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p38 inhibitor inhibits the apoptosis of cowanin-treated
human colorectal adenocarcinoma cells
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Abstract. Colorectal cancer, which is the third most common
type of cancer diagnosed in both men and women, is the
leading cause of cancer-related deaths worldwide. Cowanin
is a pure compound extracted from Garcinia cowa Roxb., a
tree species present in Thailand, Malaysia and Myanmar. The
crude extract has been demonstrated to have antitumor activity,
inflammation induction, antibacterial activity, anti-inflamma-
tory activity and antimalarial activity. In the present study, the
effects of cowanin on apoptosis induction and on the apop-
tosis-related and mitogen-activated protein kinase (MAPK)
pathways were investigated in the LoVo human colorectal
cancer cell line. The cytotoxicity of cowanin in LoVo cells was
determined by MTT assay. Hoechst 33342 and JC-1 staining
were used to determine nuclear morphological changes and
mitochondrial membrane potential, respectively. The expres-
sion levels of BCL2 apoptosis regulator (Bcl-2) family, MAPK
and AKT serine/threonine kinase 1 (Akt) pathway proteins
following cowanin treatment were determined by western blot
analysis. The results demonstrated that cowanin inhibited cell
proliferation and induced cell death via the apoptosis pathway.
Cowanin treatment increased BCL2 associated X (Bax) and
decreased Bcl-2 expression. In addition, cowanin activated
caspase-9, -7 and poly-ADP-ribose-polymerase expression.
Furthermore, cowanin decreased the levels of phosphory-
lated extracellular signal-regulated kinase (p-ERK), p-Akt,
p-3-phosphoinositide-dependent protein kinase-1, while it
increased p-p38 expression, thus resulting in the induction
of apoptosis. In conclusion, cowanin inhibited cell prolifera-
tion and induced apoptosis of LoVo cells via the MAPK and
Akt signaling pathways. Notably, inhibition of p38 by using
a p38 inhibitor (SB203580) prevented the cowanin-induced
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apoptosis in LoVo cells. These results suggested that cowanin
may be a potential candidate for the treatment of colorectal
cancer and provided important information on the molecular
mechanisms underlying its antitumor activity.

Introduction

Colorectal cancer is the third most common cancer diagnosed
in both men and women (1) and the third leading cause of
cancer-related deaths worldwide (2). In Thailand, colorectal
cancer is one of the most common malignancies in men and
women. A high incidence of colorectal cancer is present in the
urban region on the western part of Thailand (3). A prelimi-
nary factor contributing to the incidence of colorectal cancer
is diet, including eating red meat, alcohol, low physical activity
and low vegetable consumption. In addition, family history is
another important factor (4).

Apoptosis is a process of programmed cell death that
occurs in multicellular organisms. Apoptosis is an attractive
target in cancer therapy. Apoptosis can be induced via two
signaling pathways: the intrinsic mitochondria pathway and
the extrinsic death receptor pathway. The intrinsic apoptotic
pathway is initiated when an injury occurs within the cell
and it is activated by intracellular signals from mitochondria.
Dimerization of BCL2 associated X (Bax)/BCL1 antagonist/
killer 1 (Bak) results in a proapoptotic protein complex that
reduces the activity of BCL2 apoptosis regulator (Bcl-2),
subsequently regulating the permeability of the mitochon-
drial membrane. Activation of Bax results in the release of
cytochrome ¢ from the mitochondrial membrane, which
then activates caspase-9 and caspase-3/7 to induce apoptosis
in cancer cells. The extrinsic apoptotic pathway is initiated
through the binding of cell surface death receptors with ligands,
such as TNF-related apoptosis-inducing ligand (TRAIL), and
it is activated by caspase-8 and caspase-3/7 to induce apoptosis
in cancer cells (5-8).

Mitogen-activated protein kinase (MAPK) pathways have
a role in controlling crucial cellular processes, including
growth, proliferation, differentiation, migration, and apop-
tosis. MAPK pathways contain three kinases: extracellular
signal-regulated kinase (ERK) 1/2, c-Jun N-terminal kinase
(JNK) 1/2, and MAPK14 (also known as p38) (9). The p38
MAPK has an important role in the regulation of cell survival
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and cell death in various types of cancer (10). Usually, p38 is
activated by inflammatory cytokines, heat shock and ultravi-
olet light, mediating growth arrest and inducing apoptosis (11).
Previous studies have reported that p38 activates apoptosis by
generating reactive oxygen species (ROS) (12). In addition, p38
induces apoptosis by upregulating Bax and downregulating
the ERK and Akt survival pathways (13). Of note, the p38
MAPK inhibitor SB203580 represents one of the most widely
used therapies for the treatment of inflammation (14).

