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Previous work demonstrated that hyperglycemic obese mice (obob) fed a 1% corn oil diet accumulated choles-
terol and fat in the liver when compared with nonobese littermates. The present experiment was carried out to
test the hypothesis that feeding the bile acid analog N*-5B-taurocholenic acid would correct this metabolic
defect. Liver total fatty acid was greatly elevated in obob mice fed 1% corn oil compared with nonobese controls
(21.04 £ 1.23% versus 4.41 * 0.27%). Incorporation of [U-"*C]glucose into liver fasty acid was inhibited by
taurocholenic acid in both obese and nonobese mice fed 1% corn oil. Taurocholenic acid reduced liver fatty acid
in obob mice fed 1% corn oil to the level seen in nonobese mice (3.07 = 0.22% versus 4.41 £ 0.27%). Cholesterol
greatly accumulated in the livers of obob mice fed 1% corn oil compared with nonobese mice (0.97 + 0.08%
versus 0.28 + 0.02%) and was reduced to normal by feeding taurocholenic acid (0.27 £ 0.05% versus 0.28
0.01%) despite greatly elevating rates of incorporation of [U-'*CJglucose into liver cholesterol. Taurocholenic
acid significantly reduced liver fat in obese mice fed 40% lard (11.62 + 1.41% versus 5.87 + 1.03%) but had no
significant effect on the percentage of liver cholesterol (0.68 + 0.05% versus 0.56 + 0.04%). It is suggested that
the elevation of liver cholesterol in obob mice fed 1% corn oil comes about through a defect in cholesterol
removal from the liver, a defect corrected by taurocholenic acid via increasing the excretion of cholesterol and
bile acids in the bile by an as yet unknown mechanism. The cholesterol accumulating in obob mice fed 40% lard
occurs by a different mechanism than when these mice are fed 1% corn oil since it is unaffected by iaurocholenic

acid. (J. Nutr. Biochem. 7:106-112, 1996.)
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Introduction

Considerable work has been carried out in order to under-
stand the obesity that develops in the hyperglycemic obese
(obob) mouse that was described over 45 years ago by In-
galls et al." The mutant gene is designated ob and is an
autosomal Mendelian recessive. Metabolic abnormalities in
this animal and in other experimental obesities have been
well-summarized by Bray and associates.”™ More recently,
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genetic aspects of this and other animal models of obesity
have been explored by Johnson et al.> In this recent review,
specific candidates for the primary genetic lesion related to
central nervous system or peripheral tissue abnormalities
were assessed. The evidence did not allow any firm con-
clusions to be drawn, nor was it possible to propose a uni-
tarian hypothesis that would explain all the metabolic and
other abnormalities that have been observed.

Johnson and colleagues listed over 20 metabolic abnor-
malities that have been observed in the hyperglycemic
obese mouse. However, abnormalities in cholesterol metab-
olism are not mentioned in this review. In previously pub-
lished work, we described an abnormality in cholesterol
metabolism in the livers of these mice that would appear to
be at least closely associated with the ob gene when ex-
pressed in C57BL/6] mice.® We reported that when 7-week-
old obob mice were fed a glucose-based diet containing 1%
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corn oil for 12 weeks, they accamulated 1.5% cholesterol in
their livers compared with 0.29% in the livers of nonobese
littermates. The defect was substantially if not completely
reversed by feeding 20% corn oil. Cholestero! synthesis
from [U-'*Clglucose was half as high in obese as in
nonobese mice when a 250 mg meal of [U-'*C]glucose was
given by stomach tube. However, if the [U-"*Clglucose
were added to the diet and fed over a 24 hr period, there was
a 10-fold increase in the accumulation of labeled cholesterol
in the liver. This suggests the possibility that hyperglycemic
obese mice fed a 1% corn oil diet adequate in essential fatty
acids for their nonobese littermates have difficulty remov-
ing cholesterol from the liver rather than exhibiting in-
creased rates of cholesterol synthesis.

