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Among pectin, apple pectin (AP) exerts a bacteriostatical action on
Staphylococcus aureus, Streptococcus fæcalis, Pseudomonas æruginosa and
Escherichia coli. So, it is thought that AP may change the composition of the
intestinal flora. In this study, we used water-soluble methoxylated pectin from
apple. Supplementation of the diet with 20% AP significantly decreased the
number and the incidence of azoxymethane-induced colonic tumors.
Prostaglandin E2 level in distal colonic mucosa or portal blood from 20% AP fed
rats were lower than those in basal diet fed rats. Furthermore, 20% AP fed rats
significantly inhibited the incidence of the experimental portal bacteremia
induced by methotrexate. The incidence of hepatic metastasis was signifiçantly
reduced by the diet with 20% AP. In conclusion, AP may exert an antitumor effect
and prevents cancer metastasis and portal bacteremia by modifying host immune
function and/or by altering the intestinal flora. Dietary fibers like pectin have a
very important function in the intestinal tract as anti-inflammatory foods.
Epidemiologic and animal model studies suggest a protective effect of certain types of dietary fiber
against colon cancer. This protection by dietary fiber may be mediated through the dilution of
tumorigenic compounds to the gut, and an indirect effect on the metabolism of carcinogens.
Experiments were conducted in animal models to study the effect of certain nonconventional or
conventional types of dietary fiber on colon carcinogenesis. As regards pectin, there are contradictory
reports as to whether or not it is effective in experimental colon carcinogenesis (1)-(8). In fact, there
are several kinds of pectin and the previous investigators mostly used citrus pectin. Previously, we
reported that apple pectin inhibited azoxymethane (AOM)-induced colon carcinogenesis in rats (3).
Apple pectin has stronger bacteriostatic action on Staphylococcus aureus, Streptococcus fæcalis,
Pseudomonas æruginosa and Escherichia coli than do either citrus pectin or carboxymethylcellulose
Na (9). Therefore, apple pectin may be expected to have a strong influence on the intestinal microflora
and bacterial enzymes activities. The intestinal bacteria may play a significant role in the pathogenesis
of colon cancer, because their enzymes are important in the metabolism of procarcinogens and the
production of tumor promoters in the colon (10) .
To date, there have been no reports concerning the effects of apple pectin on fecal enzyme activities or
on prostaglandin E2(PGE2) levels in colonic mucosa or portal blood in relation to prevention of
experimental colon carcinogenesis. The ability of apple pectin to decrease PGE2 was dose dependent
(11), and those results suggest an anti-inflammatory effect in the bowel. The purpose of the present
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study was to investigate the effects of dietary apple pectin on three fecal enzymes: ß-glucuronidase, ßglucosidase and tryptophanase, at various periods of time, and also the effect of pectin on the portal
bacterenemia and hepatic metastasis rat model to determine whether the anti-inflammatory effect of
dietary fiber for a scavenger effect in the intestinal digestion and portal circulation system.

Materials and Methods
1) Animals and diets
Male Donryu rats from Shizuoka Laboratory Animal Center (Shizuoka, Japan), 4 weeks old, each
weighing about 200g were used and placed in steel cages to prevent coprophagia. A total of 62 rats
were divided into 3 groups;. the control group fed a basal diet, the citrus pectin (CP) group fed the
basal diet containing 20% CP (USA-SAG type, DD slow set, The Copenhagen Pectin Factory Ud.,
Copenhagen, Denmark), and the apple pectin (AP) group fed the basal diet containing 20% AP (OM
type, Herbstreith & Fox, Neuenburg, Germany). The molecular structure of two pectins is somewhat
complicated. AP and CP is formed with D-galacturonic acid molecules which are linked to each other
by α-(1-4)-glycosidic bonds to become polygalacturonic acid. The carboxyl groups are partially
esterified with methanol, and the secondary alcohol groups may be partially acetylated.

2) Carcinogenesis
From 2 weeks after starting diet administration, animals (6 weeks old) were given subcutaneous
injections of AOM (7.4 mg!kg, Sigma Chemical Company, St. Louis, USA) once weekly for 10 weeks.
Rats were sacrificed 30 weeks after the first injection of AOM.

3) Fecal bacterial enzyme activities
Fresh fecal pellets were collected for the following enzyme activities at the 0 (after 2 weeks diets), 12
and 19 weeks. We previously described the methods of ß-Glucosidase, ß-Glucuronidase and
Tryptophanase assay (12).

4) Prostaglandin E2 (PG E2) levels
When rats were sacrificed 30 weeks after the first injection of AOM, the colonic mucosa was scraped
off, immediately frozen and stored at -80°C until extraction for the measurement of PG E2. The
amount of PG E2 in extract of homogenized colonic mucosa and portal blood were measured by a
radioimmunoassay method at Minase Research Institute (Ono Pharmaceutical Co., Ud. Japan)

5) Portal bacteremia
3 days after methotrexate (MTX;20mg/kg) administered into the abdominal cavity, all animaIs were
anesthetized and phlebotomized via portal vein under strictly aseptic conditions and blood cultures
were obtained. We examined the incidence of bacteremia between AP group and contraI group fed a
basal diet.

6) Measurement of experimental hepatic metastasis
Under pentobarbital anesthesia, Donryu rats underwent laparotomy and 2.5 X 106 AH60C ascites liver
cancer cells were inoculated into the portal vein(13). At 14 days after tumor transplantation, the rats
were sacrificed and metastatic nodules in the liver were macroscopically counted.

