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Abstract Cholesterol absorption was studied in mice
receiving cholic, chenodeoxycholic, or ursodeoxycholic
acids (0.2% of the diet) for 2 months. Cholesterol absorp-
tion was greater with cholic acid (79%) than with cheno-
deoxycholic acid feeding (60%) and the lowest levels were
observed during ursodeoxycholic acid feeding (37%).
Under the three diets, bile acid pool and bile acid secretion
were not different. Biliary cholesterol secretion was in-
creased by cholic acid. The bile acid fed represents at
least 80% of total bile acids. Micellar solubilization of oleic
acid and cholesterol in the presence of each tauro-con-
jugated bile salt (10 mM) was determined in vitro by the co-
precipitation method. Whatever the pH conditions, tauro-
chenodeoxycholate solubilized significantly more choles-
terol and more oleic acid than taurocholate. Taurourso-
deoxycholate had the poorest detergent properties for
both lipids. The differences between the three bile salts
for cholesterol solubilization were enlarged by lowering pH
and by high oleic acid concentration.fifi Therefore the de-
crease in cholesterol absorption observed during ursodeoxy-
cholic acid feeding could be explained by the poor deter-
gent properties of this bile salt species. On the other hand,
there is no relationship between the detergent properties
of taurochenodeoxycholate and taurocholate and their
effects on cholesterol absorption in mice. These results
suggest that, in this particular case, micellar solubilization
is not the rate limiting step in cholesterol absorption.—
Reynier, M. O,, ]J. C. Montet, A. Gerolami, C. Marteau,
C. Crotte, A. M. Montet, and S. Mathieu. Comparative
effects of cholic, chenodeoxycholic, and ursodeoxycholic
acids on micellar solubilization and intestinal absorption of
cholesterol. J. Lipid Res. 1981. 22: 467-473.
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In spite of conflicting results in man (1-3), various
works have shown that, generally, dihydroxy bile acids
are less effective than cholic acid in the promotion of
cholesterol absorption (4-6). This difference is often
attributed to a specific effect of cholic acid on intestinal

cholesterol esterase, an effect not shared by other bile
acids (7, 8). However other explanations have not
been ruled out. In particular, the role of specific
effects of bile acids on intraluminal cholesterol
solubilization must be considered. Mixed micelle for-
mation could be modified during bile acid feeding by
two mechanisms. First, it has been shown that urso-
deoxycholate and its conjugates solubilize much less
cholesterol than the other bile salts both in the pres-
ence of lecithin (9) and of monoolein-fatty acid mix-
tures (10). There is no large difference between the
solubilizing capacities of cholate and chenodeoxy-
cholate (10, 11) but these results were obtained using
total lipid concentrations largely exceeding those ob-
served during fat digestion. Second solubilization
depends on the bile acid pool which may be differently
modified by each molecular species of bile acid.

This work was designed to compare the effects of
ursodeoxycholic, chenodeoxycholic, and cholic acids
on cholesterol absorption and on biliary secretion in
mice and, in vitro, on cholesterol solubilization in
bile salt-oleic acid micelles.

MATERIALS AND METHODS

Treatment of animals

Swiss female mice, weighing 22 to 25 g, were divided
into four groups and fed one of the following diets:
a) chow diet, b) chow diet supplemented with 0.2%
cholic acid, ¢) chow diet plus chenodeoxycholic acid
(0.2%), d) chow diet plus ursodeoxycholic acid (0.2%).
The amount of bile acid fed was therefore about
500 mg/kg per day. Two months later, bile secretion
or intestinal absorption of cholesterol were studied.
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In some animals histological examinations of the small
intestine were performed. Intestinal transit time was
studied in three mice of each group using carmine
red as marker.

Cholesterol absorption

Intestinal absorption of cholesterol was determined
by two methods. The first was the dual isotope ratio
method of Zilversmit (12) which measures intestinal
absorption of a single dose of cholesterol. After a
15-hr fast, each mouse received by intubation 9.2
umol of cholesterol containing 0.5 uCi of [**C}-
cholesterol emulsified with albumin and oleate (40
pmol). At the same time they received a colloidal
suspension of 1 uCi of [*H]cholesterol intravenously.
Feces were collected daily for 3 days to measure the
fecal radioactivity in the neutral sterol fraction. The
ratio of the specific radioactivities (*H and **C) of blood
cholesterol was calculated 72 hr after intubation.
Blood samples were first weighed, then completely
oxidized in an Intertechnique Oxymat apparatus J.A.
101 before determining the radioactivity content.

