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Introduction

 Colorectal cancer (CRC) is one of the leading causes 
of cancer death worldwide and is the third most common 
form of malignancy in both men and women (Giftson 
et al., 2010; Hamiza et al., 2012). It is also one of the 
fastest emerging gastrointestinal cancers in the Asia 

from epidemiological and experimental studies suggest 

aetiology of CRC. The typical Western diet contains 
high concentrations of protein including red or processed 

colon cancer (Yusof et al., 2012). Mortality due to non-
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Abstract

 Colorectal cancer is one of the leading causes of cancer death, both in men and women. This study investigated 
the effects of Amorphophallus campanulatus tuber methanolic extract (ACME) on aberrant crypt foci (ACF) 
formation, colonic cell proliferation, lipid peroxidative damage and the antioxidant status in a long term preclinical 
model of 1, 2-dimethylhydrazine (DMH) induced colon carcinogenesis in rats. Male Wistar rats were divided 
into six groups, viz., group I rats served as controls; group II rats treated as drug controls received 250 mg/
kg body weight of ACME orally; group III rats received DMH (20 mg/kg body weight) subcutaneously once a 

of 30 weeks and the intestinal and colonic tissues from different groups were subjected to biochemical and 
reduction of intestinal and colonic 

lipid peroxidation (MDA) and antioxidants such as catalase, glutathione peroxidase, glutathione reductase, 

improved the intestinal and colonic MDA and reduced glutathione levels and the activities of antioxidant enzymes 

expression of this proliferative marker was clearly noted with initiation, post-initiation and entire period of 

on colon carcinogenesis induced by DMH. 
Keywords: Amorphophallus campanulatus - colon cancer - 1, 2-dimethylhydrazine - proliferating cell nuclear antigen

Chemopreventive Effect of Amorphophallus campanulatus (Roxb.) 

in 1, 2-Dimethylhydrazine Induced Colon Carcinogenesis

hereditary colon cancer appears to be reduced with 

carcinogen. Induction of colon tumors in rats by the 
administration of DMH or its metabolite azoxymethane 
(AOM) has been an excellent experimental model to study 
the pathogenesis of colon cancer in humans. DMH is 

through intermediates AOM and methylazoxymethanol 
(MAM) to the ultimate carcinogenic metabolite, highly 

methyldiazonium ion is formed it generates a carbonium 

(Perše and Cerar, 2011; Hamiza et al., 2012). The 
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damaged cells undergoes apoptosis or acquired mutations 
that accumulate to cause cell proliferation leading to 

in the colon of both animals and humans. ACF appear 
at an early period of colorectal carcinogenesis in tumor 
bearing rodents after treatment with chemical carcinogens 
and in patients with familial adenomatous polyposis 
(FAP) and other bowel tumors (Roncucci et al., 1991; 

induced by carcinogens display hyperplastic or dysplastic 

The characterization of such early precursor lesions of 
colon cancer increase our understanding of oncogenesis 

Han, 2000). 

or their synthetic analogues that inhibit the transformation 
of normal cells to premalignant cells or the progression 
of premalignant cells to malignant cells by modulating 
processes associated with xenobiotic biotransformation, 
along with the protection of cellular elements from 

2013). Amorphophallus campanulatus (Roxb.) Blume is 

its corm (bulb) as food (Das et al., 2009). Further, the 

used traditionally for the treatment of abdominal tumours, 

Amorphophallus campanulatus tuber methanolic extract 

a long term preclinical model of DMH induced colon 
carcinogenesis.
 
Materials and Methods

Chemicals
 The 1, 2-Dimethylhydrazine dihydrochloride (DMH), 
Monoclonal anti-proliferating cell nuclear antigen 

(DAB), anti-mouse IgG (whole molecule)-peroxidase and 

analytical grade.

Animals, diet and care
 Animal studies were followed according to institute 

used in this study. Animals were housed in polypropylene 

maintained at a controlled condition of temperature of 
o

a high fat, western diet (Aranganathan et al., 2009). This 
ad libitum 

Collection and preparation of plant extracts
 A campanulatus tubers were collected from the local 

institute. The powdered tubers were soxhlet extracted with 
methanol and were concentrated under reduced pressure 

oC.

Carcinogen administration

2009).

