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Abstract. Curcumol, a polyphenol compound derived from
the rhizome of Curcuma, has been established as an antitumor
compound against multiple types of cancer, including
gastric (GC), lung, liver and breast cancer. However, the
molecular mechanisms undelying its anticancer activity in
GC are still unclear. In this study, the antitumor efficacy of
curcumol was ascertained in human gastric adenocarcinoma
MGC-803 cells. An MTT assay was used to assess the
viability of the MGC-803 cells treated by curcumol. The
results of the Annexin V/propidium iodide (PI) staining
followed by fluorescence activated cell sorting (FACS)
analysis demonstrated that the cell cycle was arrested in
the G2/M phase by curcumol. Annexin V-FITC/PI double
staining followed by FACS analysis revealed that curcumol
induced apoptosis of MGC-803 cells. FACS analysis after
the cells were loaded with a DFCH-DA probe revealed that
the level of reactive oxygen species (ROS) increased after the
cells were treated with curcumol. In adittion, FACS analysis
after the cells were loaded with JC-1 revealed that the level
of mitochondrial membrane potential (MMP) decreased
after the cells were treated with curcumol. Furthermore,
the downregulation of isocitrate dehydrogenase 1 (IDH1)
was observed in the MGC-803 cells after being treated with
curcumol as determined by western blotting and RT-qPCR.
In conclusion, we elucidated the antitumor effect of curcumol
on MGC-803 cells and the involved mechanisms related to the

Correspondence to: Professor Linquan Zang, New Drug Screening
Center, Pharmaceutical College, Guangdong Pharmaceutical
University, 280 Waihuan East Road, Guangzhou Higher Education
Mega Center, Panyu, Guangzhou, Guangdong 510006, P.R. China
E-mail: zanglq@163.com

*

Contributed equally

Key words: gastric cancer, curcumol, reactive oxygen, isocitrate
dehydrogenase, mitochondrial membrane potential

