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ABSTRACT

Artemisia (Asteraceae family) has been report-
ed to possess different bioactive phytochemicals
including phenols, sesquiterpene lactones and
flavonoids. The aim of this study was to estimate
the anti-proliferative activity of the methanolic ex-
tract of Artemisia herba alba using in vitro assays
on two of human cancer cell lines compared with
the normal cell lines. The obtained results indicat-
ed that A.herba alba extract showed highly cyto-
toxic and anti-proliferative effects on tested human
cancer cells as revealed by measuring viable mito-
chondrial oxidation of [3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide assay] (MTT as-
say). The observed (-IC50-) or the half-maximal
inhibitory concentration of A. herba alba extract in
the human hepatocellular carcinoma (HepG2) was
50.34 pg/ml, while in the lung cancer cell line
(A549) it was 29.23 ug/ml. In contrast, the normal
liver cells (THLE2) as well as lung normal cells
showed very low sensitivity toward tested extract
where the IC50 were 1250pg/ml and 1915 pg/ml,
respectively. However, flow cytometric analysis for
cell cycle using propidium iodide staining revealed
increment of G2/M phase cell cycle arrest after
treatment of HepG2 cells with A. herba alba ex-
tract. At the molecular level, the quantitative real
time-PCR technique was used to investigate the
alteration of gene expression after exposure of
HepG2 cell line to A. herba alba extract by measur-
ing levels of mMRNA for p53, Bax, and Bcl-2 genes
expression. The apoptotic mechanism was activat-
ed by the crude extract of A. herba alba extract
included up-regulation of p53 and Bax and down-
regulation of Bcl-2 expression levels. However, no

cytotoxic effect was recorded after exposure of
normal cell lines to the plant extract. These data
indicated that A. herba alba extract possess anti-
proliferative effect by a cell cycle arrest at the
G2/M phase and apoptosis mediated cytotoxicity in
carcinoma cells. These results suggested that
A.herba alba could contain one or more effective
anti-cancer compound(s) and can be used as a
natural source of anticancer agents.
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INTRODUCTION

According to the latest global cancer report for
the international agency for research on can-
cer(IARC), the burden of cancer rised to 18.1 mil-
lion new cases and 9.6 million cancer deaths in
2018 (Bray et al 2018). It is still on the rise and
that continue rising due to many factors such as
environmental pollutions, population growth and
ageing. The cancer expansion ratio related to the
economic and social development (Gersten &
Wilmoth 2002).

Artemisia herba-alba (Family: Asteraceae) is
an aromatic dwarf shrub rigid and grey native to
the South Western Europe, Northern Africa, includ-
ing Western Asia, Arabian Peninsula, and Libya
which can grow in arid and semi-arid climates
(Majdouli et al 2015). A recent review detailed the
taxonomy, distribution, phytochemistry, morpholo-
gy, and biological activities of A. herba-alba and its
different extracts (Mohamed et al 2010). A. herba-
alba with an Arabic name “Sheih”, is a well-known
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medicinal plant that was used in the Middle East. It
is traditional medicine plant for treating various
diseases as an anti-diabetic (Mansi et al 2007 and
Ashraf et al 2010), as antibacterial, analgesic, and
hemostatic agents (Tilaoui et al 2011) and antiox-
idant (Jaleel et al 2016). It is also used for treating
fever, menstrual and nervous problems (Abad et
al 2012). In addition, A.herba-alba is used as anti-
spasmodic, antimalarial and antibacterial agent
(Aziz et al 2012). The essential oil of this herb is
known to be responsible for its therapeutic use as
disinfectant, anthelmintic and antispasmodic (Mo-
hamed et al 2010). The Artemisia genus contains
many bioactive agents such as artemisinin which
exerts not only antimalarial effect but also profound
cytotoxicity against tumor cells (Efferth, 2007).

Medicinal plants have a wide spectrum effect
against variety of diseases or some disorder symp-
toms; therefore, they have an important role as a
contributed agent in the industry of pharmacologi-
cal drugs (Khalafalla et al 2010). Many studies
have been conducted to investigate the phyto-
chemicals of A. herba-alba, these studies revealed
the presence of many important phytochemicals in
different extracts either water or solvent such as
Alcoholic, chloroform and other nonpolar solvents
(Mohamed et al 2010). These phytochemicals
include essential oils, sesquiterpene lactones, fla-
vonoids and phenolic compounds (Tilaoui et al
2011 and Jaleel et al 2016).