The second method was the sterol balance method
measured isotopically (13). By this method, cholesterol
absorption (exogenous cholesterol) is obtained from
the determination of the unabsorbed dietary choles-
terol = daily fecal total neutral steroids (minus fecal
plant sterols) minus endogenous neutral steroids.
Cholesterol and plant sterols were determined by gas—
liquid chromatography. The daily endogenous neutral
sterols were estimated isotopically (after injecting
[“*C]cholesterol) by dividing the radioactivity present
in fecal sterols by the specific activity of plasma
cholesterol. Mice received [“*C]cholesterol (1 uCi
intravenously). Three weeks later, stools were collected
for four periods of 4 days. The mean plasma choles-
terol radioactivity of the 2 first days of each period
was used for the calculations.

Bile secretion

Biliary secretion was studied in animals with a
complete biliary fistula placed 2 hr after they received
an emulsion of oleate, cholesterol, and albumin.
Hourly secretion of bile salts, lecithin, and cholesterol
was measured. The bile acid pool was calculated from
the total bile salt secretion of the first 10 hr of biliary
drainage, from which basal secretion observed after
this time was then subtracted.

In vitro study of lipid solubilization

The micellar solubilization of lipids in bile salt solu-
tion was studied by the coprecipitation method (10, 11).
The appropriate amounts of bile salt and oleate were
dissolved in organic solvents. The solvent was evap-
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orated in vacuo over phosphorus pentoxide for 24 hr,
then the dried mixtures were dissolved in phosphate
buffer, pH = 6.2 or 6.7, 0.14 M Na* at 37°C so that
each mixture had a concentration of 10 mM of bile
salt. The maximum solubility of the oleic-oleate
compounds was estimated by turbidimetry. Choles-
terol solubilization was measured at three molar ratios
of bile salt to oleate. Bile salt concentration was kept
constant (10 mM) and oleate concentrations were,
respectively, 3.9 mM, 6.2 mM, 9.3 mM for pH = 6.7,
and 3.9 mM for pH=6.2. Various amounts of
cholesterol were added to obtain mixtures with a
fixed ratio of bile salt to oleate and increasing amounts
of cholesterol. To obtain equilibrium cholesterol
solubility at 37°C, solutions containing 4 g/dl of lipids
were first prepared, heated to 80°C for a few minutes,
cooled at 37°C, and then diluted with phosphate
buffer containing 0.14 M Na* in order to reach a
final bile salt concentration of 10 mM. The changes
in the physical state of the supersaturated solutions
were followed for 8 days. Cholesterol equilibrium
values were generally obtained on the 5th day. The
separation of a second phase (cholesterol crystals,
paracrystalline phases) from the isotropic solutions
was monitored by optical methods: polarizing micro-
scope and scattered light. Turbidity measurements
were obtained with a Brice Phoenix light-scattering
apparatus, model 2000, with a light wavelength of
546 nm. The scattered light intensity was measured
at angles of 0° and 90°.

The solubility values reported are average values of
at least three separate determinations. Individual
measurements did not deviate more than 5% from the
average.

Analytical methods

Total bile acids in bile were measured with an
enzymatic technique using 3a-hydroxysteroid de-
hydrogenase (Worthington Biochemical Corporation)
(14). Individual bile acids were analyzed by gas—
liquid chromatography; after saponification of bile
(1.25 N NaOH, 2 hr at 110°C), bile acids were con-
verted to their methyl esters with diazomethane and
acetylated with trifluoroacetic anhydride. Bile acid
derivatives were dissolved in chloroform and injected
in a Tracor MT 220 gas chromatograph equipped
with a hydrogen flame ionization detector. Two-meter
U-tubes, 4 mm i.d., were packed with QF, (0.3%) on
Gas Chrom Q, 100-120 mesh (coating and support
from Applied Science Laboratories, State College,
PA). Nitrogen was used as carrier gas and column
temperature was 220°C.

Conjugated bile acids were estimated from thin-
layer chromatography (15) and taurine determination
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after acid hydrolysis (5.6 N HCI, 18 hr at 110°C in
vacuo with a Jeol amino acid analyzer model JLC
5 AH).

