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Unpolished Thai Rice Prevents ACF Formation and Dysplastic
Progression in AOM-Induced Rats and Induces Apoptosis
Through Redox Alteration in CaCo-2 Cells
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Suwannalert'*

Abstract

Ocxidative stress is associated with colon carcinogenesis including aberrant crypt foci (ACF) formation
and it plays an important role in pathophysiological changes in cancer cells. The aims of this study were to
investigate the effects of dietary unpolished Thai rice (UTR) on ACF formation and dysplastic progression in
azoxymethane (AOM)-treated rats. Anti-cancer efficacy of UTR regarding apoptotic induction and oxidative
redox status in human colon cancer (CaCo-2) cells was also investigated. Rats given 20% and 70% of UTR in
the diet showed significantly and dose-dependently decreased total number of ACF. UTR treatment also was
strongly associated with the low percentage of dysplastic progression and mucin depletion. In addition, we
found that UTR significantly induced cancer cell apoptosis, increased cellular oxidants, and decreased the level
of GSH/GSSG ratio in CaCo-2 cells. Our study suggests that UTR supplementation may be a useful strategy
for CRC prevention with the inhibition of precancerous progression, with induction of cancer cell apoptosis

through redox alteration.
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Introduction

Aberrant crypt foci (ACF) are a precancerous lesion of
colorectal cancer (CRC) which appear as the larger crypts
and thicker layer of epithelial linings with slightly elevate
and protrude toward the lumen (Bird and Good, 2000).
Oxidative stress is an imbalance between the production
of free radicals and an eliminating system (Lobo et al.,
2010), it is widely accepted as a major cause of CRC
development (Perse, 2013). In addition, many types of
cancer cells required a certain level of oxidative stress to
maintain the balance of cell proliferation and apoptosis
(Noda,2001; Loo, 2003). Interestingly, the excessive level
of oxidative stress above a certain threshold can cause
apoptotic induction in various cancer cells (Pelicano et al.,
2004). Glutathione is an important antioxidant, it presents
in reduced (GSH) and oxidized (GSSG) forms (Dickinson
and Forman, 2002). GSH/GSSG ratio acts as a major thiol
redox system (Aw, 2003; Circu and Aw, 2012) which plays
a crucial role in cellular function (Traverso et al., 2013).
The low level of GSH/GSSG ratio during oxidative stress
may associate with cellular oxidants related to cancer cell
death (Halliwell, 1994; Traverso et al., 2013).

Phytophenolics are widely distributed in various
plants, they contribute to prevent or reduce oxidative stress
(Shahidi et al., 1992; Basu et al., 2012). Previously, red

color strain of unpolished Thai rice (UTR) showed a high
antioxidant with phenolic compounds (Rattanachitthawat
et al., 2010). The rats consuming UTR had a low level
of malondialdehyde (MDA) - oxidative stress marker
(Suwannalert et al., 2010). In addition, UTR treated rats
also reduced total density and crypt multiplicity of ACF in
AOM-induced rats (Tammasakchai et al.,2012). Although
UTR has been recognized to prevent ACF formation, the
effects of UTR on precancerous development and cellular
oxidants were not determined. The aims of this study were
to determine the effects of UTR on ACF formation and
their histopathological changes in AOM-induced rats. The
effects of UTR on cellular apoptosis, cellular oxidants, and
redox alteration through GSH/GSSG ratio in human colon
cancer (CaCo-2) cells were also investigated.

Materials and Methods

Samples and reagents

Dulbecco’s modified eagle medium (DMEM), non-
essential amino acid, L-glutamine, 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT),
2’-7’-dichlorodihydrofluorescein diacetate (DCFH-DA),
bisBenzimide H 33342 trihydrochloride (Hoechst 33342),
L-glutathione reduced, and L-glutathione oxidized were
purchased from Sigma-Aldrich (St. Louis, MO). Fetal
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bovine serum (FBS) and penicillin - streptomycin were
obtained from Gibco (Invitrogen, USA).

