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Herbal extract of Artemisia maritima induces selective anti-
tumor effects in three human lung carcinoma cells (H1299,
NCI-H1437, PC-14) through activating apoptosis-related
proteins, G2/M cell cycle arrest and suppression of cell
migration
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Summary

Purpose: Non-small cell lung cancer (NSCLC) is the lead-
ing cause of cancer-related deaths in the United States, ac-
counting for 85% of all diagnosed lung cancers and resulting
in over 100,000 deaths per year. The main purpose of the
current study was to investigate the antiproliferative effects
of ethanolic extract of Artemisia maritima in three human
lung cancer cell lines along with studying the effects of the
herbal extract on cellular apoptosis, G2/M cell cycle arrest
and cell migration.

Methods: The CCK-8 assay was used to determine cell vi-
ability. Apoptosis was detected by using acridine orange
(AO)/ethidium bromide (EB) staining, annexin V/propidium
iodide (PI) assay and western blot. The cell migration was
determined by wound healing assay while the effects on cell
cycle were evaluated by flow cytometry.

Results: The results showed that herbal extract of Artemisia
maritima decreased the viability of all three cell lines H1299,

Introduction

Lung cancer is the leading cause of death in
both genders. The prevalence and the mortality
rates arising from the lung cancer rank highest
among all cancers and each year it is projected to

NCI-H1437, PC-14 dose-dependently with maximum effect
on NCI-H1437 cell line. The antiproliferative effects were
due to the activation of mitochondrial-dependent apoptotic
pathway as seen by fluorescence microscopy which showed
chromatin condensation and nuclear fragmentation. This
was also associated with increase in Bax and decrease in
Bcl-2 levels. Artemisia maritima extract treatment also led
to G2/M phase cell cycle arrest along with strong inhibition
of cell migration.

Conclusion: In conclusion, the results of the current study
clearly indicate that Artemisia maritima extract exhibits
antiproliferative effects in Nonsmall cell lung cancer cells
by triggering apoptosis, cell cycle arrest and inhibition of
cell migration.
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rise further. Lung carcinoma has two main types,
namely small cell lung carcinoma and non-small
cell lung carcinoma (NSCLC). NSCLC attributes to
about 80-85% of all lung cancer cases and about
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more than 70% of the patients already advanced
to stage IV at the time of diagnosis [1,2]. In China,
lung cancer is the leading cause of cancer-relat-
ed mortality and its incidence has reached to an
all-time high during recent years thus posing a
great challenge. Lung cancer has been shown to
rely on geographic and gender attributions. Vari-
ous potential risk factors have been identified
which include smoking, asbestos exposure and
air pollution [3,4]. Presently, the treatment regi-
men adopted for NSCLC includes chemotherapy
using cisplatin or oxaliplatin in combination with
paclitaxel or vinorelbine or gemcitabine. Many
patients respond well to this chemotherapy, but
in later stages they acquire drug resistance. Ad-
ditionally, chemotherapy is also associated with
various adverse effects affecting the patient qual-
ity of life [5-8]. Thus, there is a pressing need for
new and effective chemotherapeutic agents re-
quired for treating lung carcinoma. The main ob-
jective of the current research was to investigate
the anticancer effects of herbal extract of Artemisia
maritima in three human lung cancer cell lines
(H1299, H1437, PC-14) along with demonstrating
its effects on apoptosis, cell cycle phase distribu-
tion and cell migration.
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Methods

Cell lines, culture conditions and cell viability assay

The H1299, NCI-H1437, PC-14 lung cancer cells
were procured from the Department of Biochemistry
and Biology, Chinese Academy of Sciences, Shanghali,
China. The cells were maintained in Dulbecco’s modified
Eagle’s medium (Gibco, USA) at 37°C with 95% humidity
and 5% CO,. The cell proliferation was determined by
CCK-8 (Cell Counting Kit-8) assay obtained from Dojin-
do Laboratories, Kumamoto, Japan. The H1299, H1437,
PC-14 lung cancer cell lines were initially treated sepa-
rately with 0, 2.5, 5, 10, 20, 40, 80, 160 and 320 pg/ml
of Artemisia maritima extract after which 30 pl CCK-8
were slowly added to 96-well culture plates. The plates
were then incubated for 24 h at 37°C. The absorbance
was measured at 450 nm wavelength using a microplate
reader (BioTek Instruments, USA). Cell cytotoxicity was
calculated from the observed absorbance.

