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The flavonoid morin from Moraceae induces apoptosis
by modulation of Bcl-2 family members
and Fas receptor in HCT 116 cells
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Abstract. It is evident based on literature that flavonoids
from fruit can safely modulate cancer cell biology and
induce apoptosis. Therefore, we investigated the anticancer
activity of morin, a flavonoid which is plentiful in twigs of
mulberry focusing on apoptosis, and its mechanisms. Morin
upregulated the Fas receptor, and activates caspase-8, -9 and
-3 in HCT-116 cells. Morin also activates Bid, and induced
the loss of mitochondrial membrane potential (MMP, AW, )
with Bax protein activation and cytochrome c release. In
addition, morin induced ROS generation which was not
blocked by N-acetylcysteine. Morin also suppressed Bcl-2
and cIAP-1, anti-apoptotic proteins, which may contribute to
augmentation of morin-triggered apoptosis. As an upstream
signaling pathway, suppressed Akt activity by morin was asso-
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ciated to apoptosis. This study suggests that morin induces
caspase-dependent apoptosis through extrinsic pathway by
upregulating Fas receptor as well as through the intrinsic
pathway by modulating Bcl-2 and IAP family members, and
ROS generation, and that Akt is the critical upstream signaling
that regulates the apoptotic effect of morin in human colon
cancer HCT-116 cells.

Introduction

With advances in medical science, our lifespan has been
extended. The population of elderly cancer patients and their
cancer-related mortality are increasing (1,2). These elderly
patients with cancer have a lack of vital capacity, and cannot
tolerate cytotoxic chemotherapy. Actually substantial portion
of the elderly patients with cancer has experienced serious side
effects from cytotoxic chemotherapy, and related complica-
tions. Therefore, changes in the chemotherapy approach are
essential for better cancer treatment emphasizing quality of
life. It is reported that high intake of fruits and vegetables
may prevent cancer development and therefore attention has
been drawn to the possibility of preventing or controlling
cancer using flavonoids from fruits (3,4). Furthermore, flavo-
noids in fruit can also enhance anticancer effects (5). Morin
(3,5,7,2'4'-pentahydroxyflavone) is a flavonoid originally
isolated from members of the Moraceae family. It has been
reported to possess certain properties that regulate the inflam-
matory response which leads to carcinogenesis arrest and
cancer progression (6,7).

Apoptosis is a process of programmed cell death with
characteristic morphological changes, such as blebbing, cell
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shrinkage, nuclear fragmentation, chromatin condensation,
and chromosomal DNA fragmentation (8). The flavonoids
from fruits and vegetables show anticancer effects by inducing
apoptosis. In addition, the apoptosis process eliminates the
damaged cells which are susceptible to develop cancer and
thereby serves as a defense mechanism for cancer develop-
ment (9). These processes are regulated by a various range of
cell signaling pathways. However, the mechanisms regarding
morin-induced apoptosis in cancer cells are not fully eluci-
dated especially regarding death receptor-mediated apoptosis.
Here, we investigated the anticancer activity along with the
mechanisms focusing on apoptosis in HCT-116 human colon
cancer cells.

Materials and methods

Cells and reagents. HCT-116 human colon cancer cells from
the American type culture collection (Rockville, MD, USA)
were cultured in RPMI-1640 medium (Invitrogen Corp.,
Carlsbad, CA, USA) supplemented with 10% (v/v) fetal
bovine serum (FBS) (Gibco BRL, Grand Island, NY, USA),
1 mM L-glutamine, 100 U/ml penicillin, and 100 pxg/ml
streptomycin at 37°C in a humidified atmosphere of 95% air
and 5% CO,. Morin was obtained from Aging Tissue Bank
(Pusan, Korea). Antibodies against Bcl-2 (N-19), Bax, Bid,
t-Bid, cytochrmome ¢, BAD, TNF-related apoptosis-inducing
ligand (TRAIL), TRAIL receptors (DR4, DR5), Fas receptor,
FasL., X-linked inhibitor of apoptosis protein (XIAP), cellular
inhibitor of apoptosis protein-1 (cIAP-1), cIAP-2, survivin,
procaspase 3, procaspase 8, and procaspase 9 were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Antibody against poly(ADP-ribose) polymerase (PARP)
was purchased from PharMingen (San Diego, CA, USA).
Antibodies against phospho-ERK phospho-JNK, phospho-
p38 MAPK, p-Akt were purchased from Cell Signaling
Technology, Inc. (Beverly, MA, USA). Peroxidase-labeled
donkey anti-rabbit and sheep anti-mouse immunoglobulin, and
an enhanced chemiluminescence (ECL) kit were purchased
from Amersham (Arlington Heights, IL, USA). All other
chemicals not specifically cited here were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). All the solutions
were stored at -20°C. Propidium iodide (PI, 1 mg/ml) was
prepared in phosphate-buffered saline (PBS).