Animal design

Male Sprague-Dawley rats were purchased from
National Laboratory Animal Centre, Mahidol University,
Nakhon Pathom, Thailand. The rats were randomly
divided into 4 groups (6 rats/group); untreated group,
AOM-induced rats without UTR treatment (AOM
group), AOM-induced rats with UTR treatments of low
dose (AOM+LD) and high dose (AOM+HD). Rats in
untreated- and AOM-groups were fed with standard diet,
while the AOM+LD and AOM+HD groups were fed with
standard diet which containing 20% and 70% of UTR,
respectively. The rats in groups of AOM, AOM+LD and
AOM-+HD were subjected to subcutaneous injection of
AOM at a dose of 15 mg/kg body weight at week 4 and
5 after starting experiment. At week 38, all animals were
sacrificed and their colons were collected. Colons were
fixed in 10% buffered formalin for at least 24 h before
ACEF determination. Ethical approval for this study was
obtained from CMU-ACUC:R3/2554.

Aberrant Crypt Foci (ACF) determination

The formalin-fixed colonic tissues were stained in
0.1% methylene blue solution for 5 min and observed
the total numbers of ACF under a light microscope. The
morphological characteristics of ACF were described
as the crypts with darker staining, enlarged crypt, and
elevated epithelial lining with slit-like lumens (Bird,
1995).

ACF grading

For histological evaluation, the paraffin blocks of
colonic tissues were processed and sectioned serially at 4
#M thickness. The sections were stained with hematoxylin
and eosin (H and E). According to the previous study (Xiao
et al., 2008), ACF were classified into three categories
including i) hyperplastic ACF (elongated, no dysplasia),
ii) low-grade dysplastic ACF (elongated, slightly crowded
and pseudostratified nuclei, well polarity, and normal
or slightly decreased number of goblet cells), and iii)
high-grade dysplastic ACF with elongated, crowded and
pseudostratified nuclei, markedly increased N/C ratio, and
significantly decreased number of goblet cells.

ACF with mucin depletion determination

The sections adjacent to H and E sections were
then stained with Periodic acid-Schiff (PAS) stain for
mucin determination. Mucin-producing cells with
PAS staining were obtained in ACF. According to the
method modification of previous study (Uchida et al.,
1997), mucin depletion in ACF were classified into three
categories including i) ACF with non-mucin depletion
(normal production of mucin, no differences in PAS-
positive staining in entire ACF compared to adjacent
normal crypts), ii) ACF with mild mucin depletion (mucin
producing cells with PAS-positive staining presence more
than half of the crypt), and iii) ACF with severe mucin
depletion (mucin producing cells with PAS-positive
staining presence less than half of crypt).

2828 Asian Pacific Journal of Cancer Prevention, Vol 16, 2015

Unpolished Thai rice (UTR) extract for cell culture

Red color strain of unpolished Thai rice (Oryza
sativa L.) was grounded by an electric blender and
extracted with 95% ethanol by 1:5 (w/v). The extract
was centrifuged at 3000 rpm for 15 min and filtrated with
polytetrafluoroethylene (PTFE) filter nylon 0.45 um. The
solvent was removed by rotary evaporator (R-200, Buchi,
Switzerland). Then the sample extract was lyophilized
(Super-Modulyo, Freeze Dryer) and re-dissolved with
DMEM medium containing 0.1% DMSO. The solution
was kept in -20°C until use.

CaCo-2 Cell culture

Human colon cancer (CaCo-2) cells lines were kindly
provided by Prof. Dr. Nateetip Krishnamra, Center of
Calcium and Bone Research (COCAB), Faculty of Science,
Mahidol University, Thailand. Cells were routinely
cultured in completed DMEM medium containing 15%
fetal bovine serum, 1% non-essential amino acid, 1%
L-glutamine, and 1% penicillin-streptomycin. Cells were
maintained in 37°C and supplemented with 5% CO, in
humidified incubator.

