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Introduction

In recent decades, there has been increasing interest in
the use of herbs to maintain human health, many  growing
in the Southern and Eastern Asian countries. One example,
pericarps of Garcinia mangostana (GM), called mangosteen,
have been in use for hundreds of years as a traditional herbal
medicine for a variety of purposes, including treatment of
skin infections and wounds (Mahabusarakam, 1987), or
malaria infections (Likhitwitayawuid et al., 1998).
Investigators have recently focused on the medical properties
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Abstract

The purpose of this study was to examine whether crude ααααα-mangostin (a major xanthone derivative in mangosteen
pericarp (Garcinia mangostana)) has short-term chemopreventive effects on putative preneoplastic lesions involved
in rat colon carcinogenesis.  The crude preparation was obtained by simple recrystallization of an ethylacetate
extract of mangosteen pericarps.  A total of 33 five-week-old male F344 rats were randomly divided into 5 experimental
groups.  Rats in groups 1-3 were given a subcutaneous injection of 1,2-dimethylhydrazine (DMH)(40 mg/kg body
weight) once a week for 2 weeks.  Starting one week before the first injection of DMH, rats in groups 2 and 3 were fed
a diet containing 0.02% and 0.05% crude ααααα-mangostin, respectively, for 5 weeks. Rats in group 4 also received the
diet containing 0.05% crude ααααα-mangostin, while rats in group 5  served as untreated controls.  The experiment was
terminated 5 weeks after the start.  Dietary administration of crude ααααα-mangostin at both doses significantly inhibited
the induction and/or development of aberrant crypt foci (ACF) (P<0.05 for 0.02% crude ααααα-mangostin, P<0.01 for
0.05% crude ααααα-mangostin), when compared to the DMH-treated group (group 1).  Moreover, treatment of rats with
0.05% crude ααααα-mangostin significantly decreased dysplastic foci (DF) (P<0.05) and βββββ-catenin accumulated crypts
(BCAC) (P<0.05), to below the group 1 values.  The proliferating cell nuclear antigen (PCNA) labeling indices of
colon epithelium and focal lesions in groups 2 and 3 were also significantly lower than in group 1 and this effect
occurred in a dose dependent manner of the crude ααααα-mangostin.  This finding that crude ααααα-mangostin has potent
chemopreventive effects in our short-term colon carcinogenesis bioassay system suggests that longer exposure might
result in suppression of tumor development.
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of natural compounds such as a traditional Japanese or
Chinese herbal medicines called Kampo that may have
biological activities, including anticancer effects (Yoshimi
et al., 1992; Tagami et al., 2004).  It is important to identify
active components of herbs and to examine their mechanisms
of action in order to assess their potential for clinical use
and particularly possible adverse effects. In fact, studies have
been conducted to examine the anticancer activities of some
types of mangosteen pericarps on human hepatoma (Ho et
al., 2002), breast cancer (Moongkarndi et al., 2004) and
leukemia cell lines (Matsumoto et al., 2003).
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Colorectal cancer is a common malignancy ranking third
in frequency on a world wide basis and which causes about
500,000 deaths annually (Parkin et al., 2001). Aberrant crypt
foci (ACF) are putative precursor lesions of colon
carcinogenesis in rodents (Bird, 1987; Bird and Good, 2000),
and these lesions are generally considered as useful
preneoplastic biomarkers (Yoshimi et al., 1997). The APC/
β-catenin pathway plays a major role in the colon
carcinogenesis model systems induced by a wide variety of
chemical carcinogens (Suzui et al., 1999; Hirose et al., 2003;
Yamada et al., 2003).  Azoxymethane (AOM)-induced rat
colon carcinomas have been shown to accumulate β-catenin
protein in the cytoplasm and/or nuclei (Yamada et al., 2001b).
Thus β-catenin accumulated crypt (BCAC) are also
considered to be useful as preneoplastic biomarkers (Hirose
et al., 2003).  So far, there is only a limited number of studies
that investigate possible chemopreventive activity of GM.
Therefore, in the present study, we examined a possible short-
term chemopreventive effect of crude α-mangostin on these
biomarkers of colon carcinogenesis in male F344 rats.

Materials and Methods

Animals
Four weeks old male F344 rats were purchased from

Shizuoka Laboratory Animal Center (Hamamatsu, Japan).