Treatment regimen

continued till the end of the experimental period. Group 

from the day one of the experiment and continued till the 

schematic representation of the experimental protocol is 
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Body weight changes 

rats were measured at the beginning of the experiment, 

Growth rate was calculated as the difference between 

number of experimental days.

solution for 3 min. The segments were then transferred 
to the buffer to wash off excess stain. It was then placed 

total number of ACF as well as the number of crypts per 
focus. ACF were distinguished from normal crypts by their 

more closely to the tumor end-point than ACF number, 
assessment of the aberrant crypt multiplicity was carried 
out as the number of crypts in each focus. Accordingly 

Homogenization of tissues
 At the end of the experimental period, the animals 
were anesthetized with pentothal sodium followed by 

colon were immediately excised and washed with ice cold 
saline. The tissues were then cut into fragments and ten 
percent of homogenate was prepared in 0.1M Tris HCl 

oC and the supernatant was used for 
the estimation of catalase (CAT), glutathione peroxidase 

Biochemical assays

o

after incubating the sample in the presence of H2O2 and 
3

of H2O2
(MDA), a product of lipid peroxidation was determined 

Histopathological examination

formalin were processed for embedding in paraffin. 

and eosin and examined for histopathological changes. 

Immunohistochemistry

rehydrated through graded alcohols at room temperature. 

; pH 

o

2O2 
for 5 minutes. Finally, the sections were counterstained 

a light microscope. The labeling index was expressed as 

Statistical analysis

Figure 1. Experimental Design. A)  
B) Group I (control); C) 

 D) Group III (DMH control); E) 
 F) 

 G) 

Experimental Protocol

Animals Sacri!cedModi!ed pellet diet
DMH (20 mg/kg b.w., s.c. injections once a week for 15 consecutive weeks), (Down-
ward arrows indicate DMH injections).
Modi!ed pellet diet+ACME 250 mg/kg b.w., p.o., every day

0 1                                                         15                                                           30 
A) 
 
B) 
 
C) 
 
D) 
 
E) 
 
F) 
 
G) 
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Results 

General observations
 All the rats in the experimental groups tolerated 

control and experimental animals are shown in Table 1. 
Body weight of the animals in all the groups increased 

the growth rate of the rats in the different groups. The 
growth rate of rats in DMH alone treated group (Group 

DMH alone treated rats in group III. Figure 2 represents 

opened colon of one of the rats treated alone with DMH 
(Group III). 

Effect of ACME on ACF formation
 ACF analysis was carried out at the end of the 

multiplicity) and percentage inhibition of ACF in 
experimental groups are shown in Table 2. The incidence 

Percentage inhibitions of ACF in DMH treated rats fed 

the initiation, post-initiation and entire period of study. 

category of ACF are shown in Table 3. When compared 
to the DMH alone treated group III animals, the number 
of small, medium and large crypts was significantly 

multiplicity and the effect was more pronounced in group 

Effect of DMH and ACME on GSH and glutathione 
dependent enzymes

experimental groups of animals are depicted in Table 

tissues of DMH treated rats as compared to the control 

Table 1. Effect of DMH and ACME on Change in Body 
Weight and Growth Rate of Control and Experimental 
Animals
Groups Initial weight (g) Final weight (g) Growth Rate (g)

a

b

b

b

a b

Figure 2. Morphological Changes Observed in the 

Treated Alone with DMH

Table 2. Incidence of ACF in Control and Experimental 
Rats

 incidence  Colon Colon Multiplicity of ACF

a a a

a a a

a a a

a

Figure 3. Effect of ACME on ACF Formation and 
Crypt Multiplicity (40×). A) and B) 

treated rats; C) and D)
DMH alone treated rats; E)

F)

G) 
indicate the ACF
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Table 3. Effect of ACME and DMH on the Incidence 
of Different Category of ACF in Control and 
Experimental Animals

a a a

a a a

a a a

a

and Distal Colon Tissues of Control and Experimental Animals

a b b b

a b b b

a b b b

 a b b b

a b b b

a b b b

GR 
 a b b b

a b b b

a b b b

GPx 
a b b b

a b b b

a b b b

a b

and Experimental Animals

 a  b  b  b

 a  b  b  b

 a  b  b  b

a b

rats treated alone with DMH. A more pronounced effect 

Effect of DMH and ACME on catalase

colon tissues of control and experimental animals are 
shown in Table 5. DMH alone treated rats showed 

unsupplemented DMH treated group. The effect was more 

 The extents of lipid peroxidation in intestine, proximal 
and distal colon tissues of control and experimental group 

treated rats (Group III) as compared to that of untreated 

experimental group of animals (initiation, post-initiation 

and distal colon tissues. 

