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ABSTRACT Experimental as well as epidemiologic studies in human populations provide evidence that consumption of

phytochemicals reduces the incidence of degenerative diseases. Green tea (GT) catechins are known for their antioxidative

potential. Phytic acid (PA) also acts as a natural antioxidant and may have numerous health benefits. This experiment was

designed to investigate the inhibitory effects of combinations of 1% and 2% GT, PA, and inositol (I) in reducing the incidence

of azoxymethane-induced colon tumors in Fisher 344 male rats. After an acclimatization period of 1 week, nine groups of rats

(15 rats per group) were initially assigned to consume AIN 93 G diet and later AIN 93 M diet after 20 weeks of age.

Treatments were given in drinking water. All rats received azoxymethane injections (16 mg/kg of body weight) subcutane-

ously at 7 and 8 weeks of age. Rats were killed at 45 weeks of age by CO2 euthanasia. Tumor incidence (93.76%) and the

number of tumors per tumor-bearing rat ratio (2.25) were significantly (P < .05) higher in the control group compared with

treatment groups. Glutathione S-transferase activity was significantly (P < .05) higher in rats fed combinations of 2% GT +
PA + I and GT + PA (33.25 – 1.23 and 29.83 – 1.10 lmol/mL, respectively) compared with other groups. These findings

suggest that the synergistic effect of the 2% level of GT, PA, and I may reduce the incidence of colon tumors and therefore

have potential as a chemopreventive agent.
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INTRODUCTION

Tea (Camellia sinensis) is the most popular beverage
after water and is consumed by almost two-thirds of the

world’s population. There is increasing interest in the role of
tea in maintaining good health and treating various chronic
diseases. Consumption of tea has been associated with many
health benefits, and tea’s role and mechanism in cancer
chemoprevention have been extensively reviewed. Green tea
(GT) is now an acknowledged cancer preventative in Japan,
and one of the key advantages of GT as a cancer preventative
is its nontoxicity.1 Three types of tea available in the market
are black tea, GT, and oolong tea. The type of tea depends on
the process of drying and fermentation. GT is rich in poly-
phenolic compounds called catechins, which account for
one-third of the dry weight of leaves.2 GT consists of four
different types of catechins: (–)-epigallocatechin-3-gallate
(EGCG), (–)-epigallocatechin, (–)-epicatechin-3-gallate,

and (–)-epicatechin.2 EGCG has been considered to be a
major constituent of GT, which may have an active anti-
cancer property.3,4

GT consumption has been associated with anti-inflammatory,5

antihypertensive,6 antimutagenic,7 antioxidative,8,9 anticar-
cinogenic,3,10 antihypercholesterolemic,11 and antihyper-
glycemic12 effects. Among the various catechins, EGCG has
the greatest antioxidant activity, and it is the most widely
studied polyphenol for disease prevention.4,8 EGCG pos-
sesses cancer chemopreventive and therapeutic potentials
against various types of cancer, due in part to its effects in
vitro and in vivo on tumor cell signaling pathways regulating
growth and apoptosis.13,14 Many health benefits of tea are
presumed to be caused by its antioxidant effects. Antitumor
activity of EGCG may be based on blocking of the epider-
mal growth factor receptor10 and platelet-derived growth
factor.11 These receptors can inhibit the growth factor–in-
duced activation of activator protein-1, a transcription factor
involved in differentiation and proliferation of cancer cells.3

Ahmad et al.15 showed that polyphenols of GT modulate
nuclear factor-jB in several cancer cells, making them
more susceptible to apoptosis. Infusion of GT or EGCG
in mice showed a reduced angiogenic response to vascu-
lar endothelial-derived growth factors, which regulate
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angiogenesis.16 Shenouda et al.17 reported that EGCG in-
hibits PC-3 cell proliferation via cell cycle arrest, resulting
in increased apoptosis.

