Brewers’ rice attenuated aberrant crypt foci developing
in colon of azoxymethane-treated rats
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Abstract: Brewers’ rice is one of abundant agricultural waste products in the rice industry. The present study is designed
to investigate the potential of brewers’ rice to inhibit the development of aberrant crypt foci (ACF) in colon of
azoxymethane (AOM)-treated rats. The effects on the attenuation of hepatic toxicity and kidney function enzymes were
also evaluated. Male Sprague-Dawley rats were randomly divided into five groups: (G1) normal; (G2) AOM alone; and
(G3), (G4), and (GS5), which were AOM fed with 10%, 20%, and 40% (w/w) of brewers’ rice, respectively. The rats in
group 2-5 were injected intraperitoneally with AOM (15 mg/kg body weight) once weekly for two weeks. After 8 weeks
of treatment, the total number of ACF/colon and the number of ACF in the distal and middle colon were significantly
reduced in all treatment groups compared to G2 (p<0.05). Brewers’ rice decreased the number of ACF with dysplastic
morphology in a dose-dependent manner. Alkaline phosphatase (ALP) level in G5 was significantly lower compared to
the G2 (p<0.05). In conclusion, this study found the potential value of brewers’ rice in reducing the risk of cancer

susceptibility in colon.
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INTRODUCTION

Colorectal cancer (CRC) has become the third leading
cancer in men and the second most common cancer in
women worldwide (Ferlay et al., 2010). Aberrant crypt
foci (ACF) is a pre-neoplastic lesion that is characterised
by a clustering of the mucosal cells with an enlarged- and
thicker layer of epithelia compared to the surrounding
normal crypts. ACF may progress into polyps, which may
later develop into adenomas and then into invasive
carcinomas (Cappell, 2007).

The cancer treatment is highly expensive and involves
drugs that have adverse side effects or toxicity
complications. Cheaper alternative methods using natural
by-products may have better prospects in terms of
economics in the prevention and therapy of cancer
(Rayaprolu et al., 2013). Brewers’ rice is also known
locally as temukut and contains approximately 1% of total
rice, consisting of broken rice, rice bran, and rice germ.
Brewers’ rice is a by-product in the rice milling process,
which is loses many of its nutrients (Sabine, 2010). It is

during the rice milling process and is usually separated
from larger kernels of milled rice (Association of
American feed Control Officials, 2011). The size of the
brewers’ rice is less than one quarter of the size of a full
kernel and is usually used as animal feed and as a brewing
adjunct (Glatthar et al., 2003). The production of brewers’
rice in rice milling process is explained in more detail by
Esa et al. (2013).

Our earlier study reported that water extract of brewers’
rice induced apoptosis in a human colorectal cancer (HT-
29) cell line (Tan et al., 2015) and is speculated due to the
presence of beneficial health components such as phytic
acid, vitamin E, y-oryzanol, and antioxidant polyphenolic
compounds (Tan et al., 2013). Several studies as reported
by Esa et al. (2013) also shown that rice germ can prevent
azoxymethane (AOM)-induced colonic ACF in rats.
Unlike rice bran, the health benefit of brewers’ rice has
yet to be fully studied. Therefore, the aim of this study
was to investigate the beneficial effects of brewers’ rice
on CRC in AOM-induced ACF formation in rats.
Furthermore, the effects on the attenuation of hepatic

the last and the smallest milling fraction that is removed ~ toxicity and kidney function enzymes were also
evaluated.
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MATERIALS AND METHODS

Chemicals and reagents

AOM and 10% (v/v) neutral buffered formalin were
bought from Sigma (St. Louis, MO, USA). All other
chemicals used were of analytical grade.