A B

C D

E F

Figure 4. Histopathological Changes of the Colon 
in Control, DMH and ACME Treated Rats (100×). 
A) B) Drug Control; C) DMH Control; D) 
Initiation; E) Post-initiation; and F)

A B

C D

E F
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Histopathological evaluation

experimental rats. Tissue sections of normal control 
and drug control rats (Group I and II) displayed normal 
crypts and colonic architecture with no signs of apparent 

enlarged nuclei and hyperchromatism with mitotic 

nuclear polarity and also showed a reduction in mucin 

colonic tissues in DMH treated rats by the supplementation 

Immunohistochemistry of PCNA
 Figure 5 shows immunohistochemical staining of 

as dense brown colour spots, significantly increased 

control (Figure 5A) and drug control (Figure 5B) rats, 

more pronounced in the post-initiation and entire period 

control and experimental group of animals.
 
Discussion

one third of all human cancers may be associated with 

alters the molecular message of a normal cell, followed 
by promotion and progression that ultimately generates 
a phenotypically altered transformed malignant cell 
(Pandurangan, 2013). In the present study, we demonstrate 

of carcinogenesis (initiation, post-initiation and entire 

induced tumor formation in the rat colon.
DMH and its related compounds can induce neoplasms 

specifically in the rat colon. Primarily, DMH is an 
 position is 

of Control and Experimental Animals

a b b b

a b b b

a b b b

a b

Figure 6. 

A) B) Drug Control; C) DMH Control; D)
Initiation; E) Post-initiation; and F) a

b

Figure 5. 
in the Colon of Control and Experimental Animals 
(100×). A) B) Drug Control; C) DMH Control; 
D) Initiation; E) Post-initiation; and F)

A B

C D

E F

A B

C D

E F
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considered to be an important miscoding lesion, leading to 
G-A transition, with an important role in mutagenesis and 

formation of electrophilic diazonium ion. Weisburger, 

that the number of DMH induced tumors increases with 
the percentage of dietary fat composition. Dietary fatty 

and progression of experimental neoplasia in the rodent 

had been manipulated both before and after treatment 

administered rats fed with high fat diet may be due to the 

agent. It is reported that colon cancer is often associated 
with an abdominal mass, weight loss, decreased appetite 

potential against DMH induced colon cancer.
The earliest recognizable histopathological change that 

is the preneoplastic lesions of colorectal carcinoma are the 
ACF. These are considered to be the useful intermediate 

(six or more aberrant crypts per focus) are considered more 

reduction in the occurrence and multiplicity of ACF in 

occurrence of preneoplastic changes and the formation 
and progression of preneoplasia to malignant neoplasia.

intestinal and colonic tissues of rats decreases on DMH 
exposure (Aranganathan et al., 2009). In addition, earlier 

concentrations of lipid peroxides and the rate of cell 
proliferation, i.e. the higher rate of lipid peroxidation in 

rats resulted in the increase of intestinal and colonic 

administration of the procarcinogen DMH.
DMH treatment generates free radicals in colonic 

to be the primary antioxidant enzymes because they are 

cancerous tissue promotes the growth of cancer and its 

the carcinogenic changes induced by DMH. 

cofactor or coenzyme (Hamiza et al., 2012). GPx is an 
enzyme containing four selenium-cofactors that catalyzes 

other antioxidants and antioxidant enzymes to protect cells 

could be important in inhibiting DMH induced colon 

in our laboratory demonstrated that the methanolic extract 
of A campanulatus tuber has the potential to ameliorate 

al., 2013). Therefore, the possible mechanism by which 

its ability to function as an antioxidant. 
DMH enhances cellular proliferation in the colon but 

not in other organs of the experimental animals (Ohno et 
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clearly noted upon initiation, post-initiation and entire 

(Ansil et al., 2011). Published report also establishes 
the presence of betulinic acid, lupeol, stigmasterol, 

the corm of A campanulatus

the methanolic extract of A campanulatus tuber might be 
attributed to the presence of the reported phytochemical 
constituents in single or in combination.

To summarize, the histological findings, tissue 
lipid peroxidation and antioxidant profile of control 
and experimental group of rats together emphasize the 

induced colonic preneoplastic progression in rats. Though 

suppressed colonic neoplastic changes, the entire period 

method of treatment as compared to the other treatment 
regimens. Therefore A campanulatus

be claimed as a therapeutic agent against colon cancer.
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