The inhibition of intestinal carcinogenesis by tea and tea
polyphenols has been demonstrated in different animal
models by several research groups.13,18 Ju et al.19 reported
that administration of EGCG at doses of 0.08% or 0.16% in
drinking fluid significantly decreased small intestinal tumor
formation by 37% or 47%, respectively. GT administration
(0.6% in drinking fluid) inhibited the formation of azox-
ymethane (AOM)-induced aberrant crypt foci (ACF) in CF-
1 mice on a high-fat diet.20 Bettuzzi et al.21recently reported
that development of prostate cancer in men with high-grade
prostate intraepithelial neoplasia was significantly pre-
vented by oral administration of GT catechins, 600 mg/day
for 1 year. Yang et al.14 reported that regular intake of GT
was shown to provide protection against the development of
colorectal cancer in a large cohort of 69,710 Chinese women
followed up for 2–3 years. Kakuta et al.22 demonstrated in a
case-control study with habitual consumption of GT, which
included 437 women, a marked reduction in the risk of
developing endometrial endometriod adenocarcinoma.
Many scientists have reported13,23,24 that EGCG, epica-
techin gallate, and epigallocatechin are the main constitu-
ents of GT extract that have cancer preventive activities,
including growth inhibition of human cancer cell lines in
cultures, induction of apoptosis, inhibition of tumor pro-
motion and carcinogenesis in animal experiments, anti-
mutagenic and antioxidant activities, inhibition of tumor
necrosis factor-a release from cells induced by a tumor
promoter, and modulation of gene expression.

The major biochemical functions of phytic acid (PA) and
lower inositol (I) phosphates in cell membranes are regu-
lation of cellular responses to external stimuli as well as
mediation of enzyme activity.25 PA also plays an important
role in regulating vital cellular functions, such as signal
transduction, cell proliferation, and cell differentiation.26

The anticarcinogenic effect of PA has been shown both
in vivo and in vitro.27 Various mechanisms of action have
been proposed for PA’s antitumorigenic abilities (i.e., an-
tioxidant properties, gene alteration, increased natural killer
cell activity, and cell cycle inhibition). The exact mecha-
nism by which PA exerts these effects has yet to be eluci-
dated. PA affects the cell cycle by decreasing the S-phase of
mitosis and arresting cells in the G0/G1 phase. Shamsuddin
and Ullah28 reported that PA significantly lowered the mi-
tosis rate in AOM-induced colon tumors in Fisher 344 rats.
Saied and Shamsuddin29 reported that PA up-regulates ex-
pression of the tumor suppressor genes p53 and p21 waf1/
Cip1. Nelson et al.30 reported the protective effects of PA on
colon cancer. They reported that iron augmented the yield
and incidence of 1,2-dimethylhydrazine-induced colonic
tumors, which can be reversed by PA supplementation.
They also proposed that dietary PA reduced colon cancer
through chelation of iron and suppression of iron-related
initiation and promotion of carcinogenesis. Reddy31 found
oral administration of PA inhibited the colon carcinogenesis
in rodents. In other experiments Pretlow et al.32 demon-

strated that dietary PA decreased the incidence of ACF as a
marker for preneoplastic lesions in rats.

Epidemiological findings indicate that incidence of colon
cancer is higher in western countries. Various reports have
shown a negative correlation between incidence of colon
cancer and the intake of phytate-rich fiber foods.33–35 Jar-
iwalla et al.36 reported that the most frequently studied an-
ticarcinogenic property of PA is its effect on decreasing the
iron-mediated colon cancer risk in an animal model; they
proposed that PA may exert its antineoplastic effect by
regulating cellular proliferation, even after carcinogenic
stimulation. PA thus may be an important source for che-
moprevention.37 Norazalina et al.38 reported that adminis-
tration of PA extracted from rice bran and commercial PA at
0.2% (wt/vol) and 0.5% (wt/vol) levels significantly reduced
the total number of ACF (P < .05) compared with AOM
alone. Administration of PA extracted from rice bran at
0.2% (wt/vol) gave the greatest reduction (52%) of total
number of ACF per colon. A reduction of 38% was seen
in treatment with 0.5% (wt/vol) commercial PA, 35% in
treatment with 0.2% (wt/vol) commercial PA, and 32% in
treatment with 0.5% (wt/vol) extract PA. Challa et al.39

reported that feeding 1% and 2% levels of PA significantly
reduced the number of ACF induced by AOM in Fisher 344
rats. They also reported that combinations of 2% PA and GT
significantly reduced the incidence of total ACF in rat colon,
compared with reductions with PA and GT when given
singly at the 2% level. Thus increased efficacy was attrib-
uted to the synergistic effect of 2% PA and GT.