Cell viability assay. The cytotoxicity was determined by
performing 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetra-
zolium bromide (MTT) assay and a tryphan blue exclusion
method. For the MTT assay, cells were seeded at 10x10* cells/
ml in a 12-well plate and treated with morin for 48 h.
Following the treatments, 0.5 mg/ml 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide (0.5 mg/ml) solution
was added, prior to incubation for 3 h at 37°C in the dark.
The absorbance of each well was measured at 540 nm with
an enzyme-linked immunosorbent assay (ELISA) reader
(Molecular Devices, LLC, Sunnyvale, CA, USA).

DNA fragmentation assay. After treatment with the indicated
concentration of morin the cells were harvested and lysed
in a buffer containing 10 mM Tris-HCI (pH 7.4), 150 mM
NaCl, 5 mM EDTA, and 0.5% Triton X-100 for 1 h at room
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temperature. The lysates were vortexed and cleared by centrif-
ugation at 14,000 rpm for 30 min at 4°C. A 25:24:1 (v/v/v)
equal volume of neutral phenol: chloroform: isoamyl alcohol
were used for the extraction of the DNA from the supernatant.
Then, electrophoretic analysis was performed on 1.5% agarose
gels containing 0.1 xg/ml ethidium bromide (EtBr).

Flow cytometry analysis for cell cycle analysis and apoptosis.
For the measurement of the sub-Gl1 phase, the cells treated
with morin were collected, washed with cold PBS, and centri-
fuged. The pellet was fixed in 75% (v/v) ethanol for 1 h at
4°C. The cells were washed once with PBS and resuspended
in cold PI solution (50 pg/ml) containing RNase A (0.1 mg/
ml) in PBS (pH 7.4) for 30 min in the dark. The Annexin V
double staining was performed using 5 ul of the Annexin V
conjugate which was added to each 100 ul of cell suspension
for 15 min, followed by adding 400 ul of Annexin V-binding
buffer and mixed gently. Then the samples were placed on
ice. Flow cytometry analyses were performed with Beckman
coulter cytomics FC 500 (Becton Dickinson, San Jose, CA,
USA). The sub-Gl1 population was calculated to estimate the
apoptotic cell population.

Measurement of mitochondrial membrane potential (MMP,
AY,) and reactive oxygen species (ROS) generation. The
MMP (AY,) in living cells were measured by flow cytometry
with the lipophilic cationic probe JC-1, a ratiometric, dual-
emission fluorescent dye. There are two excitation wavelengths,
527 nm (green) for the monomer form and 590 nm (red) for
the J-aggregate form. Quantitation of green fluorescent signals
reflects the amount of damaged mitochondria. The cell were
harvested and re-suspended in 500 ul of PBS, incubated with
10 uM JC-1 for 20 min at 37°C. For ROS measurement, the
cells were incubated with 10 yM 2'7'-dichlorofluorescein
diacetate (DCF-DA) at 37°C for 30 min. The cells were then
washed with ice-cold PBS and harvested. Fluorescence was
determined by a FACS flow cytometer.

Western blot analysis. The extracted proteins were quanti-
fied using the Bio-Rad protein assay (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). For the mitochondrial fraction, the
Mitochondria Isolation kit for cultured cells (Thermo Fisher
Scientific) was used and the protocol was followed as per the
manufacturer's instructions. The final supernant was a cytosol
fraction, and the pellet contained the isolated mitochondria.
The proteins of the extracts were resolved by electrophoresis,
electrotransferred to a polyvinylidene difluoride membrane
(Millipore, Bedford, MA, USA). The membrane was then
incubated with the primary antibodies followed by a conju-
gated secondary antibody to peroxidase. An ECL detection
system was used to visualize the developed blots.

