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MATERIALSAND METHODS

ABSTRACT

The effect of dietary undegradedcarrageenan(Viscarin

Weanling inbred female F344 rats were obtained from
Charles River Breeding Laboratory (Wilmington, Mass.). At
5 weeks of age, animals were randomly divided into 6
F344 rats. Weanling
rats were
fed semipurified
diets
containing 0 or 15%undegraded carrageenan. At 7 weeks groups and fed ad libitum one of the semipurified diets
of age, all animals except controls were given azoxy containing0 and 15% undegraded carrageenan(Table1).
methane(AOM)s.c. at a dose rate of 8 mg/kg bodyweight Native carrageenan (Viscarin 402) was purchased from
per week for 10 weeks or methylnitrosourea (MNU) Intra
Marine Colloids, Inc. (Springfield, N. J.), and the special
rectally at a dose level of 2 mg/rat twice a week for 3 diets were prepared according to our specifications in
weeks. The AOM groups were autopsied40 weeks and pelleted form by Bio-Serv, Inc. (Frenchtown, N. J.). All
the MNU groups 30 weeks after the first injection. No animals were housed in plastic cages and maintained in a
tumors were induced in the colon or in other organs of temperature- and humidity-controlled room. At 7 weeks of
untreatedrats fed the controldiet. One untreatedrat fed age, 30 rats in each dietary group, except the controls,
the carrageenan diet showed a colon adenoma. The received 1 weekly s.c. injection of AOM for 10 weeks (8 mg
animalsfed the carrageenandiet and treatedwithAOMor per kg body weight per week). In another series, 30 rats on
MNU had a higherincidenceof colorectaltumors(number each diet, except the controls, were given i.r. instillations
of rats with colorectaltumors and numberof tumors per of MNU (2 mg/rat twice a week for 3 weeks). MNU and AOM
402) on colon carcinogenesis

was studied In female inbred

INTRODUCTION
Animal models have been used to study multiple environ
mental factors involved in the pathogenesis of large bowel
cancer as well as to elucidate the mechanism of colon
carcinogenesis by a variety of chemicals (3, 5, 12, 13).
Carrageenans are complex polysaccharides prepared
from the red marine algae and are widely used in the food
industry (14). A series of studies in England with degraded
carrageenan, C-16, showed that this product could induce
ulceration of the cecum and proximal colon in laboratory
animals(8,9, 19).Inthe UnitedStatesundegraded carra
geenan is being used particularly in dairy products as a
stabilizer, gelling agent, and viscosity control agent. Carra
geenan can absorb much larger quantities of water than
can commonly used fibers such as wheat bran, pectin, or
alfalfa and acts as a bulking agent.
Because of recent interest in dietary fiber and fecal bulk
as protection against colon cancer, we have studied the
modifying

effect of undegraded

carrageenan

MNU-induced colon carcinogenesis
diet.

I

Supported

by

USPHS

Contract

on AOM3- and

in rats fed a high-fat

3 The

whom

requests

abbreviations

for
used

reprints

CP-33208

are:

should
AOM,

be

from

the

National

addressed.

azoxymethane;

MNU,

urea; i.r., intrarectal.
Received February 21, 1978; accepted September 6, 1978.

DECEMBER

1978

RESULTS
Chart 1 shows the body weight gain of rats fed the 2 diets.
Animals fed carrageenan diet gained less weight than did

the animals on the control diet. Feed intakes measured in
each dietary group during the third week on the experiment

showed that all animals consumed approximately equal
amounts

(8.6 and 9.9 g/rat/day

on control

and carrageenan

diets, respectively).

Table 2 summarizesthe AOM-induced tumor incidence in

Institute.
2 To

and period of administration were chosen based on our
past experience, so that the modifying effect of carra
geenan, if any, could be readily observed.
Animals that were dying or becoming moribund were
necropsied. All animals in the MNU group were autopsied
30 weeks after first injection, and in the AOM group as well
as 15 untreated rats from each dietary group, they were
autopsied after 40 weeks. All organs, including the intes
tines, were examined grossly and histologically for the
number and types of tumors. Tissues were fixed in lO%
buffered formalin; the sections were stained with hematox
ylinand eosin.

methylnitroso

Cancer

rats fed control and carrageenan diets. No tumors were
found in the colon or in other organs of untreated rats fed
the control diet; however, one untreated rat consuming a

carrageenandiet showed a colon adenoma.
The number of rats with AOM-induced colon tumors were
significantly

higher with the carrageenan diet compared

with the control diet. The incidence of colon tumors (total
4427
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tumor-bearingrat) than did those fed the controldiet and were freshly dissolved in 0.1 M phosphate buffer (pH 6.5)
treated similarly.The undegradedcarrageenan(Viscarin and 0.9% NaCI solution, respectively. Controls from each
402) in the diet had an enhancing effect in colorectal
dietary group were given an equal volume of phosphate
buffer or 0.9% NaCI solution. These levels of carcinogens
carcinogenesisin ratsevokedby AOMor MNU.
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Table 1
Percentage composition
dietsControlCarrageenanIngredientsdietdietSoybean
of

