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Abstract

Background and objectives: The aim of this study was extraction, isolation, and identification of
potent metabolites from aerial parts of Artemisia kermanensis Podl.“Dermaneh kermani’, the Iranian
endemic species of Asteraceae family, and finally evaluation the anti-proliferative and apoptotic
effects against normal and breast cancer cell lines. Methods: Air-dried aerial parts of A. kermanensis
Podl. were extracted by maceration method with acetone/dichloromethane and then fractionated with
MPLC apparatus using a gradient solvent system. The chemical structures of the isolated compounds
were determined based on analysis of mass and nuclear magnetic resonance spectra. Anti-proliferative
effects of the three compounds were determined by MTT assay against HUVEC, MDA-MB-231 and
MCEF-7 cells. The apoptotic effects of compounds 2 and 3 were determined by flow cytometry on
MCEF-7 cells. Results: Compound 1 (5,7-dihydroxy-3',4',6-trimethoxyflavone, eupatilin), compound 2
(5,7,3-Trihydroxy-6,4',5'-trimethoxyflavone) and compound 3 (1-acetoxy-3,7-dimethyl-7-hydroxy-
octa-2E,5E-dien-4-one) were isolated from the plant extract. Compound 3 was identified for the first
time from A. kermanensis. Statistical studies revealed that this compound showed the most anti-
proliferative properties on all three cell lines. In MCF-7 cells treated with concentration of 10 pg/mL
of compound 3, 36% apoptosis was observed. Furthermore, compound 2 (5,7,3'-Trihydroxy-6,4',5'-
trimethoxyflavone) showed 33% apoptosis at 650 pg/mL. Conclusion: In the present study, the
cytotoxic and apoptotic effects of 5,7,3'-trihydroxy-6,4',5'-trimethoxyflavone and Compound 3 (1-
acetoxy-3,7-dimethyl-7-hydroxy-octa-2E,5E-dien-4-one) were determined for the first time. On the
other hand, since Compound 3 showed the most cytotoxic effects on the cancer cell lines,
investigation of its biological effects is recommended.
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Introduction

Cancers occur because of uncontrolled
proliferation of abnormal cells, which lead to
various types of malignances including
carcinoma, leukemia, lymphoma, myeloma, and
cancers of the central nervous system [1,2].
Various factors such as some infections, alcohol
consumption, tobacco use, radiation exposure,

poor nutrition, some internal factors such as
hormones, immune system status and hereditary
mutations can cause cancer [3]. About 19.3
million new cancer cases and about 10 million
deaths due to cancer occurred in 2020 worldwide.
Breast cancer with a prevalence of 3.2 million
new cases (11.7%) is ranked first in terms of
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prevalence. In the female population, one in four
cases of cancer and one in six deaths from cancer
are due to breast cancer [4].

The usual treatments for breast cancer including
surgery, radiotherapy, chemotherapy, and
hormone therapy are not completely effective
[5,6]. They also have many side effects such as
nausea, fatigue, hair loss, etc. [7]. Various herbal
compounds have been used to treat breast cancer
with suitable effectiveness, such as paclitaxel
from Taxus baccata L., etoposide
from Podophyllum peltatum L., and vinblastin,
vinorelbine from Vinca rosea L. [8].

Plants of Asteraceae (Compositae) family, with
more than 2300 species, are of great
morphological diversity and have shown
attractive various properties [9]. Artemisia is one
of the most significant and the largest genus in
the Asteraceae family, with more than 400
species [10]. About 34 species of Artemisia grow
in Iran and two species (A. kermanensis Podl., A.
melanolepsis Boiss) are endemic to lIran
[11,12]. Artemisia genus contains a wide range of
metabolites  with  diverse structures like
phenylpropanoids, flavonoids, terpenes, sterols,
lignans, phenolics, fatty acids, fatty esters
hydrocarbons, and miscellaneous compounds
[10,13]. Various species of Artemisia have long
been used for medicinal and food purposes. A.
annua L., for example, has traditionally been
used to treat fever and chills in China [14]. Also,
several properties such as anti-malarial, anti-
inflammatory, antioxidant, and anti-cancer
effects have been reported [10,15]. The
established cytotoxic effects of various
compounds extracted from Artemisia species on
different cell lines have been reported [16,17].
Furthermore, flavonoids extracted from Artemisia
have shown cytotoxic effects against several cell
lines [18]. Eupatilin, for example, has shown a
variety of effects such as anti-inflammatory,
antioxidant, anti-tumor, radical scavenging, and
anti-allergy activities [19,20]. As an acyclic
monoterpene, geraniol showed several biological
properties like antimicrobial and anticancer
effects [21].