The glutathione S-transferases (GSTs) are a family of
cytosolic enzymes involved in the detoxification of a range
of xenobiotic compounds by conjugation to glutathione.
GSTs are an important part of the cellular detoxification
system and, perhaps, evolved to protect cells against reac-
tive oxygen metabolites. These enzymes are found in all
eukaryotic and prokaryotic systems, in the cytoplasm, in the
microsomes, and in mitochondria.40,41 GSTs detoxify di-
verse electrophiles and carcinogens, mainly by conjugating
them with glutathione. Carcinogens like heterocyclic
amines have been implicated as a potential cause of colo-
rectal cancer in humans. GST enzymes are also responsible
for detoxifying the heterocyclic amines. In addition, foods
that are known to induce the expression of GSTs are also
thought to be protective against colorectal cancer. If we can
confirm that GSTs are protective against colorectal cancer, it
might be possible to identify individuals at high risk of this
disease or to manipulate the expression of GSTs to prevent
colorectal cancer by dietary or pharmacological means.
Panza et al.42 reported that an open-labeled controlled study
including 14 healthy men showed that the consumption of
GT (6 g in 600 mL of water daily for 7 days) increased
plasma glutathione, increased ferric reducing ability of
plasma, and ameliorated the post-exercise increase in lipid
hydroperoxidase.

Very few long-term rodent model studies have demon-
strated the possible synergistic effects of dietary ingredients
in suppressing the process of carcinogenesis. Thus, the ob-
jective of this study was to determine the combinational
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effect of oral administration of the 1% and 2% level of
GT, PA, and I on AOM-induced colon tumors in Fisher 344
male rats.

MATERIALS AND METHODS

Animals

Fisher 344 weanling rats (3 weeks age) were obtained
from Harlan (Indianapolis, IN, USA) and housed in stainless
steel wire cages with two rats per cage. The temperature and
relative humidity were maintained at 21 – 1�C and 50%,
respectively. Light and dark cycles were at 12 hours each.
Feed and water were provided ad libitum. After 1 week of
acclimatization, the animals were randomly divided into
nine groups. GT, PA, and I were given in the drinking water
throughout the experimental period (41 weeks). There were
eight treatment groups with one control (15 rats per group).
The rats in the control group were fed AIN 93 G (control)
diet and water. The treatments consisted of combinations of
1% and 2% GT, PA, and I: GT + PA, GT + I, PA + I, and
GT + PA + I. During the experimental period, weekly body
weights and feed consumptions were recorded. Experi-
mental protocols were approved by the Institutional Animal
Care and Use Committee of Alabama A & M University,
Normal, AL, USA.

Materials

GT was purchased from Frontier Herbs, Norway, IA,
USA. GT at 1% and 2% concentrations was prepared daily
in deionized water. The leaves were boiled in deionized
water for 3 minutes and then decanted through a cheese-
cloth. The filtrate was placed in a cool place until it reached
room temperature.

PA and I were purchased from Sigma Chemical Co. (St.
Louis, MO, USA). PA and I at 1% and 2% concentrations
were prepared fresh daily in deionized water. The solutions
were heated to allow the PA and I to dissolve completely
and cooled to room temperature, and the pH was adjusted to
7.0. A mixture of 1% and 2% GT, PA, and I was prepared
daily by mixing the above prepared GT, PA, and I solutions.
Dietary ingredients were obtained from ICN (Costa Mesa,
CA, USA). Initially, experimental animals were given AIN
93 G diet, and after 20 weeks of age, diet was switched to
AIN 93 M for the remaining period (until 45 weeks of age).
The diets were mixed weekly and stored at 4�C until fed.

Carcinogen injection

AOM was purchased from Aldrich Chemicals (Milwau-
kee, WI, USA). All rats received a subcutaneous injection of
AOM in saline at 16 mg/kg of body weight at 7 and 8 weeks
of age. Another five rats received a saline injection and were
fed control diet (negative control).

Sample collection

At 45 weeks of age, all rats were killed by CO2 eutha-
nasia. The colons were removed and flushed with potassium

phosphate buffer (0.1 M, pH 7.2). Liver samples were im-
mediately frozen using liquid nitrogen and stored at - 80�C
until analyzed. The number and size of tumors present in
distal and proximal part of colon were recorded.

