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Randomized trial of dietary fiber and Lacfobacillus casei administration for
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The epidemiologic evidence that dietary fiber protects against col-
orectal cancer is equivocal. Ne large-scale clinical study of the
administration of Lactobacillus casei has been reported. We exam-
ined whether dietary fiber and L. casei prevented the occurrence
of colorectal tumors. Subjects were 398 men and women presently
free from tumor who had had at least 2 colorectal tumors
removed. Subjects were randomly assigned to 4 groups adminis-
tered wheat bran, L. casei, both or neither. The primary end point
was the presence or absence of new colorectal tumor(s) diagnosed
by calonoscopy after 2 and 4 years. Among 380 subjects who com-
pleted the study, 95, 96, 96 and 93 were assigned to the wheat
bran, L. casei, both and no treatment groups, respectively. Mulii-
variate adjusted ORs for occurrence of tumors were 1.31 (95% CI
0.87-1.98) in the wheat bran group and 0.76 (0.50-1.15) in the
L. casei group compared to the control group. There was a signifi-
cantly higher number of large tumors after 4 years in the wheat
bran group. The occurrence rate of tumors with a grade of moder-
ate atypia or higher was significantly lower in the group adminis-
tered L. casei. No significant difference in the development of new
colorectal tumors was observed with administration of either
wheat bran or L. casei. However, our results suggest that L. casei
prevented atypia of colorectal tumors.

© 2005 Wiley-Liss, Inc.

Key words: colorectal cancer; Lactobacillus casei; dietary fiber;
probigtic

The incidence of colon cancer is rapidly increasing in Japan.! It
has been suggested that this trend is caused by the high-fat, low-
dietary fiber diet resulting from Westernization of the lifestyle
among Japanese. Indeed, intake of dietary fiber by the Japanese
has decreased significantly over the past 10 years.

Since Burkitt® proposed that a diet high in dietary fiber pre-
vented colorectal cancer, basic studies have suggested the possi-
bility of prevention of colorectal cancer by dietary fiber, through
actions including absorption of carcinogens by insoluble dietary
fiber* and dilution of bile acids and decrease of mutagenicity due
to the increase in stool volume.™

A large number of case-control studies have suggested that diet-
ary fiber may prevent the development of colorectal cancers.’
However, reports of large-scale cohort studies have failed to show
a preventive effect of dietary fiber against colorectal cancer, caus-
ing controversy,* !

Randomized clinical trials have been conducted in Westem
countries'®™'® to evaluate the effectiveness of dietary fiber, using
the development of colorectal adenoma as an end point. Many of
these studies failed to prove that dietary fiber prevented the devel-
opment of colorectal adenoma. No intervention study on dietary
fiber has been reported in Asians,

It has been shown that Lactobacillus casei strain Shirota
reduces DNA, damage induced by chemical carcinogens in labora-
tory studies!’ and prevents carcinogenesis in animal experi-
ments.’®!? In addition, it has been reported, in humans, that lacto-
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bacilli reduce the level of mutagens in stool.Z® Furthermore, oral
administration of [.. casef strain Shirota preparation decreased the
recurrence of superficial bladder cancer after transurethral resec-
tion, 2" and habitual intake of a fermented product with L. casei
strain Shirota reduced the risk of bladder cancer in an epidemio-
logic study.?® Thus, we decided to use a L. casef strain Shirota
preparation in the present study. It has been suggested that high
intake of yogurt and fermented milk is responsible for the low
incidence of colon cancer in Finland, where consumption of fat is
higher than in other countries.?* Two case-control studies have
shown that yogurt® and fermented milk®® prevent colon cancer,
In the Netherlands Cohort Study, it was reported that fermented
milk intake showed an inverse relationship with the development
of colon cancer, although there was no statistical significance.

In 1993, we initiated a randomized clinical trial to determine
whether dietary fiber from wheat bran and L. casel prevented the
occurrence of colorectal tumors.

Material and methods
Study design and subjects

Part of the studz% design and methods have been previously
described in detail.”® Subjects were recruited at the Osaka Medical
Center for Cancer and Cardiovascular Discascs between June
1993 and September 1997. The study protocol was approved by
the Ethics Committee of the Osaka Medical Center for Cancer and
Cardiovascular Diseases. Written informed consent was obtained
from all subjects.

Inclusion criteria were men and women aged 40-65 years who
had had at least 2 colorectal tumors (adenomas and/or early can-
cers) removed endoscopicaily within 3 months before recruitment.
Endoscopic examination had been conducted twice, to detect and
resect polyps, respectively. It must have been performed on the
entire large intestine, and the subjécts must have had an adequate
nutritional status. Excluded were subjects with other malignant
tumors, a history of intestinal or gastric resection (except appen-
dectomy), familial adenomatons polyposis and severe illness.

Four regimens were incorporated for prevention of, colorectal
cancer: A, dietary instruction and regular intake of wheat bran bis-
cuits; B, dietary instruction and regular intake of L. casei prepara-
tion; C, dietary instruction and regular intake of wheat bran bis-
cuits and L. casei preparation; and D, dietary instruction alone.
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FIBER AND L. CASE! FOR COLORECTAL TUMORS

One of the 4 regimens was assigned randomly in advance each
week. Physicians recruited subjects according to the regimen
decided at the beginning of the week. Patients received consulta-
tion, including histologic diagnosis of the resected polyp, from
group physicians as soon as possible from 1 week following endo-
scopic treatment. Since the regimen assignment could not be
changed by the physicians or participants or arbitrarily manipu-
lated by the authors, it was regarded as random. Trial physicians
recruited all outpatients who met the inclusion criteria.