Sample preparation

Brewers’ rice (from rice variety MR 219) was obtained
from a local milling factory, BERNAS in Seri Tiram Jaya,
Selangor, Malaysia. Stabilisation was carried out to
prevent oxidative rancidity during storage. Immediately
after reaching the lab, 500 grams of brewers’ rice was
stabilised by heating for 2 minutes in a microwave oven at
2450 MHz. Then, the sample was mixed homogenously
and microwaved again for another 2 minutes. Stabilised
samples were cooled at room temperature before storage
at -20 °C.

Animals, diets, and carcinogen

All experimental protocols involving animals were
performed according to the guidelines approved by the
Animal Care and Use Committee (ACUC) of the Faculty
of Medicine and Health Sciences, Universiti Putra
Malaysia (UPM) Serdang, Selangor with approval
number  UPM/FPSK/PADS/BR-UUH/00461. Male
Sprague-Dawley rats were housed in plastic cages (two
rats per cage) with wood-chip bedding in a well-ventilated
room under controlled conditions: approximately 25-
27°C, 50+£10% relative humidity, and a 12-hour light/dark
cycle. Hygienic conditions were maintained by weekly
changes of the woodchip beds. The rats were fed with the
American Institute of Nutrition (AIN)-93G diet and tap
water, ad libitum. The components of the AIN-93G diet
were modified based on the nutrient composition of
brewers’ rice with moisture (11.36+0.12%), ash
(1.56+0.26%), protein (9.01£0.27%), fat (1.95+£0.11%),
total available carbohydrate (72.42+1.25%), and total
dietary fiber (5.32+0.04%) (Tan et al., 2014) (table 1).
The diets were prepared weekly and kept in a chiller.

Experimental procedures

Following one week of acclimatisation, a total of 30 four-
week-old male Sprague-Dawley rats, weighing
approximately 90-100 grams were randomly divided into
five groups (n = 6 rats for each group), which were (G1):
normal, (G2): AOM alone, (G3): AOM + 10% (w/w) of
brewers’ rice, (G4): AOM + 20% (w/w) of brewers’ rice,
and (G5): AOM + 40% (w/w) of brewers’ rice. At 6 weeks
of age, the animals in G2-G5 were intraperitoneally
injected with AOM (15 mg/kg body weight) once weekly
for two weeks. The control group (G1 and G2) received
an AIN-93G diet. G3, G4 and G5 received an AIN-93G
diet containing 10%, 20% and 40% (w/w) of brewers’
rice, respectively. The amounts of feed intake were
measured daily, while body weights were recorded once a
week until end of the study. After eight weeks of

treatment, the animals were sacrificed after anesthetised
with diethyl ether. Blood was collected; and the colon was
removed. The colon tissue was rinsed with phosphate-
buffered saline, fixed in 10% (v/v) neutral buffered
formalin before hematoxylin and eosin (H&E) staining.

Analysis of ACF and histological classification of ACF
ACF’s were characterised as round, defined clusters of
crypts that were polymorphic and larger than normal, and
had polymorphic luminal shapes. The classification of
ACF in each group was assessed for the presence and
degree of dysplasia following to the criteria reported by
Roncucci et al. (1991; 2000) and Siu et al. (1997).

Toxicity by clinical biochemical evaluation

After eight weeks of treatment, blood from the
experimental groups was collected, allowed to clot, and
centrifuged at 3500 rpm for 10 minutes. The serum was
separated and transferred to a microcentrifuge tube.
Clinical biochemical evaluation was analysed using
methods designed for each instrument. The markers for
testing liver function were alanine aminotransferase
(ALT), alkaline phosphatase (ALP), and aspartate
transaminase (AST); while markers for testing kidney
function were creatinine and urea. These enzymes were
measured spectrophotometrically using Hitachi Analytical
Instrument (Roche Diagnostic GmbH, Mannheim,
Germany) after analysed using the Roche kit (Penzberg,
Germany).

STATISTICAL ANALYSIS

The results obtained are presented as the mean + standard
error of the mean (SEM). The results were analysed using
a one-way analysis of variance (ANOVA) with Tukey’s
test. A value of p<0.05 was considered significant. The
statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS) software, version
17.