All rats were housed in wire cages (three rats/cage) with
free access to tap water and a basal diet, CE-2 (CLEA Japan
Inc., Tokyo, Japan), under controlled conditions of humidity
(50 + 10%), lighting (12 h light/dark cycle) and temperature
(23 + 2˚C).  Animals were quarantined for 7 days after
arriving and then randomized by body weight into
experimental and control groups.

Treatment
Dried and ground mangosteen pericarps were extracted

with ethylacetate under reflux.  The extract was concentrated
under reduced pressure and stood at room temperature.  The
precipitated crude crystals were collected by filteration.  The
crude crystals were composed of α-mangostin (77.8%), γ-
mangostin (15.9%), and some other unknown constituents
after high-pressure liquid chromatogarphic analysis (Asai
et al., 1995). Of these, crude α-mangostin (Fig. 1) was used
for the present experiment.  Experimental protocol is shown
in Fig. 2.  The experiments were carried out in accordance
with the guidelines for animal experiments of the University
of the Ryukyus.  Thirty-three male F344 rats were randomly
divided into five experimental groups.  Rats in groups 1-3
were given subcutaneous injections of 1,2-
dimethylhydrazine (40 mg/kg body weight) (DMH, Sigma
Chemical Company, St. Louis, MO) once a week for 2
weeks.  One week before the first injection of DMH, rats in
groups 2 and 3 were fed a diet containing 0.02% and 0.05%
crude α-mangostin, respectively, for 5 weeks. Rats in group
4 were fed a diet containing 0.05% crude α-mangostin.  Rats
in group 5 were given the basal diet alone and served as
untreated controls.  All rats were carefully observed and
weighed weekly during the experiment. The experiment was
terminated at 5 weeks after the start of the experiment and
all animals were euthanized under CO

2
 anesthesia. Colons

were carefully removed, washed with saline, opened
longitudinally, and then fixed with 10% buffered formalin.

Identification of ACF and DF
Colon tissues were stained in a 0.5% methylene blue

solution for 30 s and immediately washed with distilled
water, and then placed on a glass plate with the mucosal
surface up.  Using a light microscope at a magnification of

Figure 1. The Chemical Structures of ααααα- and γγγγγ-Mangostin
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Figure 2. Experimental Protocol

DMH (40mg/kg body weight, s. c. injection)

Sacrifice

 0    1      2    5 experimental weeks

Group5 (3rats) CE-2 alone

Group1 (9rats) DMH alone

Group2 (9rats) DMH + 0.02% crude ααααα-mangostin

Group3 (9rats) DMH + 0.05% crude ααααα-mangostin

Group4 (3rats) 0.05% crude ααααα-mangosteen
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x40, ACF were counted according to the criteria described
elsewhere (Bird, 1987; Yoshimi et al., 1997).  After ACF
counting, colon tissues were longitudinally cut into two exact
halves.  One piece of the colon tissue was embedded in
paraffin and processed for histological examination of DF
and immunohistochemistry of BCAC.  DF were identified
as focal lesions displaying paneth cell metaplasia, presence
of mitosis, dyskaryosis according to the criteria described
earlier (Yoshimi et al., 2004).

Immunohistochemical Staining of BCAC
Distal and middle segments of the colon tissue were used

for immunostaining of BCAC. In brief,
immunohistochemical staining of BCAC was performed
using an enface preparation method with 4 µm-thick serial
sections of colonic mucosa.  Sections were prepared to
include the middle portion between the surface and the
bottom of the crypt.  These sections were incubated in 3%
H

2
O

2
 for 20 min to block the endogenous peroxidase activity.

Sections were submerged in 1 mM EDTA (pH 9.0) and
heated in a pressure cooker for 10 min.  After cooling,
sections were treated with 5% bovine serum albumin in a
humidified chamber at room temperature for 10 min and
incubated with a primary antibody of the β-catenin protein
(Transduction Laboratories, Lexington, KY, 1: 100 dilution)
at room temperature for 60 min.  Sections were then stained
with a Simple Stain kit (Nichirei, Tokyo, Japan).