In vitro caspase activity assay. Caspase activity was measured
using colorimetric assay kits, which contained the following
synthetic tetrapeptides, labeled with p-nitroaniline (pNA):
Asp-Glu-Val-Asp (DEAD) for caspase-3, Ile-Glu-Thr-Asp
(IETD) for caspase-8 and Leu-Glu-His-Asp (LEHD) for
caspase-9. The cells were lysed using the lysis buffer provided
in the kit. The supernatants were collected and incubated with
the supplied reaction buffer containing dithiothreitol and
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Figure 1. Effects of morin on proliferation of HCT-116 human colon cancer cells and apoptosis induction. The growth inhibition and cytotoxicity of morin
are dose- and time-dependent. HCT-116 cells were seeded at the density of 5x10* cells per ml. The cells were treated with indicated concentrations of morin
for 48 h. (A) Cell viability was analyzed by MTT assay. The data are shown as means + SD of three independent experiments. "P<0.05 between the treated
and the untreated control group. (B) Cell cycle analysis to quantify the degree of morin-induced apoptosis, and to determine whether morin induces cell cycle
arrest. Sub-G1 DNA content represents the fractions undergoing apoptotic DNA degradation by morin treatment. (C) Flow cytomery for the dual staining of
Annexin V and PI. Annexin V*/PI- cells indicate the cells undergoing early apoptosis.

substrates at 37°C. The caspase activity was determined by
absorbance at 405 nm on the microplate reader.

Statistics. Each experiment was performed in triplicate. The
results are expressed as means + SD. Significant differences
were determined using the one-way analysis of variance
(ANOVA) with post-test Neuman-Keuls in the cases at least
three treatment groups and Student's t-test for two group
comparison. Statistical significance was defined as P<0.05.

Results

Effects of morin on proliferation of HCT-116 human colon
cancer cells and apoptosis induction. To investigate the
antitumor activity, HCT-116 cells were treated with indicated
concentrations of morin (<400 pg/ml) for 48 h. The growth of
HCT-116 cells were inhibited by morin treatment in a dose-
dependent manner, The IC;, obtained on 48 h-morin treatment
was less than 350 ug/ml (Fig. 1A). Next, we performed cell
cycle analysis to assess the sub-G1 DNA population and

also to study the involvement of morin in inducing cell cycle
arrest. As shown in Fig. 1B, morin induced significant accu-
mulation of cells with sub-G1 DNA content (apoptotic cell
population) and substantially decreased the G1 fractions; in
contrast, the and S phase and G2M population displayed a
modest expansion. Lastly, we measured the early apoptotic
cells (Annexin V*/PI') by flow cytometry and observed a
dose-dependent increase in the early apoptotic cells (Fig. 1C).
These results suggest that morin induces apoptosis in HCT
116 human colon cancer cells.

Morin-induced cell death is associated with caspase activa-
tion. Caspases are the principal key mediators in inducing
apoptosis and they contribute by leading apoptotic cell death
to irreversible cell death (9). Next, we performed western blot
analyses, to assess the expression of caspases and substrates
(PARP). Morin decreased the expression levels of procas-
pase-3, procaspase-8, and procaspase-9, which indicated
caspase activation. The induction of the cleavage of procas-
pase-3 and procaspase-3 were prominent in the cells treated
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Figure 2. Morin-induced cell death is associated with caspase activation
in HCT-116 cells. (A) Western blot analysis for the effects of morin on the
caspase activation and PARP cleavage. Morin activates caspases and induces
the cleavage of PARP in a dose-dependent manner. HCT-116 cells were
incubated at indicated concentrations of morin for 48 h. The membranes
were probed with the anti-caspase-3, anti-caspase-8, anti-caspase-9 and anti-
PARP antibodies. (B) The cell lysates from the cells treated with morin for
48 h were assayed for in vitro caspase-3, -8 and -9 activity using DEVD-pNA,
IETD-pNA and LEHD-pNA, respectively, as substrates. The released fluo-
rescent products were measured. Data are expressed as mean + SD of three
independent experiments. "P<0.05 vs. untreated control.

with morin for 48 h (Fig. 2A). Morin also induced the cleavage
of PARP (Fig. 2A). Next, we confirmed morin-induced activa-
tion of caspases-3, -8 and -9 with caspase activity assay, which
revealed that caspase-3, -8 and -9 activation increased in a
dose-dependent manner (Fig. 2B). These findings suggest that
morin may induce apoptosis through both the intrinsic and the
extrinsic pathways.

