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SHORT COMMUNICATION

Interactive suppression of aberrant crypt foci induced by
azoxymethane in rat colon by phytic acid and green tea

Anjana Challa, Damanna Ramkishan Rad and carcinogens by GTP (10), have been suggested. Green tea
Bandaru S.Reddy suppresses the elevated levels of 8-OH-deoxyguanosine in
Department of Food Science and Animal Industries, Alabama A&M Itungts dOf 4-[m$t7hy|g¥(;5?] am|Ino]-t1)-[3-py[]ldyl]-lt-butanone-
University, Normal, AL 35762, USA an8American Health Foundation, rea_‘e mlc_e ( ) as also been s Ov_vn 0 possess an
Valhalla, NY, USA anti-promotional effect (12,13). Recent studies showed that

both green and black tea contain flavonoids such as quercetin
. . . . . _ (10-25 mg/l), kaempferol (7—12 mg/l) and myricetin (2-5 mg/l),
Several epidemiological studies point to a strong correlation  \ynich are potentially anti-carcinogenic (18,19). However, there
between nutrient composition of the diet and cancer of the 4,0 very few published reports on the effect of green tea on
cc_)lon. Phytic acid,_ present in grains, has been credited 4|on carcinogenesis (20,21).

with reducing the risk of cancer of the colon. A number Very few studies in the literature have emphasized the
of reports are available indicating the benefits of green tea  oggiple synergistic effects of dietary ingredients in suppressing
consumption in reducing the risk of stomach, lung and ¢4 cinogenesis. We have recently demonstratecHifigiobac-

skin cancer, but little data are available on the effect of  toiym Jongumand lactulose exert an additive effect in sup-
green tea in reducing the risk of colon cancer. Also, there pressing colon tumorigenesis in rats (22). Experimental

g;ecg?oﬁuﬁl'ﬁgrf r;r:zgigc’?hbdzeiﬂeeﬁﬁﬁ}.a?f tgg'seect(i:\?emc?fotﬂ?sds evidence has shown that part of the anti-tumorigenic effect of

investigation wags to eluéidate the c%mbin){ad elffects of green tea is at the initiation level, while for phytic acid the anti-

tea and phytic acid on colonic preneoplastic lesions and carcinogenic effgct is Iarge!y d!rected at the promotional stages

the Phase Il enzyme glutathione S-transferase. Fisher 344 of carcinogenesis. The objectlve of this study was, there_fore,

male weanling rats were divided into nine groups of 15 3tgdy thi'effe.ct of feeding grien teign'\(j phé’t'c adC|dbsmeg

rats each and fed the experimental diet for 13 weeks. Rats 2"d In combination on azoxymethane (AOM)-induced aberrant
crypt foci in rat colon.

received two s.c. injections of azoxymethane in saline at 16 Gunpowder variety areen t Frontier Herbs. Am A
mg/kg body wt at 7 and 8 weeks of age. Rats received three unpowder variety green tea (Frontie eros, es, 1A)
was prepared fresh daily at a 2% concentration. The leaves

o . . 09>
levels (0, 1 and 2%) of phytic acid with three levels (0, 1 were placed in half the required amount of boiled distilled

and 2%) of green tea within each phytic acid level in a deionized for 15 mi d then d dth h ch
3x 3 factorial experiment. Results indicate that while green ~ @€10nized water for 15 min and then decanted through cheese-
cloth. The residue was extracted again with the remaining

tea had a marginal effect P < 0.14), phytic acid significantl L L7 S .
reduced the i?}Cidence ofaberra)ntpcr{/pt foci Pg< 0.008))/. volume of boiling distilled deionized water. The filtrates

