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ABSTRACT

An extract from ripe fruit of Vitex agnus-castus (Vitex)
has been used to treat patients with various obstetric
and gynecological disorders in Europe. We have de-
monstrated that Vitex showed cytocidal effects on va-
rious types of cancer cell lines including a human co-
lon carcinoma cell line, COLO 201. In this study, we
extended our previous study to investigate the de-
tailed mechanisms underlying cytocidal effects of Vi-
tex on COLO 201. Furthermore, a possible clinical
application of Vitex was also explored in vivo using
nude mice xenografted with the cells. Treatment with
Vitex induced apoptosis in COLO 201 in a time-de-
pendent manner, accompanying with activation of
caspase-9 and -3, but not caspase-8. An inhibitor for
c-Jun NHy-terminal kinase (JNK), but not p38 mito-
gen-activated protein kinase (MAPK), significantly
suppressed the apoptosis induction along with cas-
pase-3 activation. Endoplasmic reticulum (ER) stress-
related genes were also upregulated by Vitex treat-
ment. Most importantly, the in vivo efficacy of Vitex
evaluated by assessing the tumor growth revealed that
the administration of Vitex significantly suppressed tu-
mor growth in COLO 201 xenografted mice. Collec-
tively, current results suggest that apoptosis induction
by Vitex in COLO 201 is mediated through the acti-
vation of JNK and caspase-9, -3 resulted from ER
stress. Based on the current clinical application of
Vitex, these results thus provide a new insight into the
clinical use of Vitex and leave open a possibility of a
new regimen as an alternative medicine approach for
such devastating colon cancer treatment.
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1. INTRODUCTION

Colon cancer is one of the most common cause of cancer
death worldwide [1,2]. Treatment for the recurrent and
metastatic disease remains a center of clinical attention.
Combinational therapy, such as 5-fluorouracil (5-FU) and
leucovorin with either irinotecan or oxaliplatin has been
widely used for the treatment of patients with colorectal
cancer [3,4]. Recently, various types molecular target-
based drugs, such as cetuximab and bevacizumab, are be-
ing used clinically. However, there is a growing concern
about the side effects of these clinically used drugs. It is a
noteworthy trend that botanical therapeutics has been re-
ceiving a great attention in order to reduce chemother-
apy-associated side effects. In this regard, it is interesting
to note that up to 60% of cancer patients use herbal sup-
plements during or after chemotherapy in the USA [5].
Of those, flavonoids are known to display a wide variety
of biological functions including antioxidative functions
and anticancer activity [6].

Vitex agnus-castus is a shrub of the Verbenaceae fam-
ily and is found naturally in the Middle East and South-
ern Europe. Ripe fruit of V. agnus-castus has been used
as a folk medicine for the treatment of various obstetric
and gynecological disorders in Europe [7,8]. It has been
reported that flavonoids are one of major components of
an extract from dried ripe V. agnus-castus (Vitex) [9]. In
fact, we have previously reported that the extract induced
apoptosis in human gastric signet ring cell carcinoma
(KATO-III) [10]. The facts that an increase in the level
of intracellular reactive oxygen species (ROS) and the
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expression level of stress-related genes including hemo-
xygenase-1 (HO-1); an activation of caspase-9, -3 and
caspase-8 as well as Bid; an abrogation of apoptosis in-
duction by antioxidants such as N-acetyl-L-cysteine (NAC)
and glutathione suggested that the apoptosis was induced
by oxidative stress resulting in mitochondrial damage
[10]. We also demonstrated that Vitex exhibited cyto-
toxic activities against other several types of human can-
cer cell lines including COLO 201, a colon carcinoma
cell line [11,12]. Furthermore, we recently reported for
the first time that 5-FU in combination with Vitex achieved
an enhanced cytocidal effect on the cells, but lesser cyto-
toxic effect on human peripheral blood mononuclear cells,
suggesting a new chemotherapeutic application of Vitex
as a phytotherapeutics for the treatment of patients with
colon cancer [13]. Our experimental data also demon-
strated that apoptosis induction was involved in the me-
chanism underlying the cytocidal effect of Vitex in COLO
201 cells [11,12]. The lack of activity of NAC to abro-
gate apoptosis induction suggested that the mechanism
was independent of oxidative stress, although a signifi-
cant increase in HO-1 gene expression was observed in
the cells treated with Vitex [12]. However, the detailed
mechanisms underlying the cytocidal effect of Vitex on
COLO 201 are not fully understood.