The amount of wheat bran biscuits and L. casel preparation to
be consumed in 1 month was given to the participant at the start of
the trial, and thereafter the amount for 3 months was given. The
trial was started after confirming that the subject understood the
procedure of the regimen. During the trial, consultation was per-
formed every 3 months to check the participant’s physical condi-
tion and to confirm the intake of wheat bran biscuits and the
L. caset preparation. The regimen was continued for 4 years. Par-
ticipants’ compliance with taking wheat bran biscuits and/or the
L. casel preparation was assessed at the consultations performed
every 3 months. At each consultation, the numbers of unconsumed
biscuit packages and silver packages of L. casel preparation were
estimated by verbal inquiry of the patients, and the amounts of
wheat bran biscuits and L. casel preparation taken in the past
3 months were calculated as the percentage of the target intake.
Consultations were performed 16 times, every 3 months for
4 years, and the average at those 16 consultations was taken as the
compliance over 4 years,

The target number of subjects was 100 in each group, for a total
of 400 subjects. As the incidence of tumors in the control group
can be estimated to be about 60%, a significant difference would
be obtained if the occurrence rate of tumors could be reduced to
50% (suppression rate 17%) by administration of wheat bran or
L. casei preparation. No midpoint analysis was performed,

Tumors discovered by colonoscopy performed at the end of the
2nd and 4th years were included in the analysis. The analysis
included subjects with poor compliance with the regimen for intake
of wheat bran biscnits and L. casei preparation on an intention-to-
treat basis. For patients with early colorectal cancers resected dur-
ing colonoscopy before entry in the trial, colonoscopy was per-
formed 6 months after entry (35, 29, 25 and 24 subjects of groups
A, B, C and D, respeciively). Tumors discovered by colonoscopy
performed at 6 months were excluded from analysis. Subjects who
refused participation and dropouts were excluded from analysis.

Dietary instruction

The core purpose of the dietary instruction was to restrict fat
intake so that the energy from fat constituted 18-22% of total
energy intake. Subjects were asked to record, on a diet record
form, the contents of their meals for the 3 days before consulta-
tion; and nutritionists calculated, from these records, the total
energy intake and intake of fat and oil. Compliance with the diet-
ary instructions on the restriction of fat intake was evaluated at
dietary checkups 3 months and 4 years after beginning the regi-
men, and, when necessary, instruction was given again.

Wheat bran biscuits

Biscuits containing wheat bran at 30% of dry weight were pre-
pared?® Patients were instructed to eat 25 g/day wheat bran biscuits
(7.5 g as wheat bran) before each meal. Biscuits were developed by
Ezaki Glico (Osaka, Japan) and Horii Pharmaceutical Indusiry
{Osaka, Japan). The components and contents of the wheat bran
biscuits were as follows: energy, 454 kcal/day; protein, 2.9 gfday;
lipid, 3.3 g/day; and nonfibrous carbohydrate, 17.5 g/day.

L. casei preparation

The L. casei strain Shirota preparation was a powder containing
approximately 10'° viable cells/g. It was stored in a refrigerator,
and 1 g was taken after every meal. The L. casei preparation was
provided by Yakult Honsha (Tokyo, Japan). The viable celi count
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of L. casel and absence of bacterial contamination were confirmed
for ali lots every 6 months during the 2-year storage period. To
confirm the viable cell count of L. casei, MRS agar medium for
detection of L. casei was used. It has been confirmed in previous
studies that the number of bactena per 1l g of L casei preparation
remained in the range of 1.5 X 10° 2.1 x 10" during 24 months
when stored in a cool place (15°C). In addition, the average num-
ber of bacteria is 8.0 X 10 after 24 months.

Colonoscopy

The main end point of the trial was the presence or absence of
new colorectal tumor(s). Colonoscopy was performed 2 and 4
years after the start of the regimen. The entire large intestine, from
the anus to the cecum, was examined. Examinations for detection
of new lesions were performed by 2 physicians. All lesions, except
hyperplastic polyps clearly evaluated by colonoscopy, were exam-
ined histologically on the basis of the gu1delmes of the Japanese
Society for Cancer of the Colon and Rectum.”® All histologic
diagnoses (inflammatory polyp; hyperplastic polyp; adenoma with
mild atypia, with moderate atypia, with severe atypia; early can-
cer} were performed blindly without identification of the partici-
pant’s dietary regimen.

In patients with early colorectal cancer, which was diagnosed
from tumor tissue resected by colonoscopy before entry in the
trial, colonoscopy was performed to detect local recurrence after 6
months of participation. All.colorectal tumors discovered with this
procedure were resected.

Statistical analysis

All colorectal tumors discovered at the end of the 2nd and 4th
years were defined as ‘‘new’’. Analyses at years 2 and 4 were per-
formed separately, and 2 X 2 contingency table analysis was per-
formed. Comparison of baseline characteristics of subjects with or
without wheat bran biscuits or L. casei mtakc was performed by
appropriate tests such as -test and the ¥ test. Logistic regression
models were used to estimate the odds ratio (OR) adjusted for
covariates such as age and sex. Confidence intervals (Cls) based
on Wald statistics were used to assess significance.

r

Results
Enroliment and randomization

The number of patients who met the inclusion criteria during
the screening period was 470 (Fig. 1}. All were invited to partici-
pate in the trial, but 60 patients (13%) declined. Of 410 patients
who agreed fo participate, 12 were excluded because of incom-
patibility with the protocol, including detection of cholangiocar-
cinoma and gdstric cancer in 4, history of gastrectomy in 3,
colectomy in one, familial adenomatous polyposis in one,
advanced age in one, young age in one and more than 3 months
after endoscopic treatment in one. Thus, 398 patients were
assigned to the 4 groups.

Baseline characteristics of sub_]ects

Table I shows the baseline characteristics of the 398 pauents
randomly assigned and the number of dropouts. There was no dif-
ference in baseline characteristics of subjects such as dietary con-
tent among the 4 groups. A total of 18 patients (4.5%) did not
complete endoscopic examinations. The reasons for not receiving
endoscopic examinations were death in 2 patients {({from lung can-
cer and cerebral hemorrhage), serious illness in 5 patients and trial
discontinuation in 11 patients. There was no difference in the rate
of dropouts among all groups. Excluding 18 dropouts, 380 patients
were included in the analysis.

