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Abstract: Digestive system disease caused by gastric mucosal lesion is gradually increased following social development and irregular sleeping. AMPK activation plays a critical role in many diseases. This study selected gastric mucosa GES-1 cells to establish gastric mucosal injury model. 5-aminooimidazole-4-formamide ribonucleotide (AICAR)
was applied to activate AMPK, while different concentrations (0.5, 1.0, and 2.0 mg/ml) of taraxerol were adopted
to treat the cells to investigate the protective role of taraxerol on GES-1 cells at the perspective of AMPK. AICAR was
used to pretreat GES-1 cells followed by addition of different concentrations of taraxerol to the cells later. Cell proliferation and cell cycle were detected by MTT assay and flow cytometry, respectively. AICAR activated AMPK level and
reached peak at 6 h (P < 0.05). Cell proliferation declined after AICAR treatment compared with blank group but was
still higher than the control. Cell proliferation was significantly enhanced following elevation of taraxerol concentration and time extension (P < 0.05). Cell ratio in G0/G1 phase was declined, while in S and G2/M phase increased
following elevation of taraxerol concentration (P < 0.05). AICAR can activate AMPK in gastric mucosa GES-1 cells,
while taraxerol can protect gastric mucosal cell injury by enhancing GES-1 cell proliferation.
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Introduction

Materials and methods

Gastric mucosa injury appears when the body
in a state of stress. Gastric mucosa hyperemia, edema, erosion, and necrosis could be
observed under microscope, thus forming the
digestive tract ulcer [1]. It is thought that digestive tract mucosa barrier function is reduced
under stimulus and stress condition, leading to
defense capability declination [2]. Dandelion is
a commonly used traditional Chinese medicine
with multiple pharmacological effects, including anti-inflammation, anti-tumor, and antioxidation [3, 4]. The ratio of AMP/ATP rapidly elevates when the body was lack of energy, lack
of oxygen, or even in ischemia environment,
thus activating AMPK in a short period of time,
regulating metabolism and cell cycle, and controlling gene transcription process [5-7]. This
research established ethanol induced gastric
mucosa GES-1 cell injury model, applied taraxerol for intervention and adopted AICAR to activate AMPK, to explore the protective role of
taraxerol on gastric mucosa epithelial cell injury based on the AMPK level.

Experimental cells
Gastric mucosa GES-1 cell line was provided by cell cultivation center of Wuhan
University.
Reagents and instruments
Taraxerol was from ProSpec (USA). AICAR was
from TRC. Centrifuge machine was provided by
Beckman.
Conventional cell culture
Human gastric mucosa GES-1 cells were cultured in RPMI1640 medium and maintained at
37°C and 5% CO2.
GES-1 cell injury model establishment
GES-1 cells were maintained in medium containing 4-8% ethanol for 2-5 h to keep the inhibitory rate at 40%.
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membrane was incubated with
HRP-conjugated secondary antibody (1:2000) for 1 h at room temperature. At last, the membrane
was developed for analysis after
addition of ECL reagent.
MTT assay
GES-1 cells in logarithmic phase
were collected to test cell viability
at 24 h, 48 h, and 72 h. MTT soluFigure 1. Establishment of ethanol induced GES-1 cell injury model.
tion at 5 mg/ml was added to the
well for 4 h treatment followed by
addition of 150 μl DMSO to stop the reaction.
The OD value at a wavelength of 570 nm was
measured by a microplate reader.
Flow cytometry

Figure 2. AMPK level in GES-1 cells after AICAR treatment. *P < 0.05, compared with blank group. #P <
0.05, compared with 1 h group. &P < 0.05, compared
with 12 h group. @P < 0.05, compared with 24 h.