In the current study, we extended our previous study
to investigate the detailed mechanisms underlying Vitex-
induced apoptosis in COLO 201 cells. In order to predict
a possible clinical application of Vitex, we further invest-
tigated the effect of Vitex on the tumor growth of nude
mice xenografted with COLO 201 cells.

2. MATERIALS AND METHODS
2.1. Reagents

Specific fluorogenic substrates for caspase-3 [Asp-Glu-
Val-Asp-AFC (DEVD-AFC)], caspase-9 [Leu-Glu-His-
Asp-AFC (LEHD-AFC)], caspase-8 [lle-Glu-Thr-Asp-
AFC (IETD-AFC)], and specific inhibitor for caspase-3,
Z-DEVD-FMK, were purchased from BioVision Re-
search Products (Mountain View, CA, USA). Boc-D-FMK,
a pancaspase inhibitor, was purchased from Sigma (St.
Louis, MO, USA). c-Jun NH,-terminal kinase (JNK) in-
hibitor, SP600125, and p38 mitogen-activated protein ki-
nase (MAPK) inhibitor, SB203580, were purchased from
Calbiochem (Darmstadt, Germany).

2.2. Cell Line and Culture Methods

COLO 201, a human colon carcinoma cell line [14], was
purchased from the JCRB Cell Bank (JCRB 0226; Tokyo,
Japan). Cells were cultured in RPMI-1640 medium (GIB-
CO, Grand Island, NY, USA) supplemented with 10% heat-
inactivated fetal bovine serum (Bio-Whittaker, Walkers-

Copyright © 2012 SciRes.

ville, MD, USA) and antibiotics (100 U/ml of penicillin
and 100 pg/ml of streptomycin (Gibco BRL, Gaithers-
burg, MD, USA)) at 37°C in a humidified atmosphere
(5% CO; in air).

2.3. Vitex Treatment

Preparation of Vitex was carried out according to the
methods described previously [10]. Vitex was dissolved
in dimethyl sulfoxide (DMSO) at concentrations of 20,
100, and 200 mg/ml. COLO 201 cells (2 x 10° cells/ml)
were precultured for 12 h, followed by the treatment with
Vitex (final concentrations: 10, 50 and 100 pg/ml) at
37°C for a designated time. Controls were prepared by
treating cells with culture medium containing vehicle re-
agent, DMSO, only (final concentration: 0.05%).

2.4. DNA Preparation and DNA Fragmentation
Analysis by Agarose Gel Electrophoresis

DNA preparation and agarose gel electrophoresis were
carried out according to the methods previously reported
[12]. Extracted DNA was dissolved in TE buffer (50 mM
Tris-HCL, pH 7.8, 10 mM EDTA-2Na) in an approxi-
mate concentration of 1 pg DNA/ul. Twenty microliters
of DNA solutions and Ready-Load™ 100 bp DNA Lad-
der (Invitrogen, Carlsbad, CA, USA) were electrophore-
sed, respectively, on a 2% agarose gel (Agarose X, Nip-
pon gene, Tokyo, Japan), and visualized by ethidium
bromide (Sigma-Aldrich, Poole, UK) staining, followed
by viewing under UV Light Printgraph (ATTO Corp,
Tokyo, Japan).

2.5. Treatment of Cells with Inhibitors

Z-DEVD-FMK, a specific inhibitor for caspase-3, was
dissolved in DMSO at a concentration of 10 mM. Boc-
D-FMK, a pancaspase inhibitor; SP600125, a specific
inhibitor for INK; and SB203580, a specific inhibitor for
p38 MAPK, were dissolved in DMSO at a concentration
of 20 mM. COLO 201 cells (2 x 10 cells/ml) were cul-
tured for 12 h prior to the addition of each of the follow-
ing inhibitors, [Boc-D-FMK (final concentration: 50 uM),
Z-DEVD-FMK (final concentration: 20 uM), and
SP600125 or SB203580 (final concentration: 10 uM)],
into culture medium, just before the addition of Vitex at
a final concentration of 100 pg/ml, followed by the addi-
tional incubation for 48 h.