Garcinia cowa Roxb. (Guttiferae) commonly known as
‘Cha-muang’, is a tropical tree species present in Malaysia,
Myanmar and Thailand (15). Multiple parts of G. cowa are
used in traditional folk medicine for various purposes. The
bark, the latex and the root are used as antipyretics (16,17).
Crude extract from leaves exhibits antitumor activity (18)
and inflammation induction (19). The fruits and leaves have
been reported to improve blood circulation, and are used as
an expectorant for the treatment of cough, for the treatment of
indigestion and as a laxative (15).

Cowanin is a xanthone that is extracted from stem bark of
G. cowa (20). Cowanin extracted from fruits has been reported
to have an antibacterial activity against Staphylococcus aureus
and Methicillin-resistant Staphylococcus aureus (MRSA) (15).
Cowanin has demonstrated antimalarial activity against
Plasmodium falciparum with ICs, values of 1.5-3.0 yg/ml (20),
anti-inflammatory activity (21), and it is active against MCF-7
breast cancer cells (22). In addition, cowanin extracted from
leaves was evaluated for cytotoxicity against NCI-H187, KB
and MCF-7 cell lines with ICs, values of 3.87-8.58, 6.43-15.43
and 10.59-21.38 ug/ml, respectively (23). However, the effects
of cowanin on inducing apoptosis in human colorectal cancer
cells have not yet been reported.

The present study aimed to investigate whether cowanin
could induce apoptosis and inhibit growth in a human
colorectal cancer cell line. First, the cytotoxicity of cowanin
in LoVo cells was determined by MTT assay. Then the mecha-
nism of apoptosis was detected by examining morphological
changes such as cell shrinkage, membrane blebbing, and
chromatin condensation, and by determining the expression
of caspase, Bcl-2 family, MAPK and Akt signaling pathway
proteins. In addition, the effect of cowanin in combination
with a p38 inhibitor was assessed. The data demonstrated a
significant anticancer effect of cowanin in colorectal cancer
cells.

Materials and methods

Chemicals. Hoechst 33342, fetal bovine serum (FBS), MTT,
5,5'6,6'-tetrachloro-1,1'3,3'-tetraethyl-imidacarbocyanine iodide
(JC-1) and phenylmethylsulphonyl fluoride (PMSF) were
purchased from Sigma-Aldrich (Merck KGaA, Darmstadt,
Germany). RPMI-1640 medium was purchased from Gibco;
(Thermo Fisher Scientific, Inc., Waltham, MA, USA).
DMSO and Guava Cell Cycle reagent for cell cycle analysis
was purchased from Merck KGaA. MAPK kinase 1 (also
known as MEK1)/MAPK kinase 2 (also known as MEK?2)
inhibitor (U0126), p38 inhibitor (SB203580), and primary
antibodies [Bax, 1:1,000 (Cat. no. 2772); Bcl-2, 1:1,000
(Cat. no. 2876); Bcel-xL, 1:1,000 (Cat. no. 2764); caspase-9,
1:1,000 (Cat. no. 9502P); caspase-7, 1:1,000 (Cat. no. 9492);
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poly-ADP-ribose-polymerase (PARP), 1:1,000 (Cat. no. 9532);
ERK, 1:1,000 (Cat. no. 4695); p-ERK, 1:1,000 (Cat. no. 4370);
P38 1:1,000 (Cat. no. 9212); p-p38, 1:1,000 (Cat. no. 4511); Akt,
1:1,000 (Cat. no. 4691); p-Akt (Serd73), 1:1,000 (Cat. no. 4060);
phosphorylated 3-phosphoinositide-dependent protein kinase-1
(p-PDK1) (Ser241), 1:1,000 (Cat. no. 3061); and B-actin, 1:1,000
(Cat. no. 4967)] and secondary antibodies [anti-rabbit IgG,
HRP-linked antibody 1:25,000 (Cat. no. 7074) and anti-mouse
IgG, HRP-linked antibody 1:25,000 (Cat. no. 7076)] were all
purchased from Cell Signaling Technology, Inc. (Danvers, MA,
USA). Cowanin (chemical structure illustrated in Fig. 1A),
a bioactive agent extracted from the G. cowa plant (24), was
obtained from Associate Professor Surat Laphookhieo, Mae
Fah Luang University (Muang, Thailand).

