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and S phase arrest in human colon lovo cells
Chun Zhanga,b, Xia Fana, Xiang Xua, Xue Yanga, Xi Wanga and Hua-Ping Lianga

Evodiamine, one of the major bioactive components

derived from Wu-Chu-Yu, a long-standing Chinese herb,

was reported to possess anticancer activity. In this study,

we investigated the in-vitro and in-vivo anticancer effects of

evodiamine on human colon lovo cells and their potential

mechanisms. The 3-(4, 5-dimethylthiazole-2-yl)-2,5-

diphenyltetrazolium bromide assay showed that the

in-vitro proliferation of lovo cells was inhibited by

evodiamine of various concentrations. Flow cytometry

showed a time-dependent increase in the percentage of

apoptotic cells and cells arrested in the S phase after

treatment with 60lmol/l evodiamine. Western blot indicated

that evodiamine treatment decreased the expression of

procaspase-8, procaspase-9, and procaspase-3 in lovo

cells, accompanied by the activation of caspase-8,

caspase-9, and caspase-3. However, the translocation of

apoptosis-inducing factor and endonuclease G was not

affected by evodiamine. Moreover, western blot assay also

suggested that evodiamine-induced S phase arrest in lovo

cells was associated with a marked decrease in the protein

expression of cyclinA, cyclinA-dependent kinase 2, and

cdc25c. In-vivo antineoplastic characteristics of evodiamine

were examined in a human colon carcinoma lovo xenograft

model and results showed that evodiamine increased

the number of TUNEL-positive cells accompanied by the

downregulated expression of procaspase-8, procaspase-9,

and procaspase-3. In conclusion, these findings indicated

that evodiamine could inhibit the in-vitro and in-vivo

proliferation of human colon lovo cells by inducing

caspase-dependent apoptosis and S phase arrest.
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Introduction
Evodiamine is one of the major bioactive components

derived from Wu-Chu-Yu, a long-standing Chinese herb.

It has been reported that evodiamine has vasodilative [1],

anti-inflammatory [2], nociceptive, and antinociceptive

effects [3]. Furthermore, evodiamine has been shown to

exert suppressive effects on the proliferation of a variety

of cancer cells, including human myeloid leukemia KBM-5

cells through inducing nuclear factor-kB inactivation by

inhibiting IkBa kinase activation [4], human breast MCF-7

cells by inhibiting covalent topoisomerase–DNA complex

segregation [5], human prostate PC-3 cells by inducing

cell cycle arrest in G2/M phase and subsequent caspase-

dependent apoptosis [6], and human melanoma A375-S2

cells by inducing caspase-independent apoptosis [7].

Cell cycle checkpoints are the elaborate surveillance

systems to monitor DNA damages and other forms of geno-

toxic stress. When damage occurs, the checkpoint uses a

signal mechanism to either stall the cell cycle until repairs

are made or, if repairs cannot be made, to target the cell

for destruction through apoptosis [8,9]. Cell cycle check-

points are driven by the activation of cyclin-dependent

kinases (CDKs), which require a cyclin subunit for their

activation. For instance, cyclinE/CDK2 plays a role in G1S

transition and relates to the malignant transformation of

cells. CyclinA associated with both CDK1 and CDK2 acts

in both the S phase and mitosis, and cyclinB/CDK2

mediated by the cdc25 family of phosphatases regulates

G2M checkpoint [10]. Apoptosis occurs normally during

development and aging, and is a homeostatic mechanism

in maintaining the balance of cell populations in tissues.

So far, studies have indicated two main apoptotic

pathways. One is the caspase-dependent pathway includ-

ing the activation of caspase-8, caspase-9, and caspase-3

[11] and the other is the caspase-independent pathway in

which apoptosis-inducing factor (AIF) and endonuclease

G (endo G) releasing from the mitochondria into the

nucleus can induce chromatin condensation and DNA

fragmentation [12,13].

Colon cancer is the second leading cause of cancer death

and remains a significant global health problem [14].

Widely accepted risk factors for colon cancer include age,

dietary habit [15], metabolic syndrome [16], and genetic

mutation [17]. Over the past years, fluorouracil-based

chemotherapy has been the treatment of choice for colon

cancer [18], which, however, may cause psychological and

physiological side effects, thus limiting its wide appli-

cation [19]. Therefore, it is imperative to identify and

develop novel antineoplastic drugs against colon cancer.