2.6. Measurement of Caspase-3, -9 and -8
Activities

Activity of caspase-3, -9, or -8 was measured using the
caspase fluorometric assay kit (BioVision) according to
the manufacturer’s instructions. Protein amount of 50
ug/50 ul was plated on a 96-well plate, followed by the
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addition of 50 pl of 2 x reaction buffer containing 10
mM DTT to each sample, and then 5 pl of 1 mM caspase
substrate (final concentration of 50 pM). After incuba-
tion at 37°C for 1-h, fluorescent intensity was measured
with a 400 nm excitation filter and 505 nm emission fil-
ter using a microplate reader Safire (TECAN, Mannedorf,
Switzerland).

2.7. Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR)

Total RNA for RT-PCR analysis was extracted from Vi-
tex-treated COLO 201 cells using an RNA extraction kit,
ISOGEN (Wako Pure Chemical Industries, Osaka, Japan).
Complementary DNA (cDNA) was synthesized from 1 pg
of RNA using 100 pmol of random hexamers and 100 U
of Moloney murine leukemia virus reverse transcriptase
(Invitrogen) in a total volume of 20 pl according to the
manufacture’s instruction manual. PCR was performed
as described previously [12]. Sequences of sense and
anti-sense primer pair for PCR were as follows: f-actin,
5’-CCT TCC TGG GCA TGG AGT CCT G-3’ and
5’-GGA GCA ATG ATC TTG ATC TTC-3’ [15]; HO-1,
5’-CCA GCA ACA AAG TGC AAG ATT C-3’ and
5-TGC AGG AAC TGA GGA TGC TG-3" [16];
GRP78, 5’-ATG AAG CCC GTC CAG AAA GT-3’ and
5’-GCT GTA TCC TCT TCA CCA GT-3’; CHOP,
5’-CAT ACA TCA CCA CAC CTG AAA G-3° and
5’-CCG TTT CCT GGT TCT CCC TTG G-3’ [17]. PCR
primer sequences for GRP78 gene were designed accor-
ding to ¢cDNA sequences published (GenBank accession
No. BC020235). PCR products and Ready-Load™ 100 bp
DNA Ladder (Invitrogen) marker were electrophoresed,
respectively, on a 2% UltraPure™ agarose gel (Invitro-
gen), and visualized by ethidium bromide staining, fol-
lowed by viewing under UV Light Printgraph (ATTO Corp,
Tokyo, Japan).

2.8. Treatment of COLO 201-Xenografted
Mouse in Vivo

Specific pathogen-free (SPF) KSN mice (male, 5 weeks
old) were purchased from Japan SLC Inc., (Shizuoka,
Japan). Animal use and relevant experimental procedures
were approved by the Tokyo University of Pharmacy and
Life Sciences Committee on the Care and Use of Labo-
ratory Animals. COLO 201 cells were cultured as de-
scribed above, harvested, centrifuged at 1000 rpm for 3
min, washed and resuspended in sterile PBS. The total
number of 5 x 10° cells in 0.2 ml was injected subcuta-
neously between the scapulae of each nude mouse hou-
sed under SPF condition. After transplantation, tumor
size was measured using calipers and the tumor volume
was estimated according to the formula: tumor volume
(mm’) = L x W*/2, where L is the length and W is the
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width [18]. Once tumors reached a mean size of 200
mm’, animals received intraperitoneal injections of either
0.5 ml sterile PBS alone or 1 mg Vitex suspended in 0.5
ml sterile PBS/day for 4 weeks.

2.9. Statistical Analysis

Experiments were independently repeated three times, and
the results were shown as mean + standard deviation
(S.D.) of three assays. Student #-test as well as Scheffe’s
post-hoc test was applied, and p values less than 0.05
were considered as significant.

3. RESULTS

3.1. Vitex-Induced Apoptosis Mediated through
Caspase Activation in COLO 201 Cells

After treatment of the cells with 100 pg/ml Vitex for an
indicated time period, a typical DNA fragmentation lad-
der representing apoptosis induction was observed after
24 h treatment (Figure 1(a)). The apoptosis induction
was suppressed by the addition of 50 uM Boc-D-FMK, a
pancaspase inhibitor, or 20 pM Z-DEVD-FMK, a spe-
cific inhibitor for caspase-3 (Figures 1(b) & 1(c)), indi-
cating that caspase pathways play an important role in
the Vitex-induced apoptosis. Furthermore, activation of
caspase-9, and -3, but not caspase-8, was observed after
24 h treatment (Figure 1(d)).

