with significantly
different compositions. The initial chemotype originates from the
Altai Mountains and is characterized by a significant presence of
6-acetoxypinene (chrysanthenyl acetate) in its oil composition,
reaching up to 73%. The second chemotype comes from plants
found in the foothill plain of Altai, as well as the surrounding areas
of Tomsk and the Krasnoyarsk Territory. The essential oils derived
from these plants produce a similar oil composition, in which the
constant components include p-cymene (0.6-4%), 1,8-cineole (4.0-
32.0%), y-terpinene (0.2-1.2%), camphor (13-40%), isoborneol
(0.2-0.6%), and caryophyllene oxide (0.6-2.5%) [46]. Samples from
Buryatia, the Irkutsk region, and Mongolia exhibit characteristic
components such as 1,8-cineole (21.5-40.3%), camphor (10.0-
31.0%), borneol (4.5-17.6%), terpineol-4 (4.5-7.7%), p-cymene
(1.1-3.3%), bornyl acetate (0.9-2.5%), and caryophyllene (up
to 1.4%). Therefore, it was concluded, regardless of the growth
location, the essential oil of wormwood A. gmelinii consistently
contains 1,8-cineole, camphor, and p-cymene. A. santolinifolia, on
the other hand, has been less extensively studied. Nevertheless,
the main components of the essential oil derived from the aerial
part of A. santolinifolia are camphor (10.9%), presilfiperfolan-
9a-ol (5.2%), and borneol (4.0%), which are also found in the
composition of A. gmelinii wormwood’s oil [47].

It is important to emphasize that the composition of A.
santolinifolia oil is distinguished by a high concentration of
davanone derivatives, including davanone ether (isomer 1) (2.1%),
davanofuran (isomer) (1.3%), cisthreodavanofuran (1.4%), davana
ether (0.8%), davana ether (isomer 2) (0.9%), and nor-davanone
(0.5%). In contrast, only davanone is observed in the essential
oil of A. gmelinii, and it is exhibiting a very minimal content of
davanone derivatives in their essential oil composition45. Thus, the
previous observation result suggests that the presence of davanone
components in the composition of A. santolinifolia oil distinguishes
it from the closely related A. gmleinii wormwood. To address the
issue of weed invasion in wheat cultivation in an ecofriendly manner,
the methanolic extracts of castor (Ricinus communis), artemisia
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(A. santolinifolia), wheat (Triticum aestivum), and sorghum
(Sorghum bicolor) were tested for their phytotoxic potential in
bioassay-based detection of allelopathy. High-Performance Liquid
Chromatography (HPLC) coupled with MS analysis was employed
to comprehensively profile the allelochemical derivatives present
in these plant extracts. The phytochemical analysis revealed a
correlation between the phytotoxicity of the extracts and their
antioxidant potential, suggesting potential connections with major
constituents such as rutin, quercetin, cate-chin, gallic acid, vanillic
acid, syringic acid, ferulic acid, p-hydroxy benzoic acid, p-coumaric
acid, and sinapic acid. These compounds were identified in a total
of 13 methanolic fractions. Alkaloids, terpenoids, phenolic acids,
and flavonoids were also found to be prominent components in the
extracts. Notably, quinoline, isoquinolines, pyrrolidines, pyridine,
terpenoids, and steroids were identified as the most prevalent
alkaloids. Moreover, A. santolinifolia exhibited the strongest
allelopathic effects against three types of weeds due to its higher
concentrations of phenolic and flavonoid content, as demonstrated
in this study [48].

Based on our recent study findings, the analysis conducted
using LC-Quadrupole Time of Flight (QTOF) technique identified
steroids and terpenoids as the predominant chemical compounds.

