


No. of tumor-bearing rats
Group Diet No. of animals No. of Tumors (% of incidence) Tumors'tumor-bearing ratsTumor

wt
(mg)'@1

SDa 20 1010(50)1.0107Â±262
SD + CA 0.2% 23 27 16(70)1.793 Â±163
SD + CAO.4% 23 3117(74)c1.8cl@Â±@34
SD + URSO 24 16 13(54)1.2103Â±370.2%5

SD+URSO 23 44(17f1.055Â±12c0.4%6

SD + Combc 24 17 11 (46)1.5c63 Â±12'7
SD + Piroxicam 32 119(@)C1.242Â±12'a

Values, means Â±SEM; wt, weight.

b SD, standard diet; CA, cholic acid; URSO, ursodeoxycholic acid; Comb, combination of cholic acid and ursodeoxycholicacid.C

Differs from group 1; P < 0.05.

d SD + Comb, CA 0.2% + URSO 0.2%.

Table 3 Effects of dietary supplementation and azoxymethane treatment on incidence of tumors, tumors/tumor-bearing rat and tumor size (University ofArizona)No.

of tumor-bearingratsGroup
Diet No. of animals No. of tumors (% of incidence) Tumors/tumor-bearing ratsTumor size(mm)a1

SDâ€• 23 12 10(43) 1.25.6Â±1.32
SD + CA 0.2% 24 27 14 (58) 1.9c4.5 Â±0.53
SD + CA 0.4% 24 46 17 (71)' 2.7'5.4 Â±0.54
SD + URSO 24 13 10(42) 1.35.6Â±1.00.2%5

SD + URSO 22 9 6(27f ii4.8Â±0.90.4%6

SD + Comb.'@ 23 14 9 (39) 1.64.3 Â±0.67
SD + Piroxicam 24 18 10 (42) 1.83.6 Â±0.4a

Values, means Â± SEM.

b SD, standard diet; URSO, ursodeoxycholic acid; CA, cholic acid; Comb, combination of cholic acid and ursodeoxycholic acid.

C Differs from group 1; P < 0.05.

d SD + Comb, CA 0.2% + URSO 0.2%.

URSODEOXYCHOUCACIDINHIBIThAOM.INDUCEDCOWN CANCER

Table 2 Effects of dietary supplementation and azoxymethane treatment on incidence of tumors, tumors/tumor-bearing rat and tumor size (University of Chicago)

Arizona, showed that feeding rats a diet containing 0.2% or 0.4% cholic
acid promoted the development of AOM-induced colonic tumors, i.e., it
increasedthe incidenceof tumors as well as the number of tumors/tumor
bearing rat. The cholic acid dietary regimens, however, did not signifi
cantly influence the size (UniversityofArizona) or weight (Universityof
Chicago) of AOM-induced tumors. In keeping with the known tumor
promoting effects of cholic acid rather than an effect on the initiation

step(s), none of the animals in the 0.4% cholic acid dietary group treated

with AOM-vehicle developed colonic tumors.
Only one previous study has examined the effects of supplemental

dietary ursodeoxycholic acid on chemically induced colonic carcino
genesis. Czygan et a!. (33) reported that when animals were treated
with sym-dimethylhydrazine and chronically fed either a control diet
or a diet supplemented with 1% ursodeoxycholic acid, there was no
promoting effect of this bile acid, i.e., there was no difference in
tumor incidence or frequency/rat between the two experimental
groups. The present studies demonstrated for the first time that 0.4%
ursodeoxycholic acid dietary supplementation did not promote co

lonic tumongenesis in the AOM model. To the contrary, it signifi
cantly decreased the incidence of colonic tumors compared to animals
administered AOM and fed the control diet. Moreover, supplementa
tion of the diet with 0.4% ursodeoxycholic acid totally abolished the
development of malignant tumors at both study sites in this experi
mental model of colonic carcinogenesis.