Neutral sterols were extracted from feces by the
method of Folch, Lees, and Sloane Stanley (16).
Neutral sterols were measured by the cholesterol
oxidase method (17). Trifluoroacetyl derivatives of
neutral sterol were separated by gas-liquid chroma-
tography. The same packed column mentioned above
was used and column temperature was 190°C. Cor-
rections were made from gas-liquid chromatography
for plant sterols and for keto derivatives which were
always less than 7% of total fecal sterols. Phospho-
lipids were measured with a colorimetric method (18).

Materials

Chow diet from Villemoisson, France contained
0.02% of cholesterol (6 pmol/10 g). Ursodeoxycholic
acid was a gift from Doctor H. Falk. Chenodeoxy-
cholic acid was a gift from Roussel laboratories.
Other products were of the A grade: cholesterol,
sodium oleate (Sigma), sodium taurocholate, tauro-
chenodeoxycholate, and tauroursodeoxycholate (Cal-
biochem). [4-*C]Cholesterol (40-50 mCi- mmol ! was
98% pure (CEA, France). [*H]Cholesterol (0.3-0.5
Ci-mmol™!) from CEA, France was found to be
greater than 90% pure. Radioactivity measurements
were made using an Intertechnique liquid scintillation
system SL40.

Statistical analysis

The results are expressed as mean values and stand-
ard deviation of the means. Student’s ¢ test was used
to determine statistical significance.

RESULTS

Intestinal Absorption of Cholesterol

Cholesterol absorption depends on the composition
of the diet (Table 1). In the two conditions studied,
acute administration of cholesterol or daily absorption
of cholesterol from the diet, similar results were ob-
tained. The amount of cholesterol absorbed was larger
with cholic acid (79%) than with chenodeoxycholic
acid (60%) and much greater than with ursodeoxy-
cholic acid (37%). However, the values of cholesterol
absorption were not significantly different for cholic
acid or chenodeoxycholic acid diets compared to the
chow diet. Only ursodeoxycholic acid decreased
cholesterol absorption compared to controls (2 P
< 0.05). The absolute amounts of cholesterol ab-
sorbed were evidently different after the acute oral

administration of 9.2 umol of cholesterol compared to
those obtained with chronic administration (between
5 to 6 wmol brought daily by the diet). In the two
circumstances, the percent of cholesterol absorption
was comparable, respectively 80 and 77% with cholic
acid, 60 and 59% with chenodeoxycholic acid, and
44% and 27% with ursodeoxycholic acid. Histological
studies of jejunum, after 4 months of bile acid feeding,
did not show any abnormality. Microvilli appeared
normal by electron microscopy.

Intestinal transit time, measured after carmine red
intubation, was identical in all groups studied. The
dye appeared in stools during the second hour fol-
lowing ingestion and fecal excretion lasted 24 hr in the
four groups. Furthermore, fecal excretion of [*C]-
cholesterol, given in experiments using the Zilversmit
method, was followed daily. 78.8% =+ 5.4 of the un-
absorbed cholesterol was recovered the first 24 hr and
15.9% * 3.4 during the following day in controls.
The corresponding values were 75.7% + 5.6 and
19.9% + 6.5 under cholic acid, 84.8% + 2.0 and
11.6% =* 2.4 under chenodeoxycholic acid, and 79.5%
%= 3.0 and 12.0% =* 3.2 under ursodeoxycholic acid.

Biliary secretion

Addition of bile acids to the diet increased the
bile salt pool and biliary secretion of bile salts com-
pared to controls during the first hour (2 P < (.05)
(Table 2). However we did not note any differential
effect of the three bile salts on these two parameters.
In all cases, from the comparison of taurine deter-
mination and the enzymatic assays of bile salts, we
showed that 80-90% of the bile salts were taurocon-
jugated with a non-sulfated 3«OH. On the contrary,
the bile acid composition of bile was markedly modi-
fied, the administered bile acid becoming the pre-
dominant biliary bile acid. The biliary secretion was
slightly increased by ursodeoxycholic acid or cheno-
deoxycholic acid but the difference with controls did
not reach statistical significance. Cholic acid feeding
induced a higher secretion of cholesterol than the two
other bile acids for the same bile acid output (2 P
< 0.05). Lecithin secretion in all cases paralleled bile
acid secretion.

