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therapeutic agent against myeloma -
phytochemical and pharmacological insights
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Abstract

Background Artemisia campestris L. (AC) leaves are widely recognized for their importance in traditional medicine.
Despite the considerable amount of research conducted on this plant overworld, the chemical composition and
the biological activity of the leaves grown in Tunisia remains poorly investigated. In this study of AC, a successive
extraction method was employed (hexane, ethyl acetate and methanol) to investigate its bioactive constituents by
LC-MS analysis, and their antioxidant, antibacterial, antifungal, and anticancer activities.

Results Data analysis revealed diverse compound profiles in AC extracts. Methanolic and ethyl acetate extracts
exhibited higher polyphenolic content and antioxidant activities, while Hexane showed superior phytosterol
extraction. Ethyl acetate extract displayed potent antibacterial activity against multi-resistant Staphylococcus aureus
and Pseudomonas aeruginosa. Additionally, all extracts demonstrated, for the first time, robust antifungal efficacy
against Aspergillus flavus and Aspergillus niger. Cytotoxicity assays revealed the significant impact of methanolic and
ethyl acetate extracts on metastatic breast cancer and multiple myeloma, examined for the first time in our study.
Moreover, further analysis on multiple myeloma cells highlighted that the ethyl acetate extract induced apoptotic and
necrotic cell death and resulted in an S phase cell cycle blockage, underscoring its therapeutic potential.

Conclusions This investigation uncovers novel findings in Tunisian AC, notably the identification of lupeol, oleanolic
acid, ursolic acid, stigmasterol and 3-sitosterol. The study sheds light on the promising role of AC extracts in
therapeutic interventions and underscores the need for continued research to harness its full potential in medicine
and pharmaceutical development.

Keywords Artemisia campestris, Polyphenol, Phytosterol, Terpene, Antioxidant, Anticancer, Multiple myeloma,
Antibacterial, Antifungal.
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Background

Cancer remains one of the most significant health chal-
lenges in the 21st century, affecting diverse populations
across various social, ethnic, and economic backgrounds.
Despite advances in early detection and awareness, can-
cer still ranks as the second leading cause of death world-
wide, following cardiovascular diseases [1]. The tumor
cells possess replicative immortality mechanisms [2] and
exhibit increased resistance to cell death through the
regulation of anti and pro-apoptotic proteins [3]. Breast
cancer stands as a major cause of cancer-related deaths
among women globally. Approximately 15-20% of breast
cancer cases fall under the triple-negative breast can-
cer subtype (TNBC), known for its aggressiveness and
a higher rates of relapse [4]. On another front, multiple
myeloma, a disease of terminally differentiated plasma
cells, ranks as the second most common hematologi-
cal malignancy after non-Hodgkin lymphoma [5]. For
patients with this cancer, treatment outcomes still remain
suboptimal, as many develop resistance and succumb to
the disease [6]. These challenges underscore the urgency
of exploring new therapeutic strategies to overcome drug
resistance [7]. In addition to drug resistance, research on
the involvement of infections and bacteria in cancer has
gained considerable momentum in recent years. Certain
bacterial infections have been identified as potential con-
tributors to the development of specific types of cancer,
holding significant implications for cancer prevention
and treatment [8].

Natural molecules, especially those derived from
plants, have garnered significant interest in the treat-
ment of cancer, infections, and bacterial-related ailments
[9-11]. Plant-based compounds possess a diverse array
of bioactive constituents that exhibit potential thera-
peutic effects. In cancer treatment, these natural mol-
ecules have shown promise as anticancer agents, either
by inducing apoptosis in cancer cells, inhibiting tumor
growth, or interfering with specific signaling pathways
[12, 13]. Moreover, the use of plant-derived compounds
as adjuvants in chemotherapy and radiation therapy has
been explored to enhance treatment efficacy and reduce
adverse effects [14]. In the context of infections and bac-
teria, natural molecules have demonstrated remarkable
antimicrobial properties. Plant extracts and essential
oils have been found to possess potent antibacterial and
antifungal activities, making them valuable alternatives
or complements to conventional antibiotics [15, 16]. The
rich reservoir of bioactive compounds in plants offers a
promising avenue for the development of novel therapeu-
tics, emphasizing the importance of further research to
harness the full potential of these natural molecules in
combating cancer and infectious diseases.

Members of the Artemisia genus are widely recog-
nized for their importance in traditional medicine. This
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enduring herb, belonging to the Asteraceae family, is dis-
tributed worldwide [17]. Artemisia campestris L. (AC), a
polymorphic species comprising various subspecies and
varieties, possesses subtle aromatic characteristics [18].
This species is found in the north of Africa, and particu-
larly in the middle and the south of Tunisia where it is
commonly referred to as “T’gouft” [18, 19]. The leaves of
this plant, generally collected in summer months (July/
August), are widely used in traditional medicine due to
their noted digestive, analgesic, and antihypertensive
attributes [19]. As evidenced by the existing literature,
numerous studies have underscored the antivenin, anti-
inflammatory, antirheumatic, and antimicrobial proper-
ties of AC species [20]. Notably, a particular emphasis
has been placed on its efficacy in treating ailments of the
digestive system, especially gastroesophageal disorders
[21].

In the realm of traditional medicine, plant extracts are
commonly prepared through infusion techniques [22].
Many studies on AC have employed aqueous and alcohol
extraction methods or have focused on essential oils [18].
These extraction processes yield a range of compounds
from AC, including flavonoids, chromones, and aceto-
phenones, which contribute to the plant’s diverse biologi-
cal properties [18]. Notably, recent research by Cheraif et
al. underscored the anti-cancer potential of AC essential
oil [23]. It is well-established that plant extractions vary
depending on the solvent employed, producing distinct
phytomolecules based on the solvent’s polarity [24].
Building on this knowledge and recognizing the plant’s
multifaceted uses, our study sought to explore the bio-
logical activities of AC leaves, when extracted using sol-
vents of increasing polarity, namely hexane (Hex), ethyl
acetate (EtAC) and methanol (MeOH). Our investigation
encompassed an examination of the plant’s antibacterial,
antioxidant, and antifungal properties. Additionally, we
delved into its potential anticancer effects against breast
and myeloma cells, in conjunction with an analysis of its
overarching chemical composition.