It is highly likely that these two main chemicals possess the
potential to enhance the sensitivity of Non-Small-Cell Lung Cancer
(NSCLC) cells towards conventional chemotherapy drugs. Within
Riceberry Rice Bran (RBDS), gramisterol is recognized as the
primary phytosterol. Previous research has demonstrated its toxic
effect on WEHI-3 cells through the inhibition of phosphorylated
(p) Signal Transduction and Activator of Transcription 3 (STAT3)
transcriptional activity, which aligns with our own findings [49].
Another active phytochemical, Tranmetenolic Acid B (TAB), a
triterpene compound, exhibited cytotoxic effects on tumor cells
but also displayed the ability to promote the ac-cumulation of
chemotherapy drugs within cancer cells, thereby sensitizing
resistant cell lines to chemotherapy [50,51]. Consequently,
understanding the composition of herbal ex-tracts, as supported
by isolated chemical constituents, provides clear advantages
[52]. Differences in the chemical composition of A. santolinifolia
extracts can be attributed to various factors such as geolocation,
the specific plant part used for extraction, the collection process,
and the techniques employed during extraction. As a result,
these discrepancies may significantly influence the biofunctional
properties of the plant (Table 1). It is crucial for future research to
focus on establishing a standardized quality control protocol that
minimizes metabolic variations among individuals.

Table 1: Experimental therapeutic benefits of A.santolinifolia.

Biological activity

Extracts

Doses/Concentration

Results/Mechanism

Active Compounds

References

Antioxidant

Methanolic root
extract

89.16pug/ml

The antioxidative property
of DPPH scavenging
activity, exceptionally
strong capability to
scavenge in the ABTS assay
as well

Flavonoids and saponin

[16]

Essential oils

1500pg/ml

DPPH-scavenging activity

N.d.

[53]

Aqueous and
ethanolic extracts

2mg/kg

Expanding the coronary
artery, offering analgesic
and soothing effects

Sesquiterpenes and
coumarin

[53]

Antibacterial
activity

Methanolic leaves
extract

MICs 12pg/ml and
50pg/ml

Targeting gram-positive
bacteria such as Bacillus
subtilis and Staphylococcus
aureus

MICs 37.5pg/ml

Targeting gram-negative
bacteria such as
Pseudomonas aeruginosa

Terpenoids, tannins,
phenolics, flavonoids,
carbohydrates, and
steroids

[16]

Antiproliferative
and chemotherapy
synergizing activity

Ethanolic extract

IC50 200pg/ml

Cleavage of caspase-3,
accumulation of ROS,
oxidative damage to lipids,
altered expression of GPX4
and STAT3

Steroids and terpenoids
such as gramisterol and
tranmetenolic acid B

[19,21]

Antihyperlipidemic
activity

Ethanolic extract

50pg/ml, 500mg/kl

Facilitate the advancement
of mouse adipocytes and
amplify the expression
of PPARYy, consequently
improving the
responsiveness of tissues
to insulin, enhance the
generation of ADPN

N.d.

[54]

Ethanolic extract

50pg /ml

An elevation in the level
of aP2 and AD gene
expressions

N.d.

[55]
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Anti-inflammatory
activity

Ethanolic extract of
PHF

75,150 and 300 mg/
kg

Reduced concentrations
of TNFq, IL-1, IL-6, and
HMGB-1 in the serum

The PHF group exhibited
alesser extent of
inflammation and

alteration in pulmonary

structure as compared to
the positive control, LPS

group

Rutin and gallic acid [56]

Methanolic extract

200pg/mL

The expression of iNOS
and COX-2 is reduced,
leading to a decrease

in the secretion of
NO, prostaglandin E2,
and pro-inflammatory
cytokines. Decreased
phosphorylation of JNK
and NF-xB, resulting in a
decline in the translocation
of c-Jun and NF-kB into the

N.d. [57]

nucleus.

N.d. = no data.

Abbreviations: DPPH, 2,2-diphenyl-1-picrylhydrazyl; ABTS ,2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid; ROS,
reactive oxygen species; GPX4, glutathione peroxidase 4, STAT3, signal transducers and activators of transcription 3;
PPARYy, peroxisome proliferator-activated receptor gamma; ADPN, adiponectin; aP2, adipocyte protein 2; AD, adipocytes;
TNFa, tumor necrosis factor alpha; IL-1B, interleukin-1 beta; IL-6, interleukin-6; HMGB-1, high mobility group box
1; JNK, c-Jun N-terminal kinase; PHF, polyherbal formulation; LPS, lipopolysaccharide; iNOS, inducible nitric oxide
synthase; COX-2, cyclooxygenase-2; NO, nitric oxide; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B

cells.