In this study, we aimed to evaluate the cytotoxic
and apoptotic effects of three pure compounds
extracted from Artemisia kermanensis for the
first time on HUVEC, MCF-7, and MDA-MB-
231 cell lines.

Material and Methods

Ethical considerations

The Ethics Committee of Isfahan University of
Medical Sciences approved this research with the
code of IR.MUIL.RESEARCH.REC.1399.636 on
2021-01-09.

Cell lines and chemicals

HUVEC, MDA-MB-231, and MCF-7 cell lines
were purchased from the National Cell Bank of
Iran (Pasteur Institute, Tehran, Iran). Annexin-V-
FLUOS Staining Kit was obtained from
Invitrogen® Company (USA). Trypsin, fetal
bovine serum, culture media and DMSO were
purchased from Biosera Company (France).

Plant material

Artemisia kermanensis Podl. (Dermaneh) was
collected near Taftan volcano in Sistan and
Baluchestan province, Iran in the flowering stage
in September 2018. A voucher specimen (No.
4001) was deposited at the Herbarium of Dr.
Samsam Shariat, Department of Pharmacognosy,
Faculty of Pharmacy, Isfahan University of
Medical Sciences, Isfahan, Iran.

Extraction

Air-dried samples (whole part) of Artemisia
kermanensis Podl. (5 kg, dried weight) were
extracted by maceration method  with
acetone/dichloromethane 2:1 solvent (20 L) at
room temperature for three days repeated for
three times. The extracted solution was filtered
and evaporated by a rotary apparatus at a
temperature of 40 °C.

Fractionation and isolation

The concentrated extract was chromatographed
by MPLC (medium-pressure liquid
chromatography) performed on a Biichi 861
apparatus using silica gel (15-40 mesh) as the
stationary phase with a gradient solvent system
from n-hexane 100% to ethyl acetate 100% by 50
mL fraction volume. The fractions were analyzed
by TLC (thin layer chromatography). Similar
fractions were mixed together and concentrated
under vacuum. TLC (silica gel, hexane: acetone
7:3, v/v) and preliminary "HNMR (Bruker 400
and CDCL; as solvent) analysis indicated Fr 2
that was eluted with hexane/ ethyl acetate 30 %
contained a series of flavonoids which were
separated by further chromatographic procedure.
In the previous study, Compound (1) was
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determined to be as (5,7-dihydroxy-3 ', 4', 6-
trimethoxyflavone: eupatilin) and compound (2)
(5,7,3-Trihydroxy-6,4 ', 5'-trimethoxyflavone)
[22]. In this study, Fr 1 (hexane/ ethyl acetate
20 %) was selected for terpenoid isolation using
normal phase HPLC (Waters 515 apparatus
equipped with a refractive index detector (Waters
2414) using Waters Spherisorb © Sil 60 (5 pm)
(250 mm, 10 mm) column with hexane—EtOAcC.
Fr 1 that was eluted with hexane-EtOAc (8:2)
was purified with hexane—EtOAc (90:10) as the
mobile phase, affording compound (3). Structure
elucidation of compound (3) was done by
extensive spectroscopic analysis, including NMR
and GC-MS (Agilent 5975C mass selective
detector coupled with an Agilent 7890A GC,
equipped with an HP-5MS capillary column (30
m x 025 mm; film thickness 0.25 um)
experiments.

Cytotoxicity assay

An appropriate amount of each compound was
weighed, and stock concentrations were prepared
using DMSO and PBS. Before each MTT test,
PBS was used for serial dilution in order to
prepare various final concentrations of 400, 200,
100, 50, 25, and 12.5 pg/mL.