Materials and methods

Sample collection

The aerial parts (stems and leaves) of Artemisia campes-
tris L were collected in July 2020 from the Foussana area
in west-central Tunisia (Kasserine Governorate) and air-
dried in the shade. The species were identified for this sci-
entific study by using the Tunisia flora [25-27]. Samples
were deposited at the herbarium of the Research Labora-
tory of Toxicology and Environment to assess a voucher
number. The leaves were then separated from stems, col-
lected, crushed, and subsequently stored in hermetically
sealed plastic bags at -18 °C until analysis.
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Biological materiel’s

To examine the antifungal properties, two strains were
used: an Aspergillus flavus strain (SRRC 1000 A) and
Aspergillus niger strain (CBS 513), both of which had
been previously isolated from wheat samples and were
stored in the Toxicology Laboratory at Tunis. Addition-
ally, the strains of Pseudomonas aeruginosa and Staphy-
lococcus aureus were purchased from American Type
Culture Collection (ATCC) (serial number of 27,853
and 29,213, respectively) and employed to investigate
the antibacterial properties of AC extracts. The bacte-
rial strains were cultivated on TBS (trypticase soy broth)
medium. For antitumor activities, myeloma cell lines
consisted of U266, a model of multiple myeloma derived
from peripheral blood of a 53-year-old man with refrac-
tory, and JJN3, established from the bone marrow of a
57-year-old woman with plasma cell leukemia related to
multiple myeloma, were graciously provided by Professor
Brigitte Sola [28]. MDA-MB-231, a human breast cancer
epithelial cell line established from a pleural effusion of a
51-year-old woman with metastatic adenocarcinoma was
purchased from ATCC (ATCC HTB-26) [4]. U266 and
JIN3 cell lines were maintained in standard culture con-
dition using RPMI 1640 medium while MDA-MB-231
cells were cultured in DMEM medium.

Chemicals

HPLC-grade solvents and chemicals such as dimethyl
sulfoxide (DMSO), 2,2-diphenyl-1-picrylhydrazyl
(DPPH), formic acid, 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT), propidium iodide
(PI), 4,6-diamidino-2-phénylindole (DAPI) and acridine
orange were purchased from Sigma-Aldrich (St. Louis,
MO, USA). Dehydrated microbiology media were pur-
chased from Scharlau (Barcelona, Spain). Analytical stan-
dard solutions of phenolic acids, flavonoids, terpenes and
phytosterols as presented in Table 1 were procured from
Sigma Chemical Co. (St. Louis, MO, USA). Cell culture
reagents, including RPMI 1640 and DMEM mediums,

Table 1 The different compounds explored in various AC

extracts

Phenolic acids Flavonoids Terpenes
Caffeic acid Acacetin Lupeol
Chlorogenic acid Apigenin Oleanolic acid
Ferulic Acid Apigenin-7-O-glucoside Ursolic acid
Gallic acid Catechin Phytosterols
Protocatechuic acid Cirsilineol Stigmasterol
Quinic acid Cirsiliol B-sitosterol
Rosmarinic acid Epicathechin

Salvianolic acid A Luteolin

Syringic acid Luteolin-7-O-glucoside

Trans-Cinnamic acid Quercetin

1,3-Dicaffeoylquinicacid ~ Rutin

3,4-Dicaffeoylquinic acid  Silymarin

4,5-Dicaffeoylquinic acid
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fetal bovine serum (FBS), penicillin 0.1 pg/mL and strep-
tomycin 0.1 pug/pL, phosphate buffered-saline (PBS), and
DMSO were ordered from PAN-Biotech (Aidenbach,
Germany). Purified water was obtained using a MultiQ
system from Millipore, (Darmstadt, Allemagne).

Extracts preparation
The crude extract was obtained through a process of
serial exhaustive extraction, which entails a series of suc-
cessive extractions of the plant material using three sol-
vents with increasing polarity. This methodology aims to
retrieve biomolecules from the plant material effectively
as previously described [29]. For this procedure, 25 g of
finely ground leaves material, placed in separate Erlen-
meyer flasks, were subjected to maceration in 200 mL of
Hex under shaking conditions for a duration of 24 h. The
maceration was carried out, with agitation occurring at
200 rpm using an 'ROLL shaking rotator from Accumax
Lab Devices Pvt. Ltd. Following the maceration process,
the supernatant was filtered using filter paper. The solid
residues that remained after filtration were then sub-
jected to gradual extraction using EtAC firstly and then
MeOH. Upon each extraction, the obtained supernatant
was collected and subsequently dried at 40 °C using a
rotary evaporator from Heidolph Instruments GmbH.
The extractions were carried out in triplicate, and the
yields of dry extract residues (DE) are expressed as
meantstandard deviation using the following equation:
Yield % = (DE mass / Plant material initial mass) * 100.
The resulting DE were carefully collected, their masses
were recorded, and they were subsequently stored at
a temperature of 4 °C. The different obtained DE were
reconstituted in 2% DMSO (for the assessment of bio-
logical activities) or in MeOH (for chromatographic and
anticancer analyses) to achieve mother concentrations of
0.25 mg/mL.

LC-MS analysis

Quantitative analysis of various target components in dif-
ferent fractions of AC was performed using a Shimadzu
8020 UPLC-ESI-MS system (Shimadzu, Kyoto, Japan).
This system was equipped with a binary pump Nexera
XR LC-20AD. The entire system, including the control of
LC and MS hardware, as well as the processing of chro-
matographic and spectral data, was managed using the
Shimadzu LabSolutions LC-MS software (Shimadzu,
Kyoto, Japan). Accurate identification was achieved by
matching mass spectra with those obtained from stan-
dard solutions, thereby ensuring precise and reliable
result (supplementary data S1).

Polyphenols quantification
Quantitative determination of thirteen phenolic acids
and twelve flavonoids was conducted on extracts using
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a previously validated methods [30]. Chromatographic
separation was carried out on a reverse-phase C18 col-
umn (100x2.1 mm x 3 um) maintained at a constant
temperature of 40 °C. The mobile phase consisted of a
mixture of aqueous solutions: 0.1% formic acid (A) and a
solution of 0.1% formic acid in MeOH (B). The separation
was achieved through a linear gradient elution, at a con-
stant flow rate of 0.4 mL/min, starting from 10% B and
gradually increasing to 100% B over a period of 45 min,
followed by a constant 100% B from 45 to 50 min and
from 100% B and to 10% B over a period of 5 min.

