
Abstract. The effects of morin (3,5,7,20,40-pentahy-
droxyflavone) on human leukemia HL-60 cells in vitro were
investigated and the molecular mechanisms of morin-induced
G2/M arrest and apoptosis in HL-60 cells were examined.
Morin induced morphological changes and decreased the
percentage of viable cells via induction of G2/M-phase arrest
and apoptosis. Morin-induced G2/M-phase arrest was
accompanied by the promotion of p21 and Wee1, and
decreased levels of Cdc25c and cyclins A and B1 complex.
Morin-induced apoptosis in HL-60 cells was also confirmed
by flow cytometric assay, DNA gel electrophoresis for DNA
fragmentation and DAPI staining. Morin induced apoptosis in
time- and dose-dependent manners. Morin-induced apoptosis
was associated with elevated intracellular reactive oxygen
species (ROS) increased and Ca2+ production; decreased the
levels of mitochondria membrane potential (¢æm) and
increased caspase-3 activation. Collectively, these results
suggest that the morin-induced apoptosis in HL-60 cells may
result from the activation of caspase-3 and intracellular Ca2+

release, as well as the mitochondria membrane potential
pathway. 

It is well known that high levels of reactive oxygen species
(ROS) induce cell death (1), DNA damage and genomic
instability which leads to tumorigenesis (2, 3). Cyclin-

dependent kinases (CDKs) play an important role in the cell
cycle. It is well known that many compounds affect cyclin
and/or CDKs and, thus, may lead to cell cycle arrest (3). If
a chemical causes DNA damage, the cell will undergo
apoptosis. Apoptosis is a highly regulated cell death process
characterized by ultrastructural modifications (nuclear
alterations, caspase activation and DNA fragmentation)
leading to the formation of apoptotic bodies that are
phagocytosed by macrophages (4). 

Numerous naturally occurring substances have been
reported to exert their anticancer activity by blocking cell
cycle progression and triggering tumor cell apoptosis. So far,
the induction of apoptosis seems to be the best strategy for
killing cancer cells. Therefore, cell cycle arrest and the
induction of apoptosis in tumor cells has become the major
indicator of effectiveness of anticancer agents (5, 6).

Morin (3,5,7,20,40-pentahydroxyflavone), a member of
flavonols, is a yellowish pigment present in old fustic
(Chlorophora tinctoria) and osage orange (Maclura pomifera)
(7). It has been reported that morin hydrate (20 ÌM) inhibited
caspase-3 activity (8). Morin (50 and 75 Ìmol/L) significantly
inhibited cell proliferation compared with the control in
LNCaP cells but the apoptotic effect only appeared at 72 h
(9). In another study, morin (100 ÌM) inhibition of cell
proliferation was less than 20% (10). It has been reported that
morin (20 ÌM) inhibits growth of oral carcinomas more
effectively than normal oral mucosa cells (11). Morin was a
potent anti-hepatocellular transformation agent that inhibited
cellular transformation by suppressing AP-1 activity and
inducing S-phase arrest in human hepatocytes (12). However,
there is no available information of the effect of morin on
human leukemia HL-60 cells. Therefore, in the present study,
the molecular mechanism of morin-induced cell cycle arrest
and apoptosis in human leukemia HL-60 cells was
investigated.
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Materials and Methods

Materials. Morin, trypan blue, ribonuclease-A, propidium iodide
(PI), Triton X-100 and Tris-HCl were obtained from Sigma
Chemical Co. (St. Louis, MO, USA). Dimethyl sulfoxide (DMSO),
potassium phosphates and TE buffer were purchased from Merck
Co. (Darmstadt, Germany). RPMI-1640 medium, glutamine, fetal
bovine serum (FBS) and penicillin-streptomycin and trypsin-EDTA
were obtained from Gibco BRL (Grand Island, NY, USA). 

Human leukemia HL-60 cell line. Human leukemia HL-60 cell line
was obtained from the Food Industry Research and Development
Institute (Hsinchu, Taiwan). The HL-60 cells were placed into 75 cm3

tissue culture flasks and grown at 37ÆC under a humidified 5% CO2
atmosphere in 90% RPMI 1640 medium with 2 mM L-gultamine
adjusted to contain 1.5 g/L sodium bicarbonate, 10% FBS and 2%
penicillin-streptomycin (10,000 U/ml penicillin and 10 mg/ml
streptomycin). 