In vitro studies

Solubility of oleic acid in bile salt solutions. In 10 mM
solutions, bile salts dispersed the fatty acid into
micellar solutions with different abilities (Table 3).
As in other studies (9, 10), tauroursodeoxycholate
was shown to be a poor detergent. We observed also
a small but clear difference between the dissolving
powers of taurocholate and taurochenodeoxycholate
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TABLE 1. Intestinal absorption of cholesterol

Acute Administration

Chronic Administration

Dual Isotope Fecal Recovery
Diet Method Method Absorption Balance Method Absorption
umol pmol molar % wmollday molar %
Controls 6.27 = 0.63 (5) 6.13 = 0.54 (9) 67.2 3.92 + 0.40 (7) 65.0
Chenodeoxycholic acid 5.38 = 0.31 (5) 5.63 + 0.48 (7) 60.1 3.12 + 0.32(7) 59.0
Cholic acid 7.31 £ 0.49 (5) 7.38 + 0.37 (9)° 80.0 4.60 = 0.60 (7)* 77.1
Ursodeoxycholic acid 3.77 = 0.63 (5)** 4.20 + 0.41 (6)*® 43.6 1.68 * 0.54 (7)*? 27.2

“ Significantly different from controls (2 P < 0.05).
® Significantly different from chenodeoxycholic acid (2 P < 0.05).

Acute administration of cholesterol consisted of 9.2 umol of cholesterol mixed with 40 wmol oleate. The daily cholesterol intake
was 6.03 umol for controls, 5.29 pmol for chenodeoxycholic acid, 5.97 umol for cholic acid, and 5.88 pwmol for ursodeoxycholic acid diets.

Values represent the mean * S.1). Numbers of animals is indicated in parentheses.

which was not observed in more concentrated solu-
tions for lecithin or oleate. At a bulk pH = 6.7, oleic
acid is about half-ionized when present in a bile salt
micelle (19). The decrease in the degree of ioniza-
tion at pH 6.2 is followed by an enlargement of the
differences between the three bile salts, with a par-
ticularly dramatic decrease in the solubilization power
of tauroursodeoxycholate.

Cholesterol solubility. As observed for oleic acid, the
equilibrium solubility of cholesterol depends very
much on the bile salt species (Table 4). The distinct
capacities of the bile salts were more apparent when
the fatty acid concentration was increased. With 6.2
mM oleic acid, the solubility of cholesterol was ex-
tremely low in tauroursodeoxycholate solution al-
though this fatty acid concentration was far from the
solubility limit of oleic acid (7.86 mM).

The effects of pH were tested for solutions con-

taining 3.9 mM oleic acid. At pH 6.2, cholesterol

solubility was 0.60 mM with taurochenodeoxycholate,
0.26 mM with taurocholate, and not measurable with
tauroursodeoxycholate.

DISCUSSION

Cholesterol absorption

This work shows that, in mice, the three bile acids
exert very different effects on cholesterol absorption.
The decreased absorption observed with ursodeoxy-
cholic acid feeding confirms earlier studies in other
species including man (6, 20). It is more marked
during the balance studies than during administration
of a single large dose of cholesterol. This may result
from an increased secretion of endogenous choles-
terol without prior equilibration with the rapidly
exchanging pool of cholesterol, giving an overestima-
tion of non-absorbed cholesterol by the sterol balance
method. The difference between the effects of cholic
acid and chenodeoxycholic acid administration has
also been observed earlier in the rat, during tauro-
derivative administration (5). The situation is more
confusing in man (2): recent results show no change in
cholesterol absorption during cholic acid feeding (3)
and no change (2) or a decrease (1) during cheno-

TABLE 2. Comparative effects

of the diets on bile secretion

Bile Acid Composition

Lipid Composition during the First Hour

Number Bile Acid
Diet of Mice Pool Size CA CDCA UDCA Bile Acids Cholesterol Phospholipids
pmol molar% pumol/hour
Controls 5 10.25 + 1.10 62 =6 21 4 0 2.60 = 0.40 0.17 = 0.07 0.57 = 0.06
CDCA 5 19.27 = 3.10° 11+£2 86 = 3 0 4.41 = 0.71° 0.24 £ 0.02 0.79 = 0.23
CA 5 26.14 + 3.83° 91 x5 31 0 5.21 + 0.90° 0.79 = 0.79%b< 0.80 = 0.10
UDCA 5 23.35 + 1.85¢ 8+3 11 x2 803 4.80 + 0.83° 0.23 = 0.07 0.78 = 0.11

“ Significantly different from controls (2 P < 0.05).