Cell suspension with a final density of 3x10*
cells/mL was prepared from MCF-7 and MDA-
MB-231 cell lines using RPMI-1640 cell culture
medium and the same number of cells of
HUVEC cell line using DMEM cell culture
medium enriched by 10% (v/v) of FBS and
antibiotics (100 IU/mL penicillin and 100 pg/mL
streptomycin). Cell suspension (180 pL) was
poured into each well of a 96-well plate, and the
wells of the first raw were filled with 200 pL of
cell-free culture medium as blank. The plate was
then placed at 37 °C in a CO, incubator for 24
hours. Then, 20 uL of various serial dilutions of
purified compounds were added to the wells.
PBS was used for four wells as the negative
control in the same volume and cisplatin as the
positive control for all surveyed cell lines. After
24, 48, and 72 hours of incubation, 20 uL of
MTT solution (5 mg/mL) was added to all wells,
and incubation was performed for another 3
hours. Finally, by adding 150 uL of DMSO to the
wells, the formazan crystals were dissolved and
the absorbance at 570 nm was determined using a
microplate reader (BioRad, USA) [23].

Determining the mechanism of cell death
using flow cytometry
About 3x10°cells of MCF-7 cell line in 900 pL of

RPMI-1640 were added to the wells of 6-well
plates and incubated for 24 h. Then, the purified
compounds were added to the related wells in
two concentrations around the ICs,. Incubation
was performed for 24 h and the cells were
detached using trypsin and poured into the flow
cytometry tubes. The cells were then washed
twice with PBS and centrifuged. The supernatant
was removed and 200 pl of 1X Binding Buffer
was added to all tubes. Sample treatment with Pl
(propidium  iodide) and  AnnexinV-FITC-
Conjugated was performed according to the Kit
manufacturer manual (eBioscience™ Annexin V-
FITC Apoptosis Detection Kit) and incubated for
15 min at room temperature with protection from
light. Finally, dilution was performed with 300
pL of 1X Binding Buffer and under-went to the
flow cytometry apparatus (BD FACSCalibur,
USA).

Statistical analysis

The results were obtained from three repetitions
of the experiment and four replicate wells for
each concentration. The results were reported as
meanxSD. The final results were evaluated using
SPSS software (version 23) (USA) using one-
way ANOVA statistical test with a significance
level of p<0.05. Tukey post hoc test was used to
determine the differences between groups. At the
end, the 1Cs, value of each investigated sample
was determined by drawing the graph of cell
survival percent against concentration using
GraphPad Prism 7.0 software.

Results and Discussion

Compound 3 was obtained as a pale-yellow oil.
'"H NMR (400 MHz, CDCI3) & ppm 6.94 (d,
J=15.2 1 H-6), 6.87 (d, J=15.2 1 H-5), 6.61 (t,
J=6.4 Hz, 1 H-2), 4.82 (d, J=6.4 Hz, 2 H-1), 2.11
(s, 3H-2, 1.88 (s, 3 H-10), 1.39 (s, 3 H-8), 1.39
(s, 3 H-9). C NMR (100 MHz, CDCI3) & ppm
191.7 (C-4), 170.9 (C-1"), 153.7 (C-6), 139.8 (C-
3), 135.5 (C-2), 120.5 (C-5), 71.5 (C-7), 61.5 (C-
1), 29.7(C-8), 29.7 (C-9), 21.0(C-2"), 12.3(10).
MS (GC) m/z 208.1 [M-H,0]" and 167.1 [M-
OAc]". The molecular formula Ci,Hs0, m/z
226.2 was suggested on the basis of NMR and
MS data and the structure was determined as 1-
acetoxy-3,7-dimethyl-7-hydroxy-octa-2E,5E-
dien-4-one a highly oxygenated geraniol
derivative (Figure 1). Numerous studies have
been performed to investigate the effects of
various extracts and compounds
from Artemisia species on different cell lines.
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Figure 1. Chemical structures of compounds 1-3

The results of the MTT assay in our study
showed that approximately all surveyed
compounds revealed their cytotoxic effects
concentration-dependently, the higher the
concentration of the compounds, the greater the
observed cytotoxic effects.

For MCF-7 cells, according to the calculated ICx,
it was concluded that over time, the cytotoxicity
of each compound increased. For example, for
compound 1, there were significant differences
between the 1Cs, value after 24 and 48 hours (p-
value = 0.007) and also between the 48- and 72-
hours’ time of incubation (p-value = 0.003)
(Figure 2a).