Evodiamine has been recognized as a compound having

766 Preclinical report

0959-4973 �c 2010 Wolters Kluwer Health | Lippincott Williams & Wilkins DOI: 10.1097/CAD.0b013e32833d26a9

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



antimetastatic and antineoplastic characteristics in mur-

ine colon 26-L5 cells [20]. Our study aimed to investigate

the effect of evodiamine on the proliferation of human

colon lovo cells. Our results showed suppressive effects

of evodiamine on the in-vivo and in-vitro proliferation of

human colon lovo cells by inducing caspase-dependent

apoptosis and S phase arrest.

Materials and methods
Materials

Evodiamine was purchased from Xi’an Guanyu Bio-tech

Co. Ltd (Xi’an, China) with a purity of 98% determined

by high-performance liquid chromatography. Evodiamine

was dissolved in dimethyl sulfoxide (DMSO) and diluted

with RPMI-1640 medium before use. The DMSO

concentration in the cell culture medium was below 0.1%.

RPMI-1640 medium and fetal calf serum were purchased

from Gibco BRL (Gaithersburg, Maryland, USA). DMSO

and MTT [3-(4,5-dimethylthiazole-2-yl)-2,5-diphenylte-

trazolium bromide] were purchased from Sigma-Aldrich

(St Louis, Missouri, USA). An Annexin V-fluorescein

isothiocyanate (FITC)/propidium iodide (PI) apoptosis

detection kit was purchased from KeyGen Biotech

(Nanjing, China) and caspase-8, caspase-9, and caspase-3

activity assay kits from Beyotime Institute of Biotechnology

(Nantong, China). A TUNEL apoptosis detection kit was

purchased from Roche Applied Science (Indianapolis,

Indiana, USA). Athymic mice were from the Chinese

Academy of Sciences (Shanghai, China). The following

primary antibodies were used in this study: procaspase-8,

procaspase-9, Bcl-2, Bax, AIF, endo G antibodies (Santa

Cruz Biotechnology, Santa Cruz, California, USA),

procaspase-3 (Thermo Fisher Scientific, Hudson, New

Hampshire, USA), cyclinA, CDK2, cyclinB1, CDK1, and

cdc25c antibodies (Millipore Corporation, Billerica, Mas-

sachusetts, USA).

Cell line and cell culture

Lovo human colon cancer cells were maintained in

RPMI-1640 medium supplemented with 10% heat inacti-

vated (561C, 30 min) fetal calf serum, 100 U/ml penicillin,

and 100mg/ml streptomycin at 371C with 5% CO2. Cells in

the logarithmic growth phase were harvested for use.

MTT assay and cell morphological assay

A modified MTT assay was used to quantify the cell

proliferation. Lovo cells were seeded at a density of

1� 104/well in 96-well plates. After incubation with

evodiamine of different concentrations for 24 h, 20 ml of

5 mg/ml MTT solution was supplemented to each well

followed by incubation for 6 h. Then, 50 ml of 20% SDS

solution was added into each well followed by incubation

overnight. The optical density was determined with a

microplate reader at 570 nm.

Lovo cells were seeded in six-well plates and maintained

for 12 h. The medium was discarded and replaced with

fresh medium or medium containing 60mmol/l evodi-

amine for 12 h. Cell morphology was observed and represen-

tative photographs were captured under a light microscope.

Flow cytometry

The DNA content was analyzed by measuring the dis-

tribution of cells in different phases in the cell cycle.

Lovo cells were harvested, washed with PBS, and fixed

in 70% ethanol at 41C overnight. After washing twice with

PBS, these cells were then resuspended in a DNA

staining solution containing PI (80 mg/ml), RNase A

(100 mg/ml), and 0.1% Triton X-100 followed by incuba-

tion for 30 min at room temperature in the dark. Next, the

cells were analyzed with a flow cytometer equipped with

the CellQuest software (Becton Dickinson, Heidelberg,

Germany).

Apoptosis was evaluated by measuring the phosphatidyl-

serine exposed on cell membranes with an apoptosis

detection kit. Lovo cells were harvested and then

resuspended in a staining solution containing PI (50mg/ml)

and Annexin V-FITC (25 mg/ml) followed by incubation

for 15 min at room temperature in the dark. The cells

were then resuspended in the binding buffer and apo-

ptotic cells were determined with a flow cytometer

equipped with CellQuest software.