3.2. Contribution of MAPK Pathways to
Vitex-Induced Apoptosis in COLO 201 Cells

Addition of 10 uM SP600125, a specific inhibitor for
INK, clearly suppressed Vitex-induced apoptosis in COLO
201 cells, whereas no suppression was observed when 10
pM SB203580, a specific inhibitor for p38 MAPK, was
added (Figures 2(a) & (b)). Furthermore, approximate
3-fold reduction of caspase-3 activity in Vitex-treated cells
was observed in the presence of SP600125, indicating
the contribution of JNK pathway to the caspase-3 activa-
tion (Figure 2(c)).

3.3. Vitex-Induced Upregulation of ER
Stress-Related Gene Expression Levels in
COLO 201 Cells

After treatment with 100 pg/ml Vitex for 12 and 48 h,
the expression profiles of HO-1, CHOP and GRP78 were
assessed by RT-PCR. Consistent with our previous re-
port [12], the expression levels of HO-1 gene were strik-
ingly upregulated in the Vitex-treated cells compared
with those in controls at 12 h posttreatment, and the up-
regulation continued up to 48 h (Figures 3(a) & (b)). Com-
pared with constitutive expression of CHOP gene in con-
trols, Vitex also induced significant upregulation of the
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Figure 1. Vitex-induced apoptosis mediated through caspase activation in COLO
201 cells. Panels (a) to (c) show DNA electrophoresis patter of COLO 201 cells
treated with 100 pg/ml of Vitex alone for an indicated time period (a); in the
presence of 50 uM Boc-D-FMK, a pancaspase inhibitor (b); and in the presence
of 20 uM Z-DEVD-FMK, a specific inhibitor for caspase-3 (c) for 48 h. A rep-
resentative electrophoretic profile was shown from three independent experi-
ments. Panel (d) shows the activity of caspase-9, -3 and -8 after treatment with
100 pg/ml of Vitex for 48 h, which was measured using a caspase fluorometric
assay kit as described in Materials and Methods. Results are shown as mean +

S.D. (n =3, *p <0.05 compared to the control).

gene during the treatment period (Figures 3(a) & (c)).
Similarly, the expression levels of GRP78 were upregu-
lated by the Vitex treatment, although the degree of up-
regulation was slightly lower than those of the other two
genes (Figures 3(a) & 3(d)).

3.4. Anti-Tumor Growth Effect of Vitex on
COLO 201 Xenograft Mice

Human colon cancer xenograft was established by trans-
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plantation of COLO 201 cells into a 7-week old athymic
nude mouse. Approximate required time for tumor
growth to reach a mean size of 200 mm® was two weeks.
After reaching the mean size, animals received intraperi-
toneal injection of either 0.5 ml sterile PBS (control
group) or 1 mg Vitex suspended in 0.5 ml sterile PBS to
investigate anti-tumor effect of Vitex. A significant inhi-
bition of tumor growth was observed from 26th day post-
transplantation in Vitex-treated group compared to
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Figure 2. Contribution of MAPK pathways to
Vitex-induced apoptosis in COLO 201 cells.
After treatment with 100 pg/ml of Vitex in the
presence or absence of 10 uM of SP600125
(an inhibitor for JNK) (a) or SB203580 (an
inhibitor for p38 MAPK) (b), respectively, for
48 h, DNA fragmentation was analyzed by an
agarose gel electrophoresis as described under
Materials and Methods. A representative elec-
trophoretic profile was shown from three in-
dependent experiments. After treatment with
100 pg/ml of Vitex in the presence or absence
of 10 uM of SP600125 for 48 h, cell lysates
were subjected to determination the activity
of caspase-3 as described in the text (c). Rela-
tive activity of caspase-3 was calculated as
the ratios against that control group. Experi-
ments were carried out in triplicate, and re-
sults are shown as mean + S.D. (¥*p < 0.05)
using a caspase fluorometric assay kit as de-
scribed in Materials and Methods. Results are
shown as mean + S.D. (n = 3, *p < 0.05 com-
pared to the control).
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control group (Figure 4(a)). Compared to the tumor size
of 5356.3 + 1330.6 mm’ in control group at 42nd day
posttransplantation, the tumor size was 2430.0 = 316.5
mm® in Vitex-treated group, indicating more than 50%
inhibition by the administration of Vitex (Figure 4(a)).
Furthermore, the tumor weight of 5.2 + 0.7 g in control
group at the 42nd day posttransplantation was signify-
cantly reduced by approximate 50%, i.e., 2.6 + 0.6 g, in
Vitex-treated group (Figure 4(b)). In addition, body weight
of mice was not changed during the period of admini-
stration of Vitex (data not shown).