Prior studies have attributed the promotional effects of cholic and
chenodeoxycholic acids to an increased fecal excretion of their re
spective secondary bile acids (40). Conjugated primary bile salts are
not only subject to deconjugation by certain bacteria of the colornc
flora, but also to 7-a-dehydroxylation (31). As a consequence of
7-a-dehydroxylation, cholic acid is converted predominantly to de
oxycholic acid, whereas, chenodeoxycholic acid is converted predom
inantly to lithocholic acid (31). In animal studies, both of these
secondary bile acids have been shown to not only increase colonic

epithelial cell proliferation when instilled intrarectally into the colon,
but also to promote colonic tumorigenesis in the MNNG model of

experimental large bowel cancer (39). However, in germ-free rats,
both cholic and chenodeoxycholic acid enhanced MNNG-induced
colonic tumors (28), suggesting that primary bile acids may also have
promotional effects.

The mechanism(s) involved in tumor promotion by bile acids in the
present and other studies remains unclear. Similarly, the mechanisms
involved in the anticarcinogernc effects of ursodeoxycholic acid on
experimental colonic cancer also remain to be clarified. Lithocholic
and deoxycholic acids are thought to be the main bile acids that
promote the formation of colon cancer. Ursodeoxycholic acid is the
7-f3 epimer of chenodeoxycholic acid and is itself converted to lith
ocholic acid by certain colonic bacteria via 7-(3-dehydroxylation (31).
The magnitude of this latter reaction is severalfold less than the
7-a-dehydroxylation reaction that converts chenodeoxycholic acid to
lithocholic acid (31). The feeding of ursodeoxycholic acid decreases
the colonic content of cholic acid, which, in turn, lowers fecal levels
of deoxycholic acid (41). Therefore, it is theoretically possible that
ursodeoxycholic acid prevents AOM-induced colonic tumorigenesis
via a reduction in deoxycholic acid. Studies in humans (42), as well as
in rodents (41), have shown that ursodeoxycholic acid is extensively
converted to lithocholic acid, despite the reduced rate of 7-/3-dehy
droxylation compared to 7-a-dehydroxylation.

Finally, ursodeoxycholic acid is not cytotoxic to colonic epithelium
(32) or to other cell types (29, 30) but instead protects against the
cytotoxiceffectsofother bile acids such as deoxycholicacid and possibly
carcinogens such as AOM. It is therefore reasonable to suggest that this
â€œcytoprotectiveâ€•property of ursodeoxycholicacid may be involved in its
colonic tumor chemopreventive effect in the AOM model.

Regardless of the involved mechanism(s), the present studies dem
onstrate for the first time that supplemental dietary ursodeoxycholic
acid (0.4%) protects against the development of AOM-induced co
lonic cancers. It is tempting to speculate that ursodeoxycholic acid
might reverse the increased risk for colon cancer that may develop in
some patients after cholecystectomy.
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Table 4 Classification of tumors at each studysiteUniversity

of Chicago UniversityofArizonaNo.

ofGroup
Diet animals Benign No. (%) Malignant No. (%) Total No. (%) No. of animals Benign No. (%)Malignant No. (%)Total No.(%)I

SDâ€• 20 7(35) 3(15) 10(50) 23 7(30)
2 SD + CA 0.2% 23 12 (52) 4 (18) 16 (70) 24 6 (25)
3 SD + CA 0.4% 23 12 (52) 5 (22) 17 (74)b 24 8 (33)
4 SD + URSO 0.2% 24 8 (32) 5 (22,@ 13 (54) 24 6 (25)
5 SD + URSO 0.4% 23 4 (17) 0 (0) 4 (17)â€• 22 6 (27)
6 SD + Comb.' 24 7 (29) 4 (17) 11 (46) 23 1 (4)
7 SD + Piroxicam 32 8 (25) 1 (3) 9 (28) 24 8 (33)3(13)

8 (33)
9 (38)b
4 (17)
0 (0)
8 (35)

2 (8)10(43)

14(58)
17 (71)b
10(42)
6 (27)
9 (39)

10(42)a

SD, standard diet; CA, cholic acid; URSO, ursodeoxycholic acid; Comb, combination of cholic acid and ursodeoxycholic acid.

b SD + Comb, standard diet with CA 0.2% + URSO 0.2%.

C Differs from group I; P < 0.05.
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