Colonoscopy

Colonoscopic examination was possible throughout the length
of the large intestine, up to the cecum, in all cases. There was no
difference in the intervention period among groups (Table H).
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| Declined {n=60) r_—
NI P—
Randomization
<Group A> <Croup B> <(Group C> <Ciroup D>
Dietary Instruction Dietary Instruction Dietary Instruction Distary Instruction
+ Wheat Bran + Lactobacillus + Wheat Bran @=97)
=99 n=99) + Lactobacillus
{n=103)
Dropouts Drepouts  jg—| Dropouts Dropouts  |4¢-]
w=0 T @=3 =" =4
b v ¥
Completed Trial Completed Trial Completed Trial Completed Trial
(n = 95) (n=96) (n=96) (n=98)

<Wheat Bran (n = 191>

<No Wheat Bran (n = 189>

| |

< Laciobacillust =192 >

< no Lactobacillus(n = 188) >

There was no difference in the time required for insertion into and
removal from the cecum in all groups. No difference was found in
the proportion of nonneoplastic lesions (inflammatory polyps and
hyperplastic polyps).

Compliance .

Compliance with intake of wheat bran biscuits was over 30% in
77 persons {40%) and over 70% in 135 persons (71%) for the
entire 4 years. Compliance with intake of the L. casei preparation
was over 90% in 130 persons (68%) and over 70% in 168 persons
(88%).

Occurrence of tumors

The results after intake of wheat bran biscuits are shown in
Table HI. The wheat bran biscuit administration group included
191 persons, while the nonadministration group included
189 persons. The adjusted OR of developing at least one tumor

Ficure 1 — Study

participant
data.

was 1.31 (95% CI 0.87-1.98) after 2 years in the administration
group compared to the nonadministration group. It was 1.31 (95%
CI 0.87-1.97) after 4 years, showing some increase in adjusted
OR, although not statistically significant. The adjusted OR for
developing tumors larger than 3 mm was 1.14 (95% CI 0.76-1.72)
in the administration group compared to the nonadministration
group after 2 years and 1.57 (95% CI 1.04-2.37) after 4 years,
showing a significant increase. In particular, the occurrence of
turnors larger than 10 mm after 2 years showed no difference
between the wheat bran administration and nonadministration
groups. However, after 4 years, these tumors did not occiir in the
nonadministration group while they occurred in 7 patients (3.7%)
in the administration group, showing a significant increase. There
was no difference in the occurrence of more than one or more than
3 tumors with moderate or severe atypia.

Table TV shows the results after L. casei administration. The
L. casei administration group included 192 persons and the nonad-
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TABLE I- BASELINE CHARACTERISTICS OF SUBJECTS'
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Group A: wheat bran Group B: Lactobacillus Group C: wheat bran ++ Lactobacillus Group D: no treatment
(r="5% {n=99 (r= 109 n =97}

Age (years) 54.7%6.1 54,865 549462 55.5%+6.2
Male sex, number (%) 83 (83.8) 76 (79.8) 80 (77.7) 83 (85.6)
Height (cm) 164.6+8.4 164,6+7.3 163.0+7.1 164.1+76
Weight (kg) 66.1x10.5 64.6+£10.5 62.7+8.7 63.2+04
Dietary intake

Energy (keal/day) 2,075+368 2,066:+411 2,058+402 2,163+404

Total fat (g/day) 54.6%15.2 53.0+£13.5 52.8+16.7 56.6%14.9

Dietary fiber (g/day) 15.1x3.9 14.5%3.9 15447 15.5%4.0

Calcium (mg/day) 635.4x£237.1 638.7£218.4 636.6+246.7 661.4=247.7
Aleohol drinking every day, nember (%) 50 ¢50.5) 37 (37.4) 49 (47.6} 48 (49.5)
Current smoker, number (%) 47 (47.5) 41 (41.4) 43 (41.7) 44 (45.4)
Tumors before recrnitment

Total tumors 59%+4.3 5.8%5.6 3.2x3.6 5.0x34

Adenomas with mild atypia 28+29 27%+39 25%2.6 2,027

Adenomas with moderate atypia 2.1+22 24x2.1 1.9£1.8 2.0*1.9

Adenomas with severe atypia 0.6+0.8 0.4=0.7 0.5+1.1 2.0=+19

Early cancers, number (%) 37(374) 31(3L3) 29282 28 (28.9)
History of colorectal cancer in one parent

or sibling, number (%} 15 (15.2) 8(8.1) 15 (14.6} 11(11.3)
Dropped out, number (%) 4 (4.0) 3(3.0) 7(6.8) 4(4.1)

Walues are means =+ SD.

TABLE II - INTERVENTION PERIOD OF COLONGCSCOFY

Group B: Lactobacillus

Tntervention peried Group ﬁ;w;n)“l bran

Group C: wheat bran + Lactebacitlics Group D: no treatment
(n =96} n=09

(n=96)
Period of 2nd year from entry (days)
Mean * 8D 679.460.8 674,2+31.0 672.1x27.6 680.3+56.9
Maximum 1,009 827 Ti8 925
Minimum 568 617 600 617
Period of 4th year from entry (days)
Mean = 5D 1,339.6+46.9 1,339.7*51.1 1,338.1+40.5 1,367.4+120.4
Maximum 1,611 1,660 1,617 2,129
Minimum 1,275 1,275 1,233 1,201

ministration group, 188 persons. The adjusted OR of developing
at least one tumor was 0.76 (95% CI 0.50-1.15) in the adminisira-
tion group compared to the nonadministration group after 2 years.
After 4 years, it was 0.85 (95% CI 0.56-1.27), showing a decrease
after both 2 and 4 years, although not statistically significant. For
the occurrence of tumors with moderate or severe atypia, the
adjusted OR was 0.80 (95% CI 0.52~1.22) in the administration
group compared to the nonadministration group after 2 years and
0.65 (95% CI 0.43-0.98) after 4 years, showing a significant
decrease after 4 years. There was no difference in the size and
number of new tumors that developed.

‘When the results were examined separately for the different lev-
els of compliance, they were similar to those described above.

Synergistic effects

Tumor occurrence in the group administered both wheat bran
and L. casei was higher than that in the groups administered wheat
bran or L. casei and lower than that in the nonadministered group
(data not shown). No notable synergistic effects between the treat-
ments were observed.