Morin upregulates Fas receptors that are associated with
the death receptor-mediated apoptosis. To determine which
apoptotic pathway is involved in the morin-induced apoptosis;
we measured the expression of TRAIL receptors (DR4, DRS),
TRAIL, Fas receptor (Fas), and Fas ligand (FasL). Western
blot analysis revealed that Fas receptor is upregulated by
morin in a dose-dependent manner (Fig. 3), suggesting that
morin induces the death receptor-mediated apoptosis through
the extrinsic pathway.
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Figure 3. The effects of morin on activation of death receptor pathway
that is associated with caspase-8 activation in HCT-116 cells. Western blot
analysis for the effects of morin on the TNF-related apoptosis-inducing
ligand (TRAIL) receptor DR5 pathway. The cells (5x10*) were incubated
at the indicated concentrations of morin for 48 h. The results are from one
representative of two independent experiments that showed similar patterns.

Morin-induced apoptosis is associated with loss of MMP
(AW,,), generation of reactive oxygen species (ROS), but NAC
does not block ROS production. Mitochondria play a central
role in apoptosis and mitochondrial depolarization occurs
as an early event of apoptosis (9). We measured the changes
in MMP (AW,) after morin treatment. As shown in Fig. 4A,
morin began to induce loss of MMP (AW,)) at the low concen-
tration of 50 pg/ml. This result suggested that morin-induced
apoptosis may be associated with mitochondrial depolariza-
tion. As ROS generation is one of the popular mechanisms
for mitochondria-related apoptosis, a clear understanding
is required as to whether intracellular ROS generation was
contributing to the mitochondrial depolarization in morin-
treated cells (9,10). We measured ROS production 6 h after
morin treatment. As shown in (Fig. 4B), morin induced ROS
production, but the ROS production was not reduced by the
ROS scavenger, N-acetyl-L-cysteine (NAC). To confirm
this finding, we further assessed the influence of N-acetyl-
L-cysteine (NAC) on morin-induced cell death. MTT, DNA
fragmentation test, and flow cytometry for early apoptotic cell
detection (Annexin V*/PI') also suggested that ROS genera-
tion did not play an important role in cell death (Fig. 4C-E).
These results suggest that morin may induce ROS generation,
but that NAC could not prevent either morin-induced ROS
generation or apoptosis.

Modulation of Bcl-2 and IAP family proteins by morin in
HCT-116 cells. Bcl-2 family members serve as determinants
of apoptotic cell death through maintaining the MMP (AW,)).
In response to apoptotic signaling, Bid interacts with another
Bcl-2 family protein (anti-apoptotic proteins), and involves in
the opening of mitochondrial voltage-dependent anion channel
(VDAC). Thus, the opened channel results in the release of
cytochrome ¢ and other pro-apoptotic factors from the mito-
chondria, leading to activation of caspases. To elucidate further
underlying mechanisms of the mitochondrial pathway-related
apoptosis induced by morin, we assessed the levels of Bcl-2
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Figure 4. Role of mitochondria and ROS in morin-induced apoptosis in HCT-116 cells. (A) Morin induced loss of MMP (AW,,) in a dose-dependent manner. The
cells were stained with JC-1 and incubated at 37°C for 30 min. The mean JC-1 fluorescence intensity was assessed by a flow cytometer. (B) For the assessment
of ROS levels, the cells were incubated with 10 M 2'7'-dichlorofluorescein diacetate (DCF-DA) for 30 min after morin treatment. N-acetyl-L-cysteine (NAC)
(0.5 mM) treatment was given 1 h before morin treatment. Fragmented nuclei were observed in the morin-treated group under a fluorescent microscope.
(C) DNA fragmentation test. (D) Cell cycle analysis for Sub-G1 DNA content that represents the fractions undergoing apoptosis. (E) Flow cytomery for the
dual staining of Annexin V and PI. Annexin V*/PI cells indicate the cells undergoing early apoptosis. The proportion is expressed as a percentage.