Western blot assay

Lovo cells were harvested and washed twice in ice-cold

PBS. The cells were lysed with a lysis buffer. The tumors

from mice were washed with cold PBS, and homogenized

in the lysis buffer. The cell lysate and tumor homogenate

were centrifuged at 13 000 g for 15 min at 41C. The

protein concentration was determined by a BCA protein

assay kit (KangChen, Shanghai, China). Protein was

loaded onto an SDS–PAGE gel and electrotransferred to

polyvinylidene fluoride membranes. After being blocked

with 5% non-fat milk, the membranes were incubated

with specific primary antibodies followed by horseradish

peroxidase conjugated secondary antibodies. Finally, the

membranes were visualized with an enhanced chemi-

luminescence kit (KangChen, Shanghai, China). Signal

intensity was quantified by densitometric analysis.

Activities of caspases

Lovo cells treated with evodiamine were harvested and

washed twice with PBS. The cells were resuspended in

lysis buffer and centrifuged at 13 000 g for 15 min at 41C,

and 100 mg of protein was incubated with enzyme-specific

colorigenic substrates at 371C overnight. The activities

of caspase-8, caspase-9, and caspase-3 were determined

by measuring absorbance at 405 nm.

Immunocytochemistry

Lovo cells were grown and treated with evodiamine.

These cells were then fixed in 4% paraformaldehyde for

30 min, blocked with 5% bovine serum albumin, and

stained with anti-AIF and anti-endo G antibodies (1 : 100
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dilution) overnight at 41C. Subsequently, these cells were

incubated with FITC-conjugated mouse anti-rabbit

antibody (1 : 200) for 1 h. Cell nuclei were stained with

10 mg/ml 40,6-diamidino-2-phenylindole and representa-

tive photographs were obtained under a laser confocal

scanning microscope.

In-vivo antitumor effect

A total of 32 female athymic mice aged 4–6 weeks were

given ad libitum access to sterilized food and water. Mice

were subcutaneously administrated with 3� 106 of lovo

cells in 0.1 ml of PBS. Ten days later, when the tumor

size reached approximately 100 mm3, the mice (n = 8 per

group) were treated with evodiamine, 5-fluorouracil

(5-FU), or DMSO for 2 weeks (thrice weekly). Evodia-

mine (1 mg/kg) was dissolved in DMSO and intratumo-

rally injected. 5-FU (30 mg/kg) dissolved in DMSO was

intraperitoneally administered as a positive control. The

mice undergoing intratumoral or intraperitoneal adminis-

tration with DMSO served as controls. The tumor volume

and body weight of these mice were measured during the

experimental period, and tumor volume was determined

by the following formula: 0.5�L�W2 (L: length; W:

width). The animals in the control and treatment groups

were decapitated after 2 weeks of treatment and the

tumors were removed followed by fixation in 4% para-

formaldehyde for 3 days. Next, the tumors were cut into

5 mm sections and mounted on slides for further analysis.

Apoptosis in tumors

Tumor tissues were cut into sections followed by staining

with hematoxylin and eosin (H&E). Apoptosis was

measured with a TUNEL staining kit according to the

manufacturer’s instructions. The sections were depar-

affinized in xylene and dehydrated in gradient ethanol.

Next, these sections were permeabilized with 20 mg/ml

protease for 30 min at 371C followed by 50 ml of TUNEL

reaction mixture for 60 min at 371C. The sections were

analyzed using a fluorescence microscope.

Statistical analysis

Data were presented as means ± standard deviation.

Statistical analysis was carried out with a one-way analysis

of variance or Student’s t-test for independent variables.

A P value of less than 0.05 was considered statistically

significant.

Results
Evodiamine inhibits cell proliferation in vitro

To investigate the effect of evodiamine on cell proliferation,

lovo cells were treated with evodiamine of different con-

centrations for 24 h, and cell viability was assessed by the

MTT assay. As shown in Fig. 1a, the viability of lovo cells

was decreased in a dose-dependent manner with 54.08%

in the 60mmol/l evodiamine-treated group. The following

experiments were performed on lovo cells exposed to

60mmol/l evodiamine.

The in-vitro morphological changes in the evodiamine-

treated cells were examined. After treatment with 7.5,

15, 30, and 60 mmol/l evodiamine for 12 h, cells became

small, round, and floating, in a concentration-dependent

manner (Fig. 1b).