Adverse events

During the study period, colorectal cancers were discovered in
4 persons by endoscopy, including one person each in groups B, C
and D after 2 years and one person in group B after 4 years, There
was 1o bias in their occurrence among the groups, All were cancer
invasion of mucosa and were completely resected endoscopically,
not requiring colectomy. During the study period, 2 patients died,
one of lung cancer in group A and one of cerebral hemorrhage in
group C. One person each in groups A and C underwent surgery
for peritonitis resulting from acute appendicitis. There was no
other serious adverse event.

Discussion

It was found that L. casei intake appeared to suppress the devel-
opment of colorectal tumors; in particular, it prevented, with stat-
istical significance, the development of tamors with moderate and
severe atypia. This Jarge-scale randomized clinical study shows
that an L. casel preparation prevented the development of colorec-
tal tumors.

Since our study was performed at one hospital, the evaluations
of endoscopic findings were thought to be consistent. All patients
who satisfied the conditions for participation were asked to partici-
pate, and the rate of consent to participation was extremely high at
88%, supporting the high validity of the results. The reasons for
the high rate of consent could be that a special organization was
instituted in this hospital for this trial and that all participants were
offered dietary instruction. In addition, the dropout rate was low at
4.5% and compliance was high, indicating that the results were
highly reliable. Endoscopic examination was conducted twice
before entry so that we could minimize oversights. ‘

In our previous prevention studies, subjects were patients with
at least one tumor, whereas the present study included patients
with at least 2 tumors. It is known that patients with at least 2
tumors in the large intestine have a higher risk of colon cancer
than those with only one tumor. It is difficult to apply the results
of our clinical study to the general population. Many of the
patients participating in this trial, different from other reports in
the past, had a larger number of colorectal turnors together with a
history of cancer. This difference appears to have resulted from
the background of the population, who had a higher risk of color-
ectal cancer than those participating in previous clinical tdals.
Accordingly, our results should be discussed not on the basis of
the general population but on the basis of a population with a high
risk of colorectal cancer. Nonetheless, our study included patients
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TABLE II - RISK OF TUMOR OCCURRENCE WITH WHEAT BRAN BISCUITS

Year Wheat bran No treatment Crude Adjusted
(goups A+ C(n=191)  (groups B+ D)= 189) e gk (95% CT) OR (95% CI)!
Number of tumors
At least one 2 119 (62.3%) 106 (56.1%) 1.11 (0.94-1.31) 1.31 {0.87-1.98)
4 106 {55.5%) 93 (49.2%) 1.13 (0.93-1.37) 1.31 (0.87-1.97)
>2 2 57 (29.8%) 60 (3L.7%) 0.94 0.70-1.27) 0.92 (0.60-1.43)
4 51 (26.7%) 53 (28.0%) 0.95 (0.69-1.32) 095  (D.60-1.50)
=4 2 11 (5.8%) 14 (7.4%) 0.78 (0.36-1.67) 0.78 (0.34-1.76}
4 11 (5.8%) 12 (6.3%) 0.91 (0.41-2.00) 0.91 (0.39-2.13)
Size of largest tumor (mm}
23 2 95 (49.7%) 38 (46.6%) 1.07 (0.87-1.32) 1.14 (0.76-1.72)
4 97 (50.8%) 76 (40.2%) 1.26 (1.01-1.58) 1.57 (1.04-2.37)
>4 2 51 (26.7%) 52(27.5%) 0.97 (0.70-1.35) 0.97 (0.61-1.54)
4 52 (27.2%) 51 (27.0%) 1.01 (0.73--1.40) 1.02 {0.65-1.60)
>10 2 4(2.1%) 4 (2.1%) 0.99 (0.25—-3.99) 1.00 {0.25-4.06)
4 7 (3.7%) 0 (0.0%) — p <0.01?
Atypia of tumors
> With moderate 2 64 (33.5%) 66 (34.9%) 096 (0.73-1.27) 0.94 (0.61--1.44)
4 77 (40.3%) 74 (39.29%) 1.03 (0.80-1.32) 1.06 (0.70-1.60}

JOR. of recurrent umors in the wheat bran biscuits group compared to the no treatment group, adjusted for age, sex and Lactobacillus

g;rcvup.—2 test.

TABLE IV - RISK OF TUMOR OCCURRENCE WITH LACTOBACILLUS PREPARATION

Year Lactobacitlus No treatment Crude Adjusted'
(goaps B+ C(n=192)  (groups A+ DY = 188) i igk (95% CI) oR (95% CI)
Number of tumors
At least one 2 107 (55.7%) 118 (62.8%) 0.89 (0.75-1.05) 0,76 (0.50-1.15)
4 96 (50.0%) 103 (54.8%) 0.91 {0,75-1.11) 0.85 (0.56-1.27)
>2 2 56 (29.2%) 61 (32.4%) 0.90 {0.66-1.22) (.88 (0.57-1.36)
4 53 (27.6%) 51 (27.19%) 1.02 (0.73-1.41) 1.08 (0.68-1.71)
>4 2 10 (5.2%) 15 (8.0%) 0.65 (0.30-1.42) 0.67 (0.29-1.53)
4 15 (7.8%) 8(4.3%) 1.84 (0.79—4.23) 1.98 (0.81-4.83)
Size of largest tumor (mm)
>3 2 36 (44.8%) 97 (51.6%) 0.87 (0.70-1.07) 0.77 (0.51-1.15)
4 83 (43.2%) 90 (47.9%) 0.90 (0,72-1.13) 0.85 (0.56-1.28)
>4 2 41 {(21.4%) 62 (33.0%) 0.65 (0.46-0.91) (.56 (0.35-0.89)
4 58 {30.2%) 45 (23.9%) 1.26 (0.90-1.76) 1.38 {0.87-2.19)
> 10 2 4(2.1%) 4(2.1%) 0.98 (0.45-3.86) 1.01 {0.25-4.12)
4 4 (2.1%) 3(1.6%) 1.31 (0.30-5.75) 1.29 (0.28-6.00)
Atypia of tumors
> With moderate 2 61 (31.8%) 69 (36.7%) 0.87 (0.65-1.14) 0.80 (0.52-1.22)
4 66 (34.4%) 85 (45.2%) 0.76 (0.59-0.98) 0.65 {0.43-0.98)

10R of recurrent tumors in the Lactobacillus group compared to the no treatment group, adjusted for age, sex and wheat bran biscuit group.

with at least 2 tumors for the following reasons: (i} it is more effi-
cient for the analysis of preventive methods against colon cancer
to use subjects in higher-risk groups and (if) since the occurrence
rates of colon tumors after 2 and 4 vears were higher in patients in
the high-tisk group, a preventive effect would be more prominent
in this group.