® Significantly different from chenodeoxycholic acid diet (2 P < 0.05).
¢ Significantly different from ursodeoxycholic acid diet (2 P < 0.05).
CDCA, chenodeoxycholic acid; CA, cholic acid; UDCA, ursodeoxycholic acid.
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deoxycholic acid administration. In the present study,
the difference between cholic acid and control diets
did not reach statistical significance. However, one
must take into account that, in cholic acid-fed mice
there is a marked increase in biliary cholesterol
secretion that is absorbed at least to the same extent
as dietary cholesterol (21). We may then conclude
that, in mice, cholic acid feeding actually increases
cholesterol absorption.

The differences observed between the effects of the
three bile acids do not seem secondary to general
modifications of intestinal absorption: histologic
examinations did not show any toxic effect of cheno-
deoxycholic or ursodeoxycholic acid treatment on
intestinal mucosa. Intestinal transit time, which may
influence cholesterol absorption (22), was similar
whatever the bile acid fed, as shown from the rate of
excretion of unabsorbed cholesterol and the carmine
red studies.

Therefore, the results depend on the distinct
effects of the bile salts on specific steps of cholesterol
absorption. In our acute studies, cholesterol was
given in its nonesterified form with oleate, and micelle
formation may occur without prior hydrolysis. The
results must be due to modifications of micellar
transport and/or to specific influences on intramucosal
steps of cholesterol absorption. Indeed, it has been
shown that taurocholate increases intramucosal
cholesteryl ester formation more than taurocheno-
deoxycholate (7, 8); this may increase the rate of
cholesterol absorption. However, the importance of
this effect in controlling cholesterol absorption is un-
known, and its existence does not exclude another
possible specific action of various bile salts on micellar
solubilization of cholesterol. Bile acid-containing diets
may influence two parameters governing mixed
micelle formation: bile salt enterohepatic circulation
and bile salt composition of bile.

The enterohepatic circulation of bile salts was
modified since, after bile acid administration, there

TABLE 3. Oleic acid solubilization in bile salt solutions®

pH

Bile Salts 6.2 6.7

Concentration (mM)

Taurochenodeoxycholate 9.23 (48%)* 15.00 (60%)
Taurocholate 5.15 (34%) 12.20 (55%)
Tauroursodeoxycholate 0.36 (3.5%) 7.86 (44%)

¢ Oleic acid concentrations were determined at pH 6.2 and 6.7
in 10 mM bile salt solutions, at 37°C.

®Values in parentheses indicate the % molar of solubilized
oleic acid.

TABLE 4. Cholesterol micellar solubilization in bile
salt oleate mixtures

Oleate

Bile Salt 3.9 mM 6.2 mM 9.3 mM

Cholesterol, mM

Taurochenodeoxycholate 0.72 1.03 1.10
Taurocholate 0.48 0.58 0.49
Tauroursodeoxycholate 0.26 0.09 0

Equilibrium cholesterol solubilities were determined for the three
bile salts at 37°C at pH = 6.7 for three oleate concentrations:
A, 3.9 mM; B, 6.2 mM; C, 9.3 mM. Bile salt concentration was
kept constant (10 mM).

was an increase of the bile acid pool as shown from
the biliary bile acid secretion studies. However, the
three bile acids seem to induce very similar modifica-
tions of the bile acid enterohepatic circulation (see
Table 2). The situation is different in man where
intestinal absorption is possibly greater for dihydroxy
than for trihydroxycholanic acids (23). This differ-
ence may be due to the prevalent glycoconjugation
in man (with preferential passive absorption of glyco-
dihydroxy bile salts) instead of exclusive taurine con-
jugation in mice.

Therefore, an increase of the bile acid pool during
bile acid administration may explain why cholic acid
feeding increases cholesterol absorption compared
to controls. It cannot explain why cholic, chenodeoxy-
cholic, and ursodeoxycholic acids do not have the same
influence on cholesterol absorption. The second part
of the study was therefore designed to check the in-
fluence on cholesterol solubilization of the qualitative
changes in biliary bile acid composition induced by
the diet.

Cholesterol solubilization

Solubilization studies were done with tauro-con-
jugated bile salts since in mice tauro-conjugates repre-
sent more than 80% of total bile salts. They were done
with a constant bile salt concentration (10 mM) which,
presumably, represented the physiological jejunal
concentration during digestion of a fatty meal. In the
test solutions, the total lipid concentration was 0.7 to
0.8 g/dl. Cholesterol solubility was measured without
monoolein since the test meal used in acute experi-
ments contained pure oleate and no triglyceride.
Presumably intestinal pH varies during digestion.
The major part of the study was done at pH 6.7 but
the influence of decreasing pH was checked both for
oleate and cholesterol solubilization studies.

