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ABSTRACT

AIM: This study was aimed to investigate the effect of sinapic acid (SA) on 1,2-dimethylhydrazine (DMH) in-
duced experimental rat colon carcinogenesis.

MATERIALS AND METHODS: Rats were assorted into six groups, group 1 served as control, group 2 received
SA (80 mg/kg b.w.) post orally every day until the end of the experimental period of 16 weeks, groups 3-6 rats
were injected DMH (20 mg/kg b.w.) subcutaneously once a week for first four weeks. In addition, groups 4-6
rats received different doses of SA (20, 40 and 80 mg/kg b.w.).

RESULTS: Our results showed that DMH induced rats revealed significantly increased ACF development and
multiplicity, which were significantly inhibited on supplementation with SA. Moreover, elevated levels/activities
of circulatory oxidative stress markers, faecal and colonic mucosal bacterial enzymes were observed in DMH
exposed rats, which were diminished on supplementation with SA.

CONCLUSION: Overall, our findings revealed that supplementation with SA offers significant protection against
DMH induced rat colon carcinogenesis and the effect of SA at the dose of 40 mg/kg b.w. was more pronounced

as compared to the other two doses (Tab. 5, Fig. 3, Ref. 46). Text in PDF www.elis.sk.
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Introduction

Colon cancer remains the third most common malignant
neoplasm and the second leading cause of cancer related deaths
worldwide (1). American Cancer Society has estimated about
103,170 cases of colon and 40,290 cases of rectal cancer in 2012.
Dietary habits play an important role in its etiology, which signifi-
cantly modify the initiation, promotion, and progression stages of
this cancer (2). The incidence of colon cancer has been increasing
in many developed and developing countries with westernized
lifestyle (3). In the Indian population, recent changes in lifestyle
and dietary habits may increase the colon cancer incidence in
future (4).

The genotoxic chemical 1,2 dimethylhydrazine (DMH) in-
duced colon cancer in rodents is a widely studied experimental
model for identifying the chemopreventive potential of phyto-
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chemicals, which in addition mimics many of the cell kinetics,
histopathological and molecular characteristics in humans (5).
DMH, a procarcinogen, is metabolized to methylazoxymethanol
(MAM) in the liver and enters the colon via bile or blood stream.
MAM is subsequently metabolized into the electrophilic methyl-
diazonium ion, which in turn generates carbonium ion that targets
DNA, inducing the formation of methyl adducts with DNA bases,
point mutations and micronuclei yielding macroscopically visible
neoplasms (6). Oxidative stress is characterized by an increased
rate of reactive oxygen species (ROS) generation and decreased
antioxidant enzymes. ROS are potentially dangerous due to high
redox potential resulting in peroxidation of cell membranes, oxi-
dative DNA damage, mutagenesis and carcinogenesis (7). Eryth-
rocytes are particularly vulnerable to oxidative damage due to the
high content of polyunsaturated fatty acids in the membrane and
auto-oxidation of haemoglobin within the cell.

Aberrant crypt foci (ACF) are putative pre-neoplastic lesions
that appear at an early stage of colon carcinogenesis in the humans
and rodents. ACF are monoclonal collections of abnormal crypts,
formed by the exposure to carcinogen. It has been exploited as
a short term quantitative approach to identify chemopreventive
agents for the treatment of colon cancer (8). Intestinal microflora is
considered to play an important roles in the pathogenesis of colon
cancer (9), as it not only liberates active key intermediates in the
metabolism of procarcinogens but also activates tumour promoters
in the colon. Moreover, the toxic and genotoxic metabolites liber-
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Fig. 1. Structure of SA.

ated by the colonic microflora can bind to the specific intestinal
cell surface receptors and affect intracellular signal transduction
(10). B-glucuronidase, B-glucosidase, B-galactosidase and several
other enzymes are produced by the intestinal microbes, which re-
lease potential carcinogenic compounds in the colon.