For MDA-MB-231 cell line in this regard, for
compound 1, for example, the decrease in the
ICsy value was confirmed. However, for
compound 2, there were no significant
differences between the cytotoxic effects in the
highest surveyed concentration after 48 and 72
hours of incubation (p-value = 0.78) suggesting
that this compound showed its best effects in 48
h (Figure 2b).

Finally, according to the calculated 1Cs,s for the
HUVEC cell line, it was confirmed that the ICx
of each compound was significantly more than
the 1Csy value for cancer cells in similar
conditions (same concentration and same

incubation time, with p value = 0.023 and 0.041
in comparison to the MCF-7 and MDA-MB-231,
respectively). However, even for the normal cells,
the observed cytotoxicity followed the time and
concentration dependency (Figure 2c.).
According to the calculated cell survival percent
represent in the Figure 2, and calculated 1Cs,
value, it was concluded that compound 3 was the
most cytotoxic compound for all three cell lines
and the cytotoxicity of compound 1 was more
obvious than compound 2. Finally, although
MCF-7 cells showed more susceptibility to the
surveyed samples, there was no significant
differences between the MCF-7 and MDA-MB-
231 cells in this regard (p value =0.083) (Table 1).
In a related study, the effectiveness of ethyl
acetate extract and several compounds that were
extracted from A. indicaon five cell lines was
evaluated. Ethyl acetate extract showed cytotoxic
effects on MCF-7 cell line with an 1Csy value of
67.09 uM [24].

In Shafi et al.’s study, the methanolic extract of A.
absintium aerial parts showed cytotoxic and
apoptotic effects on MCF-7 and MDA-MB-231
cell lines with 1Cs, value of 25 and 20 pg/mL,
respectively [25]. In the mentioned research,
these two cells were used as the estrogen
receptor-positive (MCF-7) and negative (MDA-
MB-231) cells and based on the calculated ICsos
which were in the same amounts, it was
concluded that the observed cytotoxic effects
were due to the compounds without estrogen
receptor inducing activity.

In another similar study, the cytotoxicity of
methanol extracts of several parts of five
Artemisia species including flowers, leaves,
stems, and roots was investigated against MCF-7
cancer cells as well as HEK293 normal cells.

Table 1. The calculated 1Cs, of different compounds from Artemisia kermanensis against cell lines

Cell line Incubation Time () Compound 1 Compound 2 Compound 3

24 291 Unaccountable” 94
HUVEC 48 166 Unaccountable 60

72 131 Unaccountable 41

24 280 Unaccountable 83
MDA-MB-231 48 122 1100 30

72 99 1045 11.3

24 285 Unaccountable 51.5
MCF-7 48 119 Unaccountable 33.5

72 87 Unaccountable 20.7

" 1Cs, was not countable in investigated concentrations
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Figure 2. Cell survival of various cell lines after their treatment with compounds 1-3 by increasing time of incubation, 24, 48,
and 72 hours; cisplatin was used as the positive control; negative control was PBS (the dilution solvent); * p< 0.05, ** p< 0.01,
*** n< 0.001 show the significant difference between compound (2) in comparison to the control cells; n = 3
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Figure 3. Flow cytometry assay of MCF-7 cells treated with two concentrations of compound (2) (2.9 and 5.8 mM) and
compound (3) (8 and 28 pM) from Artemisia kermanensis. Lower left chamber: live cells (annexin VV/ PI'); lower right chamber:
early apoptotic cells (annexin V*/ PI'); upper left chamber: dead cells (annexin '/ PI*); upper right chamber: late apoptotic cells
(annexin V*/ PIY)

The results showed that flower extract of A.
absinthium (IC5,=221.5 pg/mL) and A.
vulgaris (IC5,=500 pg/mL) inhibited the MCF-7
cell line more than others.Also, various extracts
of A. spicigeraand A. fragrans did not show
cytotoxic effects and even increased the number
of cells [26]. These findings reinforce the fact
that the observed cytotoxic effects might be due
to the flavone existing in the flower than other
parts of the plant.