In all the situations studied, the results generally
confirm previous studies on the detergent properties
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of bile acids in the presence of lecithin (9, 11, 24) or
more concentrated bile salt-oleate solutions (10). The
low solubilizing capacities of tauroursodeoxycholate
are apparent both for oleic acid and for cholesterol.
In our conditions, however, the differential effects of
taurocholate and taurochenodeoxycholate are much
greater. First, oleic acid solubilization is greater in
the presence of taurochenodeoxycholate. On the
other hand, taurocholate solubilizes more lecithin
than taurochenodeoxycholate (24) and both bile salts
solubilize oleate to the same extent in concentrated
solutions (4% solids). The fact that a difference ap-
pears between taurocholate and taurochenodeoxy-
cholate in diluted solutions agrees well with data con-
cerning monoolein solubility in the presence of these
two bile salts (25). This would be consistent with a
very low intermicellar bile salt concentration (IMC) for
taurochenodeoxycholate and a higher one for tauro-
cholate (26). Second, cholesterol solubility in 0.8 g/dl
solutions is also greatly decreased compared to that of
4 g/dl solutions. The maximal cholesterol solubility
is almost twice as high in the presence of taurocheno-
deoxycholate than in the presence of taurocholate.

The different powers of taurocholate and tauro-
chenodeoxycholate for cholesterol solubilization at
high oleic acid/bile salt ratios may have a physiological
importance since, during a fatty meal, bile salt micelles
seem to contain large amounts of fatty acids (27). On
the other hand, the differential effects of the bile salts
do not depend on pH, and are even more marked
at acidic pH. Therefore the inhibition of cholesterol
absorption by ursodeoxycholic acid-supplemented
diets may be explained by the poor detergent proper-
ties of the tauro-conjugate of this bile salt. On the
other hand, our results cannot explain why tauro-
cholate and taurochenodeoxycholate have opposite
effects on cholesterol absorption.

Two possible ways to reconcile simply the in vivo
results and solubilization studies can be suggested.
It has been established that absorption rate depends
not only on the mass of cholesterol solubilized but
also on the degree of cholesterol saturation of the
micelle (28). For a low cholesterol intake, taurocholate
micelles are more saturated with cholesterol than
taurochenodeoxycholate micelles and may deliver
their cholesterol to enterocytes more easily. How-
ever this does not explain why the difference between
taurocholate and taurochenodeoxycholate for absorp-
tion is the same in several studies, whatever the dose
of cholesterol administered (5). Second, free bile acids
contained in the diet possibly compete with cholesterol
for incorporation in mixed micelles, particularly
chenodeoxycholic acid which has a higher pk, than
cholic acid (29). However this phenomenon cannot
explain the experimental results: the test meal which
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does not contain bile acids was administered to fasted
mice, so an interference between the test meal and
the last ingestion of the bile acid-containing diet is
excluded.

Biliary cholesterol secretion

This study confirms the importance of the total
input of cholesterol in regulating biliary cholesterol
secretion in mice. It appears that in this model the
solubilizing capacities of the mixed micelles: bile salt—
lecithin—cholesterol, are not a major determinant of
biliary cholesterol secretion. In spite of their very
different detergent properties, chenodeoxycholic acid
and ursodeoxycholic acid have the same effects on
biliary cholesterol. On the other hand, the increase of
cholesterol absorption observed with cholic acid is
followed by a large increase of biliary cholesterol
secretion which may be associated with cholesterol
gallstones (30). The difference between the effects
of cholic and chenodeoxycholic acids on biliary choles-
terol in this species may be explained almost entirely
by their distinct effects on cholesterol absorption.
This suggests that in mice the input of cholesterol
regulates biliary cholesterol secretion. The results ob-
tained with ursodeoxycholic acid show, however,
that a decrease of cholesterol absorption does not re-
duce the biliary secretion of cholesterol. This may be
consistent with our former results (31) if, as in rats
(6), ursodeoxycholic acid stimulates cholesterol syn-
thesis, thus compensating for the lack of cholesterol
absorption. It must be emphasized that the possible
relation between cholesterol input and biliary choles-
terol is strictly species-dependent and is not observed
in man (32) or in other animals (33).