Pharmacological Activities of A. Santolinifolia
Antioxidant activity

Recently, there has been a growing interest in exploring
traditional medicinal plants as potential sources of secondary
metabolites for therapeutic purposes. This has led to the
development of new plant-based antioxidant agents. In this
regard, extensive research has been conducted on A. santolinifolia,
investigating its antioxidant properties through the use of
1,1-Diphenyl-2-Picrylhydrazyl (DPPH) and 2,2\’-Azinobis-3-
Ethyl Benzthiazoline-6-Sulphonic Acid (ABTS) assays. These
assays have revealed that the methanolic root extract of A.
santolinifolia exhibits the highest DPPH-scavenging activity, while
the leaves display the lowest activity. Furthermore, the roots of
A. santolinifolia demonstrate the most potent scavenging ability
in the ABTS assay, exhibiting a concentration of 89.16ug/ml,
followed by the leaves [16]. In addition, another study focused on
investigating the antioxidant activity of the essential oils extracted
from A. santolinifolia. The results showed that at a concentration
of 1500ug/ml, the essential oil from A. santolinifolia exhibited an
antioxidant activity of approximately 3.9% [53].

These findings highlight the potential of A. santolinifolia as
a valuable source of natural molecules with strong antioxidant
properties, capable of neutralizing harmful free radicals [54-58].
Building on this knowledge, researchers combined A. santolinifolia
with Iris bungei to develop a plant derived drug called Asicadol.
The aqueous and 30% ethanol extracts of A. santolinifolia has
been found to have relaxing effects on the contraction of the

intestine, similar to the effects of papaverin hydrochloride. This
beneficial action is attributed to the presence of high biological
compounds, specifically sum sesquiterpenes and coumarin, in the
herb. In addition to this, research has demonstrated that coumarins
and certain sesquiterpenes have been found to possess active
properties that promote the relaxant effect [59,60]. Furthermore,
in vivo study, when A. santolinifolia was administered at a dosage
of 2mg/kg, it was highly effective in widening the coronary artery.
This effect was also observed in an Electrocardiogram (ECG), as the
amplitude height of the T-tooth coronary decreased by 57.1% and
the contraction index of the heart muscle was shortened by 35.9%.

Additionally, aqueous extracts of A. santolinifolia, along with the
sum coumarin derived from the upper ground part of the plant, have
been found to possess analgesic and calming effects in temperature
and chemically induced pain models. This innovative product, now
available in the market, harnesses the antioxidant properties of
these two plants to provide therapeutic benefits [53]. However,
a different group of researchers regarded A. santolinifolia as a
species with allelopathic properties. These allelopathic plants can
serve as a valuable source of chemicals to combat the invasiveness
of weeds. This is due to their ability to generate oxidative damage
during the development of ecological bio-herbicides. In contrast to
the previous study, it was discovered that the methanolic extract of
A. santolinifolia, at a concentration of 20%, significantly triggered
oxidative stress and resulted in prolonged wilting of major weeds.
This effect appeared to be associated with higher levels of phenols
and flavonoids, such as rutin and quercetin, present in the plant
extracts [38,48,61,62].
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Antibacterial activity

Several plants are known to produce compounds that can
effectively combat microorganisms. These extracts are mainly
derived from polyphenolic biomolecules such as tannins and
glycosides [63]. Tsybikova and their team conducted a study on
the crude methanolic extract of A. santolinifolia Turcz. Ex Besser to
determine its potential against microorganisms. The crude extract
of A. santolinifolia demonstrated significant inhibition against
all tested microbes at relatively low concentrations of 25,50, and
100ug/ml. Specifically, the extract from A. santolinifolia leaves
(AsL) exhibited Minimum Inhibitory Concentrations (MICs) of
12pg/ml and 50pg/ml against gram-positive bacteria Bacillus
subtilis and Staphylococcus aureus, respectively. For gram-negative
bacteria Pseudomonas aeruginosa, the MIC was 37.5ug/ml, which
was comparable to the effectiveness of the standard treatment
with ciprofloxacin. Recent research findings have also revealed
that the root extract of A. santolinifolia (AsR) displays significant
antioxidant potential, while the leaf extract (AsL) exhibits a notable
antibacterial effect. These findings suggest that different mixtures
of various parts of this plant could potentially be utilized to address
specific situations. Additionally, these findings imply the potential
use of A. santolinifolia in the management and treatment of various
infectious diseases [16]. Researchers from the Suleimen group,
as mentioned above, have identified genkwanin and acacetin in
the above-ground parts of the plant [38]. These compounds have
been previously investigated in pharmacological studies, which
have revealed their diverse range of effects, including antibacterial
properties [64,65].