RESULTS

Body weight

The body weight of all rats was compared between all
groups throughout the experiment (data not shown). The
results demonstrated that the body weights of all rats
increased throughout the experiment. There is a slightly
lower body weight in the AOM-alone group after induce
with carcinogen, compared to the other groups. At the
time of termination (after eight weeks of treatment with
brewers’ rice), no significant difference was observed in
body weight among all groups (p10.05).

Effect of brewers’ rice on the incidence of ACF induced
by AOM

The effect of brewers’ rice on AOM-induced development
of ACF in rats is shown in table 2. The results
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demonstrated that no ACF was found in the normal group.
However, colonic ACF developed in all rats induced with
carcinogen. In the AOM-alone group, the total number of
ACF/colon was 171.82+6.08. The analysis showed that
feeding of 10%, 20%, and 40% (w/w) of brewers’ rice,
respectively, significantly decreased the total number of
ACF/colon compared to AOM alone (p<0.05).
Administration of 40% (w/w) of brewers’ rice gave
marked reduction (81.2%) of the total number of
ACF/colon, followed by 20% (w/w) brewers’ rice
(63.9%), and 10% (w/w) brewers’ rice (56.7%). The
number of ACF consisting of one or two crypts was
consistently higher, and treatment with 40% (w/w)
brewers’ rice was significantly reduced compared to AOM
alone (p<0.05). Furthermore, number of ACFs containing
two crypts in the treatment with 20% (w/w) brewers’ rice
was also significantly reduced compared to AOM-alone
group (P<0.05). The number of ACF containing 3 crypts
or 4 or more crypts were consistently lower in groups
treated with 10%, 20%, and 40% (w/w) brewers’ rice.
They shared significant reduction of ACF as compared to
AOM-alone group (p<0.05). The results showed that in all
brewers’ rice-fed groups (AOM + 10%, 20%, and 40%
(w/w) brewers’ rice), the number of ACF containing one
or two crypts was higher compared to ACFs with three
crypts or four or more crypts. When looking at crypt
multiplicity (four or more crypts) as a parameter, instead
of the total number of ACF, the number of ACF consisting
four or more crypts was significantly decreased in a dose-
dependent manner after administration of brewers’ rice in
AOM-induced rat CRC, as compared to the AOM-alone
group (p<0.05).

When considered the distribution pattern of ACFs in the
colon, the results showed that the ACF were distributed in
the distal end of AOM-alone group. This result showed
that ACF developed mainly in the distal end of the colon
(42.6%), followed by 41.0% in the middle, and the fewest
number (16.4%) in the proximal colon. As shown in table
3, administration of brewers’ rice not only decreased the
number of ACF but also altered the distribution of ACF
throughout the entire colon. Administration of brewers’
rice significantly inhibited the ACF formation in the distal
and middle colon of all brewers’ rice-fed groups (AOM +
10%, 20%, and 40% (w/w) brewers’ rice) compared to the
AOM alone (p<0.05). In the proximal colon, 20% and
40% (w/w) brewers’ rice showed a significant reduction
compared to AOM-alone group (p<0.05).

Histological classification of ACF

The ACF morphology at eight weeks after administration
of brewers’ rice was examined to assess the severity of
dysplasia. Fig. 1 shows the histological examination of
ACF by H&E staining. The number of ACF with varying
degrees of dysplasia after eight weeks of treatment with
brewers’ rice is shown in table 4. More than half of the
ACFs were detected with dysplastic morphology, while
the others were non-dysplastic. The highest number of
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dysplastic ACF was found in the AOM-alone group
compared to all brewers’ rice-fed groups. The ACF with
moderate to severe dysplasia showed a significant
reduction in all brewers’ rice-fed groups compared to the
AOM-alone group (p<0.05), but not significantly different
in the mild to moderate dysplasia across all groups
(p>0.05). Therefore, brewers’ rice suppressed the number
of dysplastic ACF in a dose-dependent manner. However,
there was no significant difference in the hyperplasia
without dysplasia across all brewers’ rice-fed groups
(AOM + 10%, 20%, and 40% (w/w) brewers’ rice)
compared to the AOM-alone group (p>0.05).
Administration of 40% (w/w) brewers’ rice gave the
lowest number of ACF with dysplasia, followed by 20%
(w/w) brewers’ rice and 10% (w/w) brewers’ rice.