Acridine orange/ethidium bromide (AO/EB) staining and An-
nexin V/PI staining assay for evaluating apoptosis

The NCI-H1437 human lung cancer cells at a cell
density of 1x10° cells/ml were placed into 6-well plates
and cultured for 24 h. The cells were treated with various
concentrations (0, 6, 12 and 24 png/ml) of Artemisia mar-
itima extract and incubated for 24 h. Afterwards, 30 pl
of cell culture were placed onto glass slides and stained
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Figure 1. Cell viability assay showing the inhibitory effects of herbal extract of Artemisia maritima on the viability of
the three human lung carcinoma cells. Figure 1A shows the cytotoxic effects on PC-14 cells, Figure 1B shows cytotoxic
effects on NCI-H1437 cells, while Figure 1C shows cytotoxicity in H1299 lung carcinoma cells. The experiments were
performed in triplicate and presented as mean + SD (*p<0.05).
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with AO/EB independently (10 pl). The slides were then
cover-slipped and examined under fluorescence micro-
scope (Nikon Instruments Inc., NY, USA) for evaluating
apoptotic changes. Annexin V/PI staining was carried
out as reported in the literature [9].

Flow cytometry for cell cycle analysis

The cultured NCI-H1437 human lung cancer cells
were initially treated with O, 6, 12 and 24 pg/ml of Ar-
temisia maritima extract for 24 h at 37°C. The cells were
then washed with phosphate buffered saline (PBS). After-
wards, the NCI-H1437 cells were stained with PI and the
distribution of the cells in cell cycle phases was assessed
by FACS flow cytometer (FACSCalibur; BD Biosciences).

In vitro wound healing assay

Artemisia maritima extract-treated cells were cul-
tured till 85% confluence. This was followed by removal
of the Dulbecco’s modified Eagle’s medium and sub-
sequent washing with PBS. Afterwards, a wound was
scratched with a sterile pipette tip and a picture was
taken. The plates were then incubated for about 24 h
at 37°C and then a picture was taken again under an
inverted microscope.

Western blot analysis

The NCI-H1437 human lung cancer cells were origi-
nally washed with ice-cold PBS and then lysed in RIPA
lysis buffer encompassing the protease inhibitor. Around
50 pg of proteins from each cell culture were then loaded
on the SDS-PAGE. The protein contents were measured
using a bicinchoninic acid (BCA) protein quantitative kit
(Boster, China). The gels were then transferred to nitrocel-
lulose membranes and treated with primary antibody at
4°C for 12 h. Thereafter, the membranes were incubated
with HRP-conjugated secondary antibody for 60 min at
37°C. Enhanced chemi-luminescence reagent was used to
visualise the protein bands. As a final point, the signal was
detected by Odyssey Infrared Imaging System (LI-COR,
USA). Actin was used as control for normalization.

Statistics

The experiments were done in triplicate. The val-
ues presented are the mean of three experiments + SD.
*p<0.05, **p<0.01 and ***p<0.001 were considered statis-
tically significant. Student’s t-test using GraphPad prism
7 software was employed for statistical analyses.

Results

Artemisia maritima extract induced cytotoxicity in all
three lung cancer lines

The growth inhibitory effects of Artemisia mar-
itima extract were seen on three lung cancer cell
lines (H1299, NCI-H1437, PC-14) by CCK-8 assay
at concentrations ranging from 0O to 320 pg/ml. Ar-
temisia maritima extract was shown to suppress the
viability of all three tested lung cancer cell lines,
exerting maximum toxicity in NCI-H1437 cells. The

cytotoxicity induced by the extract was found to be
concentration-dependent and is shown in Figure 1A,
B and C. Figure 1B shows the cytotoxicity induced
by the herbal extract in NCI-H1437 lung cancer cell
line while as Figure 1A and Figure 1C show the ef-
fects on PC-14 and H1299 cell lines respectively.

