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A B S T R A C T

Objective: Liver cancer is common worldwide and its occurrence is increasing globally; the most prevalent type is
hepatocellular carcinoma. Cressa cretica is a halophyte plant that contains flavonoids, which are antibacterial,
antioxidant agents. We investigated the effects of C. cretica extract on apoptosis and expression of Bcl2, Bax and
P53 genes in the hepatoma cell line, HepG2.
Methods: HepG2 cells were cultured in RPMI 1640 medium, then incubated in various concentrations of hy-
droalcoholic extract of C. cretica. Cell proliferation was investigated using MTT assay and apoptosis was mea-
sured using flow cytometry. The expression of apoptosis- related genes were determined by real-time PCR.
Results: Proliferation of HepG2 cells treated with different concentrations of C. cretica were diminished sig-
nificantly in a dose-dependent pattern. The concentration of C. cretica required for 50% cell viability was
2300 μg/ml. Expression of P53 increased significantly in the treatment groups compared to control group. Bcl2
gene expression was decreased significantly compared to the control group, while the Bax gene was over-
expressed in the extract treated groups.
Conclusion: C. cretica is able to effect on the expression of apoptosis-related genes; therefore, it could play a role
in treatment of cancer.

1. Introduction

The liver is one of large organs in a human body and it participates
in detoxification and removal of exogenous antigens from the body.
Liver is responsible for metabolism of carbohydrates, lipids and amino
acids, and also for protein synthesis (Bogdanos et al., 2013). Liver da-
mage and its side effects affect the entire body, so timely treatment is
essential (Angulo, 2002).

Liver cancer is the third most common cause of death from cancer;
approximately 1 million new cases are reported each year. An espe-
cially high incidence of liver cancer occurs in China and middle Africa.
Liver cancer is more common in males (Parkin et al., 2005). Liver
cancer comprises hepatocellular carcinoma (HCC), intrahepatic

cholangiocarcinoma and fibrolamellar HCC (Sia et al., 2017). The most
prevalent primary liver cancer is HCC, which occurs in people with
liver disease such as hepatitis B (HB) or hepatitis C (HC) (Xu et al.,
2013). Epidemiological studies indicate a relation between HB infection
and HC (Donato et al., 1998; Garcia et al., 2002).

Inhibition of apoptosis is a main factor for inducing of cancer which
disrupts the balance between apoptosis and differentiation in carci-
noma cells and lead to growth of cancer. Bcl2 family proteins are im-
portant for apoptosis; Bax and Bak are pro-apoptotic, while Bcl2 and
Bcl-xl are anti-apoptotic (Al-Shenawy, 2016). The P53 gene is located
on short arm of chromosome 17 and could stimulate apoptosis. Muta-
tion of this gene may be related to HCC (Qin et al., 2002).

Hepatectomy, local infusion of drugs such as ethanol into the tumor,
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chemoembolization and chemotherapy are used for treatment of HCC
(França et al., 2004). Hepatectomy is a high risk treatment for patient
with liver failure and may cause of mortality after resection of liver
(Kauffmann and Fong, 2014). No current therapy is a definitive treat-
ment for liver cancer; an effective treatment remains to be found. Many
herbal medicines exhibit antioxidant effects and are able to induce
apoptosis, therefore, they may be a suitable alternative therapy for
inhibiting the progression of HCC (Abdel-Hamid et al., 2018; Rino
et al., 2015).

Among plants used in medicine, Cressa cretica, a halophyte, has been
used for many years. This plant is found in Iran, India and Australia,
and belongs to the Convolvulaceae family. The aerial parts of C. cretica
contain flavonoid compounds including quercetin, kampferol and rutin
(Shahat et al., 2004). These phenolic compounds reduce prostaglandin
synthesis and enhance superoxide dismutase, catalase and glutathione
peroxidase activation (Abdallah et al., 2017). The plant has been used
to treat diabetes and Alzheimer's disease. C. cretica is used to treat
constipation, reduce oxidative stress, and to treat cancer and cardio-
vascular and neurodegenerative diseases (Afshari and Sayyed-Alangi,
2016). Seeds of C. cretica are a source of vegetable oil that is suitable for
human consumption (Weber et al., 2007). The extract of the plant is
exhibits antibacterial, antifungal, anti-inflammatory and antioxidant
properties (Thirunavukkarasu et al., 2014).

We investigated effects of the hydroalcoholic extract of C. cretica on
apoptosis and the expression of Bcl2, Bax and P53 genes in the hepa-
toma cell line, HepG2 to find out if this plant is able to modify apoptosis
on cancer cells?