L TN o § e

Fig. 1: Morphological evaluations of ACF based on the
degree of dysplasia by using H&E staining. Magnification
(400%). Black arrow indicates (a) normal crypts, (b)
histological section involving 2 crypts of ACF indicated
hyperplasia without dysplasia, (c) 1 crypt indicates a mild
to moderate dysplasia, and (d) 2 crypts indicate a severely
dysplastic morphology.

Toxicity by clinical biochemical evaluation

The ALT level in all groups injected with AOM was
significantly higher (p<0.05) than normal group (table 5).
For ALP level, no significant difference was observed for
all brewers’ rice-fed groups, compared to the normal
group (p>0.05). The ALP level however, was significantly
lower in AOM + 40% (w/w) brewers’ rice compared to
the AOM-alone group (p<0.05). Similar with ALP, there
was no significant difference in AST level among all
treatment groups compared to the normal group (p[10.05).
And surprisingly, the level of AST in AOM-alone group
was significantly lower than the other groups (p10.05).
Based on the kidney function tests presented in table 5,
the results show that after eight weeks of treatment there
was no significant difference in creatinine levels (p>0.05)
in all experimental groups. The urea level for the normal
group and all brewers’ rice-fed groups were also not
significantly different compared to the AOM-alone group
(p>0.05).
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Table 1: Composition of experimental diets

. . Group

Ingredients (g/1000 g diet) Gl %) 3 Ga Gs
Brewers’ rice - - 100.0 200.0 400.0
Corn starch 397.5 397.5 315.3 233.2 68.9
Casein 200.0 200.0 191.0 182.0 164.0
Maltodextrin 132.0 132.0 132.0 132.0 132.0
Sucrose 100.0 100.0 100.0 100.0 100.0
Soybean oil 70.0 70.0 68.1 66.1 62.2
Powdered cellulose 50.0 50.0 44.7 394 28.7
AIN-93G mineral mix 35.0 35.0 33.4 31.9 28.8
AIN-93G vitamin mix 10.0 10.0 10.0 10.0 10.0
L-cystine 3.0 3.0 3.0 3.0 3.0
Choline bitartrate 2.5 2.5 2.5 2.5 2.5
tert-butylhydroquinone 0.014 0.014 0.014 0.014 0.014

AIN - American Institute of Nutrition. G1 and G2, AIN-93G diet; G3, AIN-93G diet containing 10% (w/w) of brewers’ rice; G4,
AIN-93G diet containing 20% (w/w) of brewers’ rice; G5, AIN-93G diet containing 40% (w/w) of brewers’ rice.