The weak point of this trial is that it was not a double-blind
study. Therefore, there could be bias from the fact that the par-
ticipants and medical professionals did know the group to which
cach participant belonged. However, since it is widely believed
in Japan that dietary fiber prevents colorectal cancer and nobody
would think that dietary fiber would cause tumors to enlarge, it
is highly unlikely that the unexpected results obtained in this
study were biased. Histologic evaluations were performed
blindly, without group identification, by pathologists. Therefore,
there is. unlikely to be a bias resulting from this not being a
double-blind study in the result that administration of L. casei
prevented the development of tumors with moderate or severe
atypia.

The accurrence of tumors larger than 4 mm was significantly
suppressed by L. casei administration after 2 years but not after 4
years. This might have resulted from a suppressive effect of
I.. casei administration against enlargement of colon tumors last-
ing for only a limited period. At the present time, it is not clear

how L. casei influences the early stages of tumor development.
We are planning to examine the effect of £, casei administration
on cellular proliferation histopathologically, to find the best
administration method that will clearly show a suppressive effect
on tumor development.

Although clinical studies on the administration of L. casef for
the prevention of colorectal tumers have not been reported, there
are a few reports of clinical studies aimed at changing the intesti-
nal flora. Ronencci et al®! reported that lactulose appeared to
slightly suppress the development of colorectal tumors, althongh
without statistical significance.

The L. casei preparation used in our study was a quality-con-
trolled homogensous live preparation. L. casei survives well in
gastric acid® and is used as an intestinal conditioning agent in
Japan. It is known to augment immunity®® and inhibit enzyme
activity involved in carcinogenesis.’’ It has been reported to sup-
press the development of colorectal tumors in rats.

The mechanism of the suppression by L. casei of the develop-
ment of colorectal tumors with moderate or severe atypia is not
clear. Further analyses are in progress examining stools, colonic
mucous membrane and serum collected from patients who partici-
pated in this study.

Several similar studies from Western countries have reported
that dietary fiber supplementation did not prevent or promote the
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development of colorectal tumors. In the clinical study by
Bonithon-Kopp et al.,'8 dietary fiber-rich psyllium significantly
increased the development of adenomas after 3 years as ama-
lyzed by endoscopy (OR = 1.67), consistent with our results.
Alberts er al.'® reported, from 2 clinical study with large and
small quantities of wheat bran cereal, that there was no differ-
ence in the development of adenomas but that the number of
patients who developed at least 3 adenomas was significandy
higher in the high-dietary fiber group. Since it was found in a
previons study® that the diets of participants were changed by
administration of a large quantity of dietary fiber, the quantity
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of dietary fiber was lower in the present study than that used
in other studies. To target the high-risk group for colorectal
cancer, patients with multiple colorectal tumors were included
as subjects. In spite of these differences from previous studies,
the development of colorectal tumors was not prevented by
dietary fiber also in this study.

Thus, there has besn no consensus on the efficacy of dietary
fiber against colorectal cancer. From the results of our study as
well as the previous results of supplementation studies, it is not
recommended to take supplements containing a high concentration
of dietary fiber for the prevention of colorectal cancer.
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Lack of Chemoprevention or Promotion Effects of
Docosahexaenoic Acid on Small Intestine, Colon, Liver,
Lung, Thyroid, Esophagus, Kidney, and Forestomach
Carcinogenesis in a Rat Medium-Term Multi-Organ
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Abstract: Modifying effects of docosahexaenoic acid (DHA) were examined using a2 medium-term multi-organ
carcinogenesis model (DMBDD model). Groups of twenty F344 male rats were treated sequentially with N-
diethylnitrosamine (DEN, i.p.), N-methyl-M-nitrosourea (MNU, i.p.), 1,2-dimethylhydrazine (DMH, s.c.), N-butyl-N-(4-
hydroxybutylnitrosamine (BBN, in drinking water) and dihydroxy-di-N-propylnitrosamine (DHPN, in drinking water)
during the first 4 weeks (DMBDD wreatment), and then DHA-ethyl ester (DHA-E), DHA-triglyceride (PHA-TG) and/
or tocophero! were administered intragastrically 3 times a week for 31 weeks. Significant inhibition of the development
of ghitathione S-transferase placental form (GST-P) positive focl was observed in DMBDD treated 30% DHA-TG 404
mg and 128 mg + tocopherols groups and with tocopherol alone; however, this appeared to be due to the tocopherol.
DHA treatment did not influence the development of aberrant crypt foci in the large intestine, Histopathologically, the
incidences of preneoplastic and neoplastic lesions in other organs were also not increased or decreased by DHA
treatment. 'Thus, the results indicate a lack of chemopreventive and tumor promotion effects of any type of DHA in male

rats under the present experimental conditions.