Chemoprevention is considered as a promising strategy of can-
cer control and provides a powerful platform to advance scientific
understanding of tumour biology. Emerging clinical and experimen-
tal evidence now supports the identification of phytochemicals with
the potential to inhibit the processes of carcinogenesis. Sinapic acid
(SA) is a phenolic acid and a natural hydrophilic antioxidant which
occurs in fruits, vegetables, oil seeds, spices and herbs (11) (Fig. 1).
It belongs to the derivatives of hydroxycinnamic acid and consti-
tutes 73 % of free phenolic acid in rapeseed meal. It is a phenyl-
propanoid compound which possesses 3,5-dimethoxyl and 4-hy-
droxyl substitutions in the phenyl group of cinnamic acid. Studies
have shown SA exhibits several biological activities including
anti-inflammatory (12), antioxidant and free radical scavenging
(13) effects. The present study was aimed to evaluate the modu-
latory effect of sinapic acid on 1,2 dimethylhydrazine induced rat
colon carcinogenesis.

Materials and methods

Chemicals

Sinapic acid (SA) and 1,2 dimethylhydrazine (DMH) were pur-
chased from Sigma Chemical Co., St. Louis, MO, USA. All other
chemicals and reagents used were of analytical grade purchased
from HiMedia Private Limited, Mumbai. India.

Animals

Male albino Wistar rats weighing 120-130 g (5 years old)
were procured from the Central Animal House of Rajah Muthiah
Medical College, Annamalai University, Annamalainagar, Tam-
ilnadu, India. Animals were housed in polypropylene cages with
bedding in a specific-pathogen free animal room under controlled
environmental conditions of temperature 27 + 2 °C, with 50 £+ 10
% humidity and 12-h light/dark cycle. The animals were allowed
to acclimatize for 1 week before starting the experiments and had
free access to modified pellet diet (commercial pellet diet contain-
ing 42 g fat/kg was powdered and mixed with 158 g of peanut oil
per kilogram of feed, making a total of 20 % fat in modified pel-
let diet) and water. The experimental design was approved by the
Ethical Committee of Annamalai University in accordance with the
Indian National Law on animal care and use (Reg. No. 160/1999/
CPCSEA, Vide No0.927, 2012).

Induction of colon carcinogenesis

DMH (20 mg/kg b.w.) was weighed and dissolved in dis-
tilled water containing 1 mM EDTA to ensure the stability of the
chemical just prior to use and the pH was adjusted to 6.5 with 1
mM NaOH. The animals received DMH injections once a week
subcutaneously for the first 4 consecutive weeks of the 16 week
experimental period.

Experimental design

The rats were randomly divided into six groups of twelve
animals each. SA was suspended in 0.3 % carboxymethyl cel-
lulose (CMC) and each rat received one of the the daily doses
of 20, 40 or 80 mg/kg b.w. SA was administered orally by intra-
gastric intubation every day throughout the experimental period
of 16 weeks.

Group 1: Normal control rats

Group 2: Rats received SA (80 mg/kg b.w. post orally) every-
day throughout the experimental period

Group 3: Rats received DMH (20 mg/kg b.w. subcutaneously)
once a week for the first 4 weeks of the experiment (4 injections)

Group 4: Rats received DMH as in group 3 and SA (20mg/kg
b.w. post orally) every day for the entire study period of 16 weeks

Group 5: Rats received DMH as in group 3 and SA (40mg/kg
b.w.post orally) every day for the entire study period of 16 weeks

Group 6: Rats received DMH as in group 3 and SA (80mg/kg
b.w.post orally) every day for the entire study period of 16 weeks

At the end of the experimental period, rats fasted overnight
and sacrificed by cervical decapitation.

Determination of aberrant crypt foci (ACF)

The rat colon was removed, flushed with cold saline (0.9 %
NaCl) and cut open along the longitudinal median from anus to
caecum. It was divided into two segments (proximal and distal),
placed on the filter paper with mucosal surface up, fixed flat in
10 % buffered formalin for 24 hours, stained with 0.2 % methylene
blue solution and was then placed on the microscopic slide and
observed under a light microscope (14). Crypt multiplicity was
determined as the number of crypts in each focus and was cat-
egorized as containing 1, 2, 3 or more than 3 aberrant crypts/foci.

Biochemical estimations
Assay of the activities of faecal and mucosal bacterial enzymes

Fresh faecal pellets were collected for the assay of faecal
bacterial enzymes. The mucosa from the colon was collected
by scraping with a slide. The faecal pellets and colonic mucosa
were homogenized using phosphate-buffered saline, centrifuged
at 2000 g for 10 min at 4 °C and the supernatant was collected
for the assay of the activity of faecal and colonic mucosal bacte-
rial enzymes.