Mass spectra were acquired in positive and negative
ion modes within a mass-to-charge ratio (m/z) range of
50 to 1200. Nitrogen was utilized as the nebulizing gas
at a flow rate of 1.2 L/min. The drying line temperature
was maintained at 250 °C. The capillary voltage was set at
-3.5'V, while the detector voltage was set at 1.1 V.

Phytosterols and terpenes quantification

Phytosterols and terpenes were separated using a
LC-MS system equipped with an AQUASIL C18 column
(150 mm x 3 mm x 2 um) at a flow rate of 0.5 mL/min.
The mobile phase consisted of a mixture of acetic acid
and water (90/10: v/v) as solvent A and 10% MeOH-water
as solvent B. For the elution of phytosterols, the process
involved a linear gradient starting from 90 to 95% A over
20 min. Subsequently, it moved from 95 to 100% A over
2 min, maintaining a constant 100% B phase for 8 min,
before reverting to the initial conditions for a final 5 min.
In the case of terpene separation, the elution gradient
commenced with a linear transition from 75 to 87% B
over 15 min, followed by a gradient shift from 87 to 100%
B and a one-min hold at 100% B, before returning to the
initial conditions with 75% B for 6 min.

For both methods, 5 pL injection volume was employed
for each sample, and the column was maintained at 40
°C. The MS detector operating method was the same for
both molecules’ groups. The mass scans were performed
by a negative electrospray ionization in selected ion mon-
itoring (SIM) mode over the range from 50 to 1200 m/z
with a source temperature of 400 °C, collision energy set
at 35+15 eV in positive mode, an ion spray voltage of
5.5 kV, ion source gas pressures of 50 psi, and collision
gas pressure of 20 psi.

Antioxidant properties

The DPPH free radical reduction method, as detailed by
Kirby and Schmidt, was used [31]. This method allowed
for the quantification of the extracts’ ability to scav-
enge free radicals and provided valuable insights into
their potential antioxidant properties. In this procedure,
500 pl of each extract solution at 50 ug/mL was added
to 375 pL of MeOH 99% and 125 pL of DPPH solution
(0.2 mM). After shaking, the tubes were incubated at
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room temperature in dark for 60 min. After this incu-
bation period, the absorbance at 517 nm was measured
using T60 spectrophotometer (PG Instruments, Wibtoft,
Leicestershire, UK). For comparative purposes, negative
control tubes were also prepared. These control tubes
contained only the DPPH solution without the addition
of any extract. The entire test was conducted in tripli-
cate to ensure accuracy and reliability. The results of the
analysis were expressed as the percentage of DPPH radi-
cal inhibition.

Antibacterial activity

The antibacterial efficacy of the extracts was assessed
using the agar well diffusion method outlined by Celik-
tas et al. in 2007 [32]. Initially, the Staphylococcus aureus
and Pseudomonas aeruginosa strains were cultivated in
appropriate condition and allowed to grow. Then, the
medium was subjected to centrifugation to recover the
bacterial pellet which was diluted with PBS to achieve a
concentration of 0.5-4.10° CFU/mL. This solution was
used for inoculating 10 mL of culture medium in a freshly
prepared petri dish maintained at a temperature of 42 °C,
and which was earlier cooled at 4 °C for a duration of
10 min, allowing the culture medium layer to solidify.
Next, sixteen wells were superficially perforated at the
surface of this solidified layer. In each of these wells, 5
pL of the different solvent extract solution, dissolved in
isoamyl alcohol 30% at a concentration of 25 pg/mL, was
deposited. Following this, the Petri dish was incubated
for 3 h at 37 °C. The petri dish surface was subsequently
overlaid with an additional 10 mL of the same medium,
and the dish was once again cooled at 4 °C for 15 min
to solidify the upper layer. The dish was then incubated
for a further 18 h at 37 °C. The antibacterial activity was
assessed based on the presence of bacterial growth inhi-
bition zones surrounding the wells where the extracts
had been placed. As a negative control, inhibition zones
were determined for a sterile 30% isoamyl alcohol solu-
tion. To ensure robustness, all tests were conducted in
triplicate.

Antifungal activity

To assess antifungal effects, the solid agar diffusion
method was employed [33]. In this procedure, 1 mL of
the test extract (a series of dilutions were prepared of
each extract) was combined with 19 mL of Dichloran
Rose Bengal Chloramphenicol (DRBC) medium, and
the resulting mixture was poured into petri dishes (with
final concentration of 12.5, 25 and 50 pg/mL). In the cen-
ter of each dish, a mycelial disc of approximately 0.6 cm
in diameter, derived from a 5-day pre-culture of fungal
strains, was aseptically positioned. Subsequently, the
petri dishes were incubated at a temperature of 25 °C
for a duration of 5 days. To provide context, control
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dishes were prepared. They consisted of culture medium,
DMSO and mycelial discs, serving to evaluate medium
fertility and estimate the growth rate of fungal strains
without the inhibitory effects of extracts. Following the
incubation period, the diameters of the mycelial growth
on the various dishes were measured, and the percent-
age of growth inhibition was calculated using the fol-
lowing formula: mycelial growth inhibition (%)=100
*(mycelial diameter growth (control) - mycelial diameter
growth with the test extract)/ mycelial diameter growth
in control.

Cytotoxic activity

The cytotoxic potential of AC leaf extracts against MDA-
MB-231, JJN3 and U266 cells was evaluated in vitro using
MTT assay following established protocol [34]. The MTT
assay was conducted to assess cytotoxicity in a dose- and
time-dependent manner. Briefly, cells were seeded into
96-well plates and exposed to escalating concentrations
(15.56, 31.125, 62.25, 125 and 250 pg/mL) of different sol-
vent extracts for 24—48 h. Corresponding concentrations
of DMSO were added to control wells. The MTT reagent
was converted into formazan by active mitochondrial
enzymes in viable cells. The absorbance (A) of the forma-
zan was measured at 490 nm using a microplate reader
(Model EXL800; BioTek, USA). The formula utilized to
calculate cell viability was: % Inhibition=100 - ((Absor-
bance of treated sample/Absorbance of untreated sam-
ple) * 100).

