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Abstract The present study was undertaken to characterize
the effects of ursodeoxycholic acid on biliary lipid metabolism
in man. Fifteen gallstone patients were treated with urso-
deoxycholic acid at a daily dosage of 15 mg per kg body weight
for about 4 weeks before cholecystectomy. At operation a liver
biopsy, together with gallbladder and hepatic bile, were ob-
tained. Eighteen untreated gallstone patients undergoing cho-
lecystectomy served as controls. During treatment with ur-
sodeoxycholic acid, hepatic bile became unsaturated with cho-
lesterol in all patients investigated. The total biliary lipid
concentration remained unchanged. The hepatic cholesterol
concentration decreased by about 20%. No significant change
in the microsomal HMG CoA reductase activity was observed
(38.5 * 6.7 pmol - min~' - mg protein™' vs 38.3 + 4.7 pmol -
min~! - mg protein”' in the controls; means + SEM). Plasma
concentrations of total cholesterol were reduced by about
10%, and those of high density lipoprotein (HDL) and low
density lipoprotein (LDL) cholesterol by about 15%. Plasma
triglyceride levels remained essentially unchanged during
treatment.fll We conclude that, similar to chenodeoxycholic
acid therapy, ursodeoxycholic acid treatment results in un-
saturation of fasting hepatic bile. In contrast to the changes
seen during chenodeoxycholic acid feeding, however, the un-
saturation of hepatic bile during ursodeoxycholic acid treat-
ment is not primarily related to a decreased hepatic HMG
CoA reductase activity. Furthermore, while chenodeoxycholic
acid tends to increase plasma LDL levels, such changes are
not seen during ursodeoxycholic acid treatment.—Angelin,
B., S. Ewerth, and K. Einarsson. Ursodeoxycholic acid treat-
ment in cholesterol gallstone disease: effects on hepatic 3-hy-
droxy-3-methylglutaryl coenzyme A reductase activity, biliary
lipid composition, and plasma lipid levels. J. Lipid Res. 1983.
24: 461-468.
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Supersaturation of gallbladder bile with cholesterol
precedes and predisposes to formation of cholesterol
gallstones in man. Accordingly, unsaturation of bile is
a prerequisite for dissolution of cholesterol gallstones.
Administration of chenodeoxycholic acid or ursodeoxy-

cholic acid to patients with gallstones decreases choles-
terol saturation of gallbladder bile and may induce gall-
stone dissolution (1-4). The exact mechanisms of action
of the two bile acids in man have not been completely
elucidated.

According to several investigations chenodeoxycholic
acid reduces the biliary secretion of cholesterol both in
the meal-stimulated and in the fasted state (5-7). Of
particular importance may be the fact that chenodeoxy-
cholic acid treatment results in unsaturation of fasting
hepatic bile (8). This effect is apparently linked to a
decreased hepatic cholesterol synthesis, since the activ-
ity of 3-hydroxy-3-methylglutaryl coenzyme A (HMG
CoA) reductase (mevalonate:NADP oxidoreductase,
E.C. 1.1.1.34), the rate-limiting step in cholesterol bio-
synthesis, is suppressed (8—11).

Ursodeoxycholic acid has recently been reported to
also reduce the stimulated biliary secretion of choles-
terol (12). There is presently no information on the
effect of ursodeoxycholic acid on the saturation of fast-
ing hepatic bile. Furthermore, conflicting reports have
appeared about the influence of ursodeoxycholic acid
on hepatic HMG CoA reductase activity in gallstone
patients (10, 11, 13).

Since ursodeoxycholic acid seems to be more effec-
tive at lower dosage than chenodeoxycholic acid, and
without producing side effects as diarrhea and hyper-
transaminasemia (3, 4) it may be anticipated to become
an important alternative as a gallstone dissolving agent
in the future. A more detailed knowledge of the effects
of ursodeoxycholic acid treatment on biliary lipid me-
tabolism therefore seems warranted. The present study

Abbreviations: HDL, high density lipoproteins; HMG, 3-hydroxy-
3-methylglutaryl; HMG CoA reductase, mevalonate:NADP oxidore-
ductase, E.C. 1.1.1.34; LDL, low density lipoproteins; VLDL, very
low density lipoproteins.
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TABLE 1. Clinical data on patients (individual data and means + SEM)

Patient Relative
Number Sex Age Body Weight?