Immunohistochemical Staining of PCNA
Proliferating activity of cells in the colonic mucosa was

examined by the established method with slight
modifications. Briefly, 4 µm-thick serial sections were
prepared with a rolled colonic mucosa.  These sections were
used to measure PCNA labelling index in the colonic
epithelial cells. PCNA labelling index in ACF and BCAC
was also determined in sections of epithelial cells consisting
of the crypts of ACF and BCAC.  Sections were irradiated
in a microwave oven in a 2 s on/2 s off cycle for 2 min using

an anti-PCNA antibody (DAKO Co. Ltd., Kyoto, Japan, 1:
50 dilution).  The PCNA labeling index was determined by
calculating the ratio of PCNA-positive nuclei/total number
of nuclei counted as described earlier (Morioka et al., 2004a).

Statistical Analysis
Statistical analyses by Student’s or Welch’s t-test were

performed to determine the significance of the differences
between groups.  All statements of significance are P<0.05.

Results

General Observation
A total of 33 F344 rats survived at the end of the

experiment and none of them developed colon tumors.  The
mean body, liver and relative liver weights in all groups are
shown in Table 1. No significant effect of DMH and/or crude
α-mangostin on body, liver, and relative liver weight were
seen. Liver weight of rats treated with DMH and 0.02% crude
α-mangostin was slightly increased (P<0.05) when
compared to that of DMH-treated rats (group 1).  Relative
liver weight of control untreated rats (group 5) was decreased
(P<0.01) when compared to that of DMH-treated rats (group
1).

Inhibitory Effect of Crude α-Mangostin on ACF
Mean number of ACF per colon is shown in Table 2.  All

rats in groups 1-3 developed ACF.  No ACF were seen in
rats of groups 4 and 5.  Total number of ACF/colon in groups
2 (126.0 + 45.9, P<0.05) and 3 (94.6 + 35.1, P<0.01) was
significantly lower than that of group 1 (174.4 + 21.2).  Total
number of ACF containing 1-3 crypts/colon of groups 2
(123.2 + 45.8, P<0.05) and 3 (92.0 + 34.6, P<0.01) was also
significantly lower than that of group 1 (170 + 22.3).
However, there was no statistical difference in total number
of ACF containing more than 4 crypts/colon between groups.
These results indicate that dietary administration of crude
extract α-mangostin significantly inhibited the number of

A x200 B x200

Figure 3. (A) Representative View of DF in Hematoxylin & Eosin Staining and (B) BCAC in Immunohistochemical
Staining
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ACF induced by DMH.

Inhibitory Effect of Crude α-Mangostin on DF and BCAC
Total number of DF and mean number of BCAC/cm2

colon are shown in Table 3.  Representative histological
features of DF and BCAC are shown in Figure 2.  Treatment
of rats with 0.05% crude α-mangostin caused a significant
decrease of DF (P<0.05) and BCAC (P<0.05), when
compared to the DMH-treated group (group 1).  A decrease
in number of DF and BCAC of rats treated with 0.02% crude
α-mangostin was not statistically significant but there was
a clear tendency that a decrease in number of DF and BCAC
is dose dependent of crude α-mangostin (Table 3).

Inhibition of PCNA Labeling Index by Crude α-Mangostin
The PCNA labeling index in the colonic epithelial cells

is shown in Table 4.  In groups 2 and 3, treatment of rats
with crude α-mangostin caused a significant decrease in
labeling index of PCNA in a dose dependent manner, when
compared to the DMH-treated group (group 1).  The PCNA
labeling index in ACF and BCAC of rats treated with crude
α-mangostin was significantly lower than that of rats treated

with DMH alone (Table 5).

Discussion

The present studies provide the first detailed examination
of the effects of the crude α-mangostin in GM on short-
term colon carcinogenesis.  In these studies, dried
mangosteen pericarps were extracted with ethylacetate and
the precipitated crude crystals were collected by filtration.
The crude crystals in this study mainly contain α-mangostin.
In the present study, we found that dietary administration of
the crude α-mangostin significantly inhibited the occurrence
of ACF, DF, and BCAC induced by a carcinogen DMH.  We
also found that the PCNA labeling index in the colonic
epithelial cells, ACF and BCAC was inhibited in a dose-
dependent manner by the treatment of rats with crude α-
mangostin.  In a previous study, it is demonstrated that GM
includes xanthone derivatives, termed α, β, and γ-mangostins
(Matsumoto et al., 2003).  Of these, α-mangostin has been
shown to inhibit cell growth in HL60 humen leukemia cells
(Matsumoto et al., 2003).  Furthermore, we also found that
α-mangostin inhibits the growth of several human carcinoma