In addition to elevated levels of liver cholesterol, hyper-
glycemic obese mice fed the 1% corn oil diet exhibited a
fatty liver (22.7% fatty acid) not observed in the nonobese
littermates fed the same diet (4.81%).° The fatty liver was
not prevented by feeding a purified diet containing 20%
corn oil although it was when Purina Chow was fed.® We
previously have reported that feeding 0.1% 5B-cholanic acid
in the diet to mice from the Merck Sharp and Dohme colony
reduced the percentage of cholesterol and fat in the liver and
reduced fatty acid synthesis from [U-'“Clglucose in the
liver.” In contrast, incorporation of [U-'*Clglucose into
liver cholestero] was greatly elevated.” Because of these
observations, we felt it would be of considerable interest to
evaluate the effect of A?%-5B-taurocholenic acid,® a more
potent analog of 5B-cholanic acid, on liver cholesterol and
fatty acid in hyperglycemic obese and their nonobese litter-
mates fed diets containing low or high amounts of fat. The
results form the basis for this report.

Methods and materials

Adult male hyperglycemic obese mice and their male nonobese
littermates (C57BL/6J) were purchased from the Jackson Memo-
rial Laboratory (Bar Harbor, ME USA). Obese and nonobese lit-
termates were maintained on Purina Laboratory Chow (Ralston
Purina, St. Louis, MO USA) approximately 4 weeks then fed the
experimental diets to be described. The hyperglycemic obese mice
and nonobese littermates were weighed, blocked by weight into
groups of equivalent body weight within their obesity status (eight/
group), and assigned to diets 1 to 4 (Table 1). Diets were glucose-
based and contained either 1% corn oil or 40% lard. One diet at
each fat level contained in addition 0.05% potassium A22-58-
taurocholenate (TC). Protein was fed at the same percentage of
calories in all diets, and the high fat diets were therefore low in
carbohydrate. After being fed the experimental diets for 6 weeks
between 8:00 and 10:00 a.m., the mice were weighed and then
given 250 mg of D-glucose including 2.5 uCi of D-[U-"*Clglucose
by stomach tube (0.5 mL) and killed in 2 hr by cervical dislocation.
At this time livers were quickly excised, immediately frozen, and
stored in a deep freeze. The numbers of mice completing the
experiment are listed in Table 2. The completed group size was
seven to eight for the nonobese groups. Group sizes for the hy-
perglycemic obese mice were five to seven due to several unex-
plained deaths or extreme losses of body weight especially on the
1% com oil diet during the 6-week feeding period. The technigues
used in preparing and analyzing tissues for radioactivity have been
described previously.”!® D-[U-'*Clglucose was obtained from
New England Nuclear Corporation, (Boston, MA USA) and had a
specific activity of 10 to 15 mCi/mmol. Liver and carcass fat were

Table 1 Composition of experimental diets

Compoaosition
{(g/100 g of diet}

Ingredients Diet 1 Diet 2 Diet 3 Diet 4
Casein (Labco) 20.0 20.0 31.0 31.0
Salts no. 2 USP Xill 4.0 4.0 4.0 4.0
Glucose 70.0 70.0 20.0 20.0
Celiuflour 5.0 5.0 5.0 5.0
Corn oil 1.0 1.0 — —
Lard — — 40.0 40.0
Potassium A%2

Taurocholenate — 0.05 — 0.05

Casein and Celluflour were obtained from the Borden Company
(New York, NY, USA} and the Chicago Dietetic Supply House (Chi-
cago, iL, USA). respectively. Glucose (Cerelose) and potassium A2
taurocholenate were obtained from Merck and Company, Inc. (Rah-
way, NJ, USA). The corn oil and lard were obtained locally. In ad-
dition, vitamins were added to all diets to supply the following nu-
trients per 100 g of diet: thiamin, 1.0 mg; riboflavin, 2.0 mg; pyri-
doxin, 1.0 mg; calcium pantothenate, 10.0 mg; niacinamide, 10.0
mg; inositol, 5.0 mg; choling, 100.0 mg; p-aminobenzoic acid, 30.0
mg; biotin, 0.05 mg; folic acid, 0.2 mg; a-tocopherol, 14.2 mg; me-
nadione, 14.1 mg; B, triturate (0.1% trituration with mannitol), 10.0
mg; ergocalciferol, 300 1U; vitamin A palmitate, 1,600 1U.

measured as total fatty acid extractable after saponification and
cholesterol was isolated and counted as the digitonin precipitable
sterol.>1° Results are presented as means + standard error (SE),
and data were analyzed by a three-way analysis of variance
(ANOVA) with the main effects being obesity, fat level, and drug
treatment using SPSS."!