In summary, we have shown that, in mice, choles-
terol absorption is increased by cholic acid, unchanged
by chenodeoxycholic acid, and decreased by urso-
deoxycholic acid. The increase of cholesterol absorp-
tion is followed by an increase of biliary cholesterol
secretion. The study of cholesterol solubilization in
taurine-conjugated bile salt-oleic acid—cholesterol
systems shows large differences between the three
bile salts. It appears that the low detergent properties
of ursodeoxycholate explain, at least in part, the low
absorption observed with ursodeoxycholic acid. This
suggests that the low cholesterol absorption induced
by ursodeoxycholic acid feeding may well not be
species-dependent. On the other hand, physio-
chemical properties cannot simply explain the dif-
ference between chenodeoxycholic acid and cholic
acid effects. As suggested earlier, intramucosal events
probably play the major role in this particular case.fil

We would like to thank Doctor G. Monges who performed
electron microscopy studies and J. Amic for the analysis of

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

amino-acids. We also thank Doctor R. Lahaie for his help
in the critical reading of the manuscript. This work was
supported by grants from the INSERM: 78.5.232.7,
58.78.90, and 60.78.92.

Manuscript received 19 June 1980 and in revised form 3 November 1980.

10.

11.

12.

13.

14.

15.

REFERENCES

. Ponz De Leon, M., N. Carulli, P. Loria, R. Iori, and

F. Zironi. 1979. The effect of chenodeoxycholic acid
(CDCA) on cholesterol absorption. Gastroenterology.
77: 223-230.

. Tangedahl, T. N., J. L. Thistle, A. F. Hofmann, and

J. W. Matseshe. 1979. Effect of B-sitosterol alone or in
combination with chenic acid on cholesterol saturation

of bile and cholesterol absorption in gallstone patients.
Gastroenterology. 76: 1341-1346.

. Einarsson, K., and S. M. Grundy. 1980. Effects of

feeding cholic acid and chenodeoxycholic acid on
cholesterol absorption and hepatic secretion of biliary
lipids in man. J. Lipid Res. 21: 23-34.

. Vahouny, G. V., H. M. Gregorian, and C. R. Treadwell.
1959, Comparative effects of bile acids on intestinal

absorption of cholesterol. Proc. Soc. Exp. Biol. Med.
101: 538-540.

. Cohen, B. 1., R. F., Raicht, and E. H. Mosbach. 1977.

Sterol metabolism studies in the rat. Effects of primary
bile acids (sodium taurochenodeoxycholate and sodium
taurocholate) on sterol metabolism. J. Lipid Res. 18:
223-231.

. Raicht, R. F., B. I. Cohen, A. Sarwal, and M. Takahashi.

1978. Ursodeoxycholic acid. Effects on sterol metabo-
lism in rats. Biochim. Biophys. Acta. 531: 1-8.

. Treadwell, C. R.,and G. V. Vahouny. 1968. Cholesterol

absorption. In Handbook of Physiology. Alimentary
Canal. C. F. Code and W. Heidel, editors. Washington,
DC. Sec. 6. 3: 1407-1438.

. Watt, . M., and W. J. Simmonds. 1976. The specificity

of bile salts in the intestinal absorption of micellar
cholesterol in the rat. Clin. Exp. Pharmacol. Physiol.
3: 305-322.

. Carey, M. C. 1978. Critical tables for calculating the

cholesterol saturation of native bile. J. Lipid Res. 19:
945-955.

Montet, J. C., M. O. Reynier, A. M. Montet, and A.
Gerolami. 1979. Distinct effects of three bile salts on
cholesterol solubilization by oleate-monoolein-bile
salt micelles. Biochim. Biophys. Acta. 575: 289-294.
Carey, M. C,, and D. M. Small. 1978. The physical
chemistry of cholesterol solubility in bile. Relationship
to gallstone formation and dissolution in man. J. Clin.
Invest. 61: 998—1026.

Zilversmit, D. B. 1972. A single blood sample dual
isotope method for the measurement of cholesterol
absorption in rats. Proc. Soc. Exp. Biol. Med. 140:
862-865.

Grundy, S. M,, and E. H. Ahrens. 1969. Measurements
of cholesterol turnover, synthesis, and absorption in
man, carried out by isotope kinetic and sterol balance
methods. J. Lipid Res. 10: 91-107.