Using of cancer cell lines model is in the origin
of the development and test of anticancer drugs is
presently used (Nakatsu et al 2005), it is proved to
be good alternative to transplantable animal tu-
mors in chemotherapeutics testing (Shoemaker,
2006). Cancer cell lines was used to study the pro-
liferation deregulation, apoptosis and cancer pro-
gression (Vargo and Rosen, 2007). moreover,
cancer cell lines model, was used to realize poten-
tial molecular markers (Van Staveren et al 2009)
and for cancer therapeutics screening and charac-
terization (Kao et al 2009). Using of cancer cell
lines raised the information about the de-regulated
genes and signaling pathways for this disease
(Gazdar et al 2010). Cancer cell lines had been
widely used for research aims and proved to be a
useful tool in the genetic approach, and its charac-
terization showed that they are, in fact, excellent
models for the study of the genetic, epigenetic,
cellular pathways and biological mechanisms in-
volved in cancer (Louzada et al 2012), as well as,
to development of new therapies (Pfragner et al
2009 and Louzada et al 2012). The research re-
sults in cancer cell lines are usually extrapolated to

Hadeer Mohammed, Neima Al-Senosy, Naglaa Ebeed and Fahmy

in vivo human tumors (Van Staveren et al 2009),
and its importance as models for drug testing and
translational study was recognized by many phar-
maceutical and biomedical companies (Gazdar et
al 2010).

The aim of this study was to assess the cyto-
toxic and anti-proliferative effects of methanolic
extract of the medicinal plant A.herba-alba on can-
cer cell lines consulting MTT assay, flow cytometry
and quantitative real time-PCR (qRT-PCR) assays.

MATERIALS AND METHODS
1. Plant collection and Preparation

Artemisia herba alba was collected from
halazein valley — Matrouh governate, Egypt, and
offered to our lab from Dr. Mohammed Abd El-
Maaboud, Center of Desert Research, Agriculture
Research Center. The whole plant was dried and
ground. Plant extraction was prepared according to
Gordanian et al (2014) with some modifications as
the following; about (60g) of dried grinded plant
was soaked in 300 ml of methyl alcohol overnight
on shaker water bath at room temperature then the
extracted material was filtrated and the filtrated
material was let for air drying, which yielded (6g).
The extracted materials were stored at -20° C up to
use.

2. Measurement of cytotoxic activity of plant
extract using MTT assay

MTT test was done on tumor cell lines of liver
and lung as well as normal cell ones according to
the Florento et al 2012. Assays were performed in
three independent experiments using different
concentration of plant extract. Sigmoidal and dose
dependent curves were constructed to interpret the
results of the experiment. The concentration of the
compounds inhibiting 50 % of cells (IC50) was
calculated using this sigmoidal curve.

2.3. Assessment of cell cycle using flow cy-
tometry

The culture of treated HepG2 cells was as-
sessed using flow cytometry technique according
to the method of Pozarowski and Darzynkiewicz
(2004). The stained cells were read in Attune flow
cytometer (Applied Bio-system, US) as shown in
(Fig. 1).
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Fig. 1. Anti-proliferation effect of methanol extract of Artemisia herba alba on (hepatocellular carcinoma

cell lines) during cell cycle

2.4. Determination of the expression levels of
apoptosis-regulatory genes using qRT-PCR

Total RNA was isolated from liver cancer cell
line (HepG2) using Gene JET RNA Purification Kit
(Thermo Scientific, # KO731, USA) according to the
manufacturer's protocol. Then the isolated RNA
was converted to cDNA using of trtro cDNA syn-
thesis kit (Bioline, Germany). First-strand cDNA
was generated to be used in the second step (for
gRT-PCR). The RT reaction was amplified for syn-
thesized cDNA using gene-specific primes of p53,
Bcl2 and Bax which were used to detect the
MRNAs levels of apoptosis-regulatory genes. The
cDNA was used as a template to determine the
relative expression of the apoptosis-related genes
using StepOnePlus real time PCR system (Applied
Biosystem, USA).