Table 2: The effect of brewers’ rice on AOM-induced ACF development in rats

Treatment No. of crypts per ACF Total no. of
1 crypt 2 crypts 3 crypts 4 or more crypts | ACF/colon
Normal 0 0 0 0 0
AOM alone 57.4843.37°% | 40.24+5.94" | 28.22+6.94° 45.88+8.05° 171.8246.08°
0 9
ﬁiM +10% (wiw) brewers” | 30 05111 46" | 20.94+1.16" | 8.88+1.71° 7.68+1.11° | 74.4246.80°
0 9
ﬁc(éM +20% (w/w) brewers 36.76+4.87" | 11.3241.79° | 7.62+3.78" 6.36+3.23° 62.06+7.16"
0 9
ﬁc(éM +40% (w/w) brewers 21.08+4.98" | 7.53£1.90° | 2.17+0.67" 1.4840.75° 32.26+4.54°
Table 3: Regional distribution of colonic ACF in rats treated with AOM and fed with brewers’ rice
Treatment Distribution of ACF
Distal Middle Proximal
Normal 0 0 0
AOM alone 73.24+15.13° 70.44+6.48° 28.14+2.81°
AOM + 10 % (w/w) brewers’ rice 20.44+5.43° 12.44+3.57° 41.54+£3.07®
AOM + 20 % (w/w) brewers’ rice 22.96+4.25 23.02+7.97° 16.08+4.23%
AOM + 40 % (w/w) brewers’ rice 14.80+£2.26° 12.23+6.67° 5.23+1.46°
Table 4: Histological classification of ACF
Group treatment
o,
Morphology AOM + 10 % AOM +20 % AOM +40 %
Normal AOM alone . S (w/w) brewers
(w/w) brewers’ rice | (w/w) brewers’ rice rice
Hyperplasia with- 0 1.42+0.77° 2.04+0.47° 2.44+0.67° 1.70+0.42°
out dysplasia
Mild to moderate 0 34.24+8.85 27.36%1.17° 26.66+5.04° 13.61+4.25°
dysplasia
z’["dera.te to severe 0 136.16+19.36 45.02+22 80" 32.96+10.23* 16.95+3.17*
ysplasia

AOM - azoxymethane, ACF - aberrant crypt foci. Values are expressed as mean + SEM (n = 6). Values in the same column (Tables
2 and 3) or same row (Table 4) with different superscript letter indicate significant difference by Tukey’s test (p<0.05).
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Table 5: Hepatic toxicity and kidney function enzymes after eight weeks treatment with brewers’ rice

ALT (U/L) ALP (U/L) AST (U/L) Creatinine (umol/L) | Urea (mmol/L)

Normal 27.80+2.01% | 100.00£10.72®® | 155.30+10.37° 48.00+2.48° 5.50£0.44°

AOM alone 40.50+4.02° | 155.00£28.91* | 98.70+5.66° 47.00+2.35° 5.10+£0.28%

+10°¢ . . . .00+0.20*

bA OM + 10 % (w/w) 42.20+2.23" | 97.00+10.05® | 156.80+39.61° 43.00+2.48° 4.00+0.20
TEWEers rice
o,

AOM + 20 % (w/w) 48.6044.81° | 106.00£11.11° | 152.40+6.72° 47.00+1.89° 4.9040.25"
brewers’ rice
0,

AOM + 40 % (w/w) 48.4046.06" | 75.0044.38" | 145.50+413.42° 47.00+1.18° 4.60+0.19%
brewers’ rice

AOM - azoxymethane, ALT - alanine aminotransferase, ALP - alkaline phosphatase, AST - aspartate transaminase. Values are
expressed as mean = SEM (n = 6). Values in the same column with different superscript letter indicate significant difference by

Tukey’s test (p<0.05).
DISCUSSION

The weight loss that accompanies the tumour is related to
a reduction not only in body fat stores but also in body
protein mass (Alfin-Slater and Kritchevsky, 1991). There
is increasing evidence of a direct tumour effect on host
protein metabolism as reported by Brennan (1977).
Protein turnover is altered in the cancer-bearing host, and
there is a net loss of nitrogen in non-malignant tissues
when protein degradation exceeds synthesis. The absence
of significant differences in body weight in the present
study shows that dietary intake of brewers’ rice has no
apparent effect on the results. Furthermore, the fact that
the rats fed with the brewers’ rice diet were able to thrive
and gain body weight in a manner similar to the rats that
consuming the control diet also reveals that the highest
dosage of brewers’ rice diet up to 40% is well tolerated by
rats (Tan et al., 2014). The dosage of 10% (w/w) of
brewers’ rice was selected following study by Boateng et
al. (2009) on rice bran and germ. This concentration was
considered the dosage that will give rise to inhibit the
ACF. Moreover, higher concentration (20% and 40%
(w/w) of brewers’ rice) was used to examine the dose-
dependent effect of brewers’ rice as chemopreventive
agent in rat experimental colon cancer model.