Artemisia maritima induced programmed cell death in
NCI-H1437 lung cancer cells

Since NCI-H1437 cells were most sensitive to
the extract treatment, further experiments were
conducted on this cell line to verify whether the
extract could induce apoptotic cell death. This was
examined by fluorescence microscopy followed by
flow cytometry. The results of AO/EB staining are
shown in Figure 2 and reveal that the number of
cells with orange/yellow fluorescence (apoptotic
cells) increased considerably with increasing Ar-
temisia maritima extract dosage. Untreated control
cells only showed green fluorescence, indicating no
signs of apoptosis. Finally, flow cytometry meas-
urements computed the percentage of cells which
had undergone apoptosis at each tested dose of the
herbal extract. Increasing doses of the extract (0,
6, 12 and 24 pg/ml) increased the percentage of
apoptotic cells from 6.34% in the control group to
17.61, 26.57 and 31.55%, respectively (Figure 3).
Apoptosis was finally confirmed by carrying out
western blot analysis which showed that the ex-
tract of this molecule led to increased expression in
the Bax and decrease expression of Bcl-2 (Figure 4).

Figure 2. Fluorescence microscopy using acridine orange/
ethidium bromide (AO/EB) staining used to evaluate the
apoptotic effects of herbal extract of Artemisia maritima in
human NCI-H1437 lung cancer cells. The percentage of
apoptotic cells (yellow and orange fluorescence) increased
concentration-dependently. The experiments were per-
formed in triplicate.
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Artemisia maritima extract led to G2/M phase cell cycle
arrest in NCI-H1437 lung cancer cells

The growth inhibitory effects of Artemisia mar-
itima extract were further perceived to be mediated
through inhibiting cell cycle phase distribution at
the G2/M phase. The results obtained from flow
cytometric measurements indicated that Artemisia
maritima extract led to G2/M cell cycle arrest in a
dose-dependent manner. With increase in the Arte-
misia maritima extract dosage, the NCI-H1437 lung
cancer cells in G2/M phase were also seen to in-
crease and at 24 pg/ml dose 61.2% of the cells were
witnessed to lie in G2/M phase of the cell cycle
(Figure 5). Western blot analysis further indicated
that the herbal extract of this molecule could alter
the expression of cell cycle-regulating proteins like
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Figure 3. Annexin-V/PI staining to quantitatively measure
how much apoptosis was induced by herbal extract of Artemi-
sia maritima. Increasing doses of the extract (0, 6, 12 and 24
pg/ml) increased the percentage of apoptotic cells from 6.34%
in the control group to 17.61, 26.57 and 31.55%, respectively.
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Figure 4. Assessment of the effect of herbal extract of Ar-
temisia maritima on the expression levels of Bax and Bcl-2
(apoptosis-related proteins) using western blot method. In-
creasing doses of Artemisia maritima extract led to decrease
in the expression of Bcl-2 (anti-apoptotic) and to increase of
Bax. The experiments were performed in triplicate.
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cyclin-B1 as it was seen in this experiment that
the extract led to a significant decrease in the ex-
pression of cyclin-Bl in a dose-dependent manner
(Figure 0).

Artemisia maritima extract led to suppression of cell
migration in NCI-H1437 cells