Table 3. Inhibitory Effect of Crude ααααα-Mangostin on DF and BCAC

Group             Treatment                                        No. of rats      Total number of           Total number of DF             Mean no. of BCAC
                                                                      examined        DF/half colon            containing more than t

g
/cm2 colon

4 crypts

1 DMH alone 9 7.1 + 4.0 a 0.89 + 0.93 1.05 + 0.87
2 DMH + 0.02% crude α-mangostin 9 5.0 + 2.3 0.33 + 0.50 0.65 + 0.50
3 DMH + 0.05% crude α-mangostin 9 2.4 + 2.8 b         0 0.38 + 0.34 c

4 0.05% crude α-mangostin 3       0         0         0
5 CE-2 alone 3       0         0         0

a Mean + SD   b Significantly different from group 1 by Student’s t-test (P<0.05)   c Significantly different from group 1 by Welch’s t-test (P<0.05)

Table 2. Inhibitory Effect of Crude ααααα-Mangostin on ACF

Group                     Treatment                               No. of rat    Total no. of                Total no. of ACF              Total no. of ACF
                                                                    examined    ACF/colon              containing 1-3 crypts          containing more

      /colon                    than 4 crypts/colon

1 DMH alone 9 174.4 + 21.2 a 170.1 + 22.3 4.3 + 2.4
2 DMH + 0.02% crude α-mangostin 9 126.0 + 45.9 b 123.2 + 45.8 b 2.8 + 1.2
3 DMH + 0.05% crude α-mangostin 9   94.6 + 35.1 c   92.0 + 34.6 c 2.6 + 1.7
4 0.05% crude α-mangostin 3           0           0       0
5 CE-2 alone 3           0           0       0

a Mean + SD  b Significantly different from group 1 by Welch’s t-test (P<0.05) c Significantly different from group 1 by Student’s t-test (P<0.01)

Table 1. Body, Liver, and the Relative Liver Weights

Group                  Treatment                                No. of rats          Body weight (g)           Liver weight (g)        Relative liver weight
                                                                   examined                                                                (g/100g body weight)

1 DMH alone 9 233.2 + 12.8 a 10.6 + 0.7 4.6 + 0.1
2 DMH + 0.02% crude α-mangostin 9 236.9 +   9.9 11.3 + 0.6 b 4.8 + 0.3
3 DMH + 0.05% crude α-mangostin 9 232.9 +   6.2 10.4 + 0.8 4.5 + 0.3
4 0.05% crude α-mangostin 3 219.3 + 23.2   9.9 + 1.6 4.5 + 0.3
5 CE-2 alone 3 238.0 + 24.0 10.3 + 1.2 4.3 + 0.1 c

a Mean + SD b c Significantly different from group 1 by Student’s t-test P<0.05 and P<0.01, respectively
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Table 4. Inhibition of PCNA Labeling Index of Colonic
Epitelium by Crude ααααα-Mangostin

Group                Treatment                            No. of rats     PCNA labeling
                                                   examined        index (%)

1 DMH alone 9 7.85 + 2.18 a

2 DMH + 0.02% crude α-mangostin 9 3.98 + 1.69 b

3 DMH + 0.05% crude α-mangostin 9 3.03 + 1.10 c

4 0.05% crude α-mangostin 3 2.91 + 1.40
5 CE-2 alone 3 2.99 + 0.97 d

a Mean + SD
b, d Significantly different from group 1 by Student’s t-test (P<0.01).
c Significantly different from group 1 by Welch’s t-test (P<0.01).

cell lines including colon carcinoma cell lines (unpublished
observation). Therefore, the results in the present study
suggest that α-mangostin obtained from GM may be a
valuable chemopreventive or chemotherapeutic agent.