Cell culture. The human colorectal cancer cell line LoVo and
Monkey Kidney (SV 40 transformed) cell line COS-7 was
obtained from the American Type Culture Collection (ATCC;
Manassas, VA, USA). LoVo cells were maintained as a mono-
layer in PRMI-1640 supplemented with 10% FBS, 100 U/ml
penicillin and 100 pg/ml streptomycin at 37°C in a humidified
atmosphere of 5% CO,. COS-7 cells were maintained as a
monolayer in Dulbecco's modified Eagle's medium supple-
mented with 10% FBS, 100 U/ml penicillin and 100 pg/ml
streptomycin at 37°C in a humidified atmosphere of 5% CO,.

Evaluation of proliferation potential (MTT assay). Cell prolif-
eration was determined by MTT assay. In brief, LoVo cells
were seeded at 0.5x10* cells/well in a 96-well plate followed
by incubation at 37°C for 24 h, then treated with cowanin at
various concentrations (5, 10, 15 and 20 pg/ml). The control
group was treated with vehicle alone (0.5% DMSO). After
incubation for 3, 6, 9, 12 and 24 h, 0.5 mg/ml MTT solution
was added to each well and the plate was further incubated at
37°C. The supernatant was removed and DMSO was added
to each well to solubilize the purple formazan crystals. The
absorbance was measured at 570 nm using a microplate reader
(Multiskan EX; Thermo Labsystems, Helsinki, Finland). The
ICy, (50% inhibitory concentration) value was calculated using
GraphPad Prism 3.03 (GraphPad Software, Inc., La Jolla, CA,
USA).

Detection of nuclear morphology by Hoechst 33342 staining.
LoVo cells were seeded at a density of 3x10° cells/well in a
35-mm dish and treated with 15 pg/ml cowanin for 3, 6, 9
and 12 h. Cells were washed with PBS and then stained with
5 pg/ml of Hoechst 33342 for 30 min. Apoptotic cells were
observed under a fluorescence microscope.

Detection of mitochondrial membrane potential (A¥m). LoVo
cells were seeded at 3x10° cells/well in a 35-mm dish for
24 h, then treated with 15 yg/ml cowanin for 3,6 ,9 and 12 h.
Cells were stained with 5 yg/ml JC-1 at 37°C for 10 min, and
observed under a fluorescence microscope.

Cell cycle analysis. LoVo cells were seeded at 1x10° cells/well
in a 60-mm dish and allowed to grow for 24 h at 37°C. For
cowanin treatment alone, cells were treated with 15 pg/ml
cowanin for 24 and 48 h. For the combination treatment, cells
were incubated with 10 uM of SB203580 for 1 h and then with
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Figure 1. Effects of cowanin on cell viability in LoVo cells. (A) The chemical structure of cowanin extracted from Garcinia cowa Roxb. (B) Time and
dose-dependent effect on LoVo cells treated with different concentrations of cowanin and for various time-points. (C) Effect of cowanin on cell viability of
normal COS-7 cells. Results are mean values + standard deviation of three independent experiments performed in triplicate.

15 ug/ml cowanin for 24 and 48 h. The control group was
treated with DMSO. The cells were washed with ice cold PBS
once and fixed with 70% ethanol at 4°C for 30 min. Then, the
cells were stained with propidium iodide (PI), according to the
manufacturer's instructions (Guava Cell Cycle reagent). The
DNA content was analyzed using the Guava EasyCyte flow
cytometer and GuavaSoft software (Merck KGaA).

Cell surface phosphatidyl-serine determination. LoVo cells
were seeded at 1x109 cells/well in a 60-mm dish and allowed
to grow for 24 h at 37°C. For cowanin treatment alone, cells
were treated with 15 pg/ml cowanin for 12 and 24 h. For the
combination treatment, cells were incubated with 10 uM of
SB203580 for 1 h and then with 15 gg/ml cowanin for 12 and
24 h. The control group was treated with DMSO. Following
treatments, the cells were washed with ice cold PBS once and
stained with Guava Nexin reagent (Merck KGaA), according
to the manufacturer's instructions. The stained cells were
analyzed for cell surface phosphatidyl-serine content on a
Guava EasyCyte flow cytometer with GuavaSoft software
(Merck KGaA).