Results

Weight gain and liver weights are listed in Table 2. Hyper-
glycemic obese mice exhibited considerable liver hypertro-
phy when compared with their nonobese littermates. As
shown by the significant interaction, taurocholenic acid re-
duced liver weight in hyperglycemic obese mice fed either
fat level but not in their nonobese littermates. Weight gain
was significantly less in obese mice fed 1% corn oil than in
nonobese mice fed this diet. The reverse was true when the
40% lard diet was fed. Taurocholenic acid significantly de-
creased weight gain across diets and obesity status. The
increased weight gain in response to dictary fat was signif-
icantly greater in obese than in nonobese mice as shown by
the significance of the interaction.

Table 3 presents data showing the concentration of liver
cholesterol and the incorporation of [U-"*Clglucose into
cholesterol as affected by obesity, dietary fat, and tauro-
cholenic acid. These results confirm and extend our previ-
ous findings.® The concentration of cholesterol in the liver
was significantly elevated in obob mice fed either diet com-
pared with the nonobese littermates. This was strikingly the
case when mice were fed the 1% corn oil diet (obese mice
0.97%, nonobese mice 0.28%). When expressed per liver,
the livers of obob mice fed 1% corn oil contained 51.7 mg
of cholesterol compared with 5.0 mg in the nonobese, which
is a 10 fold increase. It should be noted again that this
accumulation occurred without feeding either cholesterol or
bile acids. The effect of taurocholenic acid was most dra-
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Table 2 Initial weight, weight gain, and liver size in hyperglycemic obese mice and nonobese littermates*
Obese Nonobese
Taurocholenic acid - + - +
Diet-1% corn oil
n 5 5 7 8
Initial body wt (g)t 52119 516+2.2 26.6+0.6 26.7+0.6
Weight gain (g) -06+14 -3.4+1.3 40£0.8 -1.8+0.8
Liver weight (g) 5.33+0.40 4.04+0.28 1.80+£0.07 2.14+0.16
Diet-40% lard
n 6 7 7 8
Initial body wt (g) 512+£15 52.7+24 264106 26.6+1.0
Weight gain (g) 11.1£1.2 58122 6.8+07 35102
Liver weight (g) 4.66 £0.42 3.86£0.26 1.50+£0.04 2.18+0.10
Significant differences between treatments (P)
Main Effects Interactions

Obesity (O) Fat (F) TCt OxF OxTC FxTC OxFxTC
Initial body wt 0.000 0.965 0.689 0.881 0.843 0.661 0.623
Weight gain 0.684 0.000 0.000 0.000 0.843 0.814 0.138
Liver weight 0.000 0.097 0.409 0.350 0.000 0.202 0.804

*Results expressed as mean + SE.

tinitial weights given are for the mice who completed the experiment.

FTaurocholenic acid.

matic when fed to obob mice consuming the 1% corn oil
diet. The large increase in liver cholesterol seen in these
animals was totally prevented by taurocholenic acid (0.27%
versus 0.28%) while having no significant effect on liver
cholesterol in nonobese littermates. In contrast, tauro-
cholenic acid had no significant effect on the concentration
of cholesterol in the livers of obob mice fed the 40% lard
diet and increased the liver cholesterol in nonobese litter-
mates fed this diet. Taurocholenic acid greatly increased

incorporation of [U-'*C]glucose into the liver cholesterol in
hyperglycemic obese and nonobese mice fed either diet.
Total liver fatty acid was affected significantly by obe-
sity, dietary fat, and taurocholenic acid, and all interactions
were significant (Table 4). Liver fat was greatly elevated in
obob mice fed 1% corn oil compared with nonobese litter-
mates (21.04% versus 4.41%) but was completely reduced
to the level seen in the nonobese littermates by tauro-
cholenic acid (3.07% versus 4.41%). Liver fat in obob mice