Plasma Cholesterol
Concentration

Plasma Triglyceride
Concentration

Before During Before During

yr

mmol - 11 mmol » 171

Patients with cholesterol gallstones, treated with ursodeoxycholic acid

1. GA F 41 116
2. LC F 63 107
3. RC F 48 121
4. AE F 66 90
5. 1IE F 60 81
6. M-L.H F 31 93
7. UH F 35 80
8. EN F 58 107
9. R-M.O F 40 90
10. UO F 28 113
11. LK F 62 106
12. TH F 60 91
13. TS M 63 90
14. EC M 76 106
15. RN M 60 106
Total (15) 53 + 4 100 £ 3

Patients with cholesterol gallstones, untreated

Female (10) 54 + 4 100 = 3
Male (8) 55+ 5 103 +5
Total (18) 54+ 3 101 £3

4.0 3.4 1.2 0.9
6.2 6.0 1.5 1.3
5.9 7.3 1.7 2.4
5.2 4.2 1.2 0.8
8.5% 7.3 0.6 0.6
5.0 4.4 0.5 0.6
5.2 5.2 0.7 0.5
5.4 5.8 1.5 1.6
4.8 4.6 0.6 0.5
4.4 4.2 0.7 1.1
6.2 6.0 1.5 1.3
7.2 6.9 1.4 1.5
6.6 5.0 1.5 1.1
5.1 3.4 1.1 1.3
5.4 3.6 1.4 1.2
57 + 0.3 5.2 + 0.3 1.1 £0.1 1.1 £ 0.1
6.1 +0.6 1.5+ 0.2

48+ 0.6 1.5 +0.2

5.5 + 0.4 1.5 +0.2

body weight (kg)
a l ] _Lu X 3
Calculated as height (cm) — 100 100%

b This patient had normal serum cholesterol concentration at the initial screening.
¢ Significantly different from before treatment, P < 0.02.

was undertaken to investigate the influence of urso-
deoxycholic acid on hepatic HMG CoA reductase ac-
tivity, hepatic cholesterol concentration, biliary lipid
concentration and composition, as well as on cholesterol
saturation of hepatic and gallbladder bile, and plasma
lipids in patients with cholesterol gallstones.

MATERIALS AND METHODS

Subjects

The present study comprised 33 nonobese patients,
22 females and 11 males, undergoing elective chole-
cystectomy because of cholesterol gallstones. They had
all been admitted to the outpatient clinic of the De-
partment of Surgery, where they had passed a health
screening. Initially, patients with clinical or laboratory
evidence of diabetes mellitus, ethanol overconsumption,
hyperlipidemia, or diseases affecting liver, kidney, or
thyroid function had been excluded. Fifteen of the pa-
tients were randomly chosen to be treated with urso-
deoxycholic acid prior to operation. Clinical data on the
patients are given in Table 1.
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Experimental procedure

Fifteen patients were given ursodeoxycholic acid in
a daily dose of 15 mg per kg body weight for about 4
weeks before operation. They tolerated the medication
well and none developed diarrhea. Hepatic function
tests remained unchanged during the treatment period
as did body weights.

The patients were hospitalized in the surgical ward
2-3 days prior to operation. They were fed the regular
hospital diet, in which 35, 20, and 45% of calories were
supplied as fat, protein, and carbohydrate, respectively.
The daily intake of cholesterol was about 0.5 mmol
per day.

All operations were performed between 8 and 9 AM
after a 12-hr fast to avoid a possible diurnal variation
of enzyme activity. Standardized anesthesia was given
(cf. 8, 14). After opening of the abdomen, a 2—4-g liver
biopsy was obtained from the left lobe of the liver, im-
mediately placed in ice-cold buffer, and transported to
the laboratory within 10 min. A specimen of the biopsy
was sent for histological examination. Slight fatty infil-
tration was seen in four of the untreated gallstone pa-
tients.
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The cystic duct was identified and clamped, and bile
from the gallbladder and from the common duct was
obtained by aspiration and kept on ice. Aliquots were
extracted immediately with 20 vol of chloroform-meth-
anol 2:1 (v/v). A regular cholecystectomy was then per-
formed. Analysis of the stones showed them to consist
in all cases of more than 70% cholesterol. None of the
patients had stones in the common duct as judged by
operative cholangiography. No complications were en-
countered during the operation.

The ethical aspects of the study were approved by
the Ethical Committee of Karolinska Institutet, Stock-
holm. Informed consent was obtained from each patient
before the study.