The primers were designed by Primer 5.0 soft-
ware, Table (1). The housekeeping gene [B-actin
was used as a reference to calculate fold change
in target gene expression.

Table 1. Anti-proliferation effect of methanol ex-
tract of Artemisia herba alba on (hepatocellular
carcinoma cell lines) during cell cycle.

% of cells in each cell cycle phase
G0/G1 S phase | G2/M phase
Groups
phase (Meanx (Meanx
(Mean+SEM) SEM) SEM)
HepG2 60%+1.40 | 19%+1.01 | 21%=*1.56
HepG2 treated 0
%+1.7 20%+1.34 | 42%+2.07
with AHA 38% 0 0%z+1.3 0+2.0

2.5. Statistical analysis

All data were expressed as means * standard
error (SE). The statistical significance was evaluat-
ed by one-way ANOVA using SPSS 18.0 software.
Values were considered statistically significant
when P<0.05.

RESULTS AND DISCUSSION

1. Cytotoxic activity of Artemisia herba-alba on
cancer cell lines

The anticancer activity of A. herba-alba metha-
nol extract was tested on HepG2 Liver cancer cell
and THLE2 liver normal cell, A549 lung cancer cell
and lung normal cell lines using MTT assay. The
cell viability of each cell line after exposure to dif-
ferent concentrations of tested extract was evalu-
ated, whereas, the concentration of purple color
increases if the cell proliferation increased. The
obtained results indicated the inhibition of cell pro-
liferation of cancer cells with increase of A. herba-
alba crude extract dose in both cancer cell lines.
On the contrary, normal cell lines exhibited ex-
tremely very low sensitivity to the high doses of
tested extract. As shown in Fig. (2), inhibition con-
centration of 50% of cells (IC50) value for human
hepatocellular carcinoma (HepG2) was 50.34
pg/ml, while IC50 of normal liver cells (THLE2) was
1250 pg/ml. Meanwhile, A. herba-alba methanol
extract strongly affected the cancer lung cells pro-
liferation and viability compared with the normal
lung cells, where the observed IC50 were 29.23
pg/ml and 1915 ug/ml, respectively, as shown in
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Fig. (3). These results indicated the efficient spe-
cific anti-proliferative effect of A.herba-alba metha-
nol extract against the cancer cells, while it was
safer toward human normal cells.

2. Estimation of Artemisia herba alba methanol
extract effect on cell cycle arrest using flow
cytometry

According to the inhibition of liver cancer
(HepG2) cell viability; these results can be inter-
preted by the anti-proliferative effect of the Artemi-
sia methanol extract. Therefore, cell cycle was
assessed to determine if there was any cell cycle
arrest by comparison between the effect on the
liver cancer against the effect on the liver normal
cells. As shown in Table (1), the GO/G1 phase
showed a lower level from 60% to 38%, S phase
increased from 19% to 20% and G2/M phase rec-
orded highly increase levels, from 21% to 42%.
These results suggested that the A.herba alba
methanol extract has an inhibition effect on the
proliferation of HepG2 cells and that by G2/M
phase arrest of the cell cycle.

3. Expression level of apoptosis related genes

To investigate if the tested A.herba alba extract
induced apoptosis activity in HepG2 cells or had
less effect. The gene expression of apoptotic relat-
ed genes such as p53, Bcl2 and Bax were evalu-
ated using (gRT- PCR). The obtained results
showed an increase in the expression level of p53
and Bax genes while the expression level of Bcl2
decreased. These results indicated that the A.
herba alba crude extract destroyed HepG2 cells
through apoptosis mechanism by rising the ex-
pression of p53 and Bax as apoptotic inducer
genes and repression of Bcl2 as apoptotic inhibitor
gene.