B-glucuronidase, B-glucosidase and 3-galactosidase activities
were measured by the method of Freeman (15). Nitroreductase
activity was measured by the method of Bratton & Marshal (16).
Sulphatase activity was measured by the method of Rowland et al
(17). Mucinase activity was measured by the method of Shiau and
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Tab. 1. Effect of SA and DMH on aberrant crypt foci (ACF) in the colon of the control and experimental rats.

Group  No of'rats bearing ACF Number of ACF

Number of AC

Number of foci containing

1 crypt 2 crypts >4crypts
1 6/0 Nill Nill Nill Nill Nill
11 6/0 Nill Nill Nill Nill Nill
1 6/6(100) 58.83+2.63% 165.83+3.48* 19.16+1.32¢ 19.16+1.722 20.50+3.722
v 6/6(100) 39.83+1.47° 100.16+4.0° 16.50+1.04° 15.00+0.89° 8.33+1.03"
A% 6/6(100) 20.33+1.75¢ 28.33+3.07¢ 12.00+0.89¢ 8.16+1.16° -
VI 6/6(100) 29.00+1.41¢ 40.50+3.27¢ 13.83+2.78¢ 9.66+0.51¢ 5.5042.58¢

Data are presented as the means = S.D. of six rats in each group. Values not sharing a common superscript letter @9 differ significantly at p < 0.05 (DMRT).

Tab. 2. Distribution of ACF in the colon of experimental rats.

Group Number of ACF Proximal colon Distal colon Incidence of ACF % Inhibition of ACF %
I 58.83+2.63¢ 22.00+1.412 36.83+1.47° 100 0

v 39.83+1.47° 17.00£1.09° 22.83+1.16° 67.70 323

\% 20.33+1.75¢ 6.16+1.47° 14.16+1.47¢ 34.55 65.45

VI 29.00+1.41¢ 9.83+1.724 19.16+0.75¢ 49.29 50.71

Data are presented as the means = S.D. of six rats in each group. Values not sharing a common superscript letter @9 differ significantly at p < 0.05 (DMRT).

Chang (18). The amount of reducing sugar released was measured
using the Nelson-Somoyogi Method (19).

Combined alcain blue-periodic acid Schiff (AB-PAS) analysis of
colonic mucin

Histochemical analysis of mucin was carried out by combined
AB-PAS technique (20). To determine whether DMH caused mor-
phological changes in the mucus cell number and integrity, alcian
blue-positive cells were quantified for each category of control and
experimental groups of rats.

Preparation of haemolysate

Blood was collected in heparinized tubes and plasma was sepa-
rated by centrifugation at 2000 g for 10 min. After the separation
of plasma, the bufty coat was removed and the packed red blood
cells (RBCs) were washed thrice with cold physiological saline.
To determine the activity of antioxidant enzymes, RBC lysate
was prepared by lysing a known volume of RBCs with hypotonic
phosphate buffer, pH 7.4. Centrifugation at 3000 g for 10 min at
2 °C separated the heamolysate.

Estimation of circulatory lipid peroxidation, enzymatic and non-
enzymatic antioxidants

Lipid peroxidation (LPO) was estimated spectrophotometrical-
ly by measuring the level of thiobarbituric acid reactive substances
(TBARS) by the method of Yagi (21) in the plasma and Donnan

(22) in the erythrocyte lysate. Conjugated dienes (CD) were mea-
sured by the method of Ohkawa (23). The activity of superoxide
dismutase (SOD, EC 1.15.1.1) was assayed by the method of Kak-
kar et al (24) and that of catalase (CAT, EC 1.11.1.6) by the method
of Sinha (25). Reduced glutathione (GSH), glutathione peroxidase
(GPx, EC.1.11.1.9) and glutathione reductase (GR, E.C.1.6.4.2)
levels/activities were measured by the methods of Ellman (26),
Rotruck et al (27), and Carlberg and Mannervik (28) respectively.

Estimation of protein

Total protein concentration was determined by the method of
Lowry et al (29) using bovine serum albumin (BSA) as standard
at 660 nm.