Table 3 Incorporation of [U-"C]glucose into liver cholesterol in hyperglycemic obese mice and nonobese littermates*
Obese Nonobese
Taurocholenic acid - + - +
Diet-1% corn oil
% liver cholesterol 0.97 £0.08 0.27 £0.05 0.28+£0.02 0.28 £0.01
cpm/liver 158 + 51 607 + 192 396 + 114 1,478 £ 325
cpm/g of liver 28+8 160 £ 53 224 + 66 714 + 146
Diet—40% lard
% liver cholesterol 0.68 £0.05 0.561£0.04 0.23 £ 0.01 0.34 £0.01
cpm/liver 48 £ 22 812+ 278 278 £ 36 1,164 + 268
cpm/g of liver 13+£8 247 £ 100 183+ 26 521+ 117
Significant differences between treatments
Main effects Interactions
Obesity (O) Fat (F) TCt OxF OxTC FxTC OxFxTC
% Cholesterol 0.000 0.928 0.000 0.988 0.000 0.000 0.000
cpm/liver 0.011 0.498 0.000 0.389 0.265 0.939 0.427
cpm/g of liver 0.000 0.414 0.000 0.245 0.109 0.758 0.353

*Results expressed as means + SE. Cholesterol isolated and counted as the digitonide.

tTaurocholenic acid.
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Table 4 Incorporation of [U'“Clglucose into liver fatty acid in hyperglycemic obese mice and nonobese littermates™

Obese Nonobese
Taurocholenic acid - + - +
Diet-1% corn oil
% liver fat 21.04£1.23 3.07+£0.22 4.41+£0.27 3.53+0.24
cpm/livert 63.90 £ 29.16 26.80 £ 4.90 20.92+4.70 16.02+ 1.59
cpmy/g of livert 10.98 + 4.39 6.62+1.25 16.62 £ 2.35 7.58+0.79
Diet-40% lard
% liver fat 11.62 + 1.41 5.87+1.03 3.96+0.22 3.69+£0.14
cpmflivert 7.30£1.72 3.73£0.51 2.70+0.34 3.14 £ 0.51
cpm/g of livert 1.52£0.39 1.03+£0.20 1.79+£0.21 1.41+£0.21
Significant differences between treatments
Main effects Interactions
Obesity (O) Fat (F) TCt OxF OxTC FxTC OxFxTC
% liver fat 0.000 0.004 0.000 0.003 0.000 0.000 0.000
cpm/liver 0.036 0.000 0.036 0.083 0.248 0.046 0.390
cpm/g of liver 0.148 0.000 0.002 0.196 0.347 0.004 0.287

*Results expressed as means * SE. Liver fat measured as total fatty acid after saponification.

tepm x 103,
¥ Taurocholenic acid.

fed the 40% lard diet was also elevated compared with the
nonobese littermates (11.62% versus 3.96%) and was sig-
nificantly lowered by taurocholenic acid but to a lesser ex-
tent than in obob mice fed 1% corn oil. Neither dietary fat
nor taurocholenic acid significantly affected liver fat in the
nonobese littermates. Incorporation of [U-'*C]glucose into
liver fatty acid was not significantly different between obese
and nonobese mice when expressed per gram of liver, al-
though, because of liver hypertrophy, when expressed per
liver it was doubled in the obob mice. Taurocholenic acid
significantly reduced incorporation of [U-'*Clglucose into
the liver fatty acid in obese and nonobese mice fed 1% corn
oil but not when they were fed 40% lard. Consistent with the
literature,'>!? feeding dietary fat inhibited incorporation of
the label into fatty acid in both obese and nonobese mice.

Table 5 Effect of taurocholenic acid on final body weight and body fat*

Effect of taurocholenic acid on body weight and
body fat

Taurocholenic acid significantly reduced body weight and
body fat for obese mice and their controls whether the diet
fed contained 1% corn oil or 40% lard (Table 5). The per-
centage reductions in body fat were considerably greater
than the reductions in body weight for nonobese mice on
either diet but this was not the case for the obob mice. In
contrast was the effect of the drug in the obob mice where,
on either diet, the reductions in body weight and fat were
closely comparable. It would be tempting to ascribe reduc-
tions in body fat to the effect of taurocholenic acid on fatty
acid synthesis in the liver. However, this is unlikely to be
the case since the reductions in body fat were as great when

Final body wt (g)

Body fat (%)