The interaction between green tea and phytic acid was Were combined and placed on ice until they reached room
significant (P < 0.029 for distal and < 0.0168 for entire temperature and for 1% green tea dilutions were made with

colon) and positive, pointing to a synergistic effect of green  distilled deionized water. _ _
tea and phytic acid. One hundred and thirty five male Fisher 344 weanling rats

were obtained from Charles River Breeding Inc. (Wilmington,

MA) and housed in stainless steel wire cages at 2 rats/cage.
Phytic acid (myoinositolhexakisphosphate) is widely distrib- 1 N€ light and dark cycles in the animal room were kept at
uted in plants, especially in cereals and legumes (1). Botd2 N each. Relative humidity and temperature were 50% and
in vivo andin vitro experiments have shown striking anticancer21°C respectively. Groups of 15 rats each were assigned in
potential for phytic acid (2). In several studies phytic acid3*3 factorial experiments to nine dietary treatments (0, 1 and
supressed colon tumorigenesis in rat and mouse models (%% phytic acid with 0, 1 and 2% green tea under each phytic
7), induced reversal of malignant cells back to a normafcid level) based on the AIN 76A diet for 13 weeks. Green
phenotype (2), inhibited colon tumorigenesis in a dose-depend€@ Was given as drinking water and phytic acid was added to
antmanner (7), acted as a natural antioxidant (8) and augment&e feed at the expense of cellulose. The diet consisted of 20%
the activity of natural killer (NK) cells (9). casein, 52% corn starch, 13% dextrose, 5% corn oil, 5%

The polyphenolic fraction isolated from green t€anellia  alphacel (cellulose), 0.3% methionine, 1% AIN 76 vitamin

sinensiy (GTP) or its constituent epicatechin derivatives havemix, 0.2% choline bitartarate and 3.5% AIN 76 mineral mix.
been shown to inhibit cytochrome P-450 mixed functionAll the diets were mixed on a weekly basis and stored at 4°C
oxidase enzymes in the skin and liver (10), protect againstintil used.
UVB-induced photocarcinogenesis in SKH-1 hairless mice All animals received s.c. injections of AOM (Sigma Chem-
(11), inhibit TPA-induced epidermal ornithine decarboxylaseical Co., St Louis, MO) in saline at 16 mg/kg body wt, one
activity in SENCAR mice (12) and inhibit cyclooxygenase dose at 7 weeks and another dose at 8 weeks of age. At 17
and lipooxygenase activities (13). Further, GTP has beeweeks of age all animals were killed using £€Q0he livers
shown to inhibit lung cancer in mice (14) and ber@pjrene  were removed and stored at —80°C. The colons of all rats from
metabolism in rat liver (15). Other mechanisms, such asach group were removed and flushed with 0.1 M potassium
induction of Phase Il enzymes (16) and trapping of the ultimatehosphate buffer, pH 7.2. Colons from 10 rats from each
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Fig. 1. Interactive effect of phytic acid and green tea on the number of ACFTable Il. Effect of feeding phytic acid and green tea on GST activity in
in the distal colon. Each point on the graph represents the number of ACF rats!

in the distal colon resulting from interaction between the given
concentrations of phytic acid (as shown on #haxis) and 0, 1 or 2% green  Dietary component n Liver Colonic mucosa
tea (as indicated in the legend). (%)

(Ulg (U/mg (Ulg (U/mg
tissue) protein) tissue) protein)

Table I. Effect of feeding phytic acid and green tea on the incidence of

ACF in rat colon induced by azoxymethdne Phgtic acid 15 58.9 05P 210 0.06°
Dietary component n Proximal colon Distal colon Total colon % ﬁ ?gﬁ 8?%} ggg 88$
(%) Green tea 5 5 » »
: : 0 15 65.6 0.6 2.0 0.05

Phg“c acid 0 798 — 1605 1 15 6158 0.6 216  0.054

1 30 658 98.& 164.® 2 15 6556  0.61° 214 0054

2 30 677 78.6 146.F Pooled SEM 3.2 0.03 0.10 0.002
Grgen tea 30 76.7 91 167.7 @Rats were fed phytic acid in the diet and green tea in the drinking water

' ' ’ for 13 weeks and injected s.c. with AOM at 7 and 8 weeks of age at 16

1 30 67.3 85.8; 153.3 mg/kg body wt

2 30 68. 90.1 159. b, : : . -
Pooled SEM 30 3.4 39 5.4 %Means in the same column with the same letter are not significantly

different by Tukey’s Studentized range test. Comparisons are within green
tea and phytic acid.
dPooled SEM, pooled standard error of least square means.