induction of apoptosis, the increase of ROS, the decrease of
MMP and the downregulation of IDH1.
Introduction
Gastric cancer (GC) is one of the most common malignancies around the world (1). Although its morbidity has been
in decline in most developed countries in recent decades (2),
GC was estimated to be the second cause of cancer-related
deaths in 2015 in China (3). Surgery is the primary method
of GC treatment, but it is not suitable for the majority
of patients diagnosed with advanced tumors due to late
diagnosis. Alternatively, chemotherapy is more suitable
for these patients (4). Classical platinum-based chemotherapies provide limited improvement in survival rates and
possess substantial toxicity (5). In addition, only a small
percentage of patients (~20%) benefit from human epidermal
receptor 2 (HER2)‑targeted therapy (6-8). Therefore, the
development of novel drugs to treat advanced GC patients is
urgent and essential.
In the past few years, numerous natural compounds
extracted from Chinese herbs have been identified to possess
anti-GC activity (9-11). Curcumol, a compound first isolated
from the rhizome of Curcuma by Hiroshi in 1965, has been
demonstrated to be effective in tumor treatment with low
cytotoxicity (12).
Our previous studies revealed that curcumol inhibited
cell proliferation of SPC-A-1 human lung adenocarcinoma
cells in vitro and in vivo (13). Curcumol and other ingredients
isolated from Rhizoma Curcumae have been identified to
induce apoptosis of GC cells and inhibit the proliferation of
GC cell lines (14,15). However, the underlying mechanism has
yet to be fully elucidated.
In the present study, we identified the antitumor mechanisms of curcumol in GC. We ascertained the antitumor effect
of curcumol on GC cells. We revealed that curcumol induced
cell apoptosis and G2/M cell cycle arrest in GC cells. Moreover,
the results revealed that curcumol upregulated the intracellular
reactive oxygen species (ROS) level and decreased the mitochondrial membrane potential (MMP). The downregulation
of isocitrate dehydrogenase 1 (IDH1) was also involved in the
antitumor activity of curcumol.
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Materials and methods
Chemicals and reagents. Curcumol (racemate, purity ≥96.7%)
was donated by Haimen Desihang Co., Ltd. (Zhejiang, China).
Curcumol was dissolved in absolute ethyl alcohol and diluted in
Dulbecco's modified Eagle's medium (DMEM) culture medium
with 1% alcohol to treat cells. AG-120 (ivosidenib) was purchased
from Selleck Chemicals (Houston, TX, USA). Dimethyl sulfoxide (DMSO) was purchased from Aladdin Reagent Co. (Los
Angeles, CA, USA). Fetal bovine serum (FBS), DMEM and
Trypsin-EDTA were all purchased from Gibco (New York, NY,
USA). Methylthiazolyldiphenyl‑tetrazolium bromide (MTT)
was purchased from Gen-View Scientific Inc. (Calimesa, CA,
USA).
Annexin V-FITC Apoptosis Detection kit, Cell Cycle and
Apoptosis Analysis kit, MMP assay kit with JC-1 and Reactive
Oxygen Species Assay kit were purchased from Beyotime
Biotechnology Co., Ltd. (Shanghai, China). A Hoechst
33258 kit was purchased from Kaiji Biotechnology Co., Ltd.
(Jiangsu, China). The antibodies against IDH1, IDH2 and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were
purchased from Proteintech Group, Inc. (Chicago, IL, USA).
PrimeScript™ RT reagent kit with gDNA Eraser (Perfect
Real-Time), SYBR® Premix Ex Taq™ II (Tli RNaseH Plus),
RNAiso Plus and diethyl pyrocarbonate (DEPC)-treated water
were purchased from Takara (Shiga, Japan). The primers of
IDH1, IDH2 and GAPDH were synthesized by Sangon Biotech
Co., Ltd. (Shanghai, China).
Cell culture. The human GC cell line MGC-803 and the human
embryonic lung fibroblast cell line MRC-5 were purchased
from the Institute of Biochemistry and Cell Biology, SIBS, of
the Chinese Academy of Sciences (CAS, Shanghai, China).
Both cell lines were cultured in DMEM supplemented with
10% FBS at 37˚C in a humidified atmosphere with 5% CO2.
Assessment of viability. Cell viability was detected by MTT
assay. The MGC-803 and MRC-5 cells were cultured in
96-well plates at a density of 3x103 cells/100 µl/well. After
incubation for 24 h, the cells were treated with: DMEM
culture medium, 1% alcohol (DMEM culture medium with
1% alcohol) and curcumol at concentrations of 20, 40, 60, 80,
100, and 120 µM or AG-120 at concentrations of 40, 60, 80
and 100 µM for different time-points, including 24, 48 and
72 h. NAC was used to detect whether curcumol inhibited cell
proliferation by increasing ROS. The cells were treated with
the control (DMEM culture medium), 1% alcohol (DMEM
culture medium with 1% alcohol), curcumol (80 µM), NAC
(5 mM), curcumol (80 µM) + NAC (5 mM) for 24, 48 and
72 h. Then 10 µl of 0.5 mg/ml MTT were added to each well
and the mixture was cultured at 37˚C for an additional 4 h.
Subsequently the culture medium was replaced with 100 µl
DMSO to dissolve the formazan crystals. After shaking for
10 min, the absorbance of each well was determined at 570 nm
by a plate reader (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). Five replicate wells were designed for each sample. This
experiment was repeated three times and the cell viability was
calculated as follows: cell viability rate (%) = (experimental
OD value - zero set OD value)/(control OD value - zero
set OD value) x 100. The 50% inhibitory concentration (IC50)