Table 2 Results of phenolic acid quantification (mg/g of DE) of
different fractions obtained from AC.
Phenolic acid content (mg/g DE)

Phenolic acids Hex extract  EtAC extract MeOH extract
Caffeic acid ND 0.196+0.02 0.25+0.02
Chlorogenic acid ND 0.038+0.01  0.99+0.08
Frulic acid ND 0.16+0.01 0.14+0.01
Gallic acid ND ND ND

Quinic acid 0.0406+0.004 ND 549+049
Protocatechuic acid ND 0.12+0.04 0.21+0.02
Rosmarinic acid 0.02+0.003 ND 0.03+£0.01
Syringic acid ND 0.11+0.01 044+0.04
Salvionolic acid A ND 0.01+£0.002 ND
Trans-Cinnamic acid ND ND ND
1,3-Dicaffeoylquinic 0.03+£0.004 ND 0.02+0.003
acid

3,4-Dicaffeoylquinic ND ND 15.24+137
acid

4,5-Dicaffeoylquinic ND ND 23.26+2.56
acid

ND : Not detected

Each value is the average of three analyses+SD
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Determination of cell death impact

The investigation into the impact of the EtAC extract on
myeloma cells involved a comprehensive analysis of its
influence on cell death, morphological nuclear changes,
and cell cycle progression. Initially, cancer cells were
exposed to 62.25-125 pg/mL of the EtAC extract for
a 24-h culture period. Subsequent evaluation the type
of cell death induced by the extracts was pursued using
acridine orange/ PI double staining. This dual staining
method allowed for the differentiation between apop-
totic and necrotic cells, providing insights into the spe-
cific mode of cell death induced by the plant extract
treatment. Following this, the determination of nuclear
changes indicative of alterations in myeloma cells was
conducted after DAPI staining and fluorescence micros-
copy analysis, following the methodology outlined by
Limam and colleagues [13]. Lastly, the identification
of changes in cell cycle phases through PI staining and
flow cytometry exploration was performed as previously
described procedures [28].

Statistical analysis

Three independent analyses were performed for each
experiment to ensure robustness and reliability. The
acquired data were subjected to statistical processing
using SPSS version 20 and GraphPad prism 5 softwares.
During this analysis, mean values, and standard devia-
tions (SD) were calculated. Statistical significance was
determined based on a probability threshold of p<0.05.
This approach allowed for accurate evaluation and inter-
pretation of the experimental results.

Results

Extraction yields

The extracts were derived through a series of sequen-
tial extractions, and subsequently, the yields of DE were
calculated. The results revealed that EtAC and MeOH
extracts displayed the most substantial yields, with
respective values of 13.62+4.92% and 10.74+4.31%. In
contrast, the Hex extract exhibited a notably lower yield
of 2.6013.84%. These finding suggest that the extraction
method using solvents like MeOH or EtAC is the most
suitable for achieving both a higher yield and for recov-
ering compounds with different polarities from the plant
material. This conclusion is consistent with common
practices in extraction methods, where the choice of sol-
vent can significantly impact the efficiency of extraction
and the range of compounds obtained.

Phenolic acids content

The LC-MS analysis of thirteen phenolic acids in various
extracts yielded results that are summarized in Table 2.
Data revealed that each of the solvents used in the extrac-
tion process possesses a unique capability to extract
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specific molecules. MeOH emerged as the most effective
solvent for the extraction of the majority phenolic acids.
Its effectiveness was evidenced by its ability to recover
ten out of the thirteen analyzed molecules, resulting in a
cumulative concentration of 46.07 mg/g DE. This notable
efficiency of MeOH can be attributed to its high polar-
ity, which facilitates the extraction process. On the other
hand, EtAC also proved competence in extracting a sig-
nificant portion (6 out of 13) of phenolic acids, at lower
concentrations. In contrast, Hex was unsuitable for the
extraction of these molecules, as it only allowed for the
recovery of a limited subset, which included rosma-
rinic, 1,3-dicaffeoylquinic, and quinic acids exclusively.
Remarkably, with the MeOH extract, the most concen-
trated phenolic acids are identified as 4,5-dicaffeoylquinic
and 3,4-dicaffeoylquinic acids with concentrations of
23.26 mg/g DE and 15.24 mg/g DE respectively. Inter-
estingly, the maximum concentration of ferulic acid was
obtained through extraction using EtAC, with a concen-
tration of 0.16 mg/g DE (compared to 0.14 mg/g, with
MeOH as the solvent).

Flavonoid contents

The analysis of flavonoids in the diverse extracts of AC
were succinctly summarized in Table 3. When comparing
different solvents for the extraction of these molecules,
MeOH demonstrated proficiency in extracting most of
the assessed molecules, recovering six out of the twelve,
resulting in a cumulative concentration of 783.46 mg/g
DE. Similarly, EtAC has proven to be effective in extract-
ing the tested flavonoids, yielding a total concentration
of 773.68 mg/g DE. In contrast, extracts obtained with
Hex show a considerably lower total flavonoid concen-
tration of 0.81 mg/g DE. Among the array of investigated
flavonoids, noteworthy concentrations were observed
for cirsiliol, cirsilineol, and luteolin, with respective
concentrations of 746.03 mg/g DE, 27.67 mg/g DE, and
8.41 mg/g DE in the MeOH extract, and 743.213 mg/g
DE, 22.69 mg/g DE, and 7.51 mg/g DE in the EtAC
extract. Interestingly, quercetin was only poorly detected
in the Hex extract, with a concentration of 0.033 mg/g
DE.

Terpene contents

The quantification of three terpenes, namely lupeol,
oleanolic, and ursolic acids, was conducted within the
examined AC extracts, confirming their presence in this
plant. The specific determined contents are presented in
Table 4. Quantitative analysis revealed the highest ter-
pene contents in the EtAC extract (40.41 mg/g DE), while
the lowest contents were found in the MeOH extract
(0.09 mg/g DE). Significantly, lupeol was only detected in
the EtAC extract, with a concentration of 34.03 mg/g DE.
Moreover, all three plant fractions contained oleanolic
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Table 3 Total flavonoid contents (mg/g DE) in the various AC

extracts

Flavonoid concentrations (mg/g DE)
Flavonoids Hex extract EtAC extract MeOH

extract

Acacetin 0.088+£0.01 0.26+0.02 0.26+£0.02
Apigenin ND ND ND
Apigenin-7-O-glucoside  ND ND ND
Catechin ND ND ND
Cirsilineol 0326+0.03 2269+1.82 27.67+2.21
Cirsiliol ND 743.21£5946 746.03+59.68
Epicathechin ND ND ND
Quercetin-3-O-galac- 0.033+0.004 ND ND
toside
Luteolin 0369+0.03 7.51+0,60 8411067
Luteolin-7-O-glucoside ~ ND ND 0.92+0.07
Rutin ND ND ND
Silymarin ND 0.01+0.003 0.14+0.01

ND: Not detected

Values in columns are the average of three analyses+SD

Table 4 Terpene contents in various AC extracts (mg/g DE)

Terpenes Hex extract EtAC extract MeOH extract
Lupeol 0.00 34.03+4.83 0.00

Oleanolic acid 3.57+£0.98 6.37+1.46 0.06+0.01
Ursolic acid 1.18+0.24 0.00 0.03+0.004

Values are mean£SD of samples analyzed

Table 5 Phytosterol levels in the three AC extracts (mg/g DE).