AICAR treatment on GES-1 cells

GES-1 cells in logarithmic phase were collected
and cell cycle was measured according to the
kit instructions. In brief, cells were fixed with
70% ethanol overnight and washed 2-3 times
with PBS followed by addition of 100 μl RNase
A, and incubation for 30 min at 37°C. Finally,
400 μL PI was added and incubated on ice for
30 min followed by analysis of cell cycle by flow
cytometry.
Data analysis

GES-1 cells in logarithmic phase were cultured
for 24 h after ethanol intervention and treated
by 0.5 mmol/L AICAR for 24 h. Conventional
cultured GES-1 cells were selected as blank
control.

SPSS 17.0 software was adopted for data analysis. The data was presented as mean ± standard deviation. Enumeration data was analyzed
by chi-square test, while measurement data
was compared by t test. P < 0.05 was depicted
as statistical significance.

Taraxerol treatment on GES-1 cells

Results

After treated with AICAR for 24 h, GES-1 cells
were added with different concentrations of
taraxerol at 0.5 mg/ml, 1.0 mg/ml, and 2.0
mg/ml. GES-1 cells in control group received no
taraxerol treatment. GES-1 cells in blank group
received no AICAR intervention.

Establishment of ethanol induced GES-1 cell
injury model

Western blot
Total protein was isolated from cells using RIPA
lysis buffer. After quantification by BCA ASSAY,
A total of 40 μg protein was separated on 10%
SDS-PAGE, transferred to PVDF membrane,
blocked with 5% silk milk and incubated with
primary antibody (1:200, β-actin 1:500) at 4°C
overnight. After PBST washing three times, the
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Ethanol can damage GES-1 cells at different
concentrations and time. It was found that 7%
ethanol intervention for 3 h maintained the cell
inhibitory rate at 40%, suggesting it was the
best model (Figure 1).
AICAR induces AMPK activation in GES-1 cell
0.5 mmol/L AICAR was applied to treat GES-1
cell model established by ethanol. It was
revealed that AMPK was activated after 1 h
treatment and reached peak at 6 h (P < 0.05)
(Figures 2, 3).
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taraxerol concentration, cell proliferation was elevated following
time extension (P < 0.05) (Figure
4).

Figure 3. The effect of AICAR on GES-1 cells.

Taraxerol induces S and G2/M
arrest in GES-1 cell after AICAR
intervention
Cell ratio in G0/G1 phase was
markedly declined, while in S and
G2/M phase obviously increased
in taraxerol group compared with
blank group following elevation of
taraxerol concentration (P < 0.05)
(Figure 5).
Discussion