Cecal weights and cecal pH

The cecums of all rats were weighed after removal of
cecal contents and opened longitudinally. The cecal pH of
the contents was recorded.

GST assay

GST activity in the liver was assayed by the procedure of
Habig et al.43 Liver samples were homogenized in 10 vol-
umes of potassium phosphate buffer (0.1 M, pH 7.0) using a
Potter–Elvejem homogenizer (10 strokes) at 4�C. The ho-
mogenate was centrifuged at 10,000 g for 30 minutes. The
clear supernatant was used for the assay. The assay mixture
(1 mL) contained potassium phosphate buffer (0.1 M, pH
6.5), 1-chloro-2,4-dinitrobenzene (1 mM), and glutathione
(1 mM). The reaction was started by addition of 100 lL of
sample, and the change in absorbance at 340 nm as a func-
tion of time was monitored in a UV/VIS dual beam spec-
trophotometer (Cary 1/3; Varian) at 340 nm. The total
enzyme activity was measured at the end of 5 minutes of
reaction.

Statistical analysis

Percentage tumor incidence and number of tumors per
tumor-bearing rat ratio of various treatment groups were
calculated and compared with those of controls. Data were
analyzed using analysis of variance, and values are ex-
pressed as mean – SEM. Means were separated by Tukey’s
Studentized range test with the 2009 SAS statistical package
(SAS Institute, Cary, NC, USA), and differences were
considered significant at P < .05.

RESULTS

Feed intake and body weight

Oral administration of 1% and 2% combinations of GT,
PA, and I in drinking water altered the feed intake and
weight gain in Fisher 344 male rats. Simultaneously, it also
changed the status of cecal pH and cecal weight in experi-
mental animals. Table 1 shows the effect of various com-
binations of GT, PA, and I on different parameters. There
were no significant (P < .05) differences in feed intake
among the control and treatment groups except in the group
fed the 1% combination of GT + PA + I. Rats consuming the
1% combination of GT + PA + I group showed significantly
(P < .05) higher feed consumption (15.97 – 0.28 g/day) than
the control and other treatment groups (Table 1). Oral ad-
ministration of various combinations of GT, PA, and I at 1%
and 2% had no significant effect on weight gain among
treatment groups, but there was a significant difference
(P < .05) between the control and other treatment groups.
Rats in the control group had significantly (P < .05) lower
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weight gain (293.29 – 13.45 g) compared with treatment
groups (ranging from 301.85 – 14.91 g to 332.00 – 5.49 g)
(Table 1). Cecal weight and cecal pH were comparable
among treatment and control groups (Table 1).

Tumor incidence and tumor-bearing rat ratio

Modulation of different parameters by oral administration
of 1% and 2% combinations of GT, PA, and I in Fisher 344
male rats is given in Table 2. Analysis of the main effect
showed tumor incidence was significantly higher (P < .05) in
the control group and the 1% combinations of GT, PA, and I
compared with the 2% combinations of GT, PA, and I. The
percentage colon tumor incidence was significantly higher
(P < .05) in the control group (94.12%) compared with the
treatment groups (Table 2). The incidence of colon tumors
was significantly (P < .05) higher in the distal compared with
the proximal section of the colon in the control and treat-
ment groups (Table 2). The total number of distal tumors

was significantly (P < .05) higher (33) in the control group
compared with the 1% and 2% combinations of GT, PA, and
I (Table 2).

The total number of colon tumors was significantly
(P < .05) lower in rats fed combinations of 2% GT, PA, and I
compared with the 1% level of treatment and the control
group (Fig. 1). The total number of colon tumors in the
control group was 36, which was significantly (P < .05)
higher than in the treatment groups (Fig. 1). Combinations
of 2% GT, PA, and I significantly (P < .05) reduced the total
number of colon tumors compared with the 1% level of the
same treatment groups (Fig. 1). The number of colon tumors
was significantly (P < .05) lower at the 2% level of GT +
PA + I compared with the 1% level of the same combination
(Fig. 1).