was calculated by GraphPad Prism 6 (GraphPad Software Inc.,
La Jolla, CA, USA).
Apoptosis assay by Hoechst 33258. The MGC-803 cells in
logarithmic growth phase were cultured in a 6-well plate and
treated with curcumol (0, 20, 40, 60, 80 and 100 µM) for 24 h.
Then the cells in each well were stained using Hoechst 33258
and the changes in the nuclei of cells were observed and photographed with a fluorescence microscope (Leica Microsystems,
Wetzlar, Germany).
Apoptosis assays by Annexin V-FITC/PI double staining.
MGC-803 cells were seeded in 6-well plates at a density of
1x105 cells/well. After being cultured with various concentrations (0, 20, 40, 60 and 80 µM) of curcumol for 24 h, the
cells were collected and stained using an Annexin V-FITC
Apoptosis Detection kit (including PI) according to the manufacturer's instructions. Then the cells were analyzed using a
flow cytometer (Beckhman Coulter Inc, Brea, CA, USA).
Cell cycle distribution assay. Similar to the apoptosis assays by
Annexin V/PI staining, the cells treated with curcumol for 24 h
were collected. Then the cells were stained with PI according
to the manufacturer's instructions. The cell cycle distribution
was detected a the flow cytometer and was analyzed using
FlowJo software (FlowJo, LLC, Ashland, OR, USA).
MMP assay. The MMP assay was performed to evaluate the
level of the polarization/depolarization of the mitochondrial
membrane using the JC-1 dye. MGC-803 cells were treated
with curcumol (0, 20, 40, 60 and 80 µM) at a density of
1x105 cells/well in a 6-well plate. After 24 h, the cells were
collected and stained using JC-1 according to the manufacturer's instructions. Finally, the cells were analyzed on a flow
cytometer and the results were analyzed using FlowJo software.
ROS assay. The ROS assay was performed to detect the
intracellular ROS production from the curcumol-treated
MGC-803 cells. Briefly, the cells were seeded at a density of
1x105 cells/well in a 6-well plate and incubated for 24 h. The
cells were then treated with curcumol (0, 20, 40, 60 and 80 µM,
NAC, NAC + 80 µM curcumol) for another 24 h. Then the
cells were loaded with DFCH-DA and harvested for the ROS
assay according to the manufacturer's instructions. Finally, the
assay results were analyzed on a flow cytometer and the data
were analyzed using FlowJo software.
Western blot analysis. MGC-803 cells were cultured in a
6-well plate at a density of 2x105 cells/well with different
curcumol concentrations, including 0, 20, 40, 60 and 80 µM.
AG-120 (80 µM) treatment was used as a positive control. After
48 h, the cells were collected in lysis buffer and incubated on ice
for 20 min. The lysates were centrifuged at 4˚C for 20 min and
then the supernatant was transferred to a new 1.5-ml test tube.
To ensure the equal loading of protein (40 µg) for each group,
protein quantification (Thermo Fisher Scientific, Waltham,
MA, USA) was performed to detect the total protein. Then
the samples were separated by 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and were
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Figure 1. Curcumol inhibits the viability of GC cells MGC-803 and human embryonic lung fibroblast cells MRC-5. (A and B) MGC-803 and MRC-5 cells
were treated with the control (DMEM culture), 1% alcohol (DMEM culture medium with 1% alcohol) and curcumol (20, 40, 60, 80, 100 and 120 µM) for 24,
48 or 72 h. (C) MGC-803 cells were treated with the control (DMEM culture), 1% alcohol (DMEM culture medium with 1% alcohol) and AG-120 (40, 60, 80
and 100 µM) for 24, 48 or 72 h. (D) MGC-803 cells were treated with the control (DMEM culture), 1% alcohol (DMEM culture medium with 1% alcohol),
curcumol (80 µM), NAC (5 mM), curcumol (80 µM) + NAC (5 mM) for 24, 48 and 72 h. The MTT assay was performed to determine cell viability and values
are expressed as the mean ± SD of three separate experiments. *p<0.05 vs. control. GC, gastric cancer.