2. Material and methods

C. cretica plants were purchased from Pistachio Research Center and
their identity confirmed by a botanical expert. The aerial parts were
separated, washed and dried at room temperature. The plants were
completely powdered using a laboratory blender (waring products di-
vision model, New Hartford, USA). Fifty grams of powdered C. cretica
was mixed with alcoholic aqueous solvent (30 ml water +70 ml 96%
ethanol), then extracted using a Soxhlet extractor (Bakhshi Industries,
Tehran, Iran). The extract was dried in freeze drier (VaCo5-D; Zirbus
Technology, GmbH, Bad Grund, Germany) at −55 °C.

We used the human hepatocellular carcinoma cell line (HepG2) and
L929 cells line (as a control cells) both purchased from Pasteur Institute
Cell Bank (Tehran, Iran). The cells were cultured in RPMI 1640 medium
(Gibco BRL, Karlsruhe, Germany) supplemented with 10% fetal bovine
serum (FBS) (Gibco BRL, Karlsruhe, Germany), 1% penicillin/strepto-
mycin (Gibco BRL, Karlsruhe, Germany) and incubated in a 5% CO2

incubator at 37 °C. At 80% confluence, adherent cells were trypsinized
and cultured in 96-well plates at a density of 5 × 103 cells/well. Then
both groups of cells were treated with 0–5000 μg/ml concentration of
C. cretica hydroalcoholic extract for 24, 48 and 72 h. The MTT assay
was performed (see below) to determine the effective concentration of
extract and IC50, the concentration that kills 50% of cells.

2.1. MTT assay

We performed the MTT assay on HepG2 and L929 cells by MTT kit
(Sigma, Deisenhofen, Germany). All cells were cultured at a density of
2500 cells/well in 200 μl growth medium. MTT powder (Sigma,
Deisenhofen, Germany)5 mg/ml, was dissolved in RPMI, then added to
the wells and incubated for 2–4 h at 37 °C. Then MTT salt is converted
into formazan crystals by mitochondrial succinate dehydrogenase en-
zyme in living cells so, 50 μl DMSO was added to each well and the
plates were shaken for 8–10 min to dissolve the formazan crystals
(Supino, 1995). The optical density (OD) was measured at 570 nm
using a microplate reader. The assay was performed in triplicate and
the percentage cell viability (CV) was calculated using the formula,
percent cell viability = OD of test well/OD of control well x 100, and

used for flow cytometry and real-time polymerase chain reaction (RT-
PCR).

2.2. Flow cytometry

Flow cytometry kit (eBioscience, San Diego, California, United
States) was used to evaluate apoptosis. HepG2 cells were treated with
2300 μg/ml (IC50) of C. cretica hydroalcoholic extract. After 72 h,
5 × 1010 cells were transferred to tubes containing 1 μl PBS (phos-
phate-buffered saline) and suspended with 195 μl binding buffer. Then
5 μl FITC Annexin V was added to each tube and the solution was in-
cubated at room temperature in dark for 10 min. Finally, 200 μl binding
buffer and 10 μl propidium iodide (PI) were added to each tube and
analyzed using a flow cytometer (Cyflow; Partec, Münster, Germany).

2.3. Real time PCR

HepG2 cells were seeded in nine 6-well plates at the density of
5 × 104 cells/well. After 24 h cells were divided to three groups: three
plates were the control group, three plates were treated with 1000 μg/
ml hydroalcoholic extract of C. cretica and three plates were treated
with 2300 μg/ml hydroalcoholic extract of C. cretica. Total RNA of cells
was extracted by TRizol reagent (Pars Tous, Tehran, Iran) according to
the protocol of the extraction kit (Pars Tous, Tehran,Iran). The quantity
of extracted RNA was determined using a spectrophotometer at 260 and
280 nm (Pinto et al., 2009). cDNA synthesis was performed using a
cDNA synthesis kit (Pars Tous, Tehran, Iran), oligo (dT) and random
hexamer primers (Pars Tous, Tehran, Iran). The reaction was carried
out in triplicate for Bax, Bcl2, P53 and β-actin genes. Primers were
evaluated using the BLAST database. The primer sequences are shown
in Table 1.

Real-time PCR was performed using 2 μl of each forward and re-
verse primer, 3 μl normalized cDNA, 10 μl master mix SYBER green and
5 μl of nuclease-free water. Then all plates were placed in ABI-step one
plus CFX96 system (Bio-Rad Laboratories Inc., Hercules, CA). For ac-
tivation of hot start Taq polymerase enzyme and DNA denaturation, one
cycle of 95 °C for 10 min, 40 cycles of 95 °C for 15 s and 40 cycles at
annealing temperature for 1 min were performed. A melting curve was
drawn using the following cycle: 95 °C for 15 s, 60 °C for 30 s, and 95 °C
for 15 s, and the temperature was decreased 0.03 °C/s from 95 to 60 °C.
The relative quantification was determined using the 2-ΔΔCt formula. All
data were analyzed using the ABI-step one plus software version 2.3.