Cytotoxicity test

The MTT assay was used to evaluate the cytotoxicity
of UTR extract. CaCo-2 cells were seeded into 96-well
plates at a density of 2x10* cells per well and maintained
in 37°C and 5% CO, incubator for 48 h. Cells were treated
with UTR extract at various concentrations (1,2.5,5,7.5,
10, and 12.5 mg/ml) for 24 h. The conditioned medium
was removed and cells were washed with PBS buffer,
pH 7.4. Then 200 pl of serum free medium containing
0.5 mg/ml of MTT solution was added into each well
and incubated at 37°C for 3 h. The medium was removed
and 200 p1 of DMSO was added to completely dissolve
the precipitation. The absorbance was detected at 570 nm
with a microplate reader (1420 Victor 2, Wallac, USA),
results were expressed as the percentage of viable cells.

Apoptotic induction test

The apoptotic cells with nuclear condensation and
fragmentation can be obtained by special staining with
Hoechst 33342 that obtained under the fluorescence
microscope (Allen et al., 2001). Caco-2 cells were seed
at 1x10° cells per well and grown on glass cover slips in
6-well plates and maintained for 48 h. Cells were treated
with UTR extract at various concentrations (5 and 7.5 mg/
ml) for 24 h. Cells were washed twice with PBS, fixed
with methanol at -20°C for 10 min and incubated with 1
pg/ml Hoechst 33342 at 25°C for 20 min. 200 cells in four
random fields were counted and data were expressed as
percentage of apoptotic cells.

Cellular oxidants

Cellular oxidants were measured by fluorescence
probes DCFH-DA as described in the modified method
(Khan et al., 2013). 2x10* cells of CaCo-2 cells were
seeded into the 96-well plates and maintained for 48 h.
Cells were incubated in completed DMEM medium with
5 and 7.5 mg/ml of the UTR extract for 24 h. The treated
cells were washed with PBS and incubated with serum free
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medium containing 20 uM of DCFH-DA for 1 h at room
temperature in dark condition. The DCF fluorescence
intensity was immediately assessed for cellular oxidants
at excitation/emission wavelengths of 485/535 nm by
using the fluorescence microplate reader (1420 Victor 2,
Wallac, USA).

Cellular glutathione determination

The intracellular GSH and GSSG were determined
by using a reverse-phase of high performance liquid
chromatography (HPLC) (Waters 2695, Alliance, USA).
CaCo-2 cells (5x107 cells) were cultured in 75-cm?2 tissue
culture flasks and maintained for 48 h. Cells were treated
with UTR extract at 5 and 7.5 mg/ml for 24 h. Cells were
washed with ice-cold PBS and detached by trypsinization,
and lysed quickly by freeze-thaw method. The lysate
was immediately deproteinated by adding the ice-cold of
5% metaphosphoric acid (MPA). The mixture was then
incubated at room temperature in dark condition for 15
min and then centrifuged (12,000g) at 4°C for 10 min. The
supernatant was kept and determined the GSH and GSSG
forms by using the modified method (Hahn et al., 2007),
10 pl of sample was injected into a column (4.6 mm X 250
mm, ODS-80 TM, TOSHO, Japan). 0.1% trifluoroacetic
acid (TFA) and 40% acetonitrile (ACN) were used as the
mobile phase. The GSH and GSSG levels were identified
by the absorbance spectra in the UV length at 210 nm with
PDA detector. The commercial standards of L-glutathione
reduced form (GSH) and L-glutathione oxidized form
(GSSG) were used as the references.

Statistical analyses

All results were presented as Mean+standard deviation
(SD). The differences among groups were obtained by
one-way analysis of variance (ANOVA). Effects of the
treatments in different categories were analyzed by chi-
square test. Statistical significance was considered at
p<0.05 with SPSS version 16 computer software.

Results

Dietary UTR inhibited ACF formation in AOM-induced
rats

Total number of ACF in untreated group, AOM-
induced rats, and UTR treated rats are shown in Figure
1. No ACF formation was found in untreated group.
The AOM-induced rats (AOM group) had significantly
increased the total number of ACF (56.25+8.77,p<0.001)
when compared with untreated group. Interestingly, the
treated AOM-induced rats with 20% UTR (AOM+LD
group) and 70% UTR (AOM+HD group) were dose

dependently decreased the total number of ACF at
23.67+8.09 (p<0.05) and 9.67+4.72 (p<0.01), respectively.