Evodiamine promotes cell apoptosis

To determine the effects of evodiamine on apoptosis, the

cells were treated with evodiamine for 6, 12, and 24 h, and

apoptotic cells were determined by flow cytometry. By

Annexin V labeling to phosphatidylserine, the number

of early apoptotic cells (Annexin V-FITC positive) was

increased in a time-dependent manner, and that of late

apoptotic or necrotic cells (Annexin V-FITC positive and

PI positive) was not markedly changed (Fig. 2).

Caspase-dependent signaling pathway is involved

in evodiamine-induced apoptosis

As evodiamine promoted the apoptosis of lovo cells, the

underlying mechanism was further explored. Caspases

exist as inactive zymogens in normal and survival cells,

and proteolysis occurs after activation resulting in

apoptosis. In this study, the expression of procaspase-8,

procaspase-9, and procaspase-3 in the cells treated with

different concentrations of evodiamine for 24 h were

markedly downregulated in a dose-dependent manner.

Meanwhile, administration with 60 mmol/l evodiamine

for 6, 12, and 24 h caused a significant reduction in the

expression of procaspase-8, procaspase-9, and procaspase-

3 in a time-dependent manner (Fig. 3a).

As caspases are the critical enzymes responsible for the

execution of apoptosis, caspase activities were directly

determined with caspase activity kits in our study.

Results showed that treatment with 60 mmol/l evodia-

mine for 24 h significantly increased the activities of

caspase-8, caspase-9, and caspase-3 (240.06, 163.77, and

188%, respectively) when compared with those in the

control group. These findings suggested that evodiamine

could induce apoptosis by activating caspases (Fig. 3b).

Evodiamine induces a decline in Bcl-2/Bax ratio

Cells were treated with different concentrations of

evodiamine for 24 h, and the expressions of Bcl-2 and Bax

were determined. Results showed that Bax expression was

enhanced in the 15–60mmol/l evodiamine-treated cells

(P < 0.05), but Bcl-2 expression was only slightly attenu-

ated. In addition, in cells exposed to 60mmol/l evodiamine

for 6, 12, and 24 h, Bax expression was increased (P < 0.05),

whereas Bcl-2 was only slightly decreased (Fig. 3a).

Caspase-independent apoptosis driven by

apoptosis-inducing factor and endonuclease

G is not caused by evodiamine

As AIF and endo G are involved in the caspase-

independent pathway, the role of AIF and endo G in the

evodiamine-induced apoptosis was further explored. Trans-

location of AIF and endo G was detected by observing
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their release from the mitochondria and translocation to

the nucleus under a laser confocal microscope. Results

displayed that both AIF and endo G were not translocated

into the nucleus after evodiamine treatment (Fig. 4).

Meanwhile, western blot showed that after 60 mmol/l

evodiamine treatment for 2 h, no significant changes in

the expressions of AIF and endo G were observed in the

nucleus (data not shown).

Evodiamine induces cell cycle arrest in S phase

The cell cycle was examined by flow cytometry. The cells

treated with 60 mmol/l evodiamine were mostly arrested

in the S phase, which was in a time-dependent man-

ner. As early as 6 h after evodiamine treatment, the

cells arrested in S phase were observed. Furthermore,

evodiamine treatment for 24 h increased the percentage

of cells in the S phase from 28.5 to 95.78%, with a parallel

reduction in the percentage of cells in the G0/G1 phase

from 64.49 to 1.94% (Fig. 5).

To evaluate the roles of cell cycle-regulating proteins in

the effects of evodiamine on the cell cycle, proteins were

extracted from the evodiamine-treated cells at designed

time points for western blot analysis. When compared with

Fig. 2
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the control group, the expressions of cyclinA, CDK2, and

cdc25c were significantly decreased, which was in a time-

dependent manner, whereas the expressions of cyclinB1

and CDK1 were increased at 6 and 12 h, and decreased at

24 h after evodiamine treatment (Fig. 6).

Evodiamine suppresses lovo xenograft tumor growth

through caspase-dependent apoptosis

To investigate the in-vivo effects of evodiamine on tumor

growth, athymic mice were inoculated with human colon

cancer lovo cells and tumor volume was determined.

Results indicated that the tumor size in the control group

was gradually increasing. Evodiamine and 5-FU were found

to slow the tumor growth compared with the control group.