(J Toxicol Pathol 2005; 18: 53-59}

Key words: docosahexaenoic acid, medium-term multi-organ carcinogenesis model, F344 rat, promotion

Introduction

The n-3 polyunsaturated fatty acid, docosahexaenoic
acid (DHA) is a major component of fish oil, which has been
frequently reported to have chemopreventive potential for
colon, mammary gland and pancreas carcinogenesis in rats'
8, PFor example, DHA was found to suppress aberrant erypt
foci (ACF) in the colon induced by azoxymethane (AOM) or
1,2-dimethylhydrazine (DMH)"3, Furthermore, induction of
ACEF by the heterocyclic amine, 2-amino-1-methyl-6-
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phenylimidazo[4,5-bpyridine (PhIP), was also inhibited by
DHA treatment!, Furthermore colon cancer multiplicity was
significantly decreased in another study®3, In the mammary
gland, development of tumors was also reduced by a low
dose of DHA or eicosapentaenoic acid (EPA) treatment after
carcinogen (DMBA) injection®; however, in a clinical trial
with familial adenomatous polyposis (FAP) patients a high
risk group for colorectal cancer, it was without major
influence?. The three FAP patients were administered
concentrated DHA in fish oil capsules (2.2 g of DHA-TG
and 0.6 g eicosapentaenoic acid (EPA) per day) for one or
two years. The patients with FAP developed endometrial
cancer after 12 months, colon cancer after 24 months and
lung cancer after 12 months, respectively’.

1t is well established that a chemical may act as a tamor
inhibitor in one organ and as a promoter in others®7%. It is
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Table 1. Fatty Acid Contents for a Rat in Dosing Solvent (mg)

DHA in Medium-Term Multi-Organ Carcinogenesis Bioassay

16:0 18:0 18:1 18:2 20:1  20:4n-6) 20:5 22:5  22:6 Other tocopherol Total
Groups Palmitic Stearic Oleic Linoleic Gadoleic AA EPA DPA DHA FA
acid acid acid acid acid
1,6 128 mg 97% purify DHA-E 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 1200 40 49 128.0
2,7 404 mg 30% purify DHA-TG  56.8 136 740 52 10.0 80 328 120 1132 744 4.0 404.0
3 128 mg 30% purify DHA-TG 176 42 229 L6 3.1 2.5 0.2 3.7 351 231 4.0 128.0
4 4 mg tocopherol 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 4.0 4.0

AA: arachidonic acid. EPA: eicosapentaenoic acid. DPA: docosapeataenoic acid, FA: Fatty acid.

YVVVVYVVV

G6~8

Fig. 1. Experimental protocol for the medium-term multi-organ carcinogenesis model. Animals: male F344/DuCrj rats, 6
weeks old; ¥, DEN, 100 mg/ke body wt, 1.p.; ¥, MNU, 20 mg/kg body wt. L.p.; ¥/, DMH, 40 mg/kg body wt.

s.c.;l, BBN, 0.05% in drinking water;[

o, DHPN, 0.1% in drinking water;<b%7, saline injection;[ &), G1 and

6, 128 mg 97% purity DHA-E, G2 and 7, 404 mg 30% purity DHA-TG, G3, 128 mg 30% purity DHA-TG, G4, 4 mg

tocopherol, G5 and §, no treatment.

therefore important to examine modification potential not in
a single organ, but rather in the whole body. This requires in
vivo experimental models which can detect effects in a wide
spectram of organs, and for this purpose several multi-organ
wide-spectrum initiation models have been established!!-14.
The medium-term approach has clear benefits for the
examination of modifying effects of chemicals in multiple
organs in a single experiment within a relatively short
experimental period*'7 and is based on the proven good
agreement between the multi-organ carcinogenesis model
and long-term experimental results’,

The ethyl ester formed by DHA (DHA-E) has been
used in many chemoprevention studies', and DHA-TG has
been used in a clinical trial study’. Therefore, we thought it
important to investigate the difference in the medifying
effects on carcinogenesis of DHA-E and DHA-TG. In the
present study, we investigated the post-initiation-phase
medifying activity of DHA-E and DHA-TG at the whole
organ level using a rat medium-term multi-organ
carcinogenesis model developed in our laboratory®151»20,
Furthermore, a tocopherol group was included as a
comparative control.

Materials and Methods

Animals

Male F344 rats, aged 5 weeks, were obtained from
Charles River Japan Inc. (Kanagawa Japan), and housed five
to a plastic cage with wood chips for bedding in an air-

conditioned room at 22 + 2°C with a 12-h light: 12-h dark
cycle. They were maintained on Oriental MF diet (Oriental
Yeast Co., Tokyo, Japan) and tap water ad libitum. The
study was started after 1 week of acclimatization.

Chemicals

N-Diethylnitrosamine (DEN), N-methyl-N-nitrosourea
(MNU), 1,2-dimethylhydrazine (DMH) and N-butyl-N-(4-
hydroxybutyl}nitresamine (BBN) were obtained from
Tokyo Kasei Kogyo Co., Ltd. (Tokyo, Japan) and
dihydroxy-di-N-propylnitresamine (DHPN) was obtained
from Nacalai Tesque Co. (Osaka, Japan). The DHA dosing
solution was supplied by Nippon Suisan Kaisha, Ltd.
(Tokyo, Japan). DHA naturally exists in fish ojl as a
triglyceride (DHA-TG). DHA-E was chemically
synthesized from DHA-TG by removing other fatty acids
such as oleic acid and EPA. The contents in the dosing
solution used in the present study are shown in Table 1.
They were stored in sealed ampules under anaerobic
conditions at —20°C in the dark.

Experimental methods
Medium-term multi-organ carcinogenesis study

The experimental protocol is shown in Fig. 1. The
animals were randomly allocated to 8 groups of 10 - 20
animals. Those in groups 1 to 5 received the combined
carcinogen treatments, consisting of a single i.p. injection of
100 mg/kg body wt. of DEN, four i.p. injections of 20 mg/kg
body wt. of MNU, four s.c. injections of 40 mg/kg body wt.
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Table 2, Final Bedy and Organ Weights Data
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Effective Body wt.d Liver wt.?) Kidneys wt.”
Groups DMBDD Treatment na. of rats (&) ) (%, b.w.) (&) {%, b.w.)
1 + 128 mg 97% DHA-E 19 3124+ 148" 660+045  2.11+008 2004044  0.64£015
2 + 404 mg 30% DHA-TG 17 31864155 7.01£0.51 22301194 3124315 1.00+1.00
3 + 128 mg 30% DHA-TG 19 306.8 £ 20.5% 6.53+0.59 2.13+0.09 203+065 0.67T+£0.25
4 + 4 mg Tocopherol 18 314.84+24.7 6.74 £0.54 2142010 1.97£0.22 0.62 £ 0.06
5 + no treatment 19 3246 % 18.2 6.83 £0.47 210+ 0.08 2032036 0.63£0.01
6 - [28 mg 97% DHA-E 10 356.6£18.2 7.56 £0.71 2132024 1.93+£0.16 0.54 £0.02
7 - 404 mg 30% DHA-TG 10 373.0x=11.7 7.80+£024 2.09 £ 0.06 205011 .55 +0.03
8 - no treatment 10 369.5+14.9 7.61 £0.36 2.06 £0.05 200+ 0.11 0.54£0.03
a) Mean £ SD.