2.4. Statistical analysis

All data were performed in triplicate and are presented as
means± SEM. Our data were analyzed using SPSS statistical software
version 21. Differences within groups were analyzed by one-way
ANOVA followed by Tukey's test for multiple comparisons. Values for
p ≤ 0.05 were considered statistically significant.

3. Results

3.1. Effect of C. cretica extract on cell viability after 72 h treatment

HepG2 cells viability in presence of C. cretica hydroalcoholic extract

Table 1
Sequence of primers for real-time PCR.

Gene Forward primer Reverse primer

Bcl2 CTTCTTTGAGTTCGGTGGGG AAATCAAACAGAGGCCGCAT
P53 TGAAGCTCCCAGAATGCCAG GCTGCCCTGGTAGGTTTTCT
BAX TGCCTCAGGATGCGTCCACCAA CCCCAGTTGAAGTTGCCGTCAG
β-Actin GGGCATGGGTCAGAAGGATT CGCAGCTGCTTGTAGAAGGT
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was evaluated by MTT assay after 72 h of treatment. Comparison of cell
viability in different concentrations of C. cretica showed that C. cretica
significantly diminished cell proliferation for all of treatment groups
compared to control group (p < 0.05); cell viability at 3000 and
4000 μg/ml concentrations was 49 and 17%, respectively. The con-
centration of C. cretica that produced 50% cell viability was 2300 μg/ml
(Fig. 1).

3.2. Effect of C. cretica extract on cell apoptosis by flow cytometry

Effect of 1000, and 2300, 3000 μg/ml concentration of hydroalco-
holic extract of C. cretica on HepG2 cells were evaluated by flow cyto-
metry. We found that C. cretica extract induced apoptosis in HepG2 cells
(Fig. 2).

3.3. Real time PCR

We performed real time PCR on cultures exposed to 1000 and
2300 μg/ml concentrations of hydroalcoholic extract of C. cretica to
define the expression of P53, Bcl2, and Bax genes in HepG2 cells. The
expression of P53 gene in control and various extract treated groups are
shown in Fig. 3. The expression of P53 gene increased significantly in a
dose-depend manner in the extract treated groups compared to controls
(p < 0.05).

Fig. 4 shows significantly reduced expression of the Bcl2 gene in
1000 and 2300 μg/ml extract treated groups compared to controls
(p < 0.05).

The expression of Bax gene was increased significantly in the 1000
and 2300 μg/ml extract treated groups. The increase in the 2300 μg/ml
extract treated group was statistically significant compared to controls
(p < 0.05), while that for the 1000 μg/ml extract treated group was
not statistically significant (Fig. 5).

4. Discussion

We investigated the effect of C. cretica on the HepG2 cell line. We
found that that different concentrations of C. cretica reduced cell pro-
liferation significantly after 72 h; the reduction was due to apoptosis. C.
cretica induced apoptosis in HepG2 cells in a dose-dependent manner.

In 2017 Lee et al. investigated effect of another member of
Convolvulaceae family on HepG2 cells. They extracted C. soldanella with
methylene chloride and methanol, and then combined extract was
partitioned into the n-hexane and 85% aqueous methanol, and reported
that solvent fractions of Calystegia soldanella stimulate G1 and S phase
arrest of the cell cycle and reduce the viability of HepG2 cells (Lee et al.,
2017). Another study in 2018 examined the effect of a halophyte plant

that called Juncunol on human hepatocarcinoma (HepG2) cells and
reported that Juncunol is able to stimulate the apoptosis in HepG2 cells
through loss of the mitochondrial membrane potential (Δψm)
(Rodrigues et al., 2018). Wang et al. in 2013 showed that compounds
isolated from S. herbacea which is a type of halophyte, could have an
antiproliferative activities on HepG2 cells (Wang et al., 2013).

Our real-time PCR findings showed that treatment for 72 h with
different doses of C. cretica decreased the expression of Bcl2 gene, while
the expression of P53 gene was increased in the extract treated groups
compared to controls. The expression of Bax gene increased sig-
nificantly with the 2300 μg/ml concentration of C. cretica.

Several mechanisms including oxidative stress defined for cell
apoptosis. Apoptosis depends on the balance between anti-apoptotic
(Bcl2) and pro-apoptotic proteins (Bax). The interactions of these two
groups of proteins could initiate the caspase cascade to initiate apop-
tosis (Niewiarowska-Sendo et al., 2018).