Results
1) Tumor induction (Table I)
The incidence of total colon tumors in the control group and CP group was 100% (18/18) and 70%
(14/20) (P < 0.05), respectively, and that of 43% in the AP group (6/14) was significantly lower than
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that in the control group (P < 0.001). The average number of tumors per rat in the AP group (0.6 ± 0.2)
had a statistically significant difference compared with that in the control group (2.4 ± 0.2) (P <
0.001).

2) Fecal enzyme activities (Table II)
ß-glucuronidase activity: At week 0 (2 weeks after feeding the diet), a significant decrease of activity
was seen in the apple pectin group compared with that in the control group. The activity in the apple
pectin group was 1/10 lower than that in the control group. However, from the 12th week on, the
activity increased in both pectin diets compared with that in the control diets (P < 0.05 or less).
Fecal ß-glucosidase activity: From week 0, ß-glucosidase activity tended to decrease in citrus pectin
group (P < 0.l) compared with that in the control group. The apple pectin group, on the other hand, had
a significantly lower ß-glucosidase activity (P < 0.05 or less) than did the control diet group.
Fecal tryptophanase activity: In the citrus pectin group, tryptophanase activity decreased compared
with that in the control group at week 0 but there was no tendency. In the apple pectin group, the
activity tended to decrease compared with that in the control group.

3) PG E2 levels (Table III)
The PG E2 level of portal blood in 20% AP-fed rats (0.30 ± 0.08 ng/ml) was significantly lower than
in the control group (0.81 ± 0.17 ng/ml) (P < 0.05). There was significant difference on PG E2 level in
distal colonic mucosa between control group (422.1 ± 125.6 ng/g) and 20% AP group (166.6 ± 25.8
ng/g) (P < 0.001).

4) Portal bacteremia (Table IV)
The incidence of portal bacteremia decreased to 40% in 20% AP-fed rats. Cultured portal blood after
MTX injection yielded bacteremia consisting of predominantly Escherichia coli and Enterococcus.

5) Hepatic metastasis (Table V)
The hepatic metastasis of rate model was significantly lower in the AP group than in the control group
(P < 0.05). The mean number of tumor nodules per rat in the AP group was significantly lower th an
that of control group (P < 0.01).

Discussion
Pectin is a partially methoxylated polymer of galacturonic acid obtained from fruit. There have been a
number of reports concerning the effectiveness of pectin in inhibiting experimental colon
carcinogenesis (1), (2), (.5). There are several kinds of pectin, but these research groups mostly used
citrus pectin. Apple pectin has stronger bacteriostatic action against pathogenic bacteria than citrus
pectin (9). Therefore, apple pectin may markedly affect the composition of the intestinal bacterial
flora. The result of our study indicate that the induction of colon neoplasia by AOM was dosedependently inhibited by AP. Fecal tryptophanase activity tended to decrease in the AP group
compared with that in the control group. The reduced level of tryptophan metabolites in the colon
might be related to the inhibitory effect of AP on colon carcinogenesis (Chung).
At week 0 (2 weeks after starting the diet but before AOM), the ß-glucuronidase activity in the AP
group had fallen to 1/10 of that the control group. Bauer et al. (2) found an increased incidence of
dimethylhydrazine induced colorectal tumors and fecal ß-glucuronidase activity in male Sprague
Dawley rats fed a diet containing 6.5% pectin. In general, the higher fecal ß-glucuronidase activity in
the pectin-fed animaIs is said to be associated with a higher tumor incidence. In a recent study, we
examined ß-glucuronidase activity weekly during the initiation phase and found that the initially lower
ß-glucuronidase activity in the AP group gradually increased to reach that in the control group at 6
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week after starting the diet (data not shown).
It is known that PG E2 has a role in the regulation of the immune response, directly or indirectly, and
in the activation of ornithine decarboxylase (ODC) which is necessary for the proliferation of tumors.
These results thus indicate that the effect of AP on colon carcinogenesis may partially depend on the
decrease of PGE2 concentration in the colonic mucosa. GE2 levels in the blood of the portal vein in
the 20% AP group were significantly lower on the 30th week than PG E2 levels in the contraI group.
Also Oral administration of 20% AP inhibited the portal bacteremia induced with MTX and hepatic
metastasis of AH60C asites liver cancer cells inoculated into the portal vein.
These results suggest that AP has a scavenger effect in intestinal digestion. The detailed mechanisms
of action of AP have not yet been clarified. However, findings obtained so far, including the results of
the present study, suggest that AP exerts an antitumor effect and prevents cancer metastasis and
carcinogenesis by modifying host immune function and/or by altering the intestinal flora. The
inhibition of hepatic metastasis by oral administration of AP in the present study strongly suggests that
this dietary fiber may be effective for the prevention of micrometastasis and/or residual cancer cells
remaining after surgery.
Various drugs and foods have been suggested to have a preventive effect on cancer, but few of them
have proven to be clinically effective. Preparation of galacturonic acid obtained from apple may be
appropriate for prophylactic use because they have few or no adverse effects. Although much labor and
time is needed to demonstrate the benefit of medical interventions for disease prevention, it is hoped
that investigation of the prevention of cancer metastasis using Ap and other anti-inflammatory food
preparation will make considerable progress in the future.

Conclusion
AP administered orally has a scavenger effect in the intestinal digestion and portal circulation system.
Dietary fibers like pectin, especially apple pectin with strong bacteriostatic action, have a very
important function in the intestinal tract as anti-inflammatory foods.
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