Furthermore, the tumor growth rate was lowest in the

evodiamine-treated group. Moreover, death because of

evodiamine toxicity was not observed in these mice and

body weight was not significantly affected (Fig. 7). In addi-

tion, H&E staining showed that the cell nucleus had

shrinkage, pyknosis, and karyorrhexis in the evodiamine-

treated group accompanied by significantly increased

number of TUNEL-positive cells (Fig. 8a). Furthermore,

the expressions of procaspase-8, procaspase-9, and procas-

pase-3 were lowered in the tumors of evodiamine-treated

mice when compared with the controls, which was

consistent with the results in the in-vitro study (Fig. 8b).

Discussion
As colon cancer is the second leading cause of cancer

deaths, effective treatments are needed to be developed

against colon cancer. Evodiamine is one of the major bio-

active components derived from a long-standing Chinese

herb named Wu-Chu-Yu. Earlier studies have indicated

that evodiamine can affect many physiological functions

and might be a promising medicine in the future [21–23].

In this study, the in-vitro and in-vivo effects of evodiamine

on the proliferation of human colon cancer lovo cells, and

the potential mechanisms were explored.

It has been shown that evodiamine at concentrations

ranging from 10 – 6 to 10 – 4 mol/l significantly decreased

the proliferation of LNCaP cells [24], and from 2.5 to

80mmol/l resulted in a significant increase in the loss of Hela

cell line [25]. Tumor growth of mice with human breast

NCI/ADR-RES xenografts orally treated with evodiamine

(10 mg/kg) twice daily was slow compared with carboxy-

methyl cellulose administration [26]. In this study, the

results showed that administration of 7.5 mmol/l evodia-

mine inhibited the growth of lovo cells and a higher dose

of evodiamine caused lower viability of lovo cells. In

addition, in our earlier study, the in-vivo antineoplastic

characteristics of evodiamine of different concentrations

were evaluated, and results showed that 1 mg/kg was an

optimal dose with the lowest toxicity (data not shown).

At the same time, evodiamine (1 mg/kg) significantly

inhibited tumor growth when compared with the control

group. Moreover, the inhibition of cell proliferation by

evodiamine was more profound than that by 5-FU (30 mg/

kg), which is a well-known anti-cancer drug for colon

cancer. Therefore, we postulated that evodiamine could

inhibit the in-vitro and in-vivo proliferation of lovo cells.

Apoptosis, a major control mechanism by which cells die

when DNA damage is not repaired, has provided the basis

for novel targeted therapies that can induce death of

cancer cells or sensitize them to established cytotoxic

agents [27]. The morphological features of apoptosis can

represent cell viability to a certain extent. At the early

stage of apoptosis, cell shrinkage and pyknosis are visible

under light microscope. Extensive plasma membrane bleb-

bing occurs followed by karyorrhexis, and cell fragments

formed into apoptotic bodies, which are subsequently

phagocytosed by other cells and degraded within phagoly-

sosomes [11,28,29]. Our study indicated that the lovo cells

treated with 7.5, 15, 30 and 60mmol/l evodiamine for 12 h

Fig. 4
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became small, round, and floating. H&E staining showed

nucleus pyknosis and karyorrhexis in the evodiamine-

treated tumors. Subsequently, the apoptosis of evodiamine-

treated lovo cells was determined by Annexin V-FITC/PI

double staining. Results showed that 60mmol/l evodiamine

caused time-dependent early apoptosis but not late

apoptosis (necrosis). Meanwhile, TUNEL assay showed

that the number of TUNEL-positive cells in the evodia-

mine-treated group was significantly increased when

compared with the control group.

It is well known that caspases play critical roles in the

caspase-dependent apoptotic pathway and are widely

expressed as inactive proenzymes in most cell types.

Once activated, they can activate other procaspases

[30,31]. Caspase-dependent apoptosis occurs through

two main pathways. The first is the extrinsic pathway

that is triggered through the Fas death receptor and forms

the death-inducing signaling complex, leading to cleavage

and activation of procaspase-8. The second pathway is

the intrinsic pathway in which the outer mitochondrial

membrane becomes permeable, leading to the release of

cytochrome-c, and subsequent cleavage and activation of

procaspase-9. Both pathways converge to a final com-

mon pathway involving the activation of procaspase-3,

which cleaves the inhibitor of caspase-activated deoxy-

ribonuclease, leading to the activation of caspase-

activated deoxyribonuclease, and subsequent apoptosis

[32]. Our results showed that evodiamine markedly down-

regulated the expressions of procaspase-8, procaspase-9,

Fig. 5
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and procaspase-3 in a time-dependent and dose-dependent