Statistical analysis

Data were analyzed by one-way analysis of variance (ANOVA)
and a significant differences among treatment groups were evaluated
by Duncan’s Multiple Range Test (DMRT). The results were consid-
ered statistically significant at p <0.05. All statistical analyses were
made using SPSS 17.0 software package (SPSS, Tokyo, Japan).

Results
Effect of SA and DMH on ACF formation and crypt multiplicity

The effect of SA and DMH on the ACF occurrence, crypt
multiplicity and distribution of ACF are shown in Tables 1 and 2,

Tab. 3. Effect of SA and DMH on the faecal bacterial enzymes of the control and experimental rats.

Group B-Glucuronidase B-Glucosidase B-Galactosidase Nitroreductase (umoles Sulphatase Mucinase
(mg of p-nitrophenol ~ (mg of p-nitrophenol ~ (mg of p-nitrophenol  of p-amino benzoic acid (umol of p-nitrocatechol (mg of glucose
liberated/min/g protein) liberated/min/g protein) liberated/min/g protein) liberated/min/g protein) liberated/min/g protein) liberated/min/mg protein)
1 19.82+1.33° 55.68+4.64* 23.19+2.12° 15.68+0.99* 15.41+0.81* 2.76+0.24°
I 18.42+0.81% 53.29+1.65° 20.10£1.47° 16.32+0.83% 18.41+0.90° 2.1940.20°
111 29.18+1.34¢ 94.50+7.19° 57.41+4.71° 41.52+3.87° 40.51+2.66¢ 3.92+0.37¢
v 24.85+2.024 80.25+6.30° 46.32+4.06° 36.37+3.09° 33.06+2.124 3.52+0.32¢
\% 17.56+0.82° 53.94+3.65° 23.50+1.82° 15.72+1.21# 19.15+1.43° 2.80+0.21?2
VI 22.26£1.91¢ 64.76+5.09¢ 34.72+3.15¢ 26.11+2.21¢ 25.86+1.79¢ 3.15+0.19¢

Data are presented as the means + S.D. of six rats in each group. Values not sharing a common superscript letter ¢ differ significantly at p < 0.05 (DMRT).
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respectively. Representative photographs showing topographical
view of ACF is also illustrated in Figure 2. There was no incidence
of ACF observed in the control and SA alone supplemented rats
(groups 1-2) while the incidence of ACF as well as crypt multiplic-
ity was 100 % in DMH alone treated rats (group 3). Many of the
large ACF with 4 or more crypts were observed in the distal colon
than in proximal colon. Supplementation with SA to DMH treated
rats (group 4, 5 and 6) significantly reduced the incidence of ACF
and its multiplicity in a dose dependent manner as compared to
the DMH alone treated rats (group 3). Supplementation with SA
showed significantly reduced ACF frequency as compared to group
3 (DMH alone). The inhibition rates were 65.45 % in group 5(40
mg/kg b.w.), 50.71 % in group 6 (80 mg/kg b.w.) and 32.3 % in
group 4 (20 mg/kg b.w.). More pronounced effect on ACF inhibi-
tion and crypt multiplicity was observed in the rats supplemented
with SA at the dose of 40 mg/kg b.w. (group 5).

Effect of SA and DMH on faecal and colonic mucosal bacterial
enzyme activities

Tables 3 and 4 represents the activities of faecal and colonic
mucosal bacterial enzymes in the control and experimental rats.
The activities of B-glucuronidase, 3-glucosidase, f-galactosidase,
nitroreductase, sulphatase and mucinase were significantly in-
creased in DMH alone treated rats (group 3) as compared to the
control rats (group 1). Supplementation with SA at any one of the
doses such as 20, 40 and 80 mg/kg b.w. (groups 4-6) significantly
decreased the activities of faecal and colonic mucosal bacterial
enzymes and a more pronounced effect was observed in the rats
supplemented with 40 mg/kg b.w. SA (group 5).

Effect of SA and DMH on mucin presenting cells
Figure 3 shows the AB-PAS stained glycoprotein (mucin) in
the mucus secreting cells of the control and experimental rats.

Tab. 4. Effect of SA and DMH on the colonic mucosal bacterial enzymes of the control and experimental rats.