Oral administration of various combinations of 2% GT,
PA, and I significantly reduced the average tumor size (in
mm) in Fisher 344 male rats (Table 2). The average tumor
size of control group was 15.95 – 0.98 mm, which was

Table 1. Effect of Oral Administration of 1% and 2% Green Tea, Phytic Acid, and Inositol in Combination on Feed Consumption,

Body Weight Gain, and Cecal Weight and pH in Fisher 344 Male Rats

Level, group Feed intake (g/day) Weight gain (g/41 weeks) Cecal weight (g) Cecal pH

Control 13.58 – 0.79a 293.29 – 13.45a 0.795 – 0.04 7.60 – 0.07
2%

GT + PA 14.46 – 0.83a 311.13 – 14.07b 0.620 – 0.04 7.48 – 0.03
GT + I 14.43 – 0.88a 309.24 – 14.14b 0.628 – 0.05 7.48 – 0.03
PA + I 14.65 – 0.25a 301.85 – 14.91b 0.603 – 0.03 7.48 – 0.02
GT + PA + I 15.03 – 0.71a 302.43 – 10.54b 0.653 – 0.01 7.38 – 0.09

1%
GT + PA 15.49 – 0.50a 311.60 – 7.75b 0.645 – 0.03 7.50 – 0.05
GT + I 15.26 – 0.46a 321.22 – 7.13b 0.562 – 0.04 7.51 – 0.05
PA + I 15.41 – 0.25a 328.89 – 15.0b 0.595 – 0.01 7.52 – 0.05
GT + PA + I 15.97 – 0.28b 332.53 – 5.49b 0.595 – 0.01 7.51 – 0.09

Data are mean – SEM values.
abMeans in a column not sharing the same letter differ, P < .05.

GT, green tea; I, inositol; PA, phytic acid.

Table 2. Oral Administration of 1% and 2% Green Tea, Phytic Acid, and Inositol in Combination Reduced the Tumor Incidences,

Total Number of Colon Tumors, and Average Tumor Size in Fisher 344 Male Rats

% incidence Total number of colon tumors

Level, group N1/N2 % colon tumor incidence Distal Proximal Distal Proximal Average tumor size (mm)

Control 16/17 94a 92 8 33 3 15.95 – 0.98a

2%
GT + PA 5/14 36c 100 5 2.40 – 0.19bc

GT + I 5/11 45b 83 17 5 1 2.60 – 0.21bc

PA + I 5/13 38c 100 6 2.80 – 0.46bc

GT + PA + I 3/13 23c 100 3 1.30 – 0.06c

1%
GT + PA 6/14 43b 100 10 6.30 – 0.86b

GT + I 7/14 50b 100 13 6.20 – 0.85b

PA + I 5/11 46b 100 8 10.00 – 0.88a

GT + PA + I 5/11 46b 100 7 4.10 – 0.62b

Data are mean – SEM values (n = 11–17).
abcMeans in a column not sharing the same letter differ, P < .05.

N1, number of rats having tumors; N2, number of rats at the end of the experiment.
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significantly (P < .05) higher than various combinations of
1% and 2% GT, PA, and I. Rats fed the combination of 2%
GT + PA + I significantly (P < .05) reduced the average co-
lon tumor size (1.30 – 0.06 mm) compared with the control
and other treatment groups at 1% GT, PA, and I (Table 2).
Figure 2 shows that oral administration of combinations of
2% GT + PA + I significantly reduced (P < .05) the tumor-
bearing rat ratio (1.0) compared with the control and other
treatment groups at the 1% level.

GST activity

Oral administration of various combinations of GT, PA,
and I modified the total GST activity (Fig. 3). Rats fed

combinations of 2% GT + PA + I had significantly (P < .05)
higher total GST activity in the liver compared with the
control and 1% level of the same combinations. Rats in the
control group had total GST activity of 19.75 – 6.81 lmol/
mL, which was significantly (P < .05) lower than the com-
binations of 2% GT + PA + I, but not significantly different
from various combinations of the 1% level of GT, PA, and I.
Rats fed combinations of the 2% level of GT + PA, GT + I,
PA + I, and GT + PA + I (29.83 – 1.10, 29.47 – 0.69,
26.13 – 0.76, and 33.25 – 1.23 lmol/mL, respectively) had
significantly (P < .05) higher total GST activity compared
with the control and combinations of the 1% level of GT,
PA, and I groups.