Antiproliferative and chemotherapy synergizing activity

In the field of cancer management, there is currently a growing
interest in the discovery of new approaches and the use of natural
complementary treatment methods [66]. These approaches
have shown promise in reducing the dosage of cytotoxic drugs
used, thereby minimizing their side effects [67]. Previous studies
have documented the cytotoxic and antitumor effects of various
Artemisia species, along with the molecular mechanisms involved.
These effects include the activation of caspase, changes in the Bax/
Bcl-2 ratio, and the accumulation of Reactive Oxygen Species (ROS),
which lead to cell cycle arrest [68-70]. The phytochemistry of
Artemisia species has also been extensively discussed, highlighting
the presence of terpenoids, flavonoids, coumarins, and essential
oils, and their cytotoxic activities have been investigated [27,68].
Our research group previously reported that the crude ethanolic
extract of A. santolinifolia exhibits an antitumor effect against Non-
Small Cell Lung Cancer (NSCLC), and when combined with the
chemotherapy Drug Docetaxel (DTX), it has a synergistic impact
on tumor cell death. Surprisingly, our study found that caspase-3
cleavage, a predictor of apoptotic cell death, was primarily induced
in H23 cells by A. santolinifolia. In contrast, in A549 cells, it mainly
caused the production of ROS and lipid peroxidation, as well as
altered expression levels of glutathione peroxidase 4 (GPX4),
indicating that ferroptosis played a major role in cell death.
Furthermore, our study revealed that the suppression of STAT3

resulted in decreased expression of downstream prosurvival
molecules in both cell lines.

A. santolinifolia also targeted the NRF2 signaling molecule,
indicating its importance as a regulator of the antitumor and
synergistic effects of A. santolinifolia in various cell death models
[19,21]. The analysis using LC-QTOF indicated that the chemical
compounds discovered primarily belong to the categories of steroids
and terpenoids. This report highlights two major compounds,
namely gramisterol and Trametenolic Acid B (TAB), which exhibit
potential in enhancing the antitumor and chemosensitizing effects.
Our findings align with previous studies that have explored the
cytotoxicity of gramisterol and trametenolic acid B in different types
of tumor cells. The observed cytotoxic effects on cancer cells closely
resemble the mechanisms identified in our study, which involve
effectively inhibiting cancer cell growth through interference with
the p-STAT3 signaling pathway, induction of autophagic cell death,
or suppression of the expression of the crucial drug efflux protein
known as P-glycoprotein(P-gp) [71-73].

A separate research team investigated the potential anti-
tumor effects of the essential oil extracted from A. santolinifolia,
utilizing the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) methodology. Based on the findings
from an experiment targeting cancer hepato and gastric cells, it was
deduced that the essential oil derived from A. santolinifolia leaves
exhibited the most substantial inhibition rates in terms of cell
viability. The inhibition rates were recorded as 93.7% and 93.8%
for HepG2 and AGS cells respectively, at concentration of 300ug/
ml53. In recent times, there has been a growing fascination with the
utilization of essential oils for medicinal purposes. This interest has
been sparked by the discovery of the active components present in
the essential oils of different Artemisia species are responsible for
their ability to combat cancer through the induction of apoptosis
(programmed cell death) in various types of cancer cells [74-76].
However, it is worth noting that there is currently no scientific data
available specifically regarding the apoptosis-inducing effects of A.
santolinifolia essential oil.