Western blot analysis.LoVo cells were seeded at 2x10° cells/well
in a 35-mm dish followed by incubation at 37°C for 24 h and
then treated with 15 yg/ml cowanin for 3, 6,9, 12, 18 and 24 h.
Cells were lysed with RIPA lysis buffer (50 mM Tris-HCI
pH 7.5, 5 mM EDTA, 250 mM NacCl, 0.5% Triton X-100) and
complete mini protease inhibitor cocktail (Roche Diagnostics
GmbH, Mannheim, Germany). Total protein concentration
was determined by a protein assay kit (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). For immunoblotting, total protein
from each sample was subjected to 8-12% SDS-PAGE and
transferred onto a polyvinylidene fluoride membrane using
a Mini Trans-Blot Cell (Bio-Rad Laboratories, Inc.). The
membrane was blocked with 5% non-fat milk powder (w/v) at
room temperature, and then incubated with primary antibodies

at 4°C overnight. Following washing, the membrane was incu-
bated with secondary antibody conjugated with horseradish
peroxidase (anti-rabbit or anti-mouse) at room temperature.
[-actin was used as an internal control to monitor equal protein
loading and transfer of proteins from the gel to the membranes.
Immunoreactive protein bands were detected using an enhanced
chemiluminescence reagent (Merck KGaA) and detected
under a chemiluminescent imaging system (GeneGnome Gel
Documentation; Synoptics Ltd., Cambridge, UK).

Statistical analysis. All data presented were obtained from
at least three independent experiments and are presented as
mean =+ standard deviation. Differences between groups were
assessed by one-way analysis of variance (ANOVA) and used
the Tukey's honest significant difference (HSD) post hoc
test and SPSS version 22 (IBM Corp., Armonk, NY, USA).
Statistical analysis was performed using GraphPad Prism
version 3.03 (GraphPad Software, Inc.) The protein band
intensity was quantified using ImageJ (25) (National Institutes
of Health, Bethesda, MD, USA). P<0.05 was considered to
indicate a statistically significant difference.

Results

Cowanin treatment reduces cell viability in LoVo cells.
Initially, the antiproliferative activity of cowanin in LoVo cells
was determined by MTT assay. LoVo cells were treated with
cowanin at various concentrations (0, 5, 10, 15 and 20 pg/ml)
for 3, 6,9, 12 and 24 h. Cowanin treatment reduced the cell
viability in a time and dose-dependent manner (Fig. 1B),
compared with the control cells. The IC;, of cowanin in the
colorectal carcinoma LoVo cells was 11+0.50 yg/ml. By
contrast, the ICs, of cowanin in the normal cell line COS-7
was 23.21+1.73 pg/ml (Fig. 1C). Morphology changes of the
LoVo cells treated with cowanin were examined by micros-
copy. Following treatment with 15 gg/ml cowanin, LoVo cells
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Figure 2. Effects of cowanin on nuclear condensation and mitochondrial membrane potential of LoVo cells. (A) Morphological changes of LoVo cells.
LoVo cells were treated with cowanin for 3, 6,9 and 12 h. Cells treated with vehicle alone (DMSO) were used as control. (B) LoVo cells were stained with
Hoechst 33342 and stained nuclei were examined under a fluorescent microscope (x40 magnification). White arrows indicate the nuclear condensation of LoVo
cells. (C) Cells were treated with 15 pg/ml cowanin for 3, 6,9 and 12 h, stained with JC-1 dye, and observed by fluorescence microscopy. Red fluorescence
indicates high membrane potential, whereas green fluorescence indicates loss of membrane potential (x40 magnification). Cells treated with vehicle alone
(DMSO) were used as control. (D) Quantification of % cells exhibiting nuclear condensation as determined by Hoechst 33342 staining. (E) Quantification of
% of cells exhibiting low membrane potential as evidenced by green fluorescence following JC-1 staining. “P<0.05 compared with control.

exhibited round morphology with cell shrinkage and nuclear
condensation, suggesting cowanin-induced apoptosis in LoVo
cells (Fig. 2A).

Effect of cowanin on nuclei changes. To determine whether the
antiproliferative activity of cowanin was associated with apop-
tosis, LoVo cells were stained with Hoechst 33342 following
exposure to cowanin and observed under a fluorescence
microscope. The results demonstrated that cowanin treat-
ment induced significantly increased nuclear condensation in
LoVo cells at 3, 6, 9 and 12 h compared with control cells

(Fig. 2B and D), suggesting that cowanin induced apoptosis in
a time-dependent manner.

Effect of cowanin on mitochondria membrane potential (AV'm)
of LoVo cells. To determine the association of mitochondrial
membrane potential and apoptosis, LoVo cells were stained
with the JC-1 dye following exposure to cowanin and observed
under a fluorescence microscope. Representative images of
JC-1 staining are illustrated in Fig. 2C, where mitochondrial
depolarization is indicated by a decrease in the red/green fluo-
rescence intensity ratio. The results demonstrated that, while
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Figure 3. Cell cycle phase distribution of LoVo cells treated with cowanin.
LoVo cells were treated with vehicle alone (control), treated with cowanin
alone, or treated with a combination of SB203580 and cowanin. Cell cycle
phase distribution was examined by flow cytometry and the ratio of cells in
the sub-Gl peak was calculated. (A) Representative plots for each experi-
mental group. (B) Quantification of % of cells in the sub-G1 peak in each
experimental group. "P<0.05 compared with control.

the control untreated LoVo cells exhibited predominantly red
fluorescence, cells treated with cowanin exhibited increased
green fluorescence (Fig. 2C and E), indicating that cowanin
induced a low mitochondrial membrane potential. These
results suggested that cowanin induced apoptosis by reducing
the mitochondria membrane potential of LoVo cells in a
time-dependent manner.