transferred to polyvinylidene fluoride (PVDF) membranes.
Next the membranes were blocked with 5% skim milk for
1 h at room temperature. Subsequently, the membranes
were washed in TBST and incubated with antibodies of
GAPDH (1:1,000 dilution), IDH1 (1:5,000 dilution) and IDH2
(1:2,500 dilution) overnight at 4˚C. On the second day, the
membranes were washed in TBST and then incubated at room
temperature for 1 h with the appropriate secondary antibody
(goat anti-mouse IgG for GAPDH and goat anti-rabbit IgG for
IDH1 and IDH2). The bands were visualized using an enhanced
chemiluminescence (ECL) system (Thermo Fisher Scientific)
and Kodak XBT-1 film. Gray value analysis was performed
using ImageJ software (National Institute of Mental Health,
Bethesda, MD, USA). The variation in the gray value was
expressed as fold changes compared to the control in the blot.
RT-qPCR. Total RNA was isolated from the MGC-803 cells
treated with curcumol (0, 20, 40, 60 and 80 µM) using the
RNAiso Plus. The AG-120-treated cells (80 µM) were used as
a positive control.
After incubation at 45˚C for 2 min, genomic DNA was
removed in the reaction with a total volume of 10 µl consisting
of 2 µl gDNA eraser buffer, 1 µl gDNA eraser, an appropriate
amount of RNA (up to 1 µg) and nuclease-free water. cDNA was
synthesized in the reaction with a total volume of 20 µl consisting

of 10 µl of the reaction liquid of the last step, 4 µl PrimeScript
buffer, 1 µl reverse transcriptase, 1 µl RT Primer Mix and 4 µl
nuclease-free water. The reaction conditions included 37˚C
for 15 min, followed by 85˚C at 50 sec and ending at 4˚C.
Real-time RT-PCR was performed using the Thermal Cycler
Real-Time system (Thermo Fisher Scientific). The reaction
was performed at a final volume of 10 µl containing 5 µl
SYBR Premix Ex Taq II, 1 µl of appropriate primer (10 µM),
1 µl cDNA (50 ng/µl) and nuclease-free water. The cycling
conditions included one cycle at 95˚C for 30 sec, followed by
40 cycles of 5 sec at 95˚C and 20 sec at 60˚C. The sequences
of the primers were as follows: GAPDH forward, 5'-CAGGA
GGCATTGCTGATGAT-3' and reverse, 5'-CAGGAGGCAT
TGCTGATGAT-3'; IDH1 forward, 5'-ACTTGCACATGA
CTGGAACG-3' and reverse, 5'-TCCTGCGGCCTAAAC
AGTAT-3'; IDH2 forward, 5'-AGAGTGGAGCCATGACC
AAG-3' and reverse, 5'‑TGTCCAGGTTGCTCTTGATG-3'.
Statistical analysis. All of the data are presented as the
mean ± standard deviation (SD). The rate of survival and the
IC50 values were analyzed by GraphPad Prism 6.0 (GraphPad
Software Inc.). A two-tailed independent sample t-test was
used to assess the level of significance between the means.
A P-value of <0.05 was considered to indicate a statistically
significant difference.
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Figure 2. Morphology of MGC-803 cells after 24 h of incubation with curcumol at concentrations of 0, 20, 40, 60, 80 and 100 µM. The cells were stained with
Hoechst 33258 and observed on a fluorescence microscope (magnification, x400).

Results
Anti-proliferative activities of curcumol in MGC-803 cells.
Human embryonic lung fibroblast MRC-5 cells treated
with curcumol as a control exhibited light toxicity. AG-120
which is an inhibitor of IDH1, was used as a positive control
in MGC-803 cells. Curcumol inhibited the viability of
MGC-803 cells with an IC50 value of 114.60±3.55 µM at
24 h, 66.36±1.26 µM at 48 h and 29.00±1.14 µM at 72 h. The
viability of MGC-803 cells was suppressed by curcumol in a
time- and concentration-dependent manner (Fig. 1A). Fig. 1B
revealed that curcumol was slightly effective on MRC-5 cells,
thus signifying that curcumol has light toxicity on non-tumor
cells. AG-120 inhibited the viability of MGC-803 cells with
an IC50 value of 58.19±1.14 µM at 24 h, 75.40±1.04 µM at 48 h
and 67.24±1.14 µM at 72 h. As time progressed, the antitumor
effect of curcumol improved compared to the AG-120 treatment. This group demonstrated that the MGC-803 cells were
also suppressed by AG-120, however the potency was lower
than that of curcumol at low concentrations (Fig. 1C). In addition, NAC was capable of reversing the inhibitory effect of
curcumol on cell proliferation (Fig. 1D).
Curcumol induces apoptosis of MGC-803 cells. To assess
the level of apoptosis in the MGC-803 cells treated with
curcumol, we performed Hoechst 33258 fluorescence staining
following curcumol treatment. The apoptotic morphological
changes of MGC-803 cells treated with curcumol for 24 h
were observed and compared to those of the control cells
treated with DMEM and 1% ethyl alcohol. Curcumol at
40, 60, 80 and 100 µM induced significant morphological
changes in the MGC-803 cells, including a decrease in cell
volume, intercellular junction disappearance and formation of
apoptotic bodies (Fig. 2). Annexin V-FITC/PI double staining
followed by FACS analysis confirmed the dose-dependent