4. DISCUSSION

We have been interesting in the effects of naturally de-
rived flavonoids on cancer cell growth, particularly ma-
lignant cells in the gastrointestinal tract. In this regard,
we have previously demonstrated that a crosstalk between
intrinsic and extrinsic pathway via Bid activation as a
result of oxidative stress plays a critical role in Vitex-
induced apoptosis in KATO-III cell line, a human gastric
signet ring cell carcinoma [10]. We also demonstrated
that Vitex exhibited cytotoxic activities against several
other types of human cancer cell lines including COLO
201, a colon carcinoma cell line [11,12]. Apoptosis in-
duction was observed in Vitex-treated COLO 201, con-
comitantly with a significant increase in HO-1 gene ex-
pression as observed in KATO-III cells. On the other
hand, unlike KATO-III, apoptosis induction was not ab-
rogated in the presence of antioxidants, such as NAC,
suggesting that apoptosis induction was independent of
oxidative stress [12]. However, detailed mechanisms un-
derlying the cytocidal effects of Vitex on COLO 201 are
not fully understood.

In this study, apoptosis induction was reconfirmed in
Vitex-treated COLO 201 cells, accompanying with acti-
vation of caspase-9 and -3, but not caspase-8 (Figures
1(a) & 1(d)). Furthermore, both a pancaspase inhibitor
and a specific caspase-3 inhibitor clearly suppressed the
apoptosis induction (Figures 1(b) & 1(c)), suggesting the
involvement of caspase pathways in the apoptosis induc-
tion. We also demonstrated that the addition of a specific
inhibitor for JNK not only clearly inhibited the activation
of caspase-3 but also apoptosis induced by Vitex treat-
ment, whereas it was not observed when a specific in-
hibitor for p38 MAPK was added (Figure 2). It is im-
portant to note that molecules of MAPK family such as
JNK and p38 MAPK play a pivotal role in apoptosis in-
duction [19-23]. Interestingly, genipin, one active com-
pound found in gardenia fruit extract used in Traditional
Chinese Medicine, has recently been reported to induce
apoptosis in human leukemia K562 cells through the
activation of JNK, but not p38 MAPK activation [23].
Furthermore, it has been demonstrated that luteolin, an
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Figure 3. Vitex-induced upregulation of ER stress-related gene expression levels in COLO 201 cells.
Cells were treated with or without 100 pg/ml of Vitex for an indicated time. The expression levels of
ER stress-related mRNAs were analyzed by RT-PCR, followed by an agarose gel electrophoresis as
described in Materials and Methods (a). The relative amount of mRNA was determined based on the
results in (a): expression levels of ER stress-related gene/f-actin at each time point was divided by
the relative ratio at 12-h time point using ImageJ 1.42q. A representative result of three separate ex-
periments is shown in panels (b) for HO-1, (c) for CHOP and (d) for GRP78.

important component of Vitex [9], induces apoptosis in
human hepatoma HepG2 cells mediated through mito-
chondria damage and activation of JNK, rather than p38
MAPK [21]. Based on these studies and our present re-
sults, it is suggested that JNK predominantly contributed
to Vitex-induced apoptosis, resulting in the activation of
caspase family molecules.

It is well-known that JNK pathway is involved in the
regulation of caspase-3 via activation of caspase-8 [24,
25]. However, the activation of caspase-8 was not ob-
served in the Vitex-treated COLO 201, while the active-
tion was observed in Vitex-treated KATO-III [10]. These
experimental results thus suggest that different mecha-
nisms are involved in the apoptosis induction in different
types of cancer cells. Moreover, it is significant to note
that the activation of JNK leads to a caspase-8-indepen-
dent activation of Bid and the subsequent release of the
pro-apoptotic protein Smac (second mitochondria-deri-
ved activator of caspase)/DIABLO (direct inhibitor of
apoptosis proteins (IAP) binding protein with low pl)
from mitochondria in TNF-a-induced apoptosis in HeLa
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cells [26]. Moreover, it is interesting to note that a simi-
lar experimental results have been reported in a human
breast cancer cells, MDA-MB-231, stably transfected with
human insulin-like growth factor-binding protein-5 (IGFBP-
5), which is a member of a family of high-affinity bind-
ing proteins that modulate the mitogenic and antiapop-
totic effects of IGFs [27]. In the IGFBP-5-overexpress-
ing cells treated with TNF-a, an enhanced phosphoryla-
tion of JNK along with Bid activation was observed.
However, the Bid activation was blocked by a JINK-spe-
cific inhibitor, SP600125, but not by a caspase-8-spe-
cific inhibitor, z-ITED-fmk, suggesting that the Bid ac-
tivation is mediated via a caspase-8-independent and
JNK-dependent pathways. Taking these previous findings
and our observations into account, we suggest that the
mitochondrial pathway of apoptosis, namely, the activa-
tion of caspase-9 probably attributed to the activation of
Bid via JNK pathway, most likely to contribute to the
activation of caspase-3, although the analysis of the ac-
tivation of Bid is obviously needed.