Taurocholenic acid (TC) -

Diet-1% corn oil

Hyperglycemic obese 51.4+2.1 482116 48.3+ 1.1 448+04
TC effect (% reduction) 6.2 7.2
Nonobese littermates 305+£20 249+1.0 14.4+£1.3 10.0£0.7
TC effect (% reduction) 18.4 30.6
Diet-40% lard
Hyperglycemic obese 623123 586122 50.1+1.2 47.1+0.6
TC effect (% reduction}) 5.9 6.0
Nonobese littermates 33.2+1.0 30.1+£1.0 201+1.4 13.1£09
TC effect (% reduction) 9.3 34.8

“Results expressed as means + SE. Body fat measured as total fatty acid in the carcass following saponification.
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40% lard was fed compared with 1% corn oil and under
conditions where very little fatty acid was being synthesized
in the liver and where taurocholenic acid had no effect on
hepatic lipogenesis.

Discussion

An acknowledged potential problem associated with the use
of glucose to measure lipogenesis is the question of recy-
cling, i.e., the formation of three-carbon intermediates either
in the liver or muscle that recycle back to the liver and are
resynthesized into glucose-6-phosphate before fatty acids or
glycogen is formed. This issue recently was discussed ex-
tensively by Shulman and Landau.'* These authors empha-
size that the direct pathway with little recycling predomi-
nates under conditions of feeding and glucose loading. The
technique that we have used to compare lipogenesis in
obese and nonobese mice is to give a 250 mg load of
[U-*C)glucose per os to ad libitum fed mice and measure
the incorporation into fatty acids in liver and extra hepatic
tissues 2 hr later. These conditions were designed to max-
imize insulin secretion and to minimize glucagon secretion,
lipolysis, and gluconeogenesis. Plasma glucose rises to a
maximum in 10 min.® The specific activity of plasma glu-
cose is constant from 10 to 60 min with 25% of the label
expired as CO, during this time period.® Baker et al.'> de-
fined this protocol as fed-refed and demonstrated that under
these conditions over 80% of the fatty acids newly synthe-
sized were derived from carbon fed in the glucose test
meal'® and, further, that essentially none of the fatty acids
found in adipose tissue were derived from the liver.'®

The most interesting and important finding in the current
study is the considerable accumulation of cholesterol and
fatty acid in the livers of obob mice fed the 1% corn oil diet
and its complete prevention by the addition to the diet of
0.05% of the bile acid analog A**-5B-taurocholenic acid.
The linoleic acid requirement of the mouse is estimated as
0.3% of the diet.'” As calculated from USDA Handbook 8
data, the 1% corn oil diet supplied 0.6 g of linoleic acid/100
g of diet, an amount equal to twice the estimated require-
ment. This dietary level resulted in no elevation of liver
cholesterol in the nonobese littermates of the obob mice, nor
in gold thioglucose obese mice and their nonobese controls
(unpublished data). The 40% lard diet supplied 4.0 g of
linoleic acid and 40 mg of cholesterol/100 g of diet. The
complexity of the effect of taurocholenic acid on liver cho-
lesterol and its interactions with the genetic obesity and
dietary fat is shown by the fact that all three statistical
interactions involving taurocholenic acid with these two
variables were highly significant (Table 3). It would not
appear likely that the 40 mg of cholesterol/100 g in the 40%
lard diet played much of a role in this experiment.

We previously reported that when obob mice were fed
the 1% corn oil diet for 12 weeks their livers contained 1.5%
cholesterol.® In the current study, the livers of obob mice
fed this diet for 6 weeks contained 0.97% cholesterol com-
pared with 0.28% for nonobese littermates. Qur previous
report suggested that this accumulation of liver cholesterol
resulted from a defect in removing cholesterol from the liver
and not from an elevated rate of cholesterol synthesis in the
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liver.® This conclusion was based on our observations that
(1) conversion of a single 250 mg meal of [U-'*C]glucose to
hepatic cholesterol in obob mice fed a 1% corn oil diet was
reduced compared with nonobese littermates, whereas 2
when the [U—MC]glucose was fed in the diet over a 24 hr
period, accumulation of labeled cholesterol in the liver was
increased 10 fold.® Turley and Dietschy have pointed out
that *H,0 is a better substrate for measuring absolute rates
of cholesterol synthesis than are '*C substrates.'® However,
whatever problems are associated with measuring absolute
rates of cholesterol synthesis from '“C substrates they do
not invalidate our hypothesis that in our experiments the
accumulation of cholesterol in the liver of obob mice fed a
purified diet containing 1% corn oil and no cholesterol most
likely comes about as a result of a defect in cholesterol
removal from the liver rather than increased cholesterol syn-
thesis. We chose [U—14C]glucose in this experiment to be
able to compare our present results with those we reported
earlier. Our previously published observations, based on
work with [U-'#Clglucose as a substrate, first demonstrated
in vivo the importance of skin and other extra hepatic tis-
sues besides the intestines as sites for de nove sterologenesis
in the mouse,'® observations that were later confirmed by
Turley et al.?® and Feingold et al.?! using *H,0 in studies in
the intact rat.