Figure 3. Curcumol induces apoptosis of MGC-803 cells treated with curcumol (0, 20, 40, 60 and 80 µM) for 24 h. (A) The cells were stained using
Annexin V-FITC and PI, and then analyzed by flow cytometry. (B) The
results are reported in the histogram. Data represent the means ± SD of three
independent experiments. *p<0.05 vs. control.
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Figure 4. (A) Flow cytometric analysis using PI staining to detect the cell cycle distribution of MGC-803 cells after 24 h of culture with curcumol at 0, 40, 60
and 80 µM. (B) The results are reported in the diagram. Data represent the means ± SD of three separate experiments. *p<0.05 vs. control.

apoptosis-inducing effect of curcumol. The results revealed a
dose-dependent increase in the apoptosis rate for cells treated
with 40, 60 and 80 µM of curcumol compared to the control
cells (Fig. 3).
Curcumol induces cell cycle arrest at the G2/M phase of
MGC-803 cells. After curcumol was confirmed to inhibit
MGC-803 cell growth, we next examined whether the growth
inhibitory effect of curcumol was related to cell cycle arrest.
PI staining followed by FACS analysis demonstrated the
effect of curcumol on cell cycle progression in MGC-803
cells. MGC-803 cells treated with curcumol at 60 and 80 µM
resulted in a small accumulation of cells in the G2/M phase and
a decrease in the S-phase cell population. This result revealed
a G2/M phase cell cycle arrest of gastric cells upon exposure
to curcumol (Fig. 4). However the cycle arrest of curcumol was
not statistically significant.
Curcumol decreases the MMP of MGC-803 cells. An MMP
decrease is an early manifestation of apoptosis. As an additional verification of the effects of curcumol, we evaluated the
MMP of MGC-803 cells after 24 h of curcumol treatment.
Most of the negative control cells were stained red by JC-1,
indicating an intact mitochondrial membrane. In contrast,
cells treated with curcumol exhibited increasing amounts
of green fluorescence. The effect was more obvious with

80-µM treatment. Analysis of the red/green fluorescence light
density ratio revealed that the decrease was dose-dependent
and significant for the 40, 60 and 80 µM concentrations
of curcumol. CCCP‑treated cells were used as a positive
control (Fig. 5).
Curcumol increases the levels of ROS in MGC-803 cells. It
has been confirmed that excess ROS promotes cell death and
curcumol upregulates ROS to induce apoptosis in tumors (16).
Thus, we further examined the effects of curcumol on ROS
production in MGC-803 cells. The level of ROS in the
MGC-803 cells was assessed using the DCFH-DA probe
and flow cytometry in the FL1-H channel (Fig. 6A). The
result revealed that the level of ROS increased significantly
after treatment with curcumol for 24 h at concentrations of
60 or 80 µM (p<0.05). NAC was capable of decreasing the
increase in ROS caused by curcumol. Rosup treated cells
were used as a positive control (Fig. 6B).
Curcumol downregulates IDH1 expression. Our previous research
revealed that curcumol increased the levels of ROS to promote
cell death. However a study demonstrated that IDH1‑dependent
reductive carboxylation mitigated the intracellular ROS level
and protected tumor cells from ROS damage. In order to explore
the molecular mechanism through which curcumol inhibits
cell proliferation, the expression levels of IDH1 and IDH2 were
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Discussion