In rats given the carrageenan diet, the AOM-induced
colon tumors were mainly localized in the distal part within
4 cm from the anus, whereas

in rats fed control

diet, they

343.10;sodium chloride, 250.60;sodium seleniteâ€¢5H2O,
0.02; zinc
chloride, 0.20.
b Vitamin

diet

fortification

mixture

was

obtained

from

ION

Phar

maceuticals, Inc., Cleveland, Ohio and contained the following
composition

(g/kg vitamin mixture):

vitamin A concentrate

(200,000

UIg), 9.0; vitamin D concentrate (400,000lU/g), 0.50; a-tocoph
erol, 10.0; inositol, 10.0; choline chloride, 150.0; menadione, 4.50;
niacin, 9.0; riboflavin, 2.0; pyridoxine hydrochloride,
2.0; thiamine
hydrochloride,
2.0; calcium pantothenate,
6.0; biotin, 0.04; folic

r@1

acid, 0.18; vitamin B,2, 0.0027. The ingredients are triturated and
made to 1 g with dextrose.

tumors per tumor-bearing

rat) was higher in animals fed

carrageenandiet compared with incidence of colon tumors
in those fed a control diet (Table 2). All rats on the carra
geenandiet had more multiple colon tumors than did those
on a control diet (Fig. 1).
Table 3 summarizes the colon tumor incidence in rats
treated with MNU. The incidence and multiplicity of MNU
induced colon tumors in rats fed the carrageenandiet was
higher than those in rats fed control diet (Table 3; Fig. 2).
Intestinal

0

DIET

Chart 1. Bodyweightsof femaleF344rats fed diets containing0 or 15%
undegraded carrageenan (Viscarin 402). The body weights of 4-week-old rats
were recorded for 40 weeks. Control diet (x); carrageenan diet (â€¢).

Table 2
AOMColon
in female F344 rats
fed a control or undegraded

tumor incidence

carrageenan

diet and treated with

tumors)Incidence
tumorsTumor

classification (total
Duodenum

(adeno
Focal

noma)Control
Diets
diet
Carrageenan

Carcinogen

No. of rats

No.

%

AOM
AOM

30
26

17@
26

57@
100

15

0

0

15

1

7

diet

Controldiet
Carrageenan
0a

diet

Significantly

different

from the carrageenan

diet by

Adeno-

carci

Tumors/ratColonAdenoma carcinoma carcinoma
1 .5
11 .3

158

5
76

6
59

2
0

0

0

0

0

0

114

1

0

0

@2
test (p < 0.01 , or better).

Table3
Colon tumor incidence in femaleF344rats fed a control or undegradedcarrageenandiet and
treated with MNU
I e

classification

nc e

(total
tumors)Focal

of

No.

Controldiet

29

2O@'

Carrageenan
19a

29lnc'd

29

dietNo.

Significantly
4428

Adeno

rats

different

%

69@'
100Tumors/

rat

Adenoma carcinoma carcinoma

1.5

22

4.4Tumor

88

4

4

21

fromthe carrageenan diet by @2
test (p< 0.01 , or better).
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were distributed mainly 2 to 10 cm from the anus (Chart 2).
protein22.022.0DL-Methionine(feedgrade)0.30.3Cornstarch34.224.2Dextrose12.07.0Alphacel5.05.0Undegradedcarrageenan015.0(Viscarin
On the other hand the MNU-induced colon tumors in the
carrageenan-fedrats were localized in the distal part of the
colon within 4 cm from the anus, and in the rats fed a
control diet, they were distributed within 7 cm from the
anus. The colon adenomain the untreated rat was localized
402)Cornoil20.020.0Salt
6 cm from the anus.
Grossly,the colon tumors were polypoid and sessile. The
mixture'@4.54.5Vitamin
size of colon tumors in rats was also larger with the
diet fortification
carrageenan than with the control diet. In rats fed the
mixture's2.02.0
control diet, 84% of colon tumors were less than 4 mm in
a The salt mixture was formulated according to Rogers and
diameter, whereas in rats fed carrageenan diet, 52% of
Harper (15) and contained the following
composition
(g/kg salt
mixture): ammonium
molybdateâ€¢4H2O 0.03; calcium carbonate,
colon tumors were larger than 4 mm.
292.90; calcium phosphate@2H2O, 430; cupric sulfate, 1.56; ferric
The standards for histological diagnosis of intestinal
citrate . 6H2O, 6.23; magnesium sulfate . 7H20, 99.80; manganese
tumors
were described by Muto et al. (10). Histologically,
suIfate@H2O, 1.21; potassium iodide, 0.005; potassium phosphate,
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120.