Dietary UTR inhibited the formation of dysplastic ACF
In this study, ACF were found in AOM,AOM+LD, and
AOM+HD groups. All ACF formation can be classified
into three grades with hyperplasia (Figure 2A), low-grade
dysplasia (Figure 2B) and high-grade dysplasia (Figure
2C). The percentage of each ACF category is summarized
in Table 1. The AOM group had high total percentage
with 81.81% of dysplastic ACF. Dietary UTR treatment
at 20% (AOM+LD group) and 70% (AOM+HD group)
showed dose dependently decreased the dysplastic ACF at
78.13% and 57.14%, respectively. Generally, a high-grade
dysplasia is well recognized with cancer development.
In this study, the UTR treated groups showed strongly
decreased the high-grade dysplasia at 34.38% (p<0.05)
and 21.43% (p<0.001) in AOM+LD and AOM+HD
groups, respectively when compared with untreated rats
(AOM group). Therefore, the dietary of UTR may play a
crucial role in the inhibition of dysplastic development.

Dietary UTR prevented mucin depletion in dysplastic ACF

Normally, the loss of mucin is associated with a degree
of dysplastic ACF. In this study, all dysplastic ACF were
classified into 3 grades with non-mucin depletion (Figure
2D), mild-mucin depletion (Figure 2E), and severe-mucin
depletion (Figure 2F). We demonstrated that the total
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Figure 1. Effect of UTR on total number of ACF in
AOM-induced rats. Data were expressed as mean+SD.
AOM group is the AOM-induced rats without UTR treatment,
AOM+LD and AOM+HD groups represent the AOM-induced
rats with 20% and 70% of UTR treatment, respectively. ap-
value of AOM and untreated groups, bp- and cp-values of
AOM+LD and AOM+HD groups when compared with AOM
group, respectively, dp-value of AOM+HD and AOM+LD
groups. * F#* *¥**=gtatistical significance at p<0.05, p<0.01, and
p<0.001, respectively

Table 1. Effects of Dietary UTR on ACF grading and mucin depletion in AOM-induced rats.

Groups ACEF grading (%) Chi-square Mucin depletion (%) Chi-square
Hyperplasia Low-dysplasia High-dysplasia Non Mild Severe

AOM 18.18 303 5151 1538 46.15 38.46

AOM+LD 21.88 43.75 34.38 a* 33.33 42.86 23.81 at*

AOM+HD 42.86 3571 21.43 [SlcloN v 42.86 42.86 1429 b***

*AOM group is the AOM-induced rats without UTR treatment, AOM+LD and AOM+HD groups represent AOM-induced rats with 20% and 70%
of UTR treatment, respectively. ap-value and bp-value of AOM+LD and AOM+HD groups when compared with AOM group, respectively, and
cp-value of AOM+LD and AOM+HD groups. *,#* *#% = gtatistical significance at p<0.05, p<0.01, and p<0.001, respectively
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percentage of mucin depletion in mild- and severe- grades
of AOM group was high number at 84.61%. As shown
in Table 1, the UTR treated rats at 20% (AOM+LD
group) and 70% (AOM-+HD group) showed significantly
decreased the total percentage of mucin depletion at
66.67% (p<0.01) and 57.15% (p<0.001), respectively.
The severe-mucin depleted ACF were also reduced with
23.81% and 14.29% of mucin depletion in UTR treated
rats with AOM+LD and AOM+HD groups, respectively.
The data can be concluded that UTR treatment may
prevent the loss of mucin production in AOM-induced rats.