Extract Stigmasterol (mg/g DE) B-Sitosterol (mg/g DE)
Hex 53.75+534 13.80+2.23
EtAC 1.74+0.37 0.51+0.08
MeOH 0.44+0.08 0.17+0.09

Values are the average of three analyses+SD

acid, with the highest contents recorded in the EtAC
extract (6.37 mg/g DE), while ursolic acid was only poorly
detected in Hex and MeOH extracts.

Phytosterol contents

The quantification of stigmasterol and B-sitosterol in the
different solvent extracts has revealed their substantial
presence in the studied plant. The significant abundance
of these sterols in the lipid fraction explains their pro-
nounced extraction by Hex (67.55 mg/g DE) and suggests
a greater affinity to EtAC compared to MeOH (2.25 vs.
0.61 mg/g DE). The following table delineates their con-
centrations in the respective extracts (Table 5).

Antiradical activity

The DPPH free radical reduction method was employed
to quantify of the extracts’ capacity to neutralize free
radicals, offering valuable insights into their potential
antioxidant properties. All tested extracts of AC demon-
strated remarkable anti-radical properties at 50 pg/mL.
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The MeOH extract exhibited the highest level of activity,
recording an impressive 89.05+1.26% radical scaveng-
ing (p<0.05). The EtAC extract displayed a slightly lower
activity, registering at 74.19+0.59%. In contrast, the Hex
extract exhibited the weakest anti-radical activity, with a
value of 37.87%0.83%.

Antibacterial activity

The antibacterial activities of AC extracts were assessed
against multi-resistant reference strains of Staphylococ-
cus aureus and Pseudomonas aeruginosa at a concen-
tration of 25 pg/mL. These activities were observed by
measuring the formation of inhibition zones around the
wells containing the extracts. After an 18-h incubation
period at 37 °C, the inhibition diameters were measured
and ranged from 6 mm to 12 mm, as detailed in Table 6.
Results demonstrated a strong inhibitory effect of the
EtAC extract against both strains. Staphylococcus aureus
proved to be the most sensitive bacteria strain, with
a large zone of inhibition measuring 12.22 mm, while
Pseudomonas aeruginosa exhibited an inhibition zone of
7.66 mm. Furthermore, the data also indicated the per-
formance of Hex extract against the two multi-resistant
strains, resulting in an inhibition zone of approximately
6.1 mm. In contrast, the MeOH extract did not exhibit
any antibacterial activity against these reference strains.
These findings highlight the potential of AC extracts, par-
ticularly the EtAC extract, as antibacterial agents, espe-
cially against challenging multi-resistant bacterial strains.

Antifungal activity

The solid agar diffusion method was employed to evalu-
ate the impact of the investigated extracts on mycelial
growth by calculating the percentage of inhibition, as
described in the method section. The results of this anal-
ysis are presented in Table 7. Interestingly, a potent anti-
fungal efficacy was observed with all three AC extracts
against the tested fungal species. Notably, the Aspergil-
lus flavus isolate displayed greater sensitivity to a con-
centration of 50 pug/mL of the different extracts, showing
significantly higher inhibition values of 92.39%, 85,61%
and 78.33% for the MeOH, EtAC and Hex extracts,
respectively. Conversely, Aspergillus niger demonstrated
reduced sensitivity, with maximum inhibition rates of
65.4%, 58.13% and 45.93% for the same extracts, respec-
tively. Moreover, for the MeOH extract, even the lowest
concentration used (12.5 pg/mL) maintained inhibitory
effects of 73% and 58.14% on Aspergillus flavus and
Aspergillus niger, respectively, indicating its significant
antifungal potential. The other two extracts appear to
exhibit dose-dependent effects. These results collec-
tively underscore the potential of AC extracts as sources
of effective antifungal agents, with their potency being
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Table 6 Inhibition zone diameters (mm) induced by the three
AC extracts against two bacterial strains

Extract Tested Strains Inhibition zone (mm)

Hex Staphylococcus aureus 6.03+142
Pseudomonas aeruginosa 6.20+2.21

EtAC Staphylococcus aureus 1222+354
Pseudomonas aeruginosa 7.66+2.83

MeOH Staphylococcus aureus 0.00
Pseudomonas aeruginosa 0.00

Data presented as means+SD of three individually analyses

Table 7 Percentage of growth inhibition of tested fungi induced
by the different extract solutions
Extract concentration

Tested fungi

(ng/mL) Aspergillus flavus ~ Aspergillus niger
Growth inhibition (%)

Hex extract 50 7833+2.32 4593+3.92
25 42454282 2215+1.13
12.5 39.8+1.96 16.87+£1.12

EtAC extract 50 81.83+254 5813+19
25 65.64+3.08 50.00+2.08
12.5 47.56+29 11424192

MeOH extract 50 92.39+3.62 654+252
25 76.69+222 60.36+£3.12
12.5 73+2.14 58.14+187

Data in columns presented the average = SD of three different experiments

influenced by both the choice of solvent and extract
concentration.