100.

carrageenan

Diet

Cl,
1.4

0

nflIlnnfl

E

C-

0

guineapigshad ulceration
inthelargeintestine
(1,6).
Our resultsindicate
thata dietcontainingundegraded

14

â€˜C
E

10

Control

carrageenan produced histopathological changes in the
large intestine of rats. One rat had an adenomatous polyp
in the colon. Although the possibility exists that the single
adenoma in an untreated rat fed carrageenan diet may be
spontaneous, such lesions are rarely seen in untreated rats
fed the control diet. Undegraded carrageenan (Viscarin

Diet
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Chart 2. Number and distribution as a function of distance from anus of

AOM-inducedcolorectaltumorsin femaleF344ratsfed diets containing0 or
15% undegraded carrageenan. At 7 weeks of age, animals in each dietary

group weregiven 1weeklys.c. injectionof AOMfor 10weeksat a dose level
of 8 mg per kg body weight per week and autopsied 40 weeks later.

the adenomasclassified in the study were benign tumors of
intestinal glandular structure lining with a slight or moder
ate atypical epithelium. Focal carcinomas showed consid
erable irregularity of the tabules or villi with severeatypical
epithelium. Adenocarcinomaswere frank malignant tumors
showing invasion across the line of the muscularis mucosa
and usually well differentiated. Four of the colon tumors
were signet ring cell carcinomas infiltrating into the sub
mucosal layer. One well-differentiated adenocarcinoma
showed the metastasisto the regional lymph node, and one
animal showed the peritonitis carcinomatosa.
The duodenal tumors induced by AOM were sessile and
histologically well-differentiated adenocarcinomas deeply
invading into the intestinal wall. One animal had peritonitis
carcinomatosa with dissemination of tumor cells into the
abdominal cavity.
All untreated rats fed the carrageenan diet showed
chronic inflammatory changes in the large intestine com
posed of edematous thickening and aggregation of macro
phages in the lamina propria and submucosa. In few ani
mals mucosal surface of the distal part of the colon showed
a grayish-white, coating-like appearance. No malignant
tumors were found with the exception of one animal show
ing an adenomatous

polyp in the colon.

402), used in this study, did not show any mutagenic activity

in the Ames Salmonella system (unpublished results), but
further studies are required to test whether carrageenan
itself is tumorigenic in animals.

The rats fed a diet containing undegraded carrageenan
were more susceptible to colon tumor induction by AOM or
MNU than were rats fed a diet without carrageenan. Equiv
alent or higher levels of cellulose, as alphacel, had virtually
no effect in colon carcinogenesis (17). Our recent study
indicated that the diets containing 15% wheat bran or
pectin had no effect on MNU-induced colon carcinogene
sis, whereas these diets greatly inhibited colon tumor mci
dence induced by AOM compared to a diet containing 15%
alfalfa or 5% cellulose (18). Wilson et al. (20) showed that
the rats fed a diet containing 15% wheat bran developed
fewer 1,2-dimethylhydrazine-inducedcolon tumors than did
those fed a control diet containing 5% cellulose. In this
study irrespective of the type of colon carcinogen, namely
AOM and MNU which differ in mechanism of activation, the

animals fed a carrageenan diet always had a higher mci
dence of colorectal tumors than did controls. The question
arises whether the observed results are related to the
dietary carrageenanper se or to lower body weight gain as
a result of carrageenan feeding. Since it is known that
calorie restriction and consequent weight loss could de
creasethe tumor incidence (16), it could be interpreted that
these results are specifically not related to the feeding of
carrageenan. If this were so the rats fed the carrageenan
diet should develop fewer colon tumors than those fed
control diet. In this study this was not the case. In addition,
our recent study indicated

that although

the rats fed a diet

DISCUSSION

containing 15% pectin gained about 25% less weight than
did the rats on a control diet, the incidence of AOM-induced

Although methionine was probably limiting in our experi
mental diets that contained 0.3% supplemental methionine,

than in rats fed a control diet (18). Thus, the observed
results are most probably related to carrageenan feeding.

DECEMBER 1978

colontumors was lowerin ratsfed pectin-containing
diet

4429

Downloaded from http://aacrjournals.org/cancerres/article-pdf/38/12/4427/2860166/cr0380124427.pdf by guest on 14 August 2022

the body weights of animals fed the control diet were
normal. However, the animals fed a 15% carrageenan diet
showed a 10 to 20% lower body weight compared with
those fed a control diet. In an earlier study no growth
retardation was noted in rats fed 1O%undegraded carra
geenan in the diet, but when the carrageenanwas added to
the diet at 25% level, the animals gained less weight
compared with those fed a cellulose diet (7). Perhaps the
depression of nitrogen absorption observed in studies by
Hawkins and Yaphe (7) as well as decreased caloric intake
explain the slower growth rate.
Degraded carrageenan given in drinking water or by
stomach tube for periods ranging from 30 days to 1 year
caused pin-head-sized ulcers of the cecum and colon in
rats, mice, guinea pigs, and rabbits (4, 6, 8, 9, 19).Although
some species of animals fed the undegraded carrageenan
appeared to be healthy with no adverse effect (2, 8, 11),

K. Watanabe et al.
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carrageenan , respectively.
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