Morphological changes and viability of HL-60 cells treated with or
without morin. HL-60 cells were plated in 12-well plates at a density
of 2x105 cells/well and grown for 24 h. Various concentrations of
morin were then added to a final concentration of 0, 100, 200, 300,
400 and 500 ÌM, while only DMSO (solvent) was added for the
control regimen and grown at 37ÆC, 5% CO2 and 95% air for
different periods of time. The cells on the plates were
photographed by light-phase microscope for examination of
morphological changes, and the flow cytometric assay was used for
cell viability examinations, as previously described (13).

Cell cycle and apoptosis from HL-60 cells treated with morin.
Approximately 5x105 cells/well of HL-60 cells with concentrations
of 0, 100, 200, 300, 400 and 500 ÌM of morin were incubated in a
12-well plate for different time-periods. Cells were harvested by
centrifugation and were fixed gently (drop by drop) with 70%
ethanol (in PBS) kept at 4ÆC overnight and then re-suspended in
PBS containing 40 Ìg/mL PI, 0.1 mg/mL RNase and 0.1% Triton
X-100 in a dark room. After 30 min at 37ÆC, the cells were
analyzed by flow-cytometry (Becton-Dickinson, San Jose, CA,
USA) equipped with an argonion laser at 488 nm wave-length.
Apoptotic cells (sub-G1-phase of the cell cycle) were quantified by
Annexin V-FITC and propidium iodide double staining using a
staining kit from PharMingen (San Diego, CA, USA) (13).

The effect of morin on caspase-3 activity of HL-60 cells examined by
flow cytometry. Approximately 5x105 cells/well of Hl-60 cells with
concentrations of 0, 100, 200, 300, 400 and 500 ÌM of morin in a
12-well plates were incubated for 24 h. Cells were harvested by
centrifugation and 50 ÌL of 10 ÌM caspase-3 substrate solution
(PhiPhilux) (OncoImmunin, Inc., Gaithersburg, MD, USA) was
added to the cell pellet (1x105 cells per sample) and incubated at
37ÆC for 60 min. A substrate of PhiPhiLux which can penetrate
into the cell nucleus, is converted to the fluorescent form when it is
cleaved by the protease activity of caspase-3. The cells were washed
once using 1 mL of ice cold PBS and re-suspended in a further 1
mL. Cells were analyzed by flow-cytometry as above. Then the
caspase-3 activity was determined and analyzed (14).

The effect of morin on reactive oxygen species (ROS) in Hl-60 cells
examined by flow cytometry. Approximately 5x105 cells/well of HL-60

cells with 0, 100, 200, 300, 400 and 500 ÌM morin were incubated in
a 12-well plate for 24 h to detect the changes of ROS. The cells were
harvested and washed twice, re-suspended in 500 Ìl of 2,7-
dichlorodihydrofluorescein diacetate (10 ÌM) (DCFH-DA, Sigma),
incubated at 37ÆC for 30 min and analyzed by flow cytometry (15,
16). The % of cells being stained by DCFH-DA was calculated.

The effect of morin on Ca2+ concentrations in HL-60 cells examined
by flow cytometry. The level of Ca2+ in HL-60 cells was determined
by flow cytometry (Becton Dickinson FACS Calibur), using the
Indo 1/AM (Calbiochem; La Jolla, CA). Approximately 2x105 HL-
60 cells/well with morin (0, 100, 200, 300, 400 and 500 ÌM) were
incubated in a 12-well plate for 24 h to detect the changes of Ca+2

concentration. The cells were harvested and washed twice, re-
suspended in 1-[2-amino-5-(6-carboxyindol-2-yl) phenoxy]-2-(2’-
amino-5’-methylphenoxy) ethane-N,N,N’,N’-tetra acetic acid
pentaacetoxymethyl ester (Indo 1/AM) (3 Ìg/ml), incubated at
37ÆC for 30 min and analyzed by flow cytometry (17). The % of
cells being stained by Indo 1/AM was calculated.