Antihyperlipidemic activity

Hyperlipidemia, also known as increased plasma lipids,
is a condition that has been found to be associated with the
development and severity of atherosclerotic cardiovascular
diseases [77]. It is a significant factor in numerous chronic
diseases such as hyperglycemia, obesity, and heart diseases. Recent
evidence suggests that incorporating functional foods derived from
plants into the diet may be a promising approach for managing
or preventing chronic and metabolic diseases like hyperlipidemia
[78,79]. Artemisia species were reported to possess antidiabetic
properties as well [80]. In a study, researchers examined over 400
botanical extracts from various species to evaluate their ability to
activate the Peroxisome Proliferator-Activated Receptor Gamma
(PPARY) and regulate adipogenesis in 3T3-L1 monocyte cells. The
results revealed that A. scoparia and A. santolinifolia could modulate
the development of adipocytes, stimulate murine adipocyte
progression, and enhance PPARy expression, thereby increasing
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insulin sensitivity in remote tissues. Furthermore, both in vitro and
invivo studies demonstrated that these extracts had the potential to
increase the production of adiponectin (ADPN). Adipocytes secrete
adiponectin, which stimulates insulin expression and improves
insulin responsiveness and glucose utilization in remote tissues.
Overall, the research suggests that these extracts have the ability
to prevent adipocyte-related illnesses by promoting adipocyte
development, increasing ADPN levels, and enhancing insulin
sensitivity in fatty tissues. Additionally, these findings highlighted
the biochemical benefits that White Adipocyte Tissues (WATSs)
and adipocytes can derive from isolates obtained from Artemisia
species [54].

As previously mentioned, A. santolinifolia was determined
to contain a high amount of Saturated Fatty Acids (SFAs), such as
palmitic acid. On the other hand, linoleic acid, a-linolenic acid, and
oleic acid, which are unsaturated fatty acids, have been reported
to exhibit strong antilipidemic properties [39]. These findings
are consistent with a previous study that isolated palmitic acid,
oleic acid, linoleic acid, linolenic acid, and 12,13-epoxylinolenic
acid from the crude lipophilic extract of A. integrifolia. In an acute
hyperlipidemia model induced by Triton WR-1339, the crude
lipophilic extract at a dose of 200mg/kg significantly reduced Total
Cholesterol (TC) and Triglycerides (TGs). Furthermore, when the
fractioned compound linolenic acid was administered at a dose of
4mg/kg, it also significantly decreased the concentrations of TC
(64%) and TGs (93%) [12]. These compounds, namely palmitic acid,
oleic acid, and linolenic acid, were identified as the key contributors
to the bioactive antihyperlipidemic effect [81,82].

Anti-inflammatory activity

Numerous species of Artemisia have been extensively
studied in the literature for their therapeutic effects. Throughout
history, various Artemisia species such as A. capillaris, A. annua,
A. absinthium, A. afra, and A. vulgaris have been used as herbal
medicines and have undergone thorough research on their anti-
inflammatory activities [8,83-85]. Mongolian
medicine, a Polyherbal Formulation (PHF) consisting of Artemisia
santolinifolia, Saussurea salicifolia L., and Hippophae rhamnoides
L. is commonly used to treat inflammatory disorders. The authors

In traditional

of this study examined the ability of PHF to reduce inflammation
in rat models using two different reagents - the folin ciocalteu
reagent and aluminum chloride reagent. To induce inflammation,
the experimental groups were treated with carrageenan and
Lipopolysaccharide (LPS). The PHF pretreatment groups showed
significantly lower concentrations of tumor necrosis factor (TNF),
interleukin (IL)-1, IL-6, and high mobility group box 1 protein
(HMGB-1) in the serum compared to the group treated only with
carrageenan injection after PHF administration.

Furthermore, the serum levels of TNF-qa, IL-1, and HMGB-1
were significantly lower in the group pretreated with 150mg PHF/
kg Body Weight (BW) compared to the control group following LPS
injection [56]. Moreover, the researchers employed LPS-stimulated
RAW 264.7 macrophages as experimental models to investigate
the potential anti-inflammatory properties of the methanolic