Figure 5. (A) The cells were stained by JC-1 working solution after MGC‑803
cells were exposed to curcumol (0, 20, 40, 60 and 80 µM) for 24 h, and the
MMP was analyzed by flow cytometry. (B) The results are reported in the
histogram. Data represent the means ± SD of three independent experiments.
*
p<0.05 vs. the control group. CCCP is a positive control provided by the kit.
MMP, mitochondrial membrane potential.

determined by western blotting. The expression levels of IDH1
were downregulated after cells were treated with 60 or 80 µM
of curcumol, but the expression levels of IDH2 were not altered
by curcumol. AG-120 (80 µM) treatment was used as a positive
control (Fig. 7). The result of RT-qPCR confirmed the same
tendency in the gene expression of IDH1 and IDH2. In contrast
to the negative control group, the expression level of IDH1 was
significantly decreased after 48 h of treatment with curcumol at
40, 60 and 80 µM (Fig. 8). The results may reveal a new molecular
mechanism in gastric cell apoptosis induced by curcumol.

Previous studies have demonstrated that the extract of
Radix Curcumae and curcumol derivatives were effective
against various types of cancer (12,16-19). However, research
on curcumol was limited, especially considering its antiproliferation mechanism in GC. In the present study, we found
that curcumol suppressed the proliferation of GC MGC-803
cells in a dose-dependent manner, however slight toxicity was
observed in the non-tumor cells. Although, it would have been
preferable to use normal gastric cells as a control to reflect
the selectivity of curcumol to GC cells, due to laboratory
conditions, we could only use MRC-5 cells as a normal cell
control. The human embryonic lung fibroblast MRC-5 cell
line is considered to be representative of normal human cells.
It is derived from normal lung tissue of a 14-week-old male
fetus. Both fibroblasts and gastric smooth muscle cells were
differentiated from the embryonic mesoderm. MRC-5 cells are
often used to test the toxicity of drugs on normal cells (20).
Not only normal lung cells but also other normal cells that
were differentiated from the embryonic mesoderm could use
MRC-5 cells as a control to detect the toxicity of normal cells
treated by curcumol.
Furthermore, the induction of apoptosis in human GC
MGC-803 cells treated with curcumol was also assessed using
H33258 staining, Annexin V/PI double staining and MMP
assay. This induction may be related to the downregulation of
IDH1 by curcumol. AG-120 is an orally available inhibitor of
IDH1 with potential antineoplastic activity. After observation
that curcumol had an inhibitory effect on IDH1, we compared
the inhibitory effects of AG-120 and curcumol on MGC-803
cells. The results revealed that the antitumor effect of curcumol
was superior to that of AG-120, suggesting that curcumol may
still have other anticancer targets.
For the past few years, accumulating targeted molecules
that may be used for the treatment of GC have been discovered, including HER2, vascular endothelial growth factor
(VEGF) (21), phosphofructokinase-2/fructose-2,6-bisphosphatase 3 (PFKFB3, one of the glycolytic enzymes) (22),
the nuclear factor- κ B (NF- κ B) signaling pathway (23),
Wnt signaling (24), cyclooxygenase-2 (COX-2) and prostaglandin E2 (PGE2) (25). However these targeted molecules are
only suitable for certain GC patients. Thus, it is essential to
explore new targets.
Increasing evidence has revealed that inducing cancer cell
apoptosis is an effective way to treat tumors (5). Previously,
ROS was regarded as a cause in the induction and promotion
of cancer (26,27). However a study revealed that mitochondrial
ROS induces apoptosis through the intrinsic pathway (28).
Moreover, there are numerous studies demonstrating that drugs
induce apoptosis along with the loss of MMP and the increase of
ROS generation (29-38). Furthermore, in recent years photodynamic therapy (PDT) is characterized by generation of ROS to
treat cancer via the cell apoptotic pathway (39,40). In the present
study, we also demonstrated that curcumol treatment decreased
MMP levels and increased ROS levels in the cells. NAC is
a commonly used ROS inhibitor and the ROS assay results
revealed that it could antagonize the increase of ROS induced by
curcumol. An MTT assay revealed that NAC could decrease the
inhibitory effect of MGC-803 cells induced by curcumol, thus
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Figure 6. (A) The cells were loaded with DCFH-DA after MGC-803 cells were treated with curcumol (0, 20, 40, 60 and 80 µM) for 24 h and the level of ROS
was analyzed by flow cytometry. (B) The data are the statistical results of three experiments and reported in the histogram. Data represent the means ± SD and
*
p<0.05 vs. the control group. Rosup is a positive control provided by the kit. ROS, reactive oxygen species.