4. General discussion

The obtained results revealed that the A.herba-
alba methanolic extract exhibited cytotoxicity effect
on tested cancer cell lines according to a more
intense decrease in cell viability as indicated by
MTT assay, while, this extract has no effect on
normal cells. So that, this result suggested that
A.herba alba has anti-proliferative effect with vari-
ous concentrations of methanol extract on different
cancer human cell lines. These results were in
agreement with the results of Kabbash (2016) who
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evaluated the cytotoxic effect of A.herba alba on
different human cell lines such as Caco(intestinal
carcinoma),HELA(cervical carcinoma), HEP2 (lar-
ynx carcinoma), HCT (colon carcinoma), A549
(lung carcinoma), HepG2 (hepatocellular carcino-
ma), MCF-7(breast carcinoma) and PC3(prostate
carcinoma), and she reported a reduction in cell
viability of all tested human cancer cell lines, there-
fore, A.herba alba has cytotoxic activities against
cancer cell lines. In addition, the antimalarial active
compound Artemisinin, which extracted from Arte-
misia exhibited cytotoxicity against tumor cells (Ef-
ferth, 2007).

These results are in harmony with Al-Senosy
et al (2018) who found that Atriplex halimus had
highly cytotoxicity against the three studied carci-
noma cell lines (breast, hepatocellular and lung)
using the in vitro MTT method. The results of cell
cycle analysis using flow cytometry assessment
showed that HePG2 cells were blocked at the
G2/M phase following 24h exposure to A.herba
alba methanolic extract at 50.34ug/ml. These re-
sults were already observed in colon cancer (Ca-
co-2) cells treated with Arthrochnemum indicum
extract, and, suggested that Arthrocnemum indi-
cum may be useful as a candidate source of anti-
proliferation molecules (Boulaaba et al 2013).
Similar results were observed by Al-Senosy et al
(2018), who found that the growth inhibited, and
arrested of the cell cycle at the G2/M phase and
induced apoptosis using an Atriplex halimus etha-
nolic extract on HePG2. revealed the presence of
one or more active anticancer molecule(s) in its
extract. However, Farha et al (2013) reported that
analysis of cell cycle and the induction of apoptosis
by accumulation of cells in G1 phase and G2/M
cell cycle arrest were observed. Anti-cancer com-
pounds arrest the cell cycle at the G1, S, or G2/M
phase and then induce apoptotic cell death path-
way. In addition, the function of apoptotic cell
death is either removing irreparable or unrepaired
damaged cells (Chen et al 2017). In the present
study the mRNA expression levels of apoptotic-
related genes, i.e., p53, Bax and Bcl-2 in HepG2
cells treated with the A.herba alba crude extract
were investigated. The obtained results showed
that the A. herba alba induced apoptosis, which
appeared through p53, Bax and Bcl-2 genes. This
finding is in agreement with several studies that
demonstrated the function of p53, Bax, and Bcl-2
in causing apoptosis (Youle & Strasser, 2008 and
Al-Senosy et al 2018).
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Table 2. The sequence of primers that were used
for each gene

Primer | Sequence

p53 F- 5-CCCAGGTCCAGATGAAG-3'
R- 5'-CAGACGGAAACCGTAGC-3'

Bcl-2 |F-5-GGATGCCTTTGTGGAACTGT-3'

R-5-AGCCTGCAGCTTTGTTTCAT-3'

Bax F-5-TTTGCTTCAGGGTTTCATC-3'
R-5'-CAGTTGAAGTTGCCGTCAGA-3".

Expression levels of apoptosis requlatory
genes

P53 BCL2 BAX

confrol ¥ artemisia

Fig. 4. Up-regulation in the expression levels of
p53 and Bax genes, while the expression level of
Bcl2 decreased or down-regulation

CONCLUSION

According to the findings of this study, the
methanolic extract of A.herba alba has specific
cytotoxic activity for human tumor cells, with no
toxic effect on the normal cell. These results indi-
cated that A.herba- alba has antiproliferative effect.
Moreover, A.herba alba methanolic extract evalu-
ated to identify the mechanisms behind the toxicity.
Cell cycle blocking at the G2/M phase with apop-
totic cells was proved using flow cytometry as-
sessment and gene expression of RNA studies
confirmed the activation of apoptosis pathway after
cell cycle arrest. A. herba alba exhibited substan-
tial anticancer activity against liver and lung carci-
noma cell lines.
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