Cytotoxic activity

The anticancer potential of the different solvent extracts
was assessed against breast cancer (MDA-MB-231 cells)
and myeloma (U266 and JJN3 cells) using the MTT assay,
with incubation periods of 24-48 h. Intriguingly, the
EtAC extract exhibited the highest potency, demonstrat-
ing significant activity against human myeloma cells with
IC50 values of 62.12+1.09 pg/mL and 43.39£1.27 pg/mL
after 24 and 48 h of incubation, respectively (Fig. 1c and
d). In stark contrast, the MeOH extract showed compara-
tively reduced activity, resulting in a twofold decrease
against U266 cells, with IC50 values of 131.6+1.1 pg/
mL and 117.3%£1.06 pg/mL for both timeframes (Fig. 1c
and d). The Hex extract demonstrated the weakest effect
on U266 cells, achieving a maximum inhibition of 30%
even at the highest dose of 250 pug/mL (Fig. 1). In the
case of MDA-MB-231 cells, a distinct pattern emerged.
After 24 h of incubation (Fig. 1a), the maximum effect
did not exceed 40% for all extracts, resulting in IC50
values of 217.2+1.56 pg/mL, 358+1.61 pg/mL, and
388.9%1.56 pg/mL for EtAC, MeOH, and Hex extracts,
respectively. Both the MeOH and EtAC extracts exhib-
ited more potent activity against MDA-MB-231 cells
after 48 h of treatment (Fig. 1b), with the MeOH extract
revealing an IC50 of 112.7+1.44 ug/mL, and the EtAC
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Fig. 1 Cytotoxic potential of AC leaf extracts. The MTT assay was conducted to assess cytotoxicity in vitro against MDA-MB-231 (a, b) and U266 (c, d) cells.
The dose response curves of inhibition of proliferation after 24 h (a, ¢) and 48 h (b, d) of individual treatments by escalating concentrations (15.56, 31.125,
62.25, 125 and 250 pg/mL) of the different solvent extracts. Three independent experiments were performed in triplicate. All values are mean+SD, n=3

extract showing an IC50 of 131+1.24 ug/mL. These find-
ings highlight the divergent impact of the extracts on the
different cell lines, with EtAC extract excelling against
multiple myeloma cells and the MeOH extract proving
effectiveness against MDA-MB-231 cells over the 48-h
period.

Cellular effects study

The investigation aimed to elucidate the effects of the
EtAC extract on human multiple myeloma cells, entail-
ing a detailed analysis of its impact on cellular processes.
Initially, we validated the cytotoxic activity of the EtAC
extract on a second myeloma cell line called JJN3. Results
demonstrated that the inhibitory effect of the EtAC
extract on JJN3 cells is time-dependent, with IC50 values
of 70.48+1.08 pg/mL at 24 h and 14.62+0.57 pg/mL at
48 h (Fig. 2a). Interestingly, JIN3 cells exhibited greater
sensitivity to the EtAC extract compared to U266 cells
after 48 h of treatment.

Subsequently, we aimed to discern the mechanisms
by which the EtAC extract exerts its effects after 24 h of
treatment. To achieve this, cell viability of U266 and JJN3
cells was assessed using acridine orange/PI double stain-
ing. Acridine orange penetrates both live and dead cells
(green fluorescence), while PI penetrates only dead cells,
emitting red fluorescence. Apoptotic cells can be marked
by both acridine orange and PI, displaying color variation
from yellow to orange. The results presented in Fig. 2b
demonstrated predominant green staining in control
cells (U266 and JJN3), in comparison to cells treated with
a 62.5 pg/mL dose. There was a notable shift in staining
from green to orange/red in JJN3 cells and a slight shift
in U266 cells. Furthermore, an increase in the number of
cells stained in red and orange was observed in both cell
types compared to the control, particularly evident with
an EtAC extract concentration of 125 pg/mL (Fig. 2b).
Moreover, Fig. 2c vividly illustrates apoptotic cells (yel-
low or light orange), especially visible under high mag-
nification (X400). These results suggest the induction of



Limam et al. Plant Methods

(2024) 20:59

a JIN3
1504
-~ 24H
:\; 1004 - 48H
c
8
s
g
£
£ 504
T T d
Q &> o S
Concentration of EtAC extract (ug/mL)
c
Control 62.5 pg/mL 125 pg/mL

JUN3

U266

»
--

Control Treated (125 gimL) Merge
o -
|
;1 -
= -
|
o !
2 i Joac-~age--aop-"gas-gag -~ b =
£
3
H
3 " [ =
& o H—= T : |
©0 | . |
©o "1
N - { J
) "
DNA content
g JN3
Control Treated Merge
“ 30pgimL
—
]
2 - £ £ - . £ £
5
= T 80ug/mL
= ——
o

DNA content

o

JUN3

U266

JUN3

U266

U266 cells (%)

JIN3 cells (%)
8

Page 9 of 14

Control 62.5 ug/mL. 125 pg/mL

Control 62.5 pg/mL

125 pg/mL

24h
M
393
1
16.6
Sub G1 s G2/M
- Conlrol 125pg/mL.
24 h
Lo
& o
s
35.6
349
28.6 29
1 L 243
15T,7 17‘.6
G1 s G2/M

mControl 30 pg/ml =80 ug/ml

Fig. 2 Evaluation of cytostatic and cytotoxic effects of EtAC extract of AC on myeloma cells. (@) The cytotoxic impact of the extract on JIN3 cells was
assessed using the MTT assay. Cells were exposed to escalating concentrations (7.78, 15.56, 31.125, 62.25, 125, and 250 ug/mL) of EtAC solvent extract
for 24-48 h. Reported values represent means + SD from three independent experiments. Myeloma cells were treated with EtAC extract (62.25, 125 pg/
mL) for 24 h. Subsequently, U266 and JIN3 cells were stained with acridine orange/Pl, two fluorescent dyes, and examined under darkfield fluorescence
microscopy, allowing distinct identification of viable, nonviable, and apoptotic cells. Images b and ¢ depict representative magnifications of 100x and
400x, respectively. Image d illustrated nuclear changes in myeloma cells determined after DAPI staining and subsequent fluorescence microscopy analy-
sis. Apoptotic cells are denoted by white arrows, while necrotic cells are marked by red arrows, with a magnification of x400. Cytometry profiles of cell
cycle phases are displayed for JJN3 and U266 cells treated with 125 pg/mL EtAC extract (e) and JIN3 cells treated with 30 and 80 pg/mL EtAC extract (g).
Histograms were generated to visualize variations in different phases of the cell cycle in U266 (f) and JIN3 (h) cells. The graph presented the mean of
three experiments, with error bars representing the standard deviation. P-values were calculated between treated cells and control, (*) denotes p < 0.05
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apoptotic and necrotic cell death by the EtAC extract in
U266 and JJN3 cells.

Additionally, DAPI staining was used to visualize the
morphological changes in the nuclei of U266 and JJN3
cell induced by 62.5 and 125 pg/mL of EtAC extract
treatments. CytoVision analysis of images revealed stron-
ger blue fluorescence intensity in the treated cells com-
pared to the control (Fig. 2d). Moreover, a reduction in
cell numbers was observed with increasing extract con-
centration, accompanied by a decrease in cell size. At an
extract concentration of 62.5 pg/mL, microscopic obser-
vations revealed notable cellular transformations charac-
terized by condensed or fragmented nuclei, indicative of
apoptotic bodies. Additionally, in U266 cells, dispersed
nuclei, typically associated with cells undergoing necro-
sis, were also observed.