Figure 8. Relative RNA expression of IDH1 and IDH2 in the MGC-803 cell
line following curcumol treatment with concentrations of 0, 20, 40, 60 and
80 µM for 48 h. The last treatment group was the AG-120 (80 µM). The
experiment was repeated three times. *p<0.05 vs. the control group.

Figure 7. (A) Levels of IDH1 and IDH2 in MGC-803 cells are modulated by
curcumol (0, 20, 40, 60 and 80 µM) and AG-120 (80 µM) for 48 h. (B) The
means ± SD grey value of the western blot analysis bands are statistical
results of three independent experiments in the histogram. *p<0.05 vs. the
control group.

suggesting that curcumol may also play a role in inhibiting the
proliferation of MGC-803 cells by increasing intracellular ROS.
The isocitrate dehydrogenase (IDH) family is comprised
of key functional metabolic enzymes in the Krebs cycle
that catalyze the conversion of isocitrate to α-ketoglutarate
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(α-KG) (41). It is harmful to malignant cells when intracellular ROS increases. However an IDH1-dependent
reductive carboxylation mitigated intracellular ROS levels
and protected cancer cells from ROS damage. Both IDH1 in
the cytosol and IDH2 in the mitochondria are necessary, as
deletion of either enhances ROS generation in mitochondria
and inhibits cell proliferation (42). A study demonstrating
that downregulation of IDH2 and TET family enzymes
was likely one of the mechanisms underlying 5-hmC loss
in melanoma (43). In addition, the level of IDH2 in GC
MGC-803 cells was significantly lower than that in adjacent
normal tissues (41).
Therefore, IDH1 and IDH2 expression in the GC MGC-803
cells was evaluated using western blotting and RT-qPCR in
our study. The results revealed that the IDH1 expression level
was lower in curcumol-treated cells compared with the control
cells treated by DMEM with 1% ethyl alcohol in the GC
MGC-803 cells. However the IDH2 expression level was not
altered. Curcumol inhibited GC MGC-803 cell proliferation
by downregulating IDH1, which enhanced intracellular ROS.
AG-120 as an inhibitor of IDH1, was reported to have a
promising effect at the initial treatment of acute myelogenous
leukemia (AML) patients harboring IDH1 mutant in a phase I
clinical trial (44). Our results demonstrated that AG-120
suppressed proliferation of GC MGC-803 cells, however less
efficiently than curcumol.
The Curcuma extract exhibited anticancer activity in GC
as was reported by Shi et al (45) who drew the conclusion that
zedoary oil inhibited AGS and MGC-803 cell proliferation.
In addition, they also found that zedoary oil inhibited AGS
cells through cell cycle arrest and cell apoptosis promotion.
Furthermore, they demonstrated that low concentrations of
zedoary oil were less inhibitory toward normal gastric epithelial GES-1 cells. Their research was very detailed and it helped
us with our research on curcumol. A single component and
a clear structure is the future direction of new drug research
and development. Curcumol is a component of zedoary oil.
Based on the research on zedoary oil, we explored the pharmacodynamics and mechanism of curcumol in MGC-803 cells,
and provided some new evidence for the development of a new
drug.
To summarize, curcumol not only inhibited the proliferation but also increased the intracellular ROS level in MGC-803
cells. In addition this may be the way that curcumol affected
cell apoptosis in MGC-803 cells. Moreover, there is some
evidence demonstrating that the cell cycle arrest in the G2/M
phase and the decrease of MMP was induced by curcumol in
MGC-803 cells. IDH1 may be a promising target to treat GC
in the future. In conclusion, curcumol may be a potential drug
used in the treatment of GC with multiple targets. The study
of the curcumol mechanism in cancer treatment will offer
new targets, which may be helpful in the development of new
antineoplastic drugs.
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