b}, ¢) Significantly different from group 5 at P<0.05 ard 0.01, respectively,

d) Significantly different from group 4 at P<0.05.

of DMH, together with 0.05% BBN for 2 weeks and then
0.1% DHPN for 2 weeks (both given in the drinking water),
during the initial 4 week period for multiple initiation
(DMBDD treatment} as described previously?' 23 Animals
in groups 1 to 5 were then given intragastric injections, 1 ml
of 128 mg/ml of 97% purity DHA-E, 404 mg/ml of 30%
purity DHA-TG, 128 mg/ml of 30% purity DHA-TG, each
with 4 mg/ml of tocopherol, or tocopherol alone or distilled
water, 3 times a week from I week after completion of the
DMBDD treatment to the end of the experiment. Animals in
groups 6 to 8 were given 128 mg/ml 97% purity DHA-E, 404
mg/ml 30% purity DHA-TG and distilled water as a solvent
control without DMBDD treatment from week 5. The
treatment times per week and concentration of DHA dosing
solution were decided according to a trial study”. Animals
were weighed once a week in the injtial 14 weeks, then once
every 2 weeks until the end of the study period, at week 36,
when all surviving animals were sacrificed by
exsanguination under ether anesthesia and subjected to
complete necropsy.

All experimental procedures were performed in
accordance with the in-house guideline for the Care and Use
of Laboratory Animals at DIMS Institute of Medical
Science.

Aberrant crypt foci assay

Nine or 10 rats for each treatment with DMBDD
initiation and 5 rats each without DMBDD were analyzed for
colon ACF. The colon was removed, slit open from the anus
to the cecum along the longitudinal axis, flattened between
sheets of filter paper, and fixed in buffered 10% formalin.
Then it was stained with 0.2% methylene blue solution by
the procedure of Bird® to observed aberrant crypts. The
number of aberrant crypt foci per colon, the number of
aberrant crypts in each focus, and the location of each focus
was determined by microscopy.

Histopathological examination
At necropsy, the brain, liver, kidneys, spleen, heart,
lungs, thymus, testes and adrenals were excised and

welghed, and the relative percentage organ weights were
calculated on the basis of final body weights. These and the
other major organs including small and large intestines were
fixed in 10% buffered formalin, and routinely processed.
Paraffin-embedded sections were stained with hematoxylin
and eosin for histopathological examination. Liver slices
fixed in 10% buffered formalin were also prepared for
quantitative assessment of immunohistochemically
demonstrated glutathione S-transferase placental form
(GST-P) positive foci, as previously described®. GST-P
positive foci larger than 0.2 mm in diameter and the total
areas of the liver sections examined were gquantitated using a
video image processor (SPICCA-II, Nippon Avionics,
Tokyo, Japan) and the data expressed as numbers and areas
{mm?) per unit area of the liver section {cm?),

Statistical analysis

The significance of intergroup differences in numerical
data obtained for body and organ weights was assessed using
the two-tailed Student’s t-test. Insofficient homogeneity of
variance was corrected with respect to the degrees of
freedom according to the method of Welch. The
significance of differences in the incidences of
histopathological findings between treated and control
groups was evaluated using Fisher’s exact probability test.

Results

No post-initiation treatment-related clinical signs or
mortalities were noted in any of the groups in the current
experiment. Eight rats were found dead in the course of
study, one in group 1, three in group 2, one in group 3, two
in group 4 and one in group 5, and the deaths were all
considered to have been caused by the DMBDD treatment,

The average body weights of rats in the DMBDD
treated groups were significantly less than in the non-
DMBDD initiated groups, throughout the study period.
After DMBDD initiation, 30% DHA-TG was associated
with retardation of body weight increase from week 7. The
body weights in the other DMBDD treated groups were not
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Number (MNo./ cm?)

Area (mm?/ cm?)

DMBDD 0 0.2 0.4 0.6 0.8 1.0
initiated groups

128 mg, 97 % DHA -E

§ 404 mg, 30 % DHA-TG

21 128 mg, 30 % DHA-TG

4 mg Tocopherol

No Treatment

No initiated groups

128 mg, 97% DHA-E

404 mg, 30% DHA-TG

|'ﬂ No Treatmnent l]'l

Fig. 2. Areas and numbers of GST-P positive foci in rat livers. * P<0.05 versus DMBDD initiated no treatment group.

Table 3. Number of ACF in Rats Treated with and without DHA during the Post-Initiation Stage

Effective ACF / Colon
Groups DMBDD Treatrnent no. of rats <4 crypts 4 cryptss Total AC / Focus
1 + 128 mg 97% DHA-E 9 27.1+£69 6.2+3.9 333197 2.5+03
2 + 404 mg 30% DHA-TG 9 27.0+14.3 6261 3321183 23+£04
3 + 128 mg 30% DHA-TG 9 266+7.5 79446 344116 2.5+04
4 + 4 mg Tocopherol 9 2591169 52438 3114193 24403
5 + no treatment 10 26.8+10.1 82457 350%135 27+04
6 - 128 mg 97% DHA-E 5 0305 0 0.2£0.5 04109
7 - 404 mg 30% DHA-TG 5 03%0.5 02205 04106 14302
8 - no treatment 5 0.3£0.5 0 02405 02+05
AC: aberrant crypts.
significantly changed. Discussion

A significant increase in relative liver weight and a
tendency to increase in relative kidney weights were noted in
group 2 (Table 2).