DISCUSSION

Feed intake and body weight

Oral administration of 1% and 2% combinations of GT,
PA, and I had no significant (P < .05) effects on feed con-
sumption in Fisher 344 male rats, except in the rats fed 1%
combination of GT + PA + I. Rats fed 1% combinations of
GT + PA + I had significantly (P < .05) higher feed con-
sumption, than the control and other treatment groups.
Various reports showed that administration of GT or PA
singly at the 2% level significantly reduced the feed con-
sumption in experimental animals.39,40 Consumption of
GT or PA for extended periods of time interferes with
the absorption of protein, minerals, and vitamins; thus
they may be considered as having antinutritive effects. The
outcomes of this experiment clearly demonstrated that
feeding 1% combinations of GT + PA + I significantly
(P < .05) increased the feed consumption compared with the
2% level of the same treatment group in Fisher 344 male
rats.

FIG. 1. Oral administration of 1% and 2% GT, PA, and I in
combination significantly (P < .05) reduced the total number of colon
tumors induced by azoxymethane in Fisher 344 male rats. abcColumns
not sharing the same letter differ, P < .05.

FIG. 2. Combination of 1 and 2% GT, PA, and I reduced the tumors/
tumor-bearing rat ratios in azoxymethane-induced colon tumors in Fisher
344 male rats. abcdColumns not sharing the same letter differ, P < .05.

FIG. 3. Combinations of 1 and 2% GT, PA, and I increased the
total glutathione S-transferase enzyme activity in the liver of Fisher
344 male rats. abcColumns not sharing the same letter differ, P < .05.
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Oral administration of various combinations of 1% and
2% GT, PA, and I had no significant effect on weight gain
among treatment groups, although numerically there was
a difference in weight gain among the 1% and 2% level
of treatment groups (ranging from 301.85 – 14.91 g to
332.53 – 5.49 g for 41 weeks of the experimental period).
Challa et al.39 reported that feeding 2% GT and PA signif-
icantly (P < .05) reduced the weight of the experimental
animals. The outcome of this experiment showed that rats
fed combinations of 1% GT, PA, and I had higher weight
gain (ranging from 311.60 – 7.75 g to 332.53 – 5.49 g)
compared with the same combinations at the 2% level.
These results also support the previous findings of Challa
et al.39 Rats in the control group had significantly (P < .05)
lower weight gain, even though their feed consumption was
similar to those of the other treatment groups. This may be
due to the higher tumor burden and the utilization of nutri-
ents for nourishment of colon tumors rather than the phys-
ical development of rats. Uncontrolled growth and
differentiation of colon tumors require more nutrients,
which utilize most of the absorbed nutrients. In our opinion,
it may be because the lower concentration (1%) was not
sufficient to have an antinutritive effect compared with the
2% combinations of GT, PA, and I, or when the compounds
interact together at lower concentration, their antinutritive
effects may be lowered.

Tumor incidence and tumor-bearing rat ratio

The outcome of this experiments showed that oral ad-
ministration of 2% GT + PA + I had the greatest effect in
reducing the incidence of distal tumors in Fisher 344 male
rats. These results are consistent with the findings that the
distal colon shows a greater incidence of colon tumors than
proximal in humans.45 Feeding the combination of 2%
GT + PA + I resulted in significantly (P < .05) lower inci-
dence of colon tumors compared with the same combination
at the 1% level. These results clearly showed that the higher
(2%) concentration of GT + PA + I was effective in reducing
the total number of colon tumors in Fisher 344 male rats.
Shamsuddin et al.25 reported that addition of 1% and 2% PA
in drinking water suppresses colon tumors in Fisher 344
male rats and CD-1 mice either before or after carcinogen
injection. Verghese et al.44 reported that oral supplementa-
tion of 2% GT and PA significantly (P < .05) reduced the
ACF incidence in Fisher 344 male rats. Challa et al.39 re-
ported that feeding 2% GT and PA in combination signifi-
cantly reduced the incidence of ACF in Fisher 344 male rats.
Pretlow et al.32 reported that feeding 2% GT and PA re-
duced the number of ACF in rat colon. Hirose et al.46 re-
ported that PA did not significantly inhibit the incidence of
colon tumors, when given in feed. The anticarcinogenic
effect of PA was greater when administered in drinking
water than when mixed in the feed.39 This may be because
PA could form insoluble complexes with protein and other
macromolecules and thus render them less available.