Group B-Glucuronidase B-Glucosidase B-Galactosidase Nitroreductase Sulphatase Mucinase
(ug of p-nitrophenol (g of p-nitrophenol (g of p-nitrophenol (umol of p-amino  (umol of p-nitrocatechol (mg of glucose
liberated/min/g liberated/min/g liberated/min/g benzoic acid liberated/ liberated/min/g liberated/min/mg

protein) protein) protein) min/g protein) protein) protein)

I 5.80+0.39* 18.67+1.39° 20.47+1.28* 16.4241.19® 18.32+1.46* 3.68+0.27°

I 5.23+0.22* 19.80+1.27¢ 20.49+1.23* 14.92+1.29° 15.41+0.81° 3.29+0.20?

it 13.92+1.19° 46.36+1.87° 49.81+3.95% 27.41£2.32¢ 36.24+2.64¢ 6.62+0.47°

v 11.1340.09¢ 40.37+2.43¢ 40.25+3.16¢ 25.02+1.20¢ 27.44+2.05¢ 5.43+0.38°

\% 5.76+0.36* 20.52+1.33* 20.70+1.712 17.43+1.10° 17.20+1.53%® 3.40+0.28°

VI 9.56+0.85¢ 35.61+3.09¢ 35.344+2.91¢ 20.59+1.55¢ 21.49+1.29¢ 4.57+0.35¢

Data are presented as the means + S.D. of six rats in each group. Values not sharing a common superscript letter - differ significantly at p<0.05 (DMRT).

(E loavoniu F

Fig. 2. Topographical view of ACF obtained from (Group I to VI rats)
(X20).

Fig. 3. Cross section of rat colon (Group | to VI) stained with AB-PAS
for mucin in the goblet cells (X40).
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Tab. 5. Effect of SA and DMH on circulatory antioxidants and LPO of control and experimental rats.

Group
Parameter
1 11 111 v \ VI

Plasma TBARS (nmol/ml) 1.85+0.122 1.70+0.16° 5.014+0.45° 4.22+0.38¢ 2.04+0.19* 3.59+0.304
CD (umol/ml) 0.78+0.04* 0.71£0.02* 1.87+0.15° 1.2340.08¢ 0.82+0.05% 1.58+0.12¢
Erythrocytes TBARS (pmol/mg Hb) 1.72+0.11% 1.65+0.14° 4.85+0.25¢ 3.50+0.21¢ 1.95+0.17* 3.10£0.27¢
SOD (50% NBT reduced/min/mg Hb) 3.56+0.23% 3.6+0.30° 1.69+0.09° 2.41+0.17¢ 3.83+0.32° 3.1+0.24¢
CAT (umoles of H,O, utilized/min/mg Hb) ~ 2.67+0.21* 2.59+0.16* 1.36+0.07° 1.65+0.09¢ 2.72+0.23* 2.2340.18¢
GPx (umoles of GSH utilized/min/mg Hb) ~ 29.72+0.22* 32.2140.25° 16.53+0.08¢ 21.35+0.16¢ 32.35+0.21° 27.86+0.18¢
GR (umoles of NADPH oxidized/min/mg Hb) ~ 45.58+0.44* 44.52+0.43° 38.41+0.28° 40.66+0.37¢ 45.51+0.44¢ 42.13+0.39¢
GSH (mg/dl Hb) 34.62+0.26* 35.06+0.30° 21.72+0.12¢ 24.47+0.18¢ 34.46+0.23* 27.31+0.21¢

Data are presented as the means + S.D. of six rats in each group. Values not sharing a common superscript letter @ differ significantly at p < 0.05 (DMRT).

The control and SA alone supplemented rats showed strong and
intense alcian blue staining (group 1 and group 2). The mucosa
of DMH alone treated rats showed faint and weak alcian blue
staining, progressive loss of mucin and also a decrease in mucus
cell numbers (46/100 cells). The mucosa of DMH treated rats
which were supplemented with SA at different doses (group 4—6)
showed an increase in the mucus cell staining as well as an ob-
vious increase in the mucus cell size and number (59,83 and 72/
cells) as compared to those found in the mucosa of DMH alone
treated rats (group 3)

Effect of SA and DMH on circulatory LPO, enzymatic and non-
enzymatic antioxidants

Levels of LPO by-products in the plasma and erythrocyte
lysate are shown in Table 5. The levels of TBARS and CD were
significantly elevated in the rats treated with DMH alone (group
3) as compared to the control rats (group 1). On supplementing
with different doses of SA (20, 40 or 80 mg/kg b.w.) to DMH
treated rats, LPO was significantly decreased as compared to the
rats treated with DMH alone.