Talalay, P. 1960. Enzymatic analysis of steroid hor-
mones. Methods Biochem. Anal. 8: 119-143.

Hofmann, A. F. 1962. Thin-layer adsorption chro-
matography of free and conjugated bile acids on silicic
acid. J. Lipnd Res. 3: 127-128.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Reynier et al.

Folch, J., M. Lees, and G. H. Sloane Stanley. 1957. A
simple method for the isolation and purification of total
lipids from animal tissues. J. Biol. Chem. 226: 497 -509.
Roeschlau, P., E. Bernt, and W. Gruber. 1974. En-
zymatische Bestimmung des gesamt Cholesterins im
Serum. Z. Klin. Chem. Klin. Biochem. 12: 226.

Amig, J., D. Lairon, and J. C. Hauton. 1972. Technique
de dosage automatique de I'orthophosphate de grande
fiabilité. Clin. Chim. Acta. 40: 107-114.

Hofmann, A. F. 1968. Molecular association in fat diges-
tion. Interaction in bulk of monoolein, oleic acid and
sodium oleate with dilute micellar bile salt solutions.
In Molecular Association in Biological Systems. Ameri-
can Chemical Society, Washington, DC. 84: 53-66.
Ponz De Leon, M., N. Carulli, P. Loria, R. Iori, and
F. Zironi. 1980. Cholesterol absorption during bile acid
feeding. Effect of ursodeoxycholic acid (UDCA) ad-
ministration. Gastroenterology. 78: 214-219.

Lutton, C., and E. Brot-Laroche. 1979. Biliary choles-
terol absorption in normal and r-thyroxin-fed rats.
Lipids. 14: 441-446.

Traber, M. G., and R. Ostwald. 1978. Cholesterol
absorption and steroid excretion in cholesterol-fed
guinea pigs. J. Lipid Res. 19: 448-456.

Angelin, B., and 1. Bjorkhem. 1977. Postprandial
serum bile acids in healthy man. Evidence for dif-
ferences in absorptive pattern between individual bile
acids. Gut. 18: 606-609.

Mazer, N. A., G. B. Benedek, and M. C. Carey. 1980.
Quasielastic light-scattering studies of aqueous biliary
lipid systems. Mixed micelle formation in bile salt-
lecithin solutions. Biochemistry. 19: 601-615.
Hofmann, A. F. 1963. The function of bile salts in fat
absorption. The solvent properties of dilute micellar
solutions of conjugated bile salts. Biochem. J. 89: 57-68.
Duane, W. 1977. Taurocholate and taurochenodeoxy-
cholate-lecithin micelles: the equilibrium of bile salt
between aqueous phase and micelle. Biochem. Biophys.
Res. Commun. 74: 223-229.

Ricour, C., and J. Rey. 1972. Study on the hydrolysis
and micellar solubilization of fats during intestinal
perfusion. I. Results in the normal child. Rev. Eur.
Etud. Clin. Biol. 17: 172-178.

Westergaard, H., and J. M. Dietschy. 1976. The mech-
anism whereby bile acid micelles increase the rate of
fatty acid and cholesterol uptake into the intestinal
mucosal cell. J. Clin. Invest. 58: 97-108.

Small, D. M. 1971. The physical chemistry of cholanic
acids. In The Bile Acids. P. P. Nair and D. Kritchevsky,
editors. Plenum Publishing Corp. New York. 1:
249-356.

Tepperman, J., F. T. Caldwell, and H. M. Tepperman.
1964. Induction of gallstones in mice by feeding a
cholesterol-cholic acid containing diet. Am. J. Physiol.
206: 628-634.

Marteau, C., M. O. Reynier, S. Mathieu, A. Mule, C.
Crotte, and A. Gerolami. 1979. Effet de trois sels
biliaires sur le métabolisme du cholestérol chez la souris.
Gastroenterol. Clin. Biol. 3: 97 (Abstract).

Hoffman, N. E., A. F. Hofmann, and J. L. Thistle. 1974.
Effect of bile acid feeding on cholesterol metabolism in
gallstone patients. Mayo Clin. Proc. 49: 236-239.
Hoffman, N. E., D. E. Donald, and A. F. Hofmann.
1975. Effect of primary bile acids on bile lipid secretion
from perfused dog liver. Am. J. Physiol. 229: 714-720.

Intestinal absorption of cholesterol 473

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