Hashemzaei et al. (2017) reported the effect of quercetin, a flavo-
noid compound derived from C. cretica on tumor cell lines and found it
stimulated apoptosis by inhibiting P53 and Bcl2. These investigators
also reported that quercetin reduced the tumor volume in mice with
MCF-7 and CT-26 tumors (Hashemzaei et al., 2017). Nishimura et al.
(2017) reported the cytotoxic role of quercetin on HepG2 cells. These
investigators demonstrated that apoptosis was induced because quer-
cetin increased the Bax level and reduced Bcl2 expression (Nishimura
et al., 2017). Liu et al. (2017) reported that quercetin inhibited the
proliferation of U251 cells in a dose-dependent manner. These in-
vestigators found out that quercetin causes apoptosis by regulating le-
vels of Bcl-2 and Bax (Liu et al., 2017).

Other have reported that quercetin and rutin (a flavonoid com-
pound of C. cretica) increased apoptosis by inhibiting the G2/M phase of
the cell cycle. Apoptosis could be a way to treat cancer (Liu et al., 2017;
Chen et al., 2013; Li et al., 2014). Li et al. (2014) reported that quer-
cetin might prohibit the growth of HepG2 cells. These investigators
confirmed that apoptosis, cell death and stimulation of G2/M arrest
associate with increase of P53 expression (Li et al., 2014). In our study
the expression of P53 increased in extract treated groups, so C. cretica
may induce the apoptosis and cell death. Deletion of P53 may reduce
the apoptotic action which may lead to tumor development (Rangel-
Pozzo et al., 2020). Khorsandi et al. (2017) used the MCF-7 human
cancer breast cell line to investigate the growth of cells following ex-
posure to quercetin; proliferation of MCF-7 cells decreased in the
quercetin-exposed group compared to controls. In quercetin-treated
cells, the expression of Bax gene increased, but expression of the Bcl-2
gene decreased (Khorsandi et al., 2017).

Chen et al. (2013) reported that rutin induced apoptosis in LAN-5
cells and Bcl2 expression was decreased following rutin treatment. LAN-

Fig. 1. Average viability of Hepg2 and L929 cells after 72 h exposure to hydroalcoholic extract of C. cretica (0–5000 μg/ml concentration) Data are means± SEM.
Cell viability decreased with increasing the concentration of extract.

M. Pouraminaei, et al. Gene Reports 20 (2020) 100692

3



5 cells and this flavonoid has a main role in Bcl2/Bax balance in tumor
cells so rutin can improve the unbalanced Bcl2: Bax ratio so it may be
useful for treating apoptosis resistant tumor cells (Chen et al., 2013).
Guon and Chung (2016) evaluated the hyperoside and rutin effects on
cell apoptosis in HT-29 human colon cancer cells and normal colon
epithelium in the FHC cell line. These investigators found that rutin did

not affect viability of normal colon epithelium in the FHC cell line, but
it decreased the proliferation of HT-29 human colon cancer cells in a
dose-dependent manner. They reported that rutin increased expression
of the Bax gene and reduced Bcl2 expression (Guon and Chung, 2016).
We believe that the flavonoids of may be useful for treating cancer. C.
cretica extract has effects on the expression of Bax, Bcl2 and P53 genes

Fig. 2. Apoptosis determined by flow cytometry. A) Apoptosis in the control group. B) Apoptosis in group treated with hydroalcoholic extract of C. cretica group.
Hydroalcoholic extract of C. cretica (2300 μg/ml Concentration) increased apoptosis significantly compared to control group.
Q1: %Necrosis. Q2: %Late apoptosis. Q3: %Live cell. Q4: %Premature apoptosis.

Fig. 3. Expression of P53 gene was increased in the extract treated groups
compared to the control group. (*p ˂ 0.05). Mean ± SEM.

Fig. 4. Expression of Bcl2 gene in the extract treated groups decreased sig-
nificantly compared to the control group. (*p ˂ 0.05). Mean ± SEM.
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and might be able to modify apoptosis in cancer cells. As regards to NF-
κB super family involves p50-p65 and has an anti-apoptotic role, hy-
droalcoholic extract of C. cretica may play a role on activation of NF-κB
(Ahn et al., 2008; Sawhney et al., 2007). Therefor Further studies in
vivo and in vitro are recommended to evaluate the effects of the hy-
droalcoholic extract C. cretica on NF-κB, neoplastic diseases and also
other cell lines. It is essential to evaluate acute toxicity of this extract to
establish the pharmacological safety of that.
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