Table 5 shows the effect of SA on the levels/activities of anti-
oxidants such as SOD, CAT, GPx, GR and GSH in the erythrocyte
lysate of the control and experimental rats. DMH alone treated rats
(group 3) showed declined activities of SOD, CAT, GPx, GR and
GSH as compared to the control rats (group 1). The oxidative stress
markers were restored to near normal levels on supplementation
with SA at the doses of 20, 40 or 80 mg/kg b.w. to DMH treated
rats. A more pronounced effect was observed in the carcinogen
treated rats supplemented with 40 mg/kg b.w. of SA.

Discussion

DNA adduct formation is the initial step in the process of co-
lon carcinogenesis induced by chemical carcinogens. DMH is an
alkylating agent causing point mutation especially at the O° posi-
tion of methylguanine (O°-meG) leading to mispair with thymine
during DNA replication, resulting in the conversion of a GC pair
to AT pair and activation of the k-ras oncogene (30). ACF are het-
erogenus group of preneoplastic lesions of the adenoma-carcinoma
sequence, frequently formed by the mutation of k-ras oncogene.
They are characterized by clusters of colonic crypts with abnor-
mal morphology, which initially develop as a single enlarged
crypt with a thicker epithelial lining than normal crypts and sub-
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sequently expand into larger clusters. In the present study, DMH
alone treated rats showed large crypts with significantly higher
incidence of ACF in the distal colon than in the proximal colon.
These results are consistent with the previous findings which also
showed greater incidence of colon cancer in the distal colon than
the proximal colon (31).

Consumption of high fat diet promotes the risk of colon cancer
and increases the number of preneoplastic lesions in the colon (32).
Peanut oil is rich in ©-6 fatty acids. ©-6 fatty acids are metabolized
to eicosanoids and can act as tumour promoters by virtue of their
pro-inflammatory actions and thereby modulate the expression
of various oncogenes. In our study, when high fat diet rich in ©-6
polyunsaturated fatty acids (peanut oil) was fed during the carci-
nogenic stage there was a significant increase in the number and
multiplicity of crypts (> 4 crypts/focus). Previous studies suggest
that ACF are colon cancer precursors, whose size and numbers
directly correlate with the risk of developing colon cancer (33). In
addition, the crypt multiplicities (crowding of crypts) are more pre-
dictive of malignant transformation. Supplementation with three
different doses of SA (20, 40 and 80 mg/kg b.w.) to DMH treated
rats suppressed the ACF number, development and its multiplic-
ity. SA at the dose of 40 mg/kg b.w. showed maximum inhibitory
effect (65.45 %) which could be due to its putative antioxidant
and potent chemopreventive properties (34). SA is also known to
possess anti-inflammatory activity which could also contribute to
its tumour suppressing effects (12).

The intestinal bacteria are known to secrete numerous harm-
ful enzymes by its metabolism resulting in the generation of
several genotoxic, mutagenic and carcinogenic substances (35).
B-glucuronidase is an inducible enzyme thought to be responsible
for the hydrolysis of methylazoxymethanol (MAM) glucuronide
conjugates and releases the toxic carbonium ion which becomes
carcinogeneic in the colon. Previous studies demonstrated that
elevated activity of B-glucuronidase may be a primary factor in
the etiology of colon cancer with an activation of procarcinogens,
carcinogens and mutagens in the colon (36). In our study, we
observed DMH alone treated rats showed increased activities of
faecal and colonic mucosal B-glucuronidase, which could be due
to the influence of high fat diet on colonic microbiota and bacte-
rial metabolism. On the other hand, supplementation with SA to
DMH treated rats decreased the B-glucuronidase activity thereby
reducing the production of MAM in the colon and inhibiting tu-
mour initiation.
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The gut microbial flora is also influenced by other glycolytic
enzymes like B-glucosidase and B-galactosidase. These glycolytic
enzymes are strongly associated with colon carcinogenesis as they
modulate the carcinogenic impact of toxic and mutagenic com-
pounds. B-glucosidase also hydrolyses the conjugated products of
detoxification and is involved in the formation of toxic aglycones
from plant glucosides (37). Increased activity of B-galactosidase
is encountered in the intestinal tract of mammals, and plays a
major role in the metabolic activation of various xenobiotics.
Roberton (38) reported that increasing the activities of the DMH
retoxifying bacterial enzymes may influence tumour development
in the colon. In our study, we observed enhanced B-glucosidase
and B-galactosidase activities in the faecal and colonic mucosa of
DMH alone treated rats indicating the generation of excess amount
of carcinogens from aglycones that lead to the activation of the
tumour promoters and putative procarcinogens.