The average colon tumor size (in mm) was significantly
(P < .05) higher in the control group of rats compared with

the treatment groups. In long-term studies, the average tu-
mor size is a reliable indicator and provides information
about progression of colon tumors to colon carcinoma. The
larger the tumor size, the greater the possibility of it de-
veloping into colon cancer. The results of this study clearly
showed that combination of 2% GT + PA + I significantly
(P < .05) reduced the average colon tumor size. It may be
due to anti-angiogenic properties of GT16 or may be due to
regulatory effect of PA on cell proliferation and differenti-
ation.24 Results of this experiment showed that the number
of tumors per tumor-bearing rat ratio was significantly
(P < .05) higher in the control group compared with treat-
ment groups. Oral administration of a combination of 2%
GT + PA + I significantly (P < .05) reduced the tumor-
bearing rat ratio, which is an effective indicator of chemo-
preventive effects of dietary components as it takes into
account the number of tumors in rats that developed tumors.

GST activity

The hepatic bioactivation and detoxification system,
which consists of phase I and phase II enzymes, plays a vital
role in carcinogenesis.47 Phase II enzymes such as GST
catalyze the conjugation of water-soluble molecules to xe-
nobiotics, which facilitate their excretion.48 In vivo and in
vitro studies have shown that various dietary compounds or
their metabolites can induce the GST detoxification system
(i.e., limonoids and flavonoids present in citrus fruits,49

glucosinolate metabolites and dithiolthiones present in
Brassica vegetables,50 and GT and PA39). GST enzyme
activity and GST protein level vary considerably among
individuals.51 This may be related to the different suscep-
tibility to colorectal cancer. The GST activity varies in
individuals mainly because of differential exposure to bio-
active compounds apart from inherited polymorphisms
in GSTs.16 The outcome of this experiment clearly indicates
that the 2% combination of GT + PA + I significantly in-
creased the total GST activity compared with the control and
the 1% level of various combinations. Challa et al.39 re-
ported that feeding 2% PA significantly increased GST ac-
tivity in the liver compared with the control group and
animals receiving 1% PA. They also reported similar ob-
servations in animals receiving 2% GT. Results of this ex-
periment also showed that there were no significant (P < .05)
differences in GST activity among groups fed combinations
of 1% GT, PA, and I and the control group, which also
support the previous finding of Challa et al.39 They reported
that there was no significant difference in enzyme activity
between animals in the control group and those receiving
1% PA. Thus, the combination of 2% GT + PA + I was ef-
fective in increasing the total GST activity, showing the
ability of GT, PA, and I to induce detoxification.

Several findings support the proposal that PA inhibits K-
562 human erythroleukemia and HT-29 colon adenocarci-
noma cell growth and differentiation.35,52 It was suggested
that PA may exert its antineoplastic effect by regulating cell
proliferation. This property of PA may be utilized for che-
moprevention. In addition to being a chemopreventive
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agent, PA may have potential therapeutic use in cancer due
to its property of enhancing the activity of natural killer cells
associated with suppressed tumor incidence.37,52–54 Sham-
suddin et al.53 reported that a lower level of PA (I triphos-
phate) is important in various cell functions (i.e., it acts as a
second messenger for intracellular Ca2 + release and the
resulting cell division). Wang et al.55 and Shamsuddin and
Yang52 reported that PA plays an important role in
quenching free radicals, signal transduction, and cell pro-
liferation in reducing colon carcinogenesis and that GT
helps to prevent 8-hydroxy-d-guanosine adduct formation.

GT and PA, the natural anticancer agents, have been
found to be effective against various malignancies.35,39,56,57

There have been no studies conducted on long-term use of
combinations of GT and PA in reducing the incidence of
colon tumors. Plenty of epidemiological data support the
proposal that consumption of GT and PA reduces the inci-
dence of different cancer.39,58 In this experiment, oral ad-
ministration of combinations of GT and PA at the 2% level
reduced the tumor incidence and the number of tumors per
tumor-bearing rat ratio and increased total GST activity and
thus has the potential to inhibit colon carcinogenesis.
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