Cytotoxic effect of UTR extract on CaCo-2 cells

Cell viability of CaCo-2 cells treated with UTR
extract was first checked to confirm cytotoxicity. The
IC50 of UTR extract was 5.87+0.254 mg/ml with MTT
assay at 24 h (Figure 3). The doses of UTR extracts at 5
and 7.5 mg/ml were designed to determine the effects of

L L LG A, ) 7, GoA
Figure 2. Effects of UTR on dysplastic ACF and mucin
production in AOM-induced rats (magnification 400x).
H&E staining of ACF with hyperplasia (A), low-grade dysplasia
(B), and high-grade dysplasia (C). PAS staining of ACF with
non-mucin depletion (D), mild-mucin depletion (E), and severe-
mucin depletion (F). N = normal crypt, HP = hyperplasia, L =
low-grade dysplasia, H = high-grade dysplasia. nMD, mMD, and
sMD represent non-mucin depletion, mild-mucin depletion, and
severe-mucin depletion in ACF, respectively
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Figure 3. Cytotoxicity of UTR extracts (2.5-12.5 mg/
ml) on CaCo-2 cells for 24 h. Untreated group was used as
100% of control. Data were expressed as mean+SD
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UTR on apoptotic induction, cellular oxidants, and redox
alteration.

UTR extract induced apoptosis in CaCo-2 cells

The apoptotic cells described with fluorescence
staining of the dark blue stained, peripherally clumped,
condensed, and fragmented nuclei (Figure 4). Untreated
group showed apoptotic population at 10.45+5.98%
(Figure 4A). Interestingly, the percentage of apoptotic
cells in UTR treatment at 5 mg/ml and 7.5 mg/ml groups
were significantly increased with dose dependent manner
at 49.94+12.63%, p<0.01 (Figure 4B) and 59.74+0.83%,
p<0.01 (Figure 4C), respectively. On the basis of these
results, it can be concluded that the UTR extract can induce
the apoptosis in colon cancer cells.

UTR treatment induced cellular oxidants in CaCo-2 cells

The effect of UTR extract on cellular oxidants is
shown in Figure 5. UTR treated cells at 5 and 7.5 mg/
ml increased cellular oxidants with DCF fluorescence
intensity at 111.43+0.85% (p<0.001) and 120.96+1.54%
(p<0.001), respectively when compared with untreated
cells. These results can be indicated that the increased
cellular oxidants in UTR treated cells may associate with
the tendency of UTR induced apoptosis.

UTR treatment altered the GSH/GSSG ratio in CaCo-2
cells
In this study, we investigated the concentrations
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Figure 4. Effects of UTR Extract on Apoptotic
Induction in CaCo-2 Cells. Fluorescence staining with
Hoechst 33342: apoptotic cells (arrow head), normal nuclei
(arrow). All data presented with magnification 200x under
fluorescence microscopy
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2 Cells. Data were expressed as mean+SD. ***gtatistical
significance at p<0.001 when compared with untreated group
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Figure 6. HPLC Chromatogram of GSH and GSSG
in UTR Treated CaCo-2 Cells. The references of GSH (1)
and GSSG (2)

Table 2. Effect of UTR Extract on GSH and GSSG
Levels in CaCo-2 Cells

Test Glutathione level (Mean+SD)
GSH (mM) GSSG (mM)
0.958+0.022 -

0.519+0.193 a* -
0.292+0.037 b**  0.070+0.010

Untreated cells
Treated cells (5 mg/ml)
Treated cells (7.5 mg/ml)

*p-value and bp-values of 5 and 7.5 mg/ml of treated groups, respectively
when compared with untreated cells, * and **=statistical significance at
p<0.05 and p<0.01, respectively, - =Undetectable level

of intracellular glutathione in reduced (GSH) and
oxidized (GSSG) forms by using HPLC technique. The
chromatograms of GSH and GSSG are shown in Figure
6A, the GSH and GSSG were obtained at 6.3 and 9.9
min, respectively. UTR treated cells had a statistically
significant reduction with GSH level in a dose dependent
manner (Figures 6B, 6C, and 6D), the UTR treatment
at 5 and 7.5 mg/ml showed GSH levels at 0.519+0.193
and 0.292+0.037 mM, respectively. Interestingly, GSSG
was found only in UTR treatment at a dose of 7.5 mg/ml
(0.070+0.010 mM). However, the increasing of GSSG
showed inversely correlated with the GSH level (Table
2). The results indicated that UTR treatment may induce
cellular redox alteration by a decreased GSH/GSSG ratio.
This alteration may induce a cellular oxidative stress
relating apoptosis in colon cancer cells.