ACFs are regarded as the gold standard biomarker in
colon cancer and are used extensively in chemopreventive
studies (Corpet and Tache, 2002). The total number of
ACF per colon was significantly reduced in a dose-
dependent manner after administration of brewers’ rice in
AOM-induced rat CRC. This finding was consistent with
a study reported by Norazalina et al. (2010), who revealed
that the ACF was reduced after administration with rice
bran phytic acid. Treatment with brewers’ rice leads to the
inhibition of ACF formation, which may or may not have
developed into invasive carcinomas. Aberrant crypts
appeared larger, with a thicker epithelial lining; stained
darker compared to normal crypts; and usually clustered
into a focus, containing one to hundreds of aberrant crypts

when observed under microscope (Takayama et al.,
1998). According to Bird (1995), ACF with multiplicity of
four or more crypts are more highly correlated with
tumour incidence, compared to total number of ACF.
Increasing number of ACF in the distal colon, compared
to the middle and proximal colon, in 40% (w/w) brewers’
rice-fed group does not indicate that brewers’ rice
promoted the ACF formation in the distal colon. On the
contrary, it is because of the ability of brewers’ rice to
inhibit the development of ACF in the middle and
proximal colon. Our finding was consistent with those
found by Cheng and Lai (2003) and van Beelen et al.
(2009) who revealed that the density of ACF in the distal
colon was higher than the proximal colon.

The data show that all rats with AOM-induced colon
carcinogenesis developed ACF. These results indicate that
feeding of brewers’ rice did not affect the number of ACF
containing of one or two crypts, but actually suppressed
the number of ACF containing of three crypts, four or
more crypts, and the total number of ACF/colon. These
results further support our earlier in vitro study, who
showed that brewers’ rice extracts can inhibit the growth
of a human colon cancer (HT-29) cell line (Tan et al.,
2013). Previous studies have also found that rice bran (Li
et al., 2011) and germinated brown rice (Latifah et al.,
2010) suppressed the colon carcinogenesis. The
morphological classification of ACF provides information
on changes in the crypt. These changes are the key
features of precancerous lesions in the development of
colon cancer (Di Gregorio et al., 1997). In general, the
morphology of ACF was classified according to the
established histological criteria: hyperplasia without
dysplasia, mild to moderate dysplasia, and moderate to
severe dysplasia.

Most of the previous studies reported that the protective
effects of additive and/or synergistic effects of several
phytochemicals (Wedge et al., 2001; Liu, 2003; Tsuda et
al., 2004). Hence, in the present study, brewers’ rice
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rather than individual compounds were administered to
the rats. We found a greater suppression on ACF
administration with brewers’ rice. The marked
suppression of ACF may be possibly due to the dietary
constituents, which act synergistically. Dietary
chemoprevention studies have indicated that the
magnitude of anticancer effect in the whole food or whole
food extract is greater than its individual phytochemicals
(Ricciardiello et al., 2011; Shukla and George, 2011). In
addition, whole rice bran consumption also has been
reported to provide protective effect against cancerous
cells compared to the protection given by isolated
phytochemicals (Phutthaphadoong et al., 2009).

Furthermore, the attenuation effect of brewers’ rice on
oxidative stress may be explained partly by its antioxidant
properties. Our previous study showed that the high
antioxidant activity of the brewers’ rice, which is
measured by the B-carotene bleaching test, the DPPH
radical scavenging assay, and the ferric reducing
antioxidant power may further supporting these findings
(Tan et al., 2013). These results suggest that the
attenuation effect on AOM-induced oxidative stress may
be mediated at least partly through free radicals
scavenging capacity of brewers’ rice.

