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mmol/L for triglycerides and 1.65 mmol/L for cholesterol,
respectively (Fig. 1BC).

On the other hand, when OA-2 was provided, sludge and
gallstone formation was substantially observed at 6
months of age in both genotypes, though without signifi-
cant differences between the two genotypes (χ2 = 1.237, p
= 0.266)(Table 2). The frequency of sludge and gallstone
formation in CCK-1R(-/-) mice fed OA-2 at 6 months of
age (5 of 18 mice) was significantly higher than that of
those fed CRF-1 (0 of 20 mice)(χ2 = 6.397, p = 0.011), but
this frequency in wild-type mice (3 of 22 mice) was not
significantly different from the corresponding value (0 of
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Body weights (A), plasma lipid concentrations (B and C) in 
wild-type (left panel) and CCK-1R(-/-) female mice (right 
panel) at 6 and 12 months of age. Parameters are not differ-
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Table 2: Frequencies of sludge and gallstone formation in 6- and 
12-month-old male and female mice

diets CRF-1 OA-2

Genotype and sex age 6 
months

12 
months

6 
months

12 months

Male wild-type 0/8 0/20 3/22 2/9*
Male CCK-1R(-/-) 0/20 3/8† # 5/18* 13/18† #
Female wild-type 0/9 1/16 0/8 1/11
Female CCK-1R(-/-) 0/9 4/9†# 1/10 9/15† #

Values are means ± SE. The frequencies of sludge and gallstone 
formation represent the number of sludge and gallstone formations/
the number of animals examined. *, significantly different from the 
value of the corresponding CRF-1 fed mice; †, significantly higher than 
the respective values at 6 months of age; and #, significantly different 
from the value of wild-type mice. The results of statistical analyses are 
shown in the text.
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8 mice) of those fed CRF-1 (χ2 = 1.212, p = 0.271). The fre-
quency of sludge and gallstone formation significantly
increased with age in CCK-1R(-/-) mice (χ2 = 7.11, p =
0.008), whereas no age effect was observed in wild-type
mice (χ2 = 0.348, p = 0.555). The frequency (13 of 18
mice) in CCK-1R(-/-) mice at 12 months of age was signif-
icantly higher than that of wild-type mice (2 of 9 mice) at
12 months of age (χ2 = 6.08, p = 0.014). The difference
between CRF-1 and OA-2 in 12- month-old CCK-1R(-/-)
mice did not achieve significance (3 of 8 mice for CRF-1
vs. 13 of 18 for OA-2, χ2 = 2.821, p = 0.093); however, the
frequency (2 of 9 mouse) of 12-month-old wild-type mice
fed OA-2 was significantly higher than that (0 of 20 mice)
of mice fed CRF-1 (χ2 = 4.770, p = 0.0029).

The plasma triglyceride concentration increased with age
[F(1,63) = 46.8, p < 0.0001] (Fig. 1B), but was not signif-
icantly different between the two genotypes (p = 0.153).
Aging did not affect the plasma cholesterol concentra-
tions, but all values for OA-2 were higher than the values
for CRF-1 (Fig. 1C).

Diet-based differences in female mice
The body weight of 6-month-old female mice fed OA-2
was somewhat lower than that of those fed CRF-1,

although the difference was not statistically significant
(Fig. 2A). Daily food intake did not differ between the two
diets (data not shown).

The distribution of frequencies of sludge and gallstone
formation was similar between the two diets (Table 2). At
6 months of age, one CCK-1R(-/-) mouse fed OA-2
showed sludge formation; others showed no sludge or
gallstone formation regardless of diet. Aging did not sig-
nificantly increase the frequencies of sludge or gallstone
formation in wild-type mice fed either diet. In contrast, in
CCK-1R(-/-) female mice, aging increased the frequency
of sludge and gallstone formation significantly (χ2 =
6.258, p = 0.012), and diet was not a significant factor in
this: 4 of 9 CCK-1R(-/-) female mice fed CRF-1 and 9 of
15 CCK-1R(-/-) female mice fed OA-2 had sludge and gall-
stone formation at 12 months of age (χ2 = 0.548, p =

ent with respect to diet or genotype. †, significantly higher 
than the respective values at 6 months of age. Values are 
means ± SE. The results of statistical analyses are shown in 
the text. The numbers of animals are shown in Table 2. Ref, 
the value was referred from the record of the animal labora-
tory of our institute; NT, not tested in the present study.
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