In our study using [U-'*Clglucose, we found of the la-
beled cholesterol found in the body 15%, 56%, 10%, and
19% was found in the liver, intestine, skin, and remaining
carcass, respectively.'® By feeding cholesterol and thereby
effectively eliminating cholesterol synthesis in the liver, we
showed that transport from the liver to the extrahepatic tis-
sues was a negligible factor in the experiment. The corre-
sponding data for Turley et al.*° and Fiengold et al.?! using
*H,0 are 50%, 24%, 8%, 18%, and 15%, 10%, 24%, 58%,
respectively. Since we administered the labeled glucose as a
250 mg load, it is not surprising that in our study a large
amount of the labeled cholesterol was found in the intes-
tines. Fiengold et al.,>! based on measurements of thoracic
duct drainage, concluded that the transport of newly syn-
thesized cholesterol from the intestine to the liver would be
very limited in a short-term experiment such as ours.

This defect in cholesterol metabolism would appear to be
associated with the ob gene since it occurred in obob mice
and not in +/? littermates. Also it did not occur in gold
thioglucose obese mice or their nonobese controls (unpub-
lished data). The abnormality, although related to the ge-
netic state of obob mice, is not secondary to or related to the
resulting obesity per se since feeding 20% com oil almost
completely prevented the accumulation of liver cholesterol
while at the same time nearly doubling the weight gain.®

It has long been known that obob mice exhibited a fatty
liver* thought to be secondary to hyperinsulinemia ob-
served in these animals.?>?* Although hypercholesterolemia
was observed in obob mice nearly 40 years ago,?* no defects
in hepatic metabolism of cholesterol were noted in the four
extensive reviews of this genetic obesity published over a
20 year period.>” Hepatic cholesterol metabolism in the
obob mouse does not appear to have been widely studied.
We summarize our findings in this and a previous study
related to the accumulation of cholesterol in obob mice in
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Table 6. Although the defect is accentuated when a diet
marginal in essential fatty acids is fed, it occurs in diets
ranging in fat from 1% corn oil to 40% lard, with the small-
est increases seen when the 20% corn oil diet, or Purina
Chow, was fed. Further research needs to answer the fol-
lowing questions: (1) What is the mechanism by which
cholesterol accumulates in the liver of obob mice and why
does a diet Jow in linoleic acid accentuate the accumulation?
(2) What is the mechanism by which feeding higher levels
of linoleic acid (e.g., corn oil) greatly reduce the accumu-
lation? (3) What is the mechanism by which taurocholenic
acid totally prevents hepatic cholesterol accumulation in
obob mice fed 1% corn oil but has no effect when the mice
are fed 40% lard? and (4) What is the mechanism by which
taurocholenic acid greatly increases liver cholesterol syn-
thesis in both obese and nonobese mice whether they are fed
1% corn oil or 40% lard?