Phytic acid (inositol hexaphosphate, IP¢) is found in rice
bran, most cereals, nuts, oilseeds, and legumes. Phytic
acid inhibits the growth of transplanted tumours
(Jariwalla et al., 1988), through the chelation of iron,
which is associated with the inhibition of iron-related
initiation and promotion of carcinogenesis (Norhaizan et
al,, 2011). Rice bran phytic acid has been shown to
suppress CRC via inhibition of p-catenin and
cyclooxygenase (COX-2) (Nurul Husna et al., 2013).

Vitamin E has been reported to reduce the number of
AOM-induced colon tumours (Shivapurkar et al., 1995).
Tocotrienols induce apoptosis and inhibit the proliferation
of human breast cancer cell (MCF7), related to cytotoxic
activity against tumours cells (Nesaretnam et al., 2002).
Several findings also reported that administration of high
vitamin E diets at 600 and 100 mg/kg, respectively,
reduced the colorectal tumours and incidence of
carcinoma in 1,2-dimethylhydrazine (DMH)-induced rats
(Cook and McNamara, 1980; Sumiyoshi, 1985).

Gamma-oryzanol, a component present in the rice bran,
particularly  consists of  phytosterols  including
cycloartenol, B-sitosterol, 24-methylenecycloartenol, and
campesterol (Lerma-Garcia et al., 2009). Gamma-
oryzanol in rice bran has been suggested to inhibit tumour
growth in tumour-bearing mice by induction of natural
killer (NK) cell activity and the activation of
macrophages. Gamma-oryzanol is known to exert a strong
antioxidative activities (Xu et al., 2001), it may interfere
intracellular signaling pathways of reactive oxygen
radicals. It also has been demonstrated to display

numerous biological effects such as anti-inflammation
(Islam et al., 2008). A study by Ward et al. (1973) has
been reported that AOM is a metabolite of DMH which
shows a strong carcinogenic in the intestinal tract but to a
lesser extent in the liver and kidney. Therefore, the
potential attenuation effect of brewers’ rice on hepatic
toxicity and kidney function enzymes were also evaluated
in AOM-induced rats after eight weeks treated with
brewers’ rice.

Alanine  aminotransferase  (ALT) and  aspartate
aminotransferase (AST) are the most common markers
that measure hepatocellular injury (Biirger et al., 2005).
Liver damage can be divided into direct hepatocyte
destruction or bile flow impairment (Chin et al., 2008).
Cytoplasmic enzymes in the hepatocytes may leak from
cells into the blood during the early stage of liver damage,
when the permeability of membranes increases (Sallie et
al., 1991). The ALT level in all groups injected with AOM
was significantly higher (p<0.05) than normal group. This
is agreed with finding by Matkowskyj et al. (1999) that
demonstrated AOM can increase the liver toxicity risk via
increasing the level of ALT activity.

Serum urea and creatinine were used as indicators of
kidney function (Williams, 1999). The creatinine and urea
levels were normal in all groups. Thus, there is no direct
adverse effect on kidney function in AOM-treated rats
eight weeks after administration of brewers’ rice. AOM-
treated histopathological liver and kidney lesions might
be occurred more frequently compared to the changes of
the level in biochemical. Therefore, further histological
changes of liver and kidney damage in AOM-induced
after eight weeks treated with brewers’ rice are
recommended to confirm the findings.

CONCLUSION

Our study suggests that brewers’ rice is a potential
chemopreventive agent that can inhibit the ACF formation
that lead to colon cancer. The finding presented in this
study also reveals that brewers’ rice has the potential to
reduce ALP, creatinine, and urea. However, further study
are needed to elucidate the underlying mechanisms
involved in reducing ACF development in AOM-treated
rats after eight weeks administration of brewers’ rice.
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