family members. Western blotting revealed that morin induced  was reduced (Fig. 5A). Bid is the substrate of caspase-8 (11).
Bid activation and Bax upregulation while Bcl-2 expression  This finding also supports the above finding in Fig. 4. Next
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Figure 5. Modulation of Bcl-2 and TAP family proteins during morin-induced apoptosis. Western blot analysis for the effects of morin on Bcl-2 and TAP family
members. The cells (5x10*) were incubated at the indicated concentrations for 48 h. (A) Morin suppressed the expression of Bcl-2, and activated Bid and BAX
proteins. (B) Cytochrome ¢ was released from mitochondria (C) Morin slightly downregulated cIAP1 in a dose-dependent manner. The results are from one
representative of two independent experiments that showed similar patterns.
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Figure 6. Role of MAPK in morin-induced apoptosis in HCT-116 cells. The cells (5x10%) were incubated at indicated concentrations for 48 h. (A) Western
blot analysis for the effects of morin on MAPK. Morin activated MAPK phosphorylation. Whole-cell extracts were prepared, and western blotting was
performed with the indicated antibodies. (B and C) Apoptotic effects of morin were assessed by (B) DNA fragmentation test and (C) flow cytomery for
the dual staining of Annexin V. The cells were treated with MAPK inhibitors (the JNK inhibitor SP600125, SP, the P38 inhibitor SB203580, SB, and the
ERK inhibitor PD98059, PD).

we confirmed that morin induced cytochrome c release from
mitochondria (Fig. 5B). Further, we tested the expression of
inhibitor of apoptosis protein (IAP) family members which
also play a key role in caspase-dependent apoptosis. Western
blotting revealed that morin mildly suppressed cIAP1, but did
influence other IAP family members (Fig. 5C). These finding
indicated that morin-induced apoptosis was associated with

modulation of Bcl-2, Bid and cIAP1 proteins in HCT-116 cells,
suggesting mitochondrial pathway is also important in morin-
induced apoptosis.

Morin-induced apoptosis is associated with suppression of
Akt pathway in HCT-116 cells. Mitogen-activated protein
kinase (MAPK) is involved in cell proliferation, survival,
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Figure 7.Role of Akt in morin-induced apoptosis in HCT-116 cells. The cells
(5x10%) were incubated at indicated concentrations for 48 h. (A) Western
blot analysis for the effects of morin on Akt activity. Morin suppressed
Akt phosphorylation. Whole-cell extracts were prepared, and western blot
was performed with the indicated antibodies. (B and C) Apoptotic effects
of morin were assessed by (B) DNA fragmentation test and (C) flow cyto-
metry for the dual staining of Annexin V. The cells were treated with the
Akt inhibitor LY294002.

and apoptosis (12). To understand the mechanism involved
in morin-induced apoptosis, we first studied the changes
in MAPK activation after morin treatment. Western blot
analysis showed that morin began to induce phophorylation
of JNK, p38-MAPK and ERK at 1 h after the treatment
(Fig. 6A). To confirm the involvement of the MAPK in
morin-induced apoptosis, we assessed the changes in the
population of apoptotic cell death after the MAPK inhibi-
tors. However, DNA fragmentation test and flow cytometry
assay for Annexin V*/PI" cells revealed that the inhibitors
of MAPK only slightly influenced morin-induced apoptosis
(Fig. 6B and C). These data suggested that of MAP kinases
were activated by morin treatment, but the activation of MAP
kinases was not associated with morin-induced apoptosis. As
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is well known, Akt/PI3k pathway is also important in cell
survival, therefore we assessed the changes in Akt activation
after morin treatment (13). Western blot analysis showed that
morin began to suppress phophorylation of Akt at 12 h after
the treatment (Fig. 7A). To confirm the involvement of Akt
in morin-induced apoptosis, we assessed the changes in the
population of apoptotic cell death after the inhibitor of Akt.
In contrast to the MAPK results, DNA fragmentation test
and flow cytometry assay for Annexin V*/PI cells revealed
that a small dose of the Akt inhibitor LY294002 augmented
the morin-induced apoptosis (Fig. 7B and C). These findings
suggested that morin induces apoptosis at least in part by
suppression of Akt activity.

Discussion

This study determined whether morin has anticancer prop-
erties in human cancer cells and further investigated the
underlying mechanisms involved in its anticancer effects. We
found that morin induced caspase-dependent apoptosis in a
dose-dependent manner. The induction of apoptosis was trig-
gered through both the extrinsic and the intrinsic pathway
by modulating Fas receptor and Bcl-2 family members. The
modulation of these proteins was related to suppression of
Akt activity. There are substantial evidence reporting that
apoptosis (type I programmed cell death) is the principal
underlying mechanism through which various anticancer
and chemo-preventive agents, including natural compounds,
exert anticancer effects (14). Apoptosis is initiated by the
activation of a set of death effector cysteine proteases called
caspases. In most of the apoptotic processes, caspase-8 is
involved in the extrinsic pathway, caspase-9 is involved in
the intrinsic pathway, and caspase-3 plays a pivotal role in the
terminal and execution phase of apoptosis (15). This study
demonstrated that morin induced caspase-8, -9, and -3 activa-
tion and the subsequent cleavages of PARP (89 kDa).