In one study on the investigation of the cytotoxic
effects of eupatilin, a concentration- and time-
dependent inhibitory effect was established on H-
ras-transformed human breast epithelial cells
(MCF10A-ras). When these cells were treated
with 100 uM of eupatilin, DNA synthesis was
inhibited in a concentration-dependent manner
[27]. At these concentrations, the cytotoxic
effects of two investigated purified flavone in our
study was less than 5,7-dihydroxy-3'4'6 -
trimethoxyflavone with the same backbone. The
most probable reason for this observation is the
difference in cell susceptibility.

To compare with the cytotoxic effects of other
flavones; for example, apigenin isolated from A.
annua at a concentration of 40 pM showed

apoptotic effects on A2780 cells (ovarian cancer
cell line) and stopped the cells at the G2/M stage.
Eupatorin also inhibited MDA-MB-468 cell
growth in a concentration-dependent manner with
The second part of this study was to determine
the cell death mechanism of compound 3 as the
compound with the most anti-proliferative effects
and compound 2 as a new structure from A.
kermanensis with no previous biological report.
The MCF-7 cell analysis by flow cytometry
showed about 96% of survived cells, 3%
apoptosis, and 1% necrosis in the negative
control sample. For the cells treated with 8.3 uM
of compound 3, 60% of cells survived, 28% of
them showed apoptosis, and 12% necrosis was
determined. These percent for cells treated with
28 pM of compound 3 were about 50% cell
survival, 36% apoptosis, and 14% necrosis. For
the cells encountered with 2.9 mM of compound
(2), 63% cell survival, 33% apoptosis, and 4%
necrosis were determined. Finally, in cells treated
with a concentration of 5.8 mM of compound (2),
59% cell survival, 25% apoptosis, and 16%
necrosis in MCF-7 cells were recorded.

There are some related studies; for example, in a
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study synthetic eupatilin induced apoptosis in
HCT116 and HT29 cells in concentrations of
about 50-100 uM after 48 hours of incubation
[29]. Furthermore, the natural eupatilin extracted
from A. asiatica showed apoptosis induction in
LLC-PK1 kidney cells in 50 pg/mL after 24 h of
treatment as about 50 % [30]. Although, we
observed the cytotoxic and apoptotic effects of
purified flavones in higher concentrations, a non-
significant reduction in the survival of normal
cells was also established.

So far, no work has been done on compound 3;
Only in 1987 in the Rustaiyan et al. study, this
compound was extracted from A. aucheri Boiss
aerial parts [31]. Studies have been performed to
investigate the cytotoxic effects of acyclic
monoterpenes. For example, geraniol as a
monoterpene, showed good cytotoxic effects on
several cancer cell lines, including breast cancer
cell lines. Geraniol stopped the growth of MCF-7
cells in the G1 phase; It was not effective on
normal breast epithelial cells (MCF-10F), which
indicates the specific effect of this compound
[32]. Linalool as another terpene with related
structure to our investigated compounds (ICsy =
224 pM) inhibited the growth of breast cancer
cell line (T-47D) and induced apoptosis; this
compound also increased the serum level of
various cytokines, which could enhance the Thl
cellular immune response in T-47D cells [33].
Citronellol showed cytotoxic effect on MCF-7
cell line (ICsp = 80 puM) and MDA-MB-231 (ICs
=35 uM); It also induced apoptosis [34].
Therefore, it is not far-fetched to expect anti-
apoptotic effects from the compounds extracted
from A. kermanensis and it can be concluded that
similarly, these compounds have the potential to
induce mitochondrial-related apoptosis and DNA
fragmentation ability apoptosis, which needs
more studies.

Conclusions

In the present study, the fractionation and
purification of two flavones (compound 1 and 2)
and one acetylated geraniol derivative
(compound 3), were performed and compound 3
was identified for the first time from A.
kermanesis The anti-proliferative effects were
investigated. Our data confirmed that compound
3 had the most cytotoxic effects and can be used
for further investigation. Furthermore, we
showed for the first time that compound 2 led to
the apoptotic effects on MCF-7 cells. So, it is

suggested for more surveys about this compound
and other probable biological effects as well as
investigation on cytotoxic effects against other
cancer cell lines.
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