Effect of cowanin on cell cycle distribution. The effect of
cowanin on the cell cycle phase distribution of the LoVo cells
was detected by flow cytometry. The results demonstrated that
treatment with 15 pg/ml cowanin increased the % of cells in the
sub-G1 phase from 0.62% in the control cells to 6.13 and 12.32%
following 24 and 48-h treatment, respectively (Fig. 3A and B).
Of note, combination of SB203580 and cowanin treatments
decreased the sub-G1 population to 4.43 and 5.93% following
24 and 48 h, respectively (Fig. 3A and B). These results indi-
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cated that SB203580 blocked the cowanin-induced apoptosis
in LoVo cells.

Effect of cowanin on phosphatidyl-serine exposure. The
effect of cowanin on phosphatidyl-serine was detected by flow
cytometry. The results demonstrated that treatment with 15 pg/
ml cowanin increased the % of early apoptotic LoVo cells to
47.5 and 50.0% and of late apoptotic LoVo cells to 33.8 and
36.1% following 12- and 24-h treatment, compared with 0.6
and 2.9% respectively in the control group (Fig. 4A and B). By
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Figure 5. Effect of cowanin on the expression of Bcl-2 family proteins in LoVo cells. LoVo cells were treated with 15 yg/ml cowanin for 3,6, 9, 12, 18 and 24 h.
Cells treated with vehicle alone (DMSO) were used as control. (A) Effect of cowanin on Bcl-2 family proteins, cleaved caspase-9, cleaved caspase-7, cleaved
PARP, p-ERK1/2 and p-p38 expression was examined by western blot analysis. (B) Cowanin-treated cells displayed significantly increased Bax expression
and decreased Bcl-2 and Bcl-xL expression compared with control in a time-dependent manner. (C) Cowanin-treated cells displayed a significant increase
in cleaved caspase-9 and -7 compared with control. (D) Cowanin-treated cells exhibited a significant decrease in ERK and p38 phosphorylation compared
with control. "P<0.05 compared with control. Bcl-2, BCL2 apoptosis regulator; PARP, poly-ADP-ribose-polymerase; p-, phosphorylated; ERK, extracellular

signal-regulated kinase; Bax, BCL2 associated X; Bcl-xL, BCL2 extra-large.

contrast, the combination treatment of SB203580 and cowanin
decreased the % of late apoptotic LoVo cells to 14.3 and 28.4%
following 12- and 24-h treatment, respectively, compared with
the cowanin treatment alone (Fig. 4A and B). These results
indicated that SB203580 blocked the cowanin-induced apop-
tosis in LoVo cells via decreasing the % of late apoptotic LoVo
cells.

Effect of cowanin on the expression of apoptosis-related
proteins. The Bcl-2 family of proteins is involved in the regu-
lation of apoptotic cell death (26). The Bcl-2 family consists
of antiapoptotic proteins, such as Bcl-2 and BCL2 extra-large
(Bcl-xL), and proapoptotic proteins, such as Bax, Bak and
caspases (27), thus it is an important mediator of the apop-
tosis pathway (28). To determine whether cowanin induced

apoptosis through the intrinsic pathway (mitochondrial apop-
tosis pathway), the expression levels of Bcl-2 family proteins
were examined following cowanin treatment by western blot
analysis. Cowanin treatment decreased Bcl-2 expression at 3 h,
while it increased Bax expression at 6 h (Fig. SA and B). These
results indicated that cowanin induced apoptosis through the
intrinsic pathway.