Finally, the investigation of the EtAC extract’s impact
on U266 and JJN3 cell cycle progression revealed consid-
erable disruption in the cell cycle, particularly in the JJN3
cell line where a typical cell cycle profile was no longer
observed (as presented in Fig. 2e). For the U266 cell line,
cytometry profiles indicated the emergence of a cell pop-
ulation in the sub-G1 phase, representative of apoptotic
cells. Additionally, FlowJo data analysis (Fig. 2f) indicated
a significant increase in the percentage of cells in the
sub-G1 phase in U266 cells compared to control (39.3%
vs. 16.6%). Subsequently, we opted to test lower concen-
trations (30 and 80 pg/mL) on the JJN3 cell line (Fig. 2g).
At the concentration of 30 ug/mL of the EtAC extract,
the results exhibited a blockade in the S phase with a
11% increase compared to the control (46% vs. 34.9%,
p<0.01). Similarly, this blockade was maintained with a
concentration of 80 pug/mL (47.2% vs. 34.9%) as showed
in Fig. 2h.

Discussion

Plant-based research has become a captivating avenue
in the quest for novel bioactive molecules with diverse
therapeutic potential [13, 35, 36]. Artemisia has been a
focal point of study due to its historical significance in
traditional medicine and its potential in modern pharma-
cology. This genus is renowned for harboring a rich array
of bioactive compounds, making it a valuable resource
for extracting and isolating molecules with pharmaceu-
tical promise [37]. In this context, AC, a member of the
Artemisia genus, has garnered substantial interest due
to its multifaceted properties [18]. In our study, we focus
on analyzing the composition of AC and evaluating suc-
cessive extraction method used to access its bioactive
constituents. The success of extraction depends on the
specific conditions used [38]. The choice of solvent sig-
nificantly influences the extraction of molecules based on
their polarity [39]. We scrutinize the outcomes of using
MeOH, EtAC, and Hex as solvents, revealing that MeOH
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and EtAC extracts yield higher concentrations, whereas
Hex yields lower amounts.

Phytosterols, resembling cholesterol and known for
potential health benefits in disease prevention [40,
41], were quantified in our study. Stigmasterol and
[-sitosterol, prominent phytosterols, were focused on.
The Hex extract exhibited the highest phytosterol content
(67.55 mg/g DE), indicating Hex’s effectiveness in extract-
ing these nonpolar molecules from AC. In contrast, the
EtAC extract displayed a moderate phytosterol content,
suggesting its lesser effectiveness for phytosterols despite
extracting some non-polar compounds. MeOH, a polar
solvent, exhibited the lowest phytosterol content, sug-
gesting its unsuitability for extracting these nonpolar
compounds. This paper marks the initial documentation
of the presence of stigmasterol and p-sitosterol in our
Tunisian AC, specifically extracted using Hex and EtAC.

In our study, MeOH extract displayed a high concen-
tration of polyphenols, including flavonoids and phenolic
acids, with respective concentrations of 783.46 mg/g DE
and 46.07 mg/g DE (refer to Tables 2 and 3). Compounds
like 3,4-dicaffeoylquinic and 4,5-dicaffeoylquinic acids,
found in significant amounts in the MeOH fraction, hold
considerable pharmacological, nutraceutical, and cos-
metic potential [38]. Conversely, Hex was less effective
in extracting polar polyphenols. In contrast, EtAC exhib-
ited proficiency in extracting polyphenols, albeit with a
slightly different profile than MeOH. LC-MS analysis
demonstrated that EtAC extract contained a substantial
concentration of polyphenols, particularly flavonoids
(773.68 mg/g DE). Compounds like cirsiliol and luteo-
lin found in this extract are recognized for their potent
antioxidant, anti-inflammatory, and anticancer activities
[42, 43]. For instance, Bakchiche’s study reported pheno-
lic (212.87 GAE/g) and flavonoid (75.96 RE/g) contents
in Algerian AC MeOH extract [44, 45]. Additionally, the
HPLC-DAD data from Belgacem and colleagues revealed
that the n-butanol fraction of the methanol leaf extract
of Tunisian AC exhibited higher phenolic content and
antioxidant potential compared to the total leaf metha-
nol extract. This fraction contained significant quanti-
ties of rutin and chlorogenic acid. In contrast, our study
found that these compounds were either absent or pres-
ent in trace amounts [46]. The fluctuations in polyphe-
nol levels can be attributed to various factors, including
geographical conditions, extract type, and especially the
extraction method itself [39, 47]. Importantly, our work
achieved the highest extraction rates of total polyphe-
nols from the MeOH and EtAC extracts. In this case,
Metoui’s study on Tunisian AC indicated that the mac-
eration method was the best one for the extraction of
total polyphenols (345.8 mg GAE/g dry extract) and total
flavonoids (296.3 mg QE/g dry extract) when butanol and
ethyl EtAC were used as solvents, respectively. They have
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also shown that the EtAC extract obtained with mac-
eration method was the richest in phenolic compounds,
such as luteolin (9874.9 pg/g DE) while the EtAC extract
obtained by the fractionation method showed the highest
antioxidant (DPPH method) activity with an ICy, value of
11.0 mg/L [47]. Our study linked antioxidant activity to
extract composition. MeOH extract showed the highest
activity (89.05% at 50 pg/mL) due to rich polyphenols,
notably flavonoids and phenolic acids (829.53 mg/g DE).
EtAC extract had slightly lower activity (74.19% with
774.07 mg/g DE polyphenols) and Hex extract had the
weakest activity (37.87% with 1.27 mg/g DE polyphenols).
The findings underscore the robust antioxidant poten-
tial of AC extracts, as seen in previous studies reveal-
ing an 86% anti-radical activity in a 50 mg/mL aqueous
AC extract from Tunisian research [48], and significant
DPPH scavenging activity in MeOH and EtAC extracts
with IC50 values of 6.0 and 10.0 pg/mL, respectively, as
reported by Megdiche-Ksouri et al. [49].