extract of the whole plant from A. santolinifolia. The extract
demonstrated remarkable inhibitory effects on the production of
proinflammatory cytokines including IL-6 and TNF-q, as well as
inflammatory mediators like Nitric Oxide (NO) and Prostaglandin
E2 (PGE2). Additionally, it affected crucial signaling pathways
such as the Nuclear Factor (NF)-kB and Mitogen-Activated Protein
Kinase (MAPK). It is worth mentioning that the A. santolinifolia
extract also mitigated C-Jun N-Terminal Kinase (JNK) and NF-kB
inhibitor a (IkBa) phosphorylation levels. Numerous research
studies have indicated that the naturally occurring phenolic
compounds found in A. santolinifolia possess properties that can
alleviate inflammation. These findings suggest that the phenolic
constituents, such as flavonoids and coumarins, might play a role in
the anti-inflammatory effects observed in roots of A. santolinifolia.
Additionally, it has been observed that fatty acids exhibit varying
impacts on inflammation. This implies that the anti-inflammatory
properties of A. santolinifolia could be attributed to the presence
of fatty acids [15,27,39]. Nevertheless, further investigations are
warranted to precisely identify and evaluate the specific compounds
responsible for the anti-inflammatory properties exhibited by A.
santolinifolia [57].

Traditional Uses of A. santolinifolia

Throughout the ages, this plant has been revered for its
medicinal qualities. Ancient civilizations across the globe
recognized its healing potential and utilized it in various remedies.
From treating common ailments to promoting overall well-being, A.
Santolinifolia played a vital role in traditional medicine. In recent
times, the appreciation for A. Santolinifolia has continued to grow.
Its applicability spans beyond traditional medicine. Consequently,
numerous pharmaceutical products available on the market today
incorporate extracts derived from plants of genus Artemisia [86].
One such species, A. santolinifolia, has long been employed in
traditional Mongolian medicine as a folk remedy for ailments
such as anthrax, tumors, and intestinal parasites [53]. Previous
studies have indicated that A. santolinifolia can be utilized either
alone or in combination with other ingredients to effectively treat
inflammation. In Mongolian traditional remedies, the Polyherbal
Formulation (PHF) stands out, and it prominently features two key
herbs: A. santolinifolia and Hippophae rhamnoides. These herbs are
primarily utilized for their anti-inflammatory properties. Notably,
the ratio of these herbs in the formulation is 2:1:1, comprising
Herba Saussureae salicifoliae, Herba Artemisiae santolinifoliae, and
Fructus Hippophae rhamnoides [56].

Additional comprehensive chemical analysis has revealed
that two distinct species of herbal medicine, A. santolinifolia and
Iris bungei, contain three essential natural isoflavones. Isoflavones
belong to the group of organic compounds known as flavonoids,
which are potent antioxidants. Isoflavones have been found to act
as protective antioxidants, preventing the formation of harmful
radicals and Reactive Oxygen Species (ROS) [87]. They achieve
this by neutralizing active singlet oxygen, thus reducing oxidative
stress caused by hydrogen peroxide breakdown. Additionally, they
effectively trap and quench radicals before they can harm cellular
structures. In the context of Cardiovascular Diseases (CVDs),
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particularly ischemic stroke and Ischemic Heart Disease (IHD), the
consumption of flavonoids, including isoflavones, has been shown
to lower the risk of ischemic stroke and potentially decrease CVD-
related mortality. This highlights the potential benefits derived
from a diet rich in flavonoids [88].

Consequently, extracts obtained from A. santolinifolia and Iris
bungei plants have been harnessed to produce a medication known
as Asicardol [53]. In addition, A. santolinifolia has been employed
in Tibetan medicine for centuries as a remedy for tumors and
inflammation, following traditional practices. The plant’s ethanol
extract is recognized for its hepatoprotective and antioxidant
characteristics, while the previously mentioned essential oil has
been acknowledged for its bactericidal properties [16,89]. In the
northern region of Pakistan, the plant A. santolinifolia is known
by different local names such as churisaroj, dona, dron, jhau, lasaj,
marua, jaanh, and jaukay. This plant has been traditionally utilized
in folk medicine to treat ailments related to the stomach, especially
intestinal worms [90]. A comprehensive ethnobotanical study
conducted in Pakistan examined a total of 52 species belonging
to 25 families and 46 genera. Samples were collected from 17
villages in northern Pakistan to explore the relationship between
plant diversity and their folk uses by the local community. Among
the various plant families, the Asteraceae family stood out as the
most commonly used, comprising of five species. A. santolinifolia,
with its bitter taste, also goes by the name Kho bustae, where “Kho”
represents bitterness and “bustae” refers to any species of the
Artemisia genus. Furthermore, the plantisreferred to as Shadi bustae
due to its thick indumentum, which makes it resemble monkeys.
Traditionally, this plant has been applied to repel rats, snakes,
insects, centipedes, and other pests due to its prickly nature, bitter
taste, and strong odor. While A. santolinifolia possesses diverse
qualities, including pharmacological and biological characteristics,
it remains inadequately studied, primarily finding its application
within folk medicine [91].