manner in vitro. Meanwhile, when compared with the

control group, significantly downregulated expressions of

procaspase-8, procaspase-9, and procaspase-3 were found

in the evodiamine-treated mice with lovo xenografts. We

also found that 60 mmol/l evodiamine could markedly

enhance the activities of caspase-8, caspase-9, and

caspase-3. The Bcl-2 family proteins are key regulators

of apoptosis, including the anti-apoptotic proteins (Bcl-2,

Bcl-XL, and Mcl-1) and proapoptotic proteins (Bax, Bad,

and Bid). Anti-apoptotic proteins act as repressors by

blocking the release of cytochrome-c, whereas proapop-

totic members act as promoters. These effects are

dependent on the Bcl-2/Bax ratio [32,33] (Fig. 9). Our

results showed that evodiamine decreased Bcl-2 expres-

sion and significantly increased Bax expression. These

findings are similar to our earlier study in which

evodiamine could activate caspase-8, caspase-9, and

caspase-3. Therefore, our findings suggested that evodia-

mine could induce caspase-dependent apoptosis accom-

panied by a decline in the Bcl-2/Bax ratio.

Caspase family members were once thought to be indi-

spensable for the occurrence of cell apoptosis. However,

some proapoptotic proteins, such as AIF and endo G, can

also induce apoptosis in a caspase-independent manner

[34]. AIF and endo G exist in the mitochondrial

intermembrane space, and can be translocated into the

nucleus after apoptosis induction causing chromatin

condensation and DNA fragmentation [12,13] (Fig. 9).

It was shown earlier that evodiamine could induce

apoptosis in human leukemic U937 cells through

caspase-dependent and caspase-independent pathways

Fig. 7
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[35]. However, translocation of AIF and endo G into the

nucleus was not observed in the human lovo cells after

evodiamine treatment. Our results indicated that evo-

diamine could induce apoptosis of lovo cells through the

caspase-dependent pathway, but not in an AIF and endo

G-mediated caspase-independent manner.

In eukaryotes, mitosis is dependent on the completion

of DNA synthesis. Highly conserved DNA-repair and

cell-cycle checkpoint pathways allow cells to deal with both

endogenous and exogenous DNA damage [8,36]. So far,

studies have shown that several therapeutic agents,

such as cisplatin, paclitaxel, hydroxyuracil, and 5-FU,

can disrupt cell cycle regulation and impair checkpoint

controls ultimately inducing growth arrest and apoptosis

in cancer cells. It is a new finding that evodiamine could

induce S phase arrest in lovo cells with a parallel

reduction in the number of cells in the G0/G1 phase.

The cell cycle progression is regulated by different

classes of cyclins, CDKs, and other regulatory proteins

[37]. CyclinA accumulates at the G1/S phase transition

and can be observed throughout the S phase and mitosis.

CDK2 is required for the entry into the S phase, and

completion of the S phase [38,39]. The critical target of

the G2 checkpoint is the mitosis-promoting activity of

cyclinB/CDK1, whose activation is regulated by cdc25c

[40] (Fig. 10). In this study, we found that evodiamine

treatment caused S phase arrest and a decrease in the

protein expression of cyclinA, CDK2, and cdc25c in a

time-dependent manner. However, the expressions of

cyclinB1 and CDK1 were increased at the early stage

after evodiamine treatment and decreased at the late

stage. These findings indicated that evodiamine treat-

ment could downregulate the expression of the cyclinA/

CDK2 complex and subsequently induce the S phase

arrest in lovo cells. The S phase arrest could induce a

positive feedback resulting in an increase in the cyclinB1/

CDK1 expression at an early stage and downregulation

of cdc25c induced a decrease in their expressions at the

late stage.

In conclusion, this study suggested that evodiamine could

exert suppressive effects on the proliferation of human

colon cancer lovo cells and induce apoptosis both in vitro
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and in vivo. Evodiamine-induced apoptosis was achieved

through the activation of caspase-8, caspase-9, and

caspase-3 accompanied by a decline in the Bcl-2/Bax

ratio. However, the caspase-independent pathway driven

by AIF and endo G was not involved in the evodiamine-

induced apoptosis. In addition, evodiamine could also

arrest lovo cells in the S phase by reducing cyclinA/CDK2

expression. Taken together, our findings showed that the

in-vitro and in-vivo antineoplastic effects of evodiamine

on human colon cancer lovo cells were mediated by

inducing apoptosis, which was in a caspase-dependent

manner and related with S phase arrest.
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