ACF are putative preneoplastic lesions in the colonic
mucosa of rats treated with chemical carcinogens including
azoxymethane (AOM), methylazoxymethanol (MAM), and
DMH (Mori et al., 1991; Chewonarin et al., 1999; Rodrigues
et al., 2002; Morioka et al., 2004a).  ACF are classified into
two distinct fractions including histological ACF and DF.
DF are characterized by paneth cell mataplasia, mitosis, or
dyskaryosis in the nuclei (Yoshimi et al., 2004).  In the rat
colonic mucosa, focal lesions that display the accumulation
of the β-catenin protein are termed BCAC (Yamada et al.,
2003).  ACF, DF, and BCAC have been used as useful
biomarkers for short-term colon carcinogenesis bioassays
and are also useful to examine chemopreventive effects of a
wide variety of plant extracts (Hirose et al., 2003; Yoshimi
et al., 2004).  We can evaluate the proliferating activity in
cells of rat colonic epithelia by calculating PCNA labeling
index (Tanaka et al., 2000; Morioka et al., 2004a). For
instance, we recently demonstrated that the herbs
Peucedanum japonicum (Botanbofu) and Terminalia
catappa (Momotamana) significantly inhibit the occurrence
of both ACF and BCAC induced by AOM (Morioka et al.,
2004a; Morioka et al., 2004b).  These findings together with
the results in the current study suggest that GM has a
chemopreventive potential in a short-term colon
carcinogenesis bioassay system.  Thus, it is of interest to
evaluate the potential of α-mangostin in GM for clinical

Table 5. Inhibition of PCNA Labeling Index in ACF and BCAC by Crude ααααα-Mangostin

Group                     Treatment          PCNA-LI in ACF                    PCNA-LI in BCAC
                (no. of crypts examined)

1 DMH alone 4.26 + 6.34 a (260) 8.75 + 6.46  (36)
2 DMH + 0.02% crude α-mangostin 1.97 + 4.01 b (221) 4.30 + 4.19 c (15)
3 DMH + 0.05% crude α-mangostin 0.81 + 1.96 b (166) 3.48 + 2.75 d (9)
4 0.05% crude α-mangostin         0         0
5 CE-2 alone         0         0

a Mean + SD   b, c, d Significantly different from group 1 by Welch’s t-test (P<0.0001, P<0.01, and P<0.001, respectively).

use.  However, important consideration is whether or not,
following oral administration, this compound exerts
significant adverse side effects.

Chemical carcinogens including AOM, MAM, or DMH
enhance growth in cells of rat colonic epithelia and also
increase the vertical length of crypts and the number of cells
constructing crypts in the rat colonic mucosa (Chewonarin
et al., 1999).  In general, cell proliferation in the ACF, BCAC,
and colon tumors is more increased than in normal colonic
mucosa (Tanaka et al., 2000).  Thus, cell proliferation may
be an important player in the development of ACF, BCAC
and colon tumors.  In the present study, we found that dietary
administration of the crude α-mangostin significantly
decreased the PCNA labeling index in a dose-dependent
fashion in the crypts of rats treated with DMH. Thus,
inhibitory effects of the crude α-mangostin in the occurrence
of ACF, and BCAC may be associated with the inhibition of
cell proliferation in these lesions.  We recently demonstrated
that selective cyclooxygenase-2 (COX2) inhibitor celecoxib
reduces cell proliferation in ACF and BCAC (Yoshimi et
al., 1997; Yamada et al., 2001a).  It has also been reported
that γ-mangostin inhibited the activities of COX2 (Nakatani
et al., 2002) and that the crude extract of GM has an
antioxidant activity and induces apoptosis in SKBR3 human
breast carcinoma cell line (Williams et al., 1995;
Mahabusarakam et al., 2000; Moongkarndi et al., 2004).  The
compound garcinone E extracted from GM has been shown
to exert growth-inhibitory effects in several human hepatoma
cell lines (Ho et al., 2002; Moongkarndi et al., 2004).  In
this study, we found that crude α-mangostin exhibits
antiproliferative activity in the rat colonic mucosa,
suggesting that GM contains more than one possible
compound(s) that have an antiproliferative effect in short-
term colon carcinogenesis. Crude mangosteen extracts
contain γ-mangostin (Matsumoto et al., 2003) and this
compound exhibits the biological activity (Nakatani et al.,
2002).  Thus, γ-mangostin may be effective in the present
short-term bioassay system.  In view of these considerations,
possible active components are mangostins because these
compounds are found to be one of the constituents of GM
(Matsumoto et al., 2003) and some of them actually showed
antiproliferative activity in the present study and in previous
studies (Moongkarndi et al., 2004). To address these
questions, further studies are in progress to determine the
active component of GM that exerts anticancer activity.
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