Furthermore, the expression of total and active cleaved
caspases was examined following cowanin treatment by
western blot analysis. As illustrated in Fig. 5A and C, cowanin
increased caspase-9 and caspase-7 cleavage following 3 and
6 h of treatment, as well as increased cleaved-PARP expression.
Thus, cowanin-induced apoptosis was mediated by caspase-7
and was associated with the activation of the intrinsic pathway
via caspase-9.
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Figure 6. Effect of cowanin on Akt signaling in LoVo cells. LoVo cells were
treated with 15 pg/ml cowanin for 3, 6, 9, 12, 18 and 24 h. Cells treated
with vehicle alone (DMSO) were used as control. (A) Expression of total
Akt, p-Akt and p-PDKI1 protein levels were determined in LoVo cells by
western blot analysis. 3-actin was used as the internal control. (B) Cowanin-
treated cells displayed significantly decreased p-Akt (Ser473) and p-PDK1
expression in a time-dependent manner. "P<0.05 compared with control.
Akt, AKT serine/threonine kinase 1; p-, phosphorylated; PDK1, 3-phos-
phoinositide-dependent protein kinase-1.

Effect of cowanin on MAPK signaling. Members of the MAPK
pathway, including ERK, JNK and p38, have been reported to
serve important roles in cell proliferation and death (29). JINK
and p38 are activated by inflammatory cytokines, heat shock
and ultraviolet light, mediating growth arrest and inducing
cell apoptosis, while ERK promotes cell survival (11). In the
present study, cowanin was demonstrated to upregulate the
phosphorylation of ERK, as evidence by the increased levels
of p-ERK at 3 h compared with the control (Fig. SA and D).
However, p-ERK was significantly decreased at 6 h and at
later times points of cowanin treatment (Fig. SA and D). As
previously reported, ERK may have dual roles as a cellular
adaptive response during the initial phase and as a cytotoxic
response during the later stages of drug-induced stress (30).
The phosphorylation of ERK indicated two peaks: at the
early phase and at the last phase (31). Furthermore, cowanin
was demonstrated to upregulate the phosphorylation of p38
at 9, 12, 18 and 24 h following cowanin treatment compared
with the control (Fig. 5A and D). The results indicated that
cowanin induced LoVo cell apoptosis via the MAPK signaling
pathway, by downregulating the phosphorylation of ERK and
by upregulating the phosphorylation of p38.

Effect of cowanin on Akt signaling. The Akt pathway is
important in the development of cancer. This pathway has
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Figure 7. Effect of U0126 and SB203580 on MAPK signaling in LoVo cells.
Cells were pre-treated with (A) U0126 (50 uM for 24 h) or (B) SB203580
(10 uM for 1 h), then treated with 15 yg/ml cowanin, and examined by western
blot analysis. -actin was used as the internal control. ‘P<0.05 compared with
control. MAPK, mitogen-activated protein kinase; ERK, extracellular signal-
regulated kinase; p-, phosphorylated.

an important role in multiple cellular functions, including
proliferation, adhesion, migration, invasion, metabolism, cell
survival and protein synthesis. Akt is activated by phosphory-
lation at Thr308 and Ser473 in the plasma membrane (32). The
results of the present study demonstrated that cowanin treat-
ment decreased phosphorylation of Akt (Ser473) following 9 h
of treatment, and also decreased phosphorylation of PDKI1 at
Ser241 following 9 h of treatment, compared with the control
(Fig. 6A and B). Cowanin treatment did not markedly affect
total Akt protein compared with the control group. These
results demonstrated that cowanin inhibited LoVo cell survival
via downregulation of Akt phosphorylation.

SB203580 (a p38 inhibitor) inhibits cell death. Therefore,
the present study used U0126 (a MEK1/2 inhibitor) and
SB203580 (a p38 inhibitor) to confirm that cowanin-induced
apoptosis in LoVo cells occurred via the ERK and p38
signaling pathway. The results demonstrated that U0126
and SB203580 treatments blocked the effects of cowanin on
ERK and p38 phosphorylation (Fig. 7A and B). These results
indicated that cowanin inhibited cell survival through the p38
signaling pathway. Furthermore, the results demonstrated that


https://www.spandidos-publications.com/10.3892/ijo.2018.4353

2038
A SBlO3sS0 - + + + + + + +
Cowanin - - + 8 + + 4 s
Control 3 6 9 12 18 24 (h)
Caspase-9 | s s« 0 m— w— -u- — ‘
1.00 0.39 0.61 230 075 098 0.80 0.77
Cleaved form
(37/35 KDa)
1.00 0.39 0.61 230 075 098 0.80 0.77
Caspase-7
A e TR S e S . -
100 068 198 087 061 167 086 071
Cleaved form
(20 KDa)
PARP | Sl £ mmr wom o wo
Cleaved form - S — .
(89 kDa)
100 05 18 114 094 099 050 0.9
p-actin --------]
1.00 0.95 1.53 089 088 099 0.99 1.33
B 8.00 1 Dc-caspase-9 =
7.00 1 @c-PARP
2T 6004
=
£ 5004 %
13
S 4.00
g
= 3004 *
.
3 *
= 2,004
1.00 4 * * * * * %
Time (h)