Discussion

Aberrant crypt foci (ACF) formation is well recognized
to associate with precancerous lesion in colorectal cancer
(CRC) development (Archer et al., 1992; Thorup, 1997).
In this study, we demonstrated that dietary red color strain
of unpolished Thai rice (UTR) can reduce total number of
ACF in AOM-induced rats with a dose dependent manner.
This finding is in agreement with previous reports, purple
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rice extract had a positive to prevent ACF formation in
Dimethyhydrazine (DMH)-induced rats (Summart and
Chewonarin, 2014). Phenolic-rich plants are strongly
associated with the prevention of colorectal cancer
(CRC) (Pandey KB and Rizvi SI, 2009). Polyphenols
were significantly and dose-dependently decreased total
number of ACF in rats (Xiao et al., 2008). The grape-
derived polyphenols showed a reduced crypt multiplicity
(Campanholo et al., 2015) and ACF formation in rats
(Walter et al.,2010). In addition, they also inhibited tumor
growth and tumor vascularization (Walter et al., 2010).

Generally, the high grade dysplastic ACF have been
suggested to be more relevant precancerous lesions to
develop into cancer, whereas hyperplastic ACF are not
(Barthold, 1981; Cardiff et al., 2006). In this study,
the AOM-induced rats without UTR treatment showed
high percentage of the high-grade dysplasia. However,
the dietary UTR treatment groups showed significantly
decreased the number of high-grade dysplastic ACF in
a dose dependent manner. Thus, dietary UTR may be
beneficial for the inhibition in precancerous stage relating
cancer development. The severe grade of mucin depletion
has been closely related to CRC development (Caderni et
al.,2003). In this study, dietary UTR showed significantly
reduced the percentage of mucin depletion in a dose
dependent manner. The results may be concluded that
the UTR treatment can prevent mucin depletion in ACF
by maintaining the normal function of mucin production
in colonic epithelium. This finding was supported by
previous study, the rice bran oil had strongly reduced the
number of mucin-depleted ACF (Shih et al., 2011).

This study, UTR extract showed dose-dependently
increased the percentage of apoptotic cells in CaCo-2
cells at treated dose 5 and 7.5 mg/ml. The high number of
apoptotic cancer cells had associated with the increased of
cellular oxidants. Previously, an excess of oxidative stress
in cancer cells can induce cell cycle arrest and/or apoptosis
(Wondrak et al., 2009). In this study, we found that UTR
extract had significantly induced cellular oxidants in a
dose dependent manner. This finding is in agreement with
previous studies, various phytophenolics such as EGCG,
curcumin, quercetin, and gallic acid can be generated ROS
with dose- and time-dependent manners in various cancer
cells (Kelly et al., 2001; Long et al., 2002).

An intracellular redox balance, especially GSH/GSSH
ratio is an important role in cellular oxidative stress
response (Noda et al., 2001). Cellular stress has been
associated with the potential function for cell proliferation
and apoptosis (Aw, 2003). In this study, UTR showed
significantly decreased GSH level in a dose dependent
manner. The result related to previous studies, resveratrol
activated GSH efflux and it can induce apoptosis in cells
(Guha et al., 2011). Grape seed extract showed not only
induced oxidative stress via superoxide formation but
it also reduced intracellular GSH level in cancer cells
(Tyagietal.,2013). So, UTR may induce cellular oxidants
relating apoptotic cells through the decreased ratio of
GSH/GSSG.

In conclusion, the UTR showed a beneficial role to
prevent ACF formation, inhibit precancerous progression
in AOM-induced rats, and also induce cancer cell
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apoptosis through the alteration of GSH/GSSG ratio. So,
UTR may be a candidate for developing pharmaceutical
products for CRC prevention.
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