Agricultural Uses of A. santolinifolia

Allelopathy, also referred to as an interactive phenomenon,
pertains to the ability of certain plants to impact the growth and
development of other plants by releasing chemicals that they
naturally synthesize, thereby inhibiting germination and growth.
The chemicals derived from these plants, known as allelochemicals,
are considered to be advantageous alternatives to synthetic
herbicides due to their abundance, affordability, and notable
allelopathic effects [92]. An array of studies has demonstrated that
specific allelochemicals derived from various Artemisia species
plants have the potential to impede weed growth [93-95]. As a
result, these plants, either in their entirety or specific components,
can be utilized to extract bioactive compounds with bioherbicidal
properties. Such an approach proves to be cost-effective and
sustainable, while ensuring minimal disturbance to the ecosystem
and biodiversity [96]. To tackle the issue of weed invasion in wheat
in an environmentally friendly manner, methanolic extracts of
Ricinus communis, Artemisia santolinifolia, Triticum aestivum, and
Sorghum bicolor were employed in bioassay-based detection of
allelopathins.

The plant mixtures displayed phytotoxic effects in a dose-
dependentmanner,indicating their potential to inhibit plant growth.
At higher concentrations, the extracts showed increased herbicidal
activities, which can be attributed to a higher concentration of
allelochemicals. The extracts of A. santolinifolia exhibited severe
phytotoxicity, leading to 100% germination inhibition in Sinapis
arvensis, Lolium multiflorum, and Parthenium hysterophorus. On
the other hand, the Ricinus communis extract revealed 100%,
70%, and 40% inhibition of germination in the mentioned weeds,
respectively. Additionally, a phytochemical analysis conducted
using High-Performance Liquid Chromatography (HPLC)
established a correlation between the obtained data and the active
compounds present in the extracts. A. santolinifolia showcased
the strongest allelopathic effect against S. arvensis, L. multiflorum,
and P, hysterophorus, attributable to its high content of phenolic
and flavonoid compound, such as rutin, quercetin, catechin, gallic
acid following vanillic acid and sinapic acid [48]. The discoveries
emphasize variations of phenolic acids, flavonoids, and alkaloids,
providing persuasive proof of the exceptional allelopathic abilities
present in particular plant, as previously documented in other
studies [97,98]. Furthermore, assessing the allelopathic potential
of identified derivative compounds may serve as a basis for
developing environmentally friendly bio-herbicidal analogs to
effectively manage weeds.

Conclusion and Prospects of A. santolinifolia

Itis estimated that approximately 80% of the global population,
especially those living in developing countries, rely on herbal
medicines for their primary healthcare needs. The use of herbal
medicines is deeply rooted in the culture of these communities [99].
In relation to the previous reports, at least 25% of modern drugs
of plant origin, such as aspirin, picrotoxin and many others are
synthetic analogues built on archetypal compounds isolated from
plants [100]. Amongst the various plants, Artemisia species have
gained significant attention from physiochemists due to their wide
range of essential compounds and functional properties. Recently,
Artemisia species, particularly Artemisia annua, have been in the
spotlight for the discovery of the active compound artemisinin,
which is highly effective in treating malaria [5,7]. Considering
the information in this review, the biological activities of A.
santolinifolia such as antioxidant, anti-inflammatory, antitumor,
anti-lipidemic and immunomodulatory properties, have received
the most attention far through preclinical and practical evidences.
Since more and more studies have pointed out A. santolinifolia
‘medicinal and economic value, it can be concluded that, if more
potentially active constituent (s) could be defined, A. santolinifolia
might become a future flagship plant in the treatment of numerous
diseases [10-15]. While many manufacturing companies strive
to maintain consistent levels of active constituents through a
process known as standardization, its impact on the safety and
efficacy of the final product can be inconsistent [101]. The lack
of comprehensive investigation into A. santolinifolia and limited
information about this particular species further emphasizes the
need for more research scholars to focus on this diverse group of
plants in the future.
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