The effect of morin on mitochondrial membrane potential (¢æm) in
HL-60 cells examined by flow cytometry. Approximately 5x105 cells/well
of HL-60 cells with morin (0, 100, 200, 300, 400 and 500 ÌM) were
incubated in a 12-well plate for 24 h to detect the changes of ¢æm.
The cells were harvested and washed twice, re-suspended in 500 Ìl of
3,3’-dihexyloxacarbocyanine iodide (DiOC6) (4 mol/L), incubated at
37ÆC for 30 min and analyzed by flow cytometry (15, 16). The % of
cells being stained by DiOC6 was calculated.

The effect of morin on the expressions of Wee1, cyclin A, cyclin B1,
Cdc25c, CHK2, p21, caspase-9, caspase-3, Bcl-XL and Bax of HL-60
cells. The total proteins were collected from HL-60 cells after
treatment with various concentrations of morin (0, 100, 200, 300, 400
and 500 ÌM) for 48 hours before the Wee1, cyclin A, cyclin B1,
Cdc25c, CHK2, p21, caspase-9, caspase-3, Bcl-XL and Bax levels were
measured by sodium dodecylsulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and Western blot, as previously described (13).

Statistical analysis. The Student’s t-test was used to analyze the
differences between the morin treated and control groups.

Results

Morin induced morphological changes and decreased the
percentage of viable HL-60 cells. The results demonstrated
that morin induced morphological changes and this effect
was time-dependent (Figure 1A). Also, morin decreased the
percentage of viable cells at a dose- and time-dependent
manner (Figure 1B and C). 

Morin induced cell cycle arrest and apoptosis in HL-60 cells.
After HL-60 cells were treated with various concentrations of
morin for various time periods, cell cycle and apoptosis (sub-
G1-phase) were examined and analyzed by flow cytometric
methods. The representative profiles of cell cycle and apoptosis
are given in Figure 2A. The data demonstrated that morin
induced G2/M arrest (Figure 2B) and apoptosis (Figure 2C).
These effects were also time dependent.
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Figure 1. Morphological changes and percentage of the viable HL-60 cells after morin treatment. The cells were photographed (A) and collected by
centrifugation and viability (B and C) was determined by trypan blue exclusion and flow cytometry. Each point is mean±S.D. of three experiments.
*Significant differences between morin-treated cells and control. *p<0.05.



Morin induced apoptosis in HL-60 cells examined by DAPI
staining. After HL-60 cells were treated with various
concentrations of morin for 48 h, and stained with DAPI for
apoptosis. Representative pictures are given in Figure 3.
The results demonstrated that morin induced apoptosis is a
dose-dependent manner.

Morin induced DNA fragmentation in HL-60 cells. After
HL-60 cells were treated with various concentrations of
morin for 48 hours, DNA fragmentation was analyzed by
DNA gel electrophoresis. The representative picture of
DNA fragmentation is given in Figure 4. The results
demonstrated that morin induced apoptosis in a dose-
dependent manner. 

Morin promoted the caspase-3 activity in HL-60 cells.
Representative profiles of caspase-3 activity are given in Figure
5A. The data demonstrated that morin promoted the activation
of caspase-3 (Figure 5B) and these effects was dose-dependent. 

Morin induced the production of reactive oxygen species in
HL-60 cells. After HL-60 cells were treated with various
concentrations of morin for various time periods, ROS
productions was analyzed and quantified by flow cytometric

methods. Representative profiles of ROS are given in
Figure 6A. The data demonstrated that morin induced ROS
production in a dose- (Figure 6B) and time-dependent
manner cure (Figure 6C). 

Morin induced the Ca2+ production in HL-60 cells. After 
HL-60 cells were treated with various concentrations of
morin for 24 h, Ca2+ production was quantified by flow
cytometric methods. Representative profiles given in Figure
7A indicate that increased dose of morin led to an increase
in the Ca2+ production by the cells (Figure 7B). 

Morin decreased the levels of mitochondria membrane potential
(¢æm) in HL-60 cells. After HL-60 cells were treated with
various concentrations of morin for 12 h, the levels of ¢æm
were analyzed and quantified by flow cytometric methods.
The representative profiles given in Figure 8A indicate that
increased dose of morin led to a decrease in the levels of
¢æm (Figure 8B) (% of cells were stained by DiOC6).