The answers to these questions remain to be determined
but may involve interactions of linoleic acid or one or its
metabolites with bile acid synthesis, bile formation and ex-
cretion of cholesterol, and bile acids in the bile. Pandek et
al.?® reported that there is a linkage between hydroxymethyl-
glutaryl (HMG) CoA reductase activity and cholesterol
7-alpha-hydroxylase activity, i.e., between cholesterol and
bile acid synthesis. A number of investigators have exam-
ined bile flow and biliary lipid secretion as affected by
injection or infusion of a variety of bile salts. The effect of
the bile salt appears to be related to the hydrophilic or
hydrophobic nature of the bile salts along with its ability to
form micelles.?**° None of these studies can explain the
effect of taurocholenic acid in dramatically lowering liver
cholesterol in the obob mice fed the 1% corn oil diet. For
example, a single injection of taurolithocholate inhibited
biliary excretion of bile acids, phospholipids, and choles-
terol.#” This bile salt differs from taurocholenic acid only in
having a hydroxy group in the 3 position and no double
bond in the 22 position. We have shown that neither the
taurine conjugate nor the double bond is essential since
cholanic acid has a similar pharmacological effect as tau-
rocholenic acid.” Rioux et al.*® reported that short-term
feeding of a diet enriched in phospholipids increased bile
formation and bile acid transport. A number of research
groups have demonstrated that the activity of cholesterol-

7-alpha-hydroxylase, the rate-limiting step in bile acid syn-
thesis, is down regulated by both cholesterol and bile acids
at the transcriptional level *'=>

Recently, three groups of investigators have described
experiments in which injecting the gene product of the ob
gene into obob and +/7 mice has caused weight loss, re-
duced food intake, and increased energy expenditure. 37
The mechanism suggested is a hormone produced by adi-
pose tissue acting on a satiety center in the brain. The results
described in the present paper do not appear to be explain-
able by this mechanism. Likewise it is not clear how this
proposed mechanism relates to earlier papers in which the
genetic defect in obob mice is reported to be related to the
expression of and regulator of beta-3-adrenergic recep-
tors.>8-?

Considerably more work will be required to answer the
questions posed above. A following tentative and incom-
plete hypothesis is offered. The obob mouse has an in-
creased requirement for linoleic acid. The nature of the
defect is not clear but the result is a large accumulation of
cholesterol and fat in the liver which occurs despite the
observed and expected reduction in cholesterol synthesis
resulting from the accumulation of newly synthesized cho-
lesterol in the Liver. It appears that cholesterol and bile acid
synthesis are both reduced, but the net effect is the reduction
of cholesterol and/or bile acid excretion in the bile. Tauro-
cholenic acid may reduce liver cholesterol by increasing
cholesterol and/or bile acid excretion in the bile. It seems
possible that the effect of taurocholenic acid is at least in
part the transcriptional regulation of cholesterol-7-alpha-hy-
droxylase via the bile acid responsive element of the gene.
The elevation of liver cholesterol in obob mice fed 40% lard
is not reduced by taurocholenic acid because the mechanism
of liver cholesterol accumulation is quite different in this
case. It would be tempting to speculate that cholesterol ac-
cumulation in the 40% lard diet is a result of an increase in
cholesterol synthesis caused by feeding a high level of sat-
urated fatty acids.*® However, we observed a considerable
reduction is incorporation of [U-'C]glucose into liver cho-
lesterol in obob mice fed 40% lard. The considerable in-
crease in incorporation of [U-'*C]glucose into liver choles-
terol in obese and nonobese mice fed either diet caused by
feeding taurocholenic acid could be via an effect on the

Table 6 Effect of diet and duration of feeding on liver cholesterol in obese and nonobese mice

% liver cholesterol

Time fed
Diet (weeks) Obese Nonobese
20% casein, 71% glucose, 1% corn oil* 1 0.41 £ 0.02f 0.31£0.02
20% casein, 71% glucose, 1% corn oil* 4.5 1.09+0.08 0.27 £0.01
20% casein, 71% glucose, 1% corn oilt 6 0.987+£0.08 0.27 £0.02
20% casein, 71% glucose, 1% corn oil* 12 1.54+0.10 0.29 £ 0.01
20% casein, 45% glucose, 20% corn oil* 4.5 0.34 £ 0.01 0.23+£0.01
20% casein, 456% glucose, 1% corn oil, 19% lard* 4.5 0.45+0.04 0.24 +0.01
31% casein, 20% glucose, 40% lardt 6 0.68+£0.05 0.23 £ 0.01
Purina chow” 1 0.31 £ 0.01 0.20 £ 0.01
Purina chow* 12 0.40£0.03 0.22 £0.01

*Data from Ref. 6.
tData from this paper.
+Means + SE.
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expression of the gene for HMG CoA reductase. More re-
search is clearly needed to explain the observations we have
described in this paper.
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