Materials

[3-'*C] HMG CoA (sp act 20 pCi/mg) and DL [5-
*H(N)]mevalonic acid (sp act 25 pCi/mg) were obtained
from New England Nuclear Corp., Boston, MA. The
radioactive HMG CoA was diluted with unlabeled ma-
terial obtained from P-L Biochemicals, Inc., Milwaukee,
WI, to yield a final specific radioactivity of 1.45 uCi/
mg. Unlabeled bL-mevalonic acid lactone, NADP, glu-
cose-6-phosphate, and glucose-6-phosphate dehydro-
genase were obtained from Sigma Chemical Co., St.
Louis, MO. 3a-Hydroxysteroid dehydrogenase
(Sterognost®) and cholesterol oxidase [Nyco-test® ko-
lesterol) were purchased from Nyegaard A/S, Oslo,
Norway.

Ursodeoxycholic acid was provided by Tokyo Tan-
abe Co., Tokyo, Japan, and was shown to be more than
98% pure by gas-liquid chromatography. It was ad-
ministered to the patients in 125-mg (0.32 mmol) cap-
sules twice a day.

Preparation of liver microsomes

About 1 g of the liver biopsy was cut into pieces and
homogenized with a Potter-Elvehjem homogenizer
equipped with a loosely fitting Teflon pestle in a me-
dium containing 0.3 M sucrose, 0.075 M nicotinamide,
0.002M EDTA, and 0.02 M mercaptoethanol. The
homogenate (10%, w/v) was centrifuged at 20,000 g
for 15 min. The microsomal fraction was obtained by
centrifugation of the 20,000 g supernatant fluid at
100,000 g for 60 min. This was then washed once with
the same buffer and recentrifuged at 100,000 g for 30
min. The microsomal fraction obtained was resus-
pended in 0.17 M phosphate buffer, pH 7.4, containing
0.034 M mercaptoethanol.

The cholesterol concentration of the homogenate
was determined by the method of Hanel and Dam (15)
and the microsomal protein concentration was deter-
mined by the method of Lowry et al. (16).

Assay of HMG CoA reductase activity

The assay system has recently been described in detail
(14). The microsomal fraction (0.15-0.5 mg of protein)
was preincubated for 10 min at 37°C in a total volume
of 0.80 ml containing 100 mM phosphate buffer (pH
7.2), 3 mM NADP, 10 mM glucose-6-phosphate, 5 units
of glucose-6-phosphate dehydrogenase, and 20 mM
mercaptoethanol. Then, 0.5 uCi (0.4 mM) of
[3-'*CJHMG CoA, dissolved in 50 ul of distilled water,
was added and the incubation was run for 15 min. The
incubation was stopped by the addition of 0.1 ml of 5
M HCI. The analysis of mevalonate formation and cal-
culation of HMG CoA reductase activity were the same
as described (14).

Analysis of biliary lipids

The cholesterol content of the chloroform extract
was determined by an enzymatic method (17). The
phospholipid content was determined by the method of
Rouser, Sidney, and Akira (18). Biliary bile acid con-
centration was determined using a 3a-hydroxysteroid
dehydrogenase assay (19). The coefficients of variation
of the methods for analyzing cholesterol, phospholipids,
and bile acids as determined from duplicate determi-
nations were 4, 3, and 3%, respectively.

The individual bile acid composition of bile was an-
alyzed after hydrolysisin 1 M KOH at 110°C for 12 hr.
After acidification, the bile acids were extracted with
ethyl ether, and the methyl trimethylsilyl ethers were
prepared and analyzed by gas-liquid chromatography
using a 1% Hi-Eff BP 8 column.

Calculations of biliary lipid composition and
cholesterol saturation

The relative lipid composition of bile was calculated
as moles of cholesterol, bile acids, and phospholipids per
100 moles of total lipids (20). The total lipid concen-
tration was expressed in g/dl. Cholesterol saturation
was calculated as a percentage of the predicted choles-
terol solubility at the respective biliary lipid concentra-
tion and composition as recently described by Carey
(21). In ursodeoxycholic acid-treated patients, Carey has
suggested the use of a correction factor that takes into
consideration the percentage of ursodeoxycholic acid
in bile (21). However, since the correction factor re-
ported is valid only for a total lipid concentration of 10
g/dl, it was not used in the present calculations.