Overdose of ethanol increases the
risk of upper gastrointestinal ulcer
and threatens people’s health [8].
AMPK is a kind of silk/threonine
protein kinase presented as a heterologous trimer, containing α, β,
and γ subunits [9]. AICAR is a type
of AMPK activator by activating
adenosine kinase phosphorylation
[10]. It was found that deletion of
AMPK expression increased cell
energy metabolism, suggesting
that AMPK can inhibit tumor cell
growth [11]. As the rapid development of molecular diagnostic technology, the researchers investigated the related mechanism from
the molecular and gene levels.
More cytokines, genes, and related signaling pathway were gradually discovered, and some was
Figure 5. The effect of taraxerol on GES-1 cell cycle after AICAR intervention. 1, P < 0.05, compared with control group. 2, P < 0.05, comapplied for disease diagnosis and
pared with blank group. 3, P < 0.05, compared with 0.5 mg/ml group.
treatment in clinic. Traditional
4, P < 0.05, compared with 1.0 mg/ml group. 5, P < 0.05, compared
Chinese medicine also received
with 12 h group. 6, P < 0.05, compared with 24 h group.
exploration in recent years to
expand the usage [12]. In this
Taraxerol increases GES-1 proliferation after
study, we adopted 0.5 mmol/l AICAR to treat
AICAR intervention
gastric mucosa GES-1 cells and found that
AMPK was activated at 1 h, reached peak at 6
Different concentrations of taraxerol were
h, and declined at 24 h. It indicated that AICAR
applied to treat GES-1 cells after AICAR intercan activate AMPK expression in GES-1 cells.
vention. It was found that GES-1 cell proliferaA variety of physical and chemical factors can
tion in 0.5 mg/ml, 1.0 mg/ml, and 2.0 mg/ml
lead to tissue cells acute or chronic injury,
was obviously lower than the blank group (P <
which presents cell membrane changes at first.
0.05). Cell proliferation was increased in the
Cell membrane damage lets LDH leaking out of
same time point following elevation of taraxerol
the cell, resulting in increased LDH activity in
concentration (P < 0.05). Under the same
Figure 4. The impact of taraxerol on GES-1 proliferation after AICAR intervention. 1, P < 0.05, compared with control group. 2, P < 0.05, compared with blank group. 3, P < 0.05, compared with 0.5 mg/ml group.
4, P < 0.05, compared with 1.0 mg/ml group. 5, P < 0.05, compared
with 12 h group. 6, P < 0.05, compared with 24 h group.
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medium which was positively correlated with
the degree of cell injury. SOD is type of antioxidant distributed in the tissue that can defense
peroxidation damage. Tissue SOD level can
reflect the balance of internal oxidation/antioxidation [13]. It was found that as an important
extracted component, taraxerol presented
extensive pharmacology role. Gastropathy
investigation showed that taraxerol had good
effect on various types of stomachache by antiinflammation, relieving pain, and clearing heat
with milder toxicity reaction [14]. AMPK is also
an important molecule involved in the regulation of autophagy, cell survival, and apoptosis.
AMPK activation can phosphorylate important
factors in cell survival, apoptosis, and autophagy, such as P53 and mTOR. This research
adopted different concentrations of taraxerol
to interfere with GES-1 cells after AICAR treatment. After 12 h, 24 h, and 48 h, GES-1 cell
proliferation in experimental group was lower
than that in blank group but higher than the
control. GES-1 cell proliferation was enhanced
following concentration elevation and time
extension. It indicated that activation of AMPK
by AICAR can inhibit GES-1 cell proliferation,
whereas taraxerol can enhance GES-1 cell proliferation after treated with AICAR.

contraction force in vitro, thus protecting mucosa integrity and avoid damage [15]. Gastrointestinal motility assay revealed that taraxerol showed stronger promoting effect than
cisapride [16, 17]. Furthermore, it was found
that taraxerol had different levels of protection
on gastric ulcer and gastric mucosa lesion. It
also played a certain inhibition on gastric hyperchlorhydria induced by histamine and gastrin
[18-20].

To further clarify the impact of taraxerol on cell
cycle, this study treated GES-1 cells intervened
by AICAR with different concentrations of
taraxerol for 48 h. Cell ratio in G0/G1 phase
was markedly declined, while in S and G2/M
phase obviously increased in taraxerol group
compared with blank group following elevation
of taraxerol concentration. It suggested that
activation of AMPK by AICAR blocked cells in
G0/G1 phase, while taraxerol facilitated cells
entering S phase from G1 phase, thus accelerating mitosis. AMPK plays a strong inhibitory
effect on endoplasmic reticulum stress mediated cell apoptosis in endothelial cells and
myocardial cells. It was found that taraxerol can
lead to leukemia cell apoptosis through external or receptor mediated cell apoptosis. SungHyen Lee et al. discovered that taraxerol can
affect a variety of innate immune parameters
and tumor cell growth by antioxidation.
Moreover, taraxerol demonstrated significant
inhibitory effect on hepatoma carcinoma cells
and colorectal cancer Lovo cells in vitro and in
vivo. Taraxerol presented a significant enhancement effect on rabbit gastric smooth muscle
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Conclusion
Taraxerol can protect gastric mucosal GES-1
cell injury by enhancing GES-1 cell proliferation
and cell cycle intervened by AICAR.
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