Finally, in vitro wound healing assay was car-
ried out to check whether the herbal extract of Ar-
temisia maritima could induce inhibition of cancer
cell migration in NCI-H1437 lung cancer cells. The
results which are shown in Figure 7 indicate that
the herbal extract of the molecule at 12 pg/ml led
to significant cell migration inhibition. Further,
western blot assay confirmed the results as it was
seen that the herbal extract could decrease dose-
dependently the expression of matrix metallopro-
teinase-9 (MMP-9) (Figure 8). It has been reported
earlier that matrix metalloproteinase-9 protein
expression has a key role to play in cell migration.
If this expression could be decreased, this could
ultimately lead to inhibition of cell migration.
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Figure 5. Impact of herbal extract of Artemisia maritima
on the cell cycle phase distribution in human NCI-H1437
lung cancer cells using flow cytometry and presented as
mean+SD (*p<0.05). With increase in the Artemisia maritima
extract dosage, the NCI-H1437 cells in the G2/M phase were
seen to increase and at 24 mg/ml dose 61.2% were in the
G2/M phase of the cell cycle. The experiments were per-
formed in triplicate.
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Figure 6. Assessment of the effect of herbal extract of Ar-
temisia maritima on the expression levels of cyclin-B1 (cell
cycle-related protein) employing western blot assay. Arte-
misia maritima could inhibit cyclin B1 protein expression
which is a key factor in cell cycle regulation. The experi-
ments were performed in triplicate.
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Figure 7. In vitro wound healing assay for the determi-
nation of cell migration inhibition effects induced by the
herbal extract of Artemisia maritima. The experiments were
performed in triplicate. Artemisia maritima extract could
significantly reduce the cancer cell migration.
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Figure 8. Assessment of the effect of herbal extract of Ar-
temisia maritima on the expression levels of MMP-9 (cell
migration-related protein) employing western blot assay.
The extract led to reduction of the expression of MMD-
9 dose-dependently. The experiments were performed in
triplicate.

Discussion

Natural products which are derived either from
plants or microbial sources have played crucial
roles in treating a range of human diseases includ-
ing some very dangerous disorders like cancer and
infection. A number of natural products have been
isolated which have been shown to exhibit antican-
cer efficacy and in fact have been used in the clinic
for the last 5-6 decades. Plant-derived natural prod-
ucts play a major role in drug discovery keeping
in view the increasing number of new and novel
drugs which are currently in different phases of
clinical development [10]. Many of these naturally
occurring secondary metabolites have the tendency
to induce apoptosis. Apoptosis is a well-controlled
biochemical process which plays a crucial role in
tissue homeostasis by eradicating the damaged
cells out of the body. The apoptosis process is one
of the most well studied biochemical processes
primarily because of its role in normal as well as
in processes which cause numerous pathological

conditions including carcinomas. The apoptotic
process is characterized by some unique morpho-
logical as well as biochemical signposts which can
indicate whether the process of apoptosis has oc-
curred or not. These changes include stimulation
of numerous caspases including caspase 3 and 9,
stimulation of Bax protein and inhibition of Bcl-2
protein, DNA fragmentation and protein degrada-
tion. Morphological changes include cellular con-
traction and membrane blebbing. Caspase activa-
tion is regarded as the most characteristic feature
of apoptosis which has a role in slicing various im-
portant cell proteins that ultimately lead to nuclear
degradation [11-13]. In the current study Artemisia
maritima extract was shown to induce cytotoxicity
in three human lung cancer cell lines (H1299, NCI-
H1437, PC-14) and was also shown to suppress the
viability of all three tested lung cancer cells exert-
ing maximum toxicity in NCI-H1437 cells. Further
using fluorescence microscopy and flow cytometry,
it was shown that the extract of this molecule could
induce potent apoptotic effects. The results of AO/
EB staining showed that the number of apoptotic
cells increased considerably with increasing Arte-
misia maritima extract dosage. Untreated control
cells showed no signs of apoptosis. Flow cytom-
etry showed that increasing doses of the extract
(O, 6, 12 and 24 pg/ml) increased the percentage
of apoptotic cells from 6.34% in the control group
to 17.61, 26.57 and 31.55%, respectively. Finally,
western blot assay confirmed the results in which
Bax expression was shown to increase while Bcl-
2 expression was shown to decrease as the dose
of Artemisia maritima extract increased. Artemisia
maritima extract was also seen to induce G2/M
phase cell cycle arrest along with inhibition of
cell migration. Herbal extract could decrease the
expression of matrix metalloproteinase-9 (MMP-
9) dose-dependently. It has been reported earlier
that MMP-9 protein expression has a key role to
play in cell migration. If this expression could be
decreased, this could ultimately lead to inhibition
of cell migration [14-17].

Conclusion

In conclusion, it can be clearly suggested that
Artemisia maritima herbal extract induces antican-
cer effects in NSCLC cells by inducing programmed
cell death, G2/M phase cell cycle arrest and inhibi-
tion of cell migration.
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