Caspase-8 can be triggered through either the intrinsic or
the extrinsic pathway (16). However, the early caspase induc-
tion depends on the extrinsic pathway. As shown in Fig. 2,
the activation of caspase-3 and -8 occurs at a lower concen-
tration than caspase-9 activation. This finding also supports
that morin-induced apoptosis is associated with the extrinsic
pathway activation. To confirm this finding, we assessed the
apoptotic pathways and found that morin induced apoptosis
by upregulating Fas receptor and thereby activating the
Bid protein, which is a natural substrate of caspase-8 (11).
This finding agrees with the results of caspase activation by
morin (Fig. 2). Although the finding that morin upregulates
Fas receptor expression has not been reported yet, other
flavonoids have already been reported to induce apoptosis
by upregulating Fas receptor or TRAIL receptor (17). Also,
the modulation of Bcl-2 family members and Fas receptors is
associated with suppression of Akt activity (18,19).

ROS generation is one of the important mechanisms in
induction of apoptosis particularly relating to both death-
receptors and mitochondrial pathway (20). Therefore, for the
evaluation of their underlying mechanisms, we assessed ROS
generation in the morin-treated cells. We found that morin
induced ROS generation. However, NAC could not reverse
morin-induced ROS generation and apoptosis although, in
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important role in morin-induced apoptosis. The suppressed Akt activity by morin may contribute to the suppression of the expression of Bcl-2 and cIAP-1.
Morin induces caspase-dependent apoptosis through the extrinsic pathway by upregulating Fas receptor as well as through the intrinsic pathway by modulating
Bcl-2 and IAP family members, and Akt is the critical upstream signaling that regulates the apoptotic effect of morin in human colon cancer HCT-116 cells.
(- indicates activation, | indicates inhibition, --- indicates indirect or multiple pathways).

some of death receptor-mediated apoptosis, ROS generation
can be blocked by NAC. In this study, we could not investi-
gate the detained mechanisms as to why NAC did not reverse
morin-induced ROS generation and apoptosis. There is a
possibility that NAC behaves as apoptosis inducer because
NAC in certain conditions is able to induce apoptosis (21,22).

In the process of apoptosis, Bcl-2 and IAP family
members play significant roles (9,23). We observed that
morin suppressed anti-apoptotic proteins Bcl-2, and cIAP-1.
Hence, we conclude that morin induce apoptosis at least in
part through mitochondrial pathway We also suggest an asso-
ciation between morin-induced apoptosis and Akt inhibition.
Akt is well known to play a crucial role in triggering apop-
tosis by regulating Bcl-2 and IAP family members (24,25).
In addition, we demonstrated that morin inhibited Akt

activity, and the combination therapy of morin with the Akt
inhibitor LY294002 showed an additive effect. These find-
ings support that morin induced apoptosis at least in part
through inhibition of Akt activity. In addition, a previous
study demonstrated that morin could inhibit PI3/Akt with
docking analysis between PI3K and morin (25).

The drawback of this study is that we used the maximum
concentration that is 2- to 5-fold higher than used in previous
studies showing antitumor effect of morin. Thus, the concen-
tration used in performing this study is one of the obstacles
for pursuing in vivo experiments. However, we previously
found that morin hardly shows any anticancer effects by MTT
assay (26). In that study, morin did not show any apoptotic
effects up to 200 M, but it showed clear anticancer effects
in vivo at daily dosing with 50 mg/kg for 7 days without
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showing any toxicity. This result support that morin is a safe
natural product that can show anticancer effects in vivo.

In summary, this study demonstrated that morin
suppressed cell viability and induced caspase-dependent
apoptosis in HCT-116 cells (Fig. 8). Apoptosis induced by
morin was triggered through the intrinsic and extrinsic
pathways by modulating Bcl-2 and IAP family members, and
FAS receptor expression. The suppression of Akt phosphory-
lation was involved in morin-induced apoptosis in HCT-116
cells. This study provides substantial evidence that morin
may have anticancer properties in colon cancer cells.
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