Quantitative analysis of GST-P positive foci (Fig. 2)
showed the numbers and areas were significantly decreased
by the 404 mg/ml 30% DHA-TG treatment. The numbers
were also suppressed by 128 mg/ml 30% DHA-TG and
tocopherol alone.

No significant difference was observed in ACF between
DHA and/or tocophero] treatment groups and the DMBDD
alone group (Table 3).

Histopathological examination revealed hyperplastic
and neoplastic lesions in various organs/tissues in the rats
initiated with the five carcinogens (Tables 4, 5). However,
no DHA treatment-related alteration in their incidences was
evident. No proliferative lesions were noted in any of the
rats given DHA and tocopherol without DMBDD treatment.

The present investigation of the modifying potential of
DHA in a rat medium-term multi-organ carcinogenesis
model found no modifying effects on lesion development in
any organ. Decreases of number and/or area of GST-P
positive foci in the liver given 404 mg and 128 mg 30%
DHA-TG were demonstrated, but similar results were
obtained with tocopherol alone, so the latter was considered
responsible, in line with its reported inhibitory potential?s¥.

The effect of dietary sardine oil including 28.5% DHA
on rat hepatocarcinogenesis was examined with
administration in the initiation and post-initiation period?,
The sardine oil inhibited the number of DEN-induced GST-
P positive foci when administered in the initiation period, but
enhanced the area of GST-P positive foci when administered
in the post-initiation period. However, in another study, fish
oil inhibited AOM-induced GST-P positive foci in the post-
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Table 4. Incidences of Neoplastic Lesions in the Large and Small Intestines

Small intestine Large intestine

Effective
Groups DMBDD Treatment no. of rats Adenoma  Adenocarcinoma Adenoma  Adenocarcinoma
1 + 128 mg 97% DHA-E 20 0 1(5) 1(5) 1(5)
2 + 404 mg 30% DHA-TG 20 2(10) 420 0 1(5)
3 + 128 mg 30% DHA-TG 20 1(3) 1(5) 2 {10y 1(5)
4 + 4 mg Tocopherol 20 1(5) 1(5) 1(5) 1(5)
5 + no treatment 20 2(10) 2(10) 1(3) 1(5)
6 - 128 mg 97% DHA-E 10 0 0 0 0
7 - 404 mg 30% DHA-TG 10 0 0 0 0
8 - no treatment 10 0 0 0 0
Table 5. Incidences of Prencoplastic znd Neoplastic Lesions in Other Organs in DMBDD Treated Groups
DMBDD treatment
Organ / Findings 128mg97% 404 mg30% 128 mg 30% 4 mg No
DHA-E DHA-TG DHA-TG Tocopherol treatment
Nao. of rats examined 20 20 20 20 20
Spleen: Hemangioma .0 0 0 0 1{3)
Thyroids: Follicular cell hyperplasia 13 (65) 17 (85) 10 (50) 12 (50) 10 (50}
Follicular cel}l adenoma 4 (20) 10 (50) 9 (45) 5(25) 6 (30}
Follicular cell carcinoma 5 (25) 7(35) 6 (30) 5(25) 5(25)
Nasal cavity: Hyperplasia 17 (85) 19(95) 17 (85) 20 (100) 20 (100)
Adenoma 2(10) 0 0] 1(5) 0
Lung: Alveolar hyperplasia 20 (100) 20 (100) 20 (100} 20 (100) 20 (100)
Adenoma 8 (40) 6 (30) 8 (40) 10 (50} 8 (40)
Adenocarcinoma 1(5) 4 (20) 2(10) 3(15) 420
Tongue: Squamous cell hyperplasia 0 0 2 (10) 1(5) 0
Papilloma ) 0 0 L(5) 0
Esophagus: Squamous cel} hyperplasia 18 (90) 17 (85) [9(95) 20 (100) 17 (85)
Papilloma 0 2010 0 0 1{5)
Stomach: Squamous cell hyperplasia 10 (50) 8 {40) 12 (600 12 (60) 13 (65)
Squamous cell papilloma 315 1(5) 20 0 3 (15)
Squamous cell carcinoma 0 1(5) 0 1(5) 0
Liver: Hepatocellular adenoma 3(15) 1{5) 2 {10) 1(5} 5 (25)
Hepatocellular carcinoma 0 0 0 1(5) 0
Kidneys: Atypical tubules 11 (55) 13 (65) 7(35) 10 (50) 9 (45)
Renal cell hyperplasia 0 0 1(5) 0 0
Transitional cell hyperplasia 6 (30} 8 (40} 4 (20) 4(20) 8 (40}
Repal cell adenoma 1(5) i(5) 3(15) 1(5) 1(5)
Nephroblastoma 5(25) 7 (35) 6(30) 4 (20) 10 (50)
Transitional cell carcinoma 0 3(15) 0 0 1(5)
Urinary bladder:  Simple hyperplasia 12 (60) 12 (60) 14 (70) 13 (65) 11 (55)
PN hyperplasia 4(20) 2(10) 4 (20) 3(15) 3(15)
Papilloma 0 0 0 0 1(5)
Transitional cell carcinoma 1(5) 1(5) 4] 1({5) 0
Other site: Histiocytic sarcoma 0 0 0 1(5) 0
Leiomyosarcoma 0 0 0 1(5) (5
Malignant lymphoma/ leukemia 1(5) 1{5) 1(5) 1(5) 0

initiation stage®. These results suggest that the effects of
fish oil appear to be dependent on the types of carcinogens.
In the present study, DHA did not enhance
hepatocarcinogenesis initiated with five carcinogens.

Some previous studies indicated the chemopreventive
effect of DHA on colon'™, mammary glands® and pancreas
carcinogenesis® in rats. DHA exerted significant inhibitory
effects on implanted tumor growth and metastasis to the

lungs in a subcutaneously implanted and highly metastatic
colon carcinoma model®®. However, no chemoprevention
was observed for rat colon and other organ carcinogenesis
with DHA treatment in the present study. The reason for the
discrepancy with the many previous studies which showed
chemopreventive effects on colon carcinogenesis and ACF
development!~+?73132 may be due to the different number of
treatment times per week. DHA was injected five times a
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