The effects of morin on the expressions of Wee1, cyclin A, cyclin
B1, Cdc25c, CHK2, p21, caspase-9, caspase-3, Bcl-XL and Bax
in HL-60 cells. The results after treatment of HL-60 cells with
various concentrations of morin and examination by Western
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Figure 2. Flow cytometric analysis of the effects of morin on the HL-60 cell cycle and sub-G1 group. A) Representative profiles of cell cycle; B) percent
of cells in various phases and sub-G1-phase; and C) percent of cells in apoptosis were analyzed by flow cytometry. Data represents mean±S.D. of three
experiments. *Significant differences between morin-treated cells and control. *p<0.05.



blotting [Figure 9 (Panel A: Wee1; Panel B: cyclin A; Panel
C: cyclin B1; Panel D: Cdc25c; Panel E: CHK2; Panel F: p21;
Panel G: caspase-9; Panel H: caspase-3; Panel I: Bcl-xL and
Panel J: Bax)] indicate that the levels of cyclins A and B1,
cdc25c were decreased, while Wee1 was overexpressed. This
may have led to G2/M arrest. Morin increased the expressions
of p21, Bax, caspase-3 and -9 and decreased the expression
of Bcl-xL. This may have led to apoptosis in HL-60 cells.

Discussion

Although the anticancer action of morin is still unclear, our
results clearly demonstrated that morin induced G2/M-phase
arrest and apoptosis in human leukemia HL-60 cells. This is in
agreement with other reports which demonstrated that morin
induced apoptosis in human prostate cancer LNCaP cells (9).
Our results also demonstrated that morin decreased the
percentage of viable cells, promoted ROS and Ca2+

productions, decreased mitochondria membrane potential,
promoted caspase-3 and -9 activation and led to apoptosis
(DNA fragmentation and sub-G1-phase of cell cycle). These
effects were dose- and time-dependent. Our data also showed
that morin induced apoptosis through a mitochondria-
dependent pathway. 

ROS production in HL-60 cells after treatment with morin
occurred relatively quickly. ROS may lead to increased
production of p21 protein. But after 24 hours ROS was
decreased. Although it has been reported that low levels of
ROS enhanced cell proliferation (18, 19), the production of
ROS may contribute to tumor progression (20). An interesting
point is that antioxidants scavenged intracellular ROS which
led to suppression of proliferation of transformed cells (21)

and colony formation (22). Our results have also shown that
morin-induced apoptosis occurred after HL-60 cells were
treated with morin for 24 hours. But the decrease of
percentage of viable cells had already been shown after 6
hours. Apparently the decreased percentage of viable cells is
not directly associated with apoptosis. This is in agreement
with other results which have demonstrated that growth
inhibition by morin does not seem to be associated with
induction of apoptosis in oral cancer cell cultures (11).

It is well-documented that cell cycle checkpoints (associated
enzyme complexes) play an important role in ensuring the
proper execution of cell cycle events. Enzymes, such as CDK,
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Figure 3. The induction of apoptosis in HL-60 cells after treatment with morin was examined by DAPI staining. 

Figure 4. Gel electrophoresis for determining DNA fragmentation in
human HL-60 cells after treatment with morin. 
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Figure 5. Flow cytometric analysis of the effects of morin on caspase-3 activity in HL-60 cells. A) Representative profiles of caspase-3 activity; and B)
percent of caspase-3 activity. Data represent mean±S.D. of three experiments. *Significant differences between morin-treated cells and control. *p<0.05.

Figure 6. Flow cytometric analysis of reactive oxygen species (ROS) in
human HL-60 cells incubated with morin. The zero concentration was
defined as control. DCFH-DA staining was determined by flow cytometry.
A) Representative profiles of ROS production (% of cells being stained);
B) the percentage of ROS for various concentrations of morin treatment;
and C) the percentage of ROS at 400 ÌM morin for various time periods.
*Significant differences between morin-treated cells and control. *p<0.05.