We further demonstrated that the expression of HO-1
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Figure 4. Anti-tumor growth effect of Vitex on
COLO 201 xenograft mice. The total number
of 5 x 10° COLO 201 cells in 0.2 ml of sterile
PBS was injected subcutaneously once between
the scapulae of each 7-week old nude mouse
under SPF conditions. After transplantation, tu-
mor size was measured using calipers and the
tumor volume was estimated as described un-
der Materials and Methods. It took about two
weeks to reach tumor volume with a mean size
of 200 mm®. Then, animals received intraperi-
toneal injections of either 0.5 ml sterile PBS or
1 mg Vitex suspended in 0.5 ml sterile PBS per
day for additional 4 weeks. At the 42nd day
after the experiment start, animals were sacri-
ficed, and tumor volume (a) and weight (b) were
assessed. Results are shown as mean + S.D. (n
=4, *p < 0.05 Vitex-treated group (Vitex (+)
vs control group without Vitex treatment (Vitex

)

gene was upregulated substantially by Vitex treatment

(Figures 3(a) & 3(b)), similar to our previous report [12].

It should be noted that the expression of HO-1 has been
observed in the endoplasmic reticulum (ER) [28]. HO-1
upregulation in various cell types has been demonstrated
when ER stress was induced by a variety of experimental
agents [28]. Indeed, Liu ef al. recently reported that ER
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stress induced apoptosis in vascular smooth muscle, ac-
companying with an increase in HO-1 gene expression
[29]. Taking both these reports and our previous obser-
vations into account, we hypothesized the involvement
of ER stress in the Vitex-induced apoptosis in COLO
201 cells. In a logical extension of our hypothesis, the
expression of GRP78 and CHOP genes, which are known
to be associated with ER stress pathways [28-30], were
also upregulated during the treatment period (Figures
3(a), (¢) & (d)). In fact, it has been reported that JNK
pathways are activated by the ER stress [31,32]. Collec-
tively, our results suggested that Vitex-induced apoptosis
in COLO 201 was mediated through the activation of
INK, and caspase-9 and -3 as a result of ER stress. In su-
pport of this hypothesis, our microarray analysis data
also demonstrated that besides CHOP and GRP78 genes,
the expression of another representative ER-stress related
gene, DnaJ (Hsp40) homolog subfamily B member 9
gene [33] was also upregulated by Vitex treatment (un-
published observation).

Most importantly, our in vivo experimental data re-
vealed that the administration of Vitex significantly sup-
pressed tumor growth in COLO 201 xenograft mice (Fi-
gure 4), although more studies must be conducted to un-
derstand detailed in vivo pharmacological characteri-
zation of Vitex treatment. Of note, Vitex has been used
to treat patients with various obstetric and gynecological
disorders in Europe [7,8]. Moreover, it is interesting to
note that Vitexins, which is isolated from the seed of
Chinese herb Vitex Negundo and bears a basic flavonoid
structure, shows cytotoxic and antitumor effects against
breast, prostate and ovarian cancer cells through apop-
tosis induction via a intrinsic pathway based on in vitro
and in vivo xenograft tumor models [34]. Therefore, our
results provide a new insight into the clinical use of Vi-
tex for colon cancer besides those cancer mentioned above.

Our results suggested that the activation of JNK and
caspase-9 and -3 resulted from ER stress contributed to
the apoptosis induction in Vitex-treated COLO 201 cells.
Furthermore, we recently reported for the first time that
5-FU in combination with Vitex achieved an enhanced
cytocidal effect on the cells, but lesser cytotoxic effect on
human peripheral blood mononuclear cells [13]. Therefore,
these results leave open a possibility of a new regimen as
an alternative medicine approach for such devastating
colon cancer treatment.
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