In this study, we thoroughly analyzed, for the first time
three specific terpenes-lupeol, oleanolic acid, and ursolic
acid. EtAC extract displayed the highest terpene content,
notably 34.03 mg/g DE of lupeol and 6.37 mg/g DE of
oleanolic acid. Conversely, Hex extract showed notably
lower terpene content compared to EtAC, lacking lupeol
despite significant quantities of oleanolic acid and urso-
lic acid. Similarly, MeOH extract had the lowest terpene
content, potentially due to the nature of these terpenes
being less soluble in MeOH. Indeed, according to the lit-
erature, the identification of lupeol, oleanolic acid, and
ursolic acid in the leaves of AC, particularly in the EtAC
extract, represents a first in our study. However, other
studies have reported the presence of two sesquiterpenes
in the MeOH extracts of AC subsp. Maritima extracts
[49], highlighting the crucial role of solvent selection in
targeted terpene extraction, consistent with established
practices [50]. Medicinal plants, owing to their terpene
composition, are gaining attention as potential alterna-
tives in combating multi-resistant bacterial diseases [51,
52]. Our study assessed AC extracts’ antibacterial and
antifungal potential. Remarkably, the EtAC extract exhib-
ited potent antibacterial activity against Staphylococcus
aureus and Pseudomonas aeruginosa, with 12.22 mm and
7.66 mm inhibition zones at 25 pg/mL. In contrast, Hex,
containing fewer terpenes, displayed milder antibacterial
activity (approx. 6 mm), while the MeOH extract showed
no antibacterial effect. Interestingly, in the case of the
Polish AC subsp. lednicensis, the Hex leaf extract exhib-
ited a weak effect on those strains, with a MIC exceeding
5000 mg/L [53]. Moreover, the lack of antibacterial activ-
ity in the MeOH extract could potentially be explained by
the LC-MS analysis, which revealed the absence of cer-
tain flavonoids (quercetin, catechin, and apigenin) widely
known for their antibacterial activity [54]. Furthermore,

Page 11 of 14

our results are consistent with the findings of the El Abed
study, which demonstrated that the MeOH extract of
leaves of Tunisian AC was not effective against Pseudo-
monas aeruginosa even at 10 mg/mL. Conversely, they
showed a significant antibacterial effect of this extract
against Staphylococcus aureus, with a 20 mm inhibition
zone at the mentioned concentration [55].

Our results highlight, for the first time, the promising
potential of AC-EtAC extract as an antibacterial source,
particularly against the multi-resistant strain of Pseu-
domonas aeruginosa. Regarding the antifungal assess-
ment against Aspergillus flavus and Aspergillus niger, all
extracts demonstrated strong efficacy. At 50 pg/mL, both
MeOH and EtAC extracts exhibited significant antifun-
gal activity against Aspergillus flavus, with inhibition
rates of 92.39% and 85.61%, respectively. Surprisingly,
Hex displayed substantial inhibitory effects against both
fungi, suggesting the potential contribution of compo-
nents such as terpenes. This study explores, for the first
time, the antifungal potential of AC against these species,
enhancing the existing knowledge about the antimicro-
bial properties of the Artemisia genus.

The cytotoxicity evaluation of AC extracts against
MDA-MB-231 and U266 cancer cell lines revealed vary-
ing inhibitory effects. MeOH and EtAC extracts displayed
substantial cytotoxicity against both cell lines, whereas
the Hex extract showed limited impact. Specifically,
MeOH and EtAC extracts exhibited notable cytotoxic-
ity against MDA-MB-231 cells after 48 h of treatment.
Conversely, the EtAC extract demonstrated significant
cytotoxicity against U266 multiple myeloma cells. These
cytotoxic findings, conducted for the first time on AC,
indicate a strong therapeutic potential of AC inhibit-
ing cancer cell growth, especially against the incurable
multiple myeloma cancer. However, there are limited lit-
erature demonstrating the efficacy of AC-derived com-
pounds in targeting cancer cells. Specifically, Metoui’s
study reported that the cirsiliol compound isolated from
AC dried leaves exhibited cytotoxic activity against ovar-
ian cell lines OVCAR-3 and IGROV-1, as well as the
human colon cell line HCT-116, at 15 pM, with inhibi-
tion percentage respective values of 53.7, 48.8 and 40.9%
[47, 56]. To enhance our knowledge about this AC prop-
erty on this hematological cancer, we have chosen a
second myeloma cell line named JJN3 to investigate the
EtAC extract’s impact on cellular processes. The MTT
assay revealed time-dependent inhibition in JIN3 cells,
with a threefold higher sensitivity observed compared to
U266 cells when the treatment duration was 48 h. Fur-
ther analysis indicated that the extract induced apoptotic
and necrotic cell death, as evidenced by acridine orange/
PI staining and DAPI staining, demonstrating altered
nuclear morphology, and confirming apoptotic bodies
and necrotic cell features. Additionally, flow cytometry
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assessment demonstrated significant disruptions in the
cell cycle of both cell lines upon exposure to the EtAC
extract. Specifically, a notable increase in the percent-
age of cells in the sub-G1 phase was observed in U266
cells, while a blockade in the S phase was noted in JJN3
cells. The uniqueness of this research lies in its innovative
approach, being the first to evaluate AC extracts in this
manner against these specific cancer cell lines. Future
studies can concentrate on isolating and characteriz-
ing specific bioactive compounds from AC extracts that
interact with myeloma cancer cells. This approach can
aid in identifying lead compounds with pharmaceutical
potential and elucidating their modes of action, whether
used alone or in combination with chemotherapy.

Conclusions

The investigation into Tunisian AC extracts has high-
lighted their importance as a rich source of bioactive
compounds with multifaceted therapeutic potential. The
innovative approach of the study lies in comparing dif-
ferent solvent-based extraction methods and their influ-
ence on the observed biological effects. AC extracts
demonstrated variations in the extraction of phytosterols,
polyphenolic compounds, and terpenes. Significantly,
this study represents the first documentation of specific
compounds, such as lupeol and oleanolic acid, stigmas-
terol and B-sitosterol, found in Tunisian AC leaf extracts.
Additionally, both the MeOH and EtAC extracts exhib-
ited robust antioxidant and antifungal activities. Fur-
thermore, this study represents a pioneering assessment
of the EtAC extract, revealing its potential in multiple
myeloma treatment by inducing apoptotic and necrotic
cell death in resistant cells, unveiling previously undis-
covered therapeutic significance.

Abbreviations

AC Artemisia campestris L
Hex hexane

EtAC ethyl acetate

MeOH  methanol

CFU colony-forming units
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MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
Pl propidium iodide
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FBS fetal bovine serum
PBS Phosphate buffered-saline
DE dry extract
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