The intestinal bacteria fullfill its energy needs by ferment-
ing various types of substrates resulting in the generation of an
extensive number of enzymes like nitroreductase and sulphatase.
Nitroreductase is a physiological enzyme which plays a key role
in the metabolism of the exogenous nitroaromatic chemicals and
the products of these biotransformation can be toxic to the host
(39). Sulphatase catalyzes the hydrolysis of sulphate ester bonds
of a wide variety of substrates and also assist in the desulphation
of conjugated toxins. In our study, DMH treated rats displayed
elevated activities of nitroreductase and sulphatase in the faecal
contents and colonic mucosa as compared to the controls. Numer-
ous studies have indicated a link between decreased incidence of
colon cancer and reduced activities of colonic bacterial enzymes
(40). Similarly, in the present study, supplementation with SA re-
vealed decreased activities of bacterial enzymes which could be
attributed to the anticarcinogenic property of SA as it reduces the
toxins and carcinogens in the colon.

Colonic epithelial cells form a single layer of columnar
cells which are interspaced with specialized goblet cells which
secrete mucin to form a protective barrier against pathogens
and toxins. Mucins are a family of secretory cell surface gly-
coproteins which play an important role in the mucus layer
formation, responsible for specific gel properties to protect and
lubricate the epithelium (41). Mucinase is a complex high mo-
lecular weight hydrolytic enzyme secreted by gut microflora
which hydrolysis the protective mucus layer. In the present
study, rats treated with DMH alone showed elevated mucinase
activity and depleted mucin content (goblet cells) on staining
with Alcian blue-periodic acid Schiff stain (AB-PAS) as com-
pared to the control rats. Enhanced mucinase activity can lead
to a shift in the balance between mucin secretion and degrada-
tion. In this context, deregulation of mucin production has pro-
vided an important link between inflammation and cancer (42).
Enhanced degradation of the mucosal lining (mucin) ensures a
greater contact of the toxic carcinogen with the colonic epithe-
lial cells (43). Our findings suggest that, supplementation with
SA to DMH treated rats decreased the activity of mucinase and
enhanced the mucin content in the colon of rats emphasizing the
antibacterial effect of SA.

Reactive oxygen species (ROS) have been implicated in both
the initiation and promotion stages of carcinogenesis that can
cause a wide spectrum of cell damage including lipid peroxida-
tion (LPO), inactivation of enzymes and DNA damage (44). In
the present study, tumour bearing rats showed enhanced levels of
LPO which may be due to the overproduction of free radicals by
procarcinogen (DMH) metabolization. The decreased level/activi-
ties of enzymatic and non enzymatic antioxidants in the circulation
of DMH alone treated rats may be due to their overutilization to
scavenge the products of LPO or due to sequestration by tumour
cells. Moreover, tumour cells are known to generate and release
large amounts of peroxides into the circulation which can subse-
quently oxidize GSH present there (45). Depletion of GSH impairs
the ability of the cells to protect against the free radicals resulting
in enhanced LPO. Hence, elevated levels of LPO increases oxi-
dative stress mediated membrane damage of erythrocytes, due to
the depletion of enzymatic and non enzymatic antioxidants such
as SOD, CAT, GPx, GR and GSH. Supplementation with SA to
DMH treated rats reduced the LPO levels and increased the levels/
activities of antioxidant enzymes alleviating oxidative stress. In
this context SA is known to effectively quench superoxides and
scavenge the hydroxyl, and peroxyl radicals, thereby reducing
oxidative stress and sparing GSH (46).

Conclusively, the results of the present study suggest that SA
(40 mg/kg b.w.) protects colonic tissue against DMH induced co-
lon cancer by reducing the preneoplastic lesions, modulating the
levels/activities of erythrocyte LPO and antioxidant status and
also by ameliorating bacterial enzyme activities.
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