and the cyclins are the major molecular players in cell cycle
progression. The inhibition of CDK activity leads to cell cycle
arrest, therefore the molecules which can inhibit CDKs may
be anticancer agents specifically targeting the cell cycle. It has
been reported that the CDK inhibitors (flavopiridol, UCN-01,
olomoucine, rocosvitine, butyrolactone I, indirubin-5-
sulfonate, and indirubin-3’-monoxime) may inhibit the growth
of cancer cells by causing cell cycle arrest and apoptosis (23).
Our results have also shown that morin induced G2/M arrest
in HL-60 cells in a dose-and time-dependent manner. Based
on the results from Western blotting, it was demonstrated that

morin inhibited the levels of cyclin A and B1, CDK1, Cdc25 c
and promoted the expression of Wee1 and those observations
were associated with the G2/M arrest. The clinically used
anticancer drugs, such as taxol, have been shown to induce
G2/M arrest and apoptosis. More importantly taxol also
affected these cycle-associated proteins. When the CDKs are
inhibited and the cell undergoes cell-cycle arrest, the cell may
have the opportunity to repair its own damaged DNA before
it resumes cell proliferation or it may trigger the apoptotic
machinery and the cell will undergo apoptosis because it
continues to cycle with its damaged DNA. Western blotting
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Figure 7. Flow cytometric analysis of Ca2+ concentration in human HL-60 cells incubated with morin for 24 hours. Zero concentration was defined as
control. Indo-1/AM staining was determined by flow cytometry. A) Representative profiles of Ca2+; B) the percentage of Ca2+ concentrations. *Significant
differences between morin-treated cells and control. *p<0.05.

Figure 8. Flow cytometric analysis of mitochondrial membrane potential (¢æm) in human HL-60 cells incubated with morin. Zero concentration of
morin was defined as control. DiOC6 staining was determined by flow cytometry. A) Representative profiles of ¢æm; B) the percentage of ¢æm for
various concentrations of morin. *Significant differences between morin-treated cells and control. *p<0.05.



also showed that morin promoted Bax expresssion (which is a
pro-apoptotic protein) and increased cytochrome c release
due to the decreased ¢æm and promoted the activation of
caspase-3 and -9. 

It is well-known that mitochondria play an important key
role in the regulation of apoptosis (24, 25). Apoptosis can be
divided into mitochondria-dependent and -independent

pathways. However, mitochondrial dysfunctions, including the
loss of mitochondrial membrane potential, permeability
transition and release of cytochrome c from the mitochondria
into the cytosol, are associated with apoptosis (26). Thus, a
mitochondrial damage-dependent pathway might be involved
in the morin-induced apoptosis in HL-60 cells (Figure 10).
Other investigators have also demonstrated that morin affected

ANTICANCER RESEARCH 27: 395-406 (2007)

402

Figure 9. continued
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Figure 9. continued
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Figure 10. Proposed model of morin mechanism of action for G2/M arrest and apoptosis in HL-60 cells. Morin enhanced Wee1and p21 expression and
decreased cyclin A, cyclin Bs, Cdc25c which led to G2/M arrest. Morin increased the production of Bax, caspase-3 and -9 and decreased Bcl-xL which
caused apoptosis in HL-60 cells.

Figure 9. continued

Figure 9. Representative Western blot showing changes in the levels of cell cycle and apoptosis associated proteins in HL-60 cells after treatment with
morin. The HL-60 cells (5x106/ml) were treated with 0, 100, 200, 300, 400 and 500 ÌM morin for 24 h then cytosolic fraction and total protein were
prepared and determined, as described in “Materials and Methods”. A) Wee1, B) cyclin A, C) cyclin B1, D) Cdc25c, E) CHK2, F) p21, G) caspase-9,
H) caspase-3, I) Bcl-xLã, and J) Bax were estimated by Western blotting, as described in the “Materials and Methods”.



the main kinase signaling pathways and inhibited growth of oral
cells, while the activation of the JNK and p38 stress kinase
pathways [implicated in growth arrest of cells in response to
stress signals of various kinds (27)], and inhibition of the PK-
B/AKT pathway [considered to be mainly involved with
regulating cell survival (28)] seem to be involved. It appears that
morin induced cell cycle arrest and inhibited cell growth.

It is well known that caspases play a critical role in the
initiation of apoptosis. According to the substrate specificities
of caspases, they can be grouped into "apoptotic initiators",
such as caspase-8, and "apoptotic effectors", such as caspase-3
(29). Our data demonstrated that morin-induced apoptosis
was observed from 24 h up to 72 h (time-dependent manner).
Morin promoted the activation of caspase-3, Bax, caspase-3
and -9 expression and cytochrome c release from
mitochondria and decreased Bcl-2 expression in HL-60 cells.
These results demonstrated that morin-induced apoptosis
might involve a mitochondria-dependent pathway and
caspase-3-mediated mechanism (Figure 10). 
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