@Rats were fed phytic acid in the diet and green tea in the drinking water
for 13 weeks and injected s.c. with AOM at 7 and 8 weeks of age at 16
mg/kg body wt.

b9veans in the same column with the same letter are not significantly d imal | Th dat istent with ¢
different by Tukey’s Studentized range test. Comparisons are within green and proximal colon. €se data are consistent with reports

tea and phytic acid. that the distal colon shows a greater incidence of colorectal

dpooled SEM, pooled standard error of least square means. cancer than the proximal colon in humans (26). It should be
noted that main effect analysis for phytic acid included data

dietary group selected at random were prepared for countingn green tea built into the design. Green tea caused a marginally

aberrant crypt foci (ACF) as described by Bird (23); the colonssignificant reduction B < 0.14) in the number of ACF

of the remaining five rats were split open longitudinally and(Table I). Feeding 2% phytic acid significantly? (< 0.05)

the colonic mucosa scraped and stored at —80°C for glutathionmeduced the weight gains of the animals compared with the

S-transferase (GST) assay using the procedure of Habigontrol and animals receiving 1% phytic acid. A similar

et al. (24). Data were analyzed using the SAS statisticalobservation was noted for animals receiving 2% green tea.

program (25). The effects of phytic acid and green tea on the total activity
Analysis of the main effects showed that phytic acidof GST in the liver and colonic mucosa are shown in Table
significantly reduced the number of ACF in the coldh € II. Feeding of 2% phytic acid significantly increased activity

0.008) at the 1 and 2% levels (Table I). However, phytic acidof the enzyme P < 0.0059) in the liver compared with the

tended to have a greater effect at the 2% level. The numbearontrol and 1% phytic acid groups. There was no significant
of ACF in the distal colon was higher than that in the proximaldifference in the levels of enzyme activity between animals in
region of the colon. A paired-test showed a significant the control group and those receiving 1% phytic acid. The
difference P < 0.05) between the ACF levels in the distal enzyme activity in colonic mucosa was not influenced. Green
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tea did not affect the activity of GST in either the liver or level. The difference observed could be due to the fact that
colonic mucosa. Hirose et al. used tumors as the end point. While colonic

Factorial analysis of variance showed a significant interactivéd\CF have become an accepted intermediate marker, recently
effect of phytic acid and green tea on distBl< 0.0295) and Hardman and Cameron (34) pointed out that ACF may not
total (P < 0.0168) colonic ACF (Figures 1 and 2). Interactive necessarily correlate with end point models.
effects of phytic acid and green tea on weight gain and feed Though phytic acid at the 2% level significantly reduced
intake were not significant?(< 0.729). Thus it appears that the weight gain of the animals, it does not seem to be of major
the interactive effect on ACF was independent of weight gainconsequence, since the interaction between green tea and
In fact, the correlation between ACF and weight gain, althougtphytic acid overall and at the 1% green teal% phytic acid
positive, was very weakr{ for total colonic ACF 0.018). To level, while significantly reducing the number of ACF, did not
the authors’ knowledge, studies on interactive effects of varioubave any significant effect on weight gain. Earlier studies also
dietary components on carcinogenesis have been rare (27,28pint to the positive effect of phytic acid in inhibiting the
A similar significant P < 0.0447) interaction was noticed in development of AOM-induced colonic tumors in rats at 2%
GST specific activity in the colonic mucosa, though green teav/iw (4,5,35).
and phytic acid by themselves did not significantly alter activity
of the enzymeR < 0.86 andP < 0.27 respectively). Acknowledgement
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