0.00 -

Control p38-inhibiter 3 6 9 12 18 el |

Figure 8. SB203580 inhibits cell death via the caspase signaling pathway.
LoVo cells were pretreated with SB203580 (10 M for 1 h), then treated with
15 pg/ml cowanin for 3, 6, 9, 12, 18 and 24 h. (A) Representative blots and
(B) quantification of cleaved caspase-9, cleaved caspase-7 and cleaved PARP
levels, as examined by western blot analysis. B-actin was used as the internal
control. "P<0.05 compared with control. PARP, poly-ADP-ribose-polymerase.

the combination of SB203580 and cowanin decreased cleaved
caspase-9 and cleaved caspase-7 expression (Fig. 8A and B),
which is in accordance with a previous report showing that
the p38 inhibitor reduced cleaved caspase-3 expression in
MA-10 cells (33). In addition, the results demonstrated that
the combination of SB203580 and cowanin increased p-ERK
expression upon treatment for 9 h. These results indicated that
the combination of SB203580 and cowanin treatments blocked
the cowanin-mediated LoVo cell apoptosis via the caspase
signaling pathway.

Discussion

Colorectal cancer is one of the most prevalent and deadly types
of cancer in both men and women worldwide. Approximately
90% of patients with metastatic colorectal cancer is resistant
to chemotherapy, including resistance to epidermal growth
factor receptor (EGFR) antagonists, while only 10% of patients
exhibit a primary response to EGFR-targeted therapies, cetux-
imab or panitumumab (34). Thus, there is a need to discover
more effective treatments with lower side effects for colorectal
cancer treatment. In recent years, the discovery of novel cancer
therapeutics in preclinical trials has turned to natural products
with low toxicity and low drug resistance. Previous studies have
reported that curcumol, a bioactive component of Zedoary oil
isolated from Rhizoma curcumae, inhibits LoVo cell prolifera-
tion and induces apoptosis by increasing the phosphorylation
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of p38 MAPK (35). As colorectal cancer cells resistant to
TRAIL-induced apoptosis remains a problem in the treatment
of these cancers, it has been suggested that goniothalamin
with TRAIL may have a potential to induce apoptosis via the
death receptor-TRAIL mediated apoptosis pathway in LoVo
cells (36). Larminarin extracted from Laminarin japonica
induces apoptosis in human colorectal cancer LoVo cells via
the mitochondrial pathway and by increasing ROS levels (37).
In the present study, the anticancer effect of cowanin, extracted
from G. cowa, was examined in LoVo cells. The results demon-
strated that cowanin could inhibit cell growth in a time and
dose-dependent manner, with ICy, of 11+0.50 pg/ml.

Cell cycle is a process of replication and division of chro-
mosomes within the nucleus occurring prior to cell division.
During apoptosis, DNA is degraded by cellular endonucleases
resulting in less DNA compared with healthy cells, thus repre-
senting the sub-G1 peak in flow cytometry analysis (38,39). The
present results demonstrated that cowanin-treated LoVo cells
had an increased sub-G1 population compared with control
cells. Phosphatidyl-serine is a component of the cell membrane,
and its exposure on the cell surface is regarded as a hallmark of
apoptosis (40). In apoptotic cells, phosphatidyl-serine is translo-
cated from the inner to the outer leaflet of the plasma membrane.
Annexin V staining and flow cytometry were used for the
detection of phosphatidyl-serine externalization. The results
indicated that cowanin-treated LoVo cells had an increased ratio
of early and late apoptotic cells in a time-dependent manner,
compared with control cells. The present findings suggested that
cowanin induced apoptosis, by inducing morphological changes,
reducing mitochondrial membrane potential, increasing the
sub-G1 population and increasing the ratio of early and late
apoptotic cells in LoVo cells.

To confirm apoptosis, characteristic morphological changes,
such as membrane blebbing, cell shrinkage, chromatin conden-
sation and apoptotic bodies, were investigated by Hoechst 33342
staining. The results exhibited chromatin condensation and
nuclei fragmentation following treatment with cowanin for 3, 6,
9 and 12 h in LoVo cells. In addition, changes in mitochondrial
membrane potential by JC-1 staining confirmed that cowanin
induced apoptosis. Consistent with the loss of mitochondrial
membrane potential, cells released proapoptotic proteins from
mitochondria to cytosol and induced apoptosis by activation of
caspase-9 and caspase-3/7 (38).