Analysis of plasma lipids

Plasma cholesterol and triglycerides were determined
with automated enzymatic techniques (Boehringer Mann-
heim Test Combination Cholesterol and Boehringer
Mannheim Test Combination Triglycerides, respec-
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TABLE 2.  Effects of treatment with ursodeoxycholic acid on
hepatic microsomal HMG CoA reductase activity and hepatic
cholesterol concentration in patients with cholesterol
gallstones (individual data and means + SEM)

Hepatic Microsomal
Patient HMG CoA Reductase
Number Sex Activity

Hepatic Cholesterol
Concentration

pmol - min~ 1. mg protein‘l umol - g liver™1

Patients with cholesterol gallstones, treated with ursodeoxycholic
acid

1. F 21.8 3.9

3. F 34.9 5.2

4. F 26.4 5.0

5. F 20.7 3.3

6. F 43

7. F 63.2 3.2

8. F 36.0 4.6

10. F 16.3 4.7

11. F 88.3 5.2

13. M 27.4 7.5

14. M 59.2 5.7

15. M 99.3 5.3
Total (12) 38.5 + 6.7 4803

Patients with cholesterol gallstones, untreated®

Female (10) 38.4+ 7.3 6.2 + 0.5
Male (8) 382+ 5.9 6205
Total (18) 38.3 + 4.7 6.2 £ 0.3

¢ Data on HMG CoA reductase activity in these patients have been
included in a previous paper (14).

b Significantly different from corresponding group of treated pa-
tients, P < 0.02.

tively). Plasma very low density lipoproteins (VLDL)
were separated by ultracentrifugation, and high density
lipoproteins (HDL) were isolated from the infranatant
by heparin-manganese chloride precipitation of low
density lipoproteins (LDL) (22). Cholesterol concentra-
tion was determined in each lipoprotein fraction.

Statistical analysis

Means are given + SEM. The statistical significance
of differences was evaluated with Wilcoxon’s rank sum
test and Wilcoxon’s test for pair differences. Correla-
tions were tested with Spearman’s method (23).

RESULTS

HMG CoA reductase activity and hepatic
cholesterol concentration

Table 2 summarizes the results. There was a wide
range of HMG CoA reductase activities in the control
group (14.4-76.7 pmol - min"' - mg protein™!). There
were no differences between females and males. No re-
lationship was seen between enzyme activity and age,
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body weight, or serum lipids. Neither was there any
correlation between enzyme activity and hepatic cho-
lesterol concentration.

Administration of ursodeoxycholic acid was not as-
sociated with any significant change of HMG CoA re-
ductase activity (Table 2, Fig. 1). The hepatic choles-
terol concentration was about 20% lower (P < 0.02) in
the ursodeoxycholic acid-treated patients compared
with the controls.

Biliary lipid composition

Table 3 summarizes the results. Hepatic bile was su-
persaturated in all controls and gallbladder bile was su-
persaturated in all but one of the control subjects.

Ursodeoxycholic acid treatment resulted in reduc-
tion of the relative concentration of cholesterol in he-
patic as well as gallbladder bile. The relative concen-
tration of bile acids increased in hepatic bile whereas
the phospholipid fraction remained essentially un-
changed. Hepatic bile became unsaturated in all cases
and gallbladder bile became unsaturated in eight out
of nine patients studied. The total concentration of bil-
iary lipids in hepatic bile and gallbladder bile was not
significantly changed by ursodeoxycholic acid treat-
ment. There was no correlation between hepatic bile
saturation and HMG CoA reductase activity.

The ratios between the biliary lipid molar concen-
trations in hepatic bile reflect the ratios between their
secretion rates in the fasting state. The cholesterol-bile
acid ratio averaged 0.156 * 0.012 in the control pa-
tients and was significantly lower in the ursodeoxycholic
acid-treated patients (0.044 £ 0.005, P < 0.01). Simi-
larly the cholesterol-phospholipid ratio was decreased
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Fig. 1. Activity of hepatic microsomal HMG CoA reductase in un-
treated gallstone patients and in gallstone patients treated with urso-
deoxycholic acid, 15 mg-kg™' -day™’, for 4 weeks. Horizontal bars
indicate means within each group.
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in the treated patients (0.183 + 0.010) compared with
the untreated patients (0.495 + 0.021, P < 0.01). The
phospholipid-bile acid ratio was not significantly dif-
ferent in ursodeoxycholic acid-treated patients (0.242
+ 0.026) compared to controls (0.316 + 0.020).

Biliary bile acid composition