The apoptotic signaling pathways consist of two pathways,
the extrinsic and the intrinsic pathway. The present results
demonstrated that cowanin-treated LoVo cells had increased
Bax expression but decreased Bcl-2 expression. In addition,
cowanin increased cleaved caspase-9 (initiator caspase),
-7 (effector caspase) and cleaved-PARP expression. In the
caspase cascade, caspase-9 causes the activation of caspase-7,
which then cleaves vital substrates, such as PARP, that play a
vital role in DNA repair (41). The present results indicated that
cowanin induced apoptosis via the mitochondrial pathway.
As Bcl-2 is an antiapoptotic protein which binds with Bax
and Bak to protect mitochondrial damage, the present results
demonstrated that cowanin treatment decreased Bcl-2, leading
to mitochondrial dysfunction and apoptosis (42).

Akt a serine/threonine kinase is a central mediator of the
phosphoinositide 3-kinase (PI3K) pathway. Akt stimulates
protein synthesis and cell growth by phosphorylation of
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mammalian target of rapamycin (mTOR). Akt also inhibits
proapoptotic proteins, such as BCL2 associated agonist of
cell death (Bad) and BCL2 like 11 (also known as Bim), and
degrades the tumor suppressor pS3 gene, thus enhancing cell
survival. When PI3K activation occurs, phosphatidylinositol
(3.4,5)-trisphosphate recruits Akt to the inner membrane,
where PDK1 is located. The interaction of Akt with PDK1
prevents conformational changes in Akt. PDK1 activates Akt
by phosphorylation of Thr308 and Ser473 (43). Activated Akt
regulates numerous cellular functions, including angiogenesis,
cell proliferation, cell survival, cell metabolism and protein
synthesis. The phosphorylation of proapoptotic proteins, such
as Bad and procaspase-9, inhibits Akt activation (44). The
present results demonstrated that cowanin-treated LoVo cells
had decreased phosphorylation of Akt at Ser473 and of PDK1,
indicating that cowanin treatment inhibited cell survival via
the Akt signaling pathway in LoVo cells.

In addition, the present study investigated the effect of
cowanin on the MAPK pathway. Members of the MAPK
family of kinases, including ERK, JNK and p38, are reported
to have important roles in cell proliferation and death (30).
ERK is activated by growth factors and serves a role in cell
proliferation, differentiation or survival, whereas JNK and
p38 are activated by inflammatory cytokines, heat shock and
ultraviolet light, and mediate growth arrest and apoptosis (11).
In the present study, cowanin was demonstrated to upregulate
phosphorylation of p38 and downregulate phosphorylation of
ERK1/2. The results indicated that cowanin induced cell death
in LoVo cells via the MAPK pathway by upregulating p38 phos-
phorylation in a time-dependent manner. Previous studies have
demonstrated that p38 is important for apoptosis induction in
human breast cancer and colon cancer cells (45,46) The present
study also confirmed the effect of SB203580, a widely used
p38 inhibitor (47), on p38 phosphorylation. SB203580 inhibits
phosphorylation and activation of Akt (48) and represents one
of the most widely used therapies against inflammation (14).
The present results demonstrated that SB203580 inhibited
the phosphorylation of p38 in LoVo cells. Notably, the results
revealed that combination of SB203580 and cowanin inhibited
cell death in LoVo cells by decreasing cleaved capase-9 and
cleaved caspase-7 expression. Furthermore, the combination
treatment upregulated the phosphorylation of ERK1/2. In
addition, the combination treatment decreased the ratio of cells
in the sub-Gl1 phase of the cell cycle, and decreased the ratio
of late apoptotic cells, compared with cowanin-treated LoVo
cells only. Thus, the present results suggested that SB203580
significantly blocked the cowanin-induced LoVo cell apop-
tosis. These results are in accordance with previous studies
reporting that p38 inhibitor inhibited apoptosis by decreasing
cleaved caspase-3 in MA-10 cells treated with cordycepin (33).
Similarly, Junn and Mouradian (49) reported that SB203580
blocked caspase-9 and activated caspase-3 in dopamine-
induced apoptosis in the SH-SYS5Y neuroblastoma cell line,
while Ma et al (50) reported that SB203580 decreased myocar-
dial apoptosis and improved post-ischemic cardiac function.

In conclusion, the present study demonstrated for the first
time that cowanin treatment inhibited cell proliferation and
induced apoptosis in colorectal LoVo cells, via intrinsic or
mitochondria pathway activation. In addition, cowanin down-
regulated ERK and Akt signaling and upregulated p38 MAPK
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signaling. SB203580 (a p38 inhibitor) pretreatment hindered the
cowanin-induced apoptosis via the caspase signaling pathway.
These findings suggested that cowanin may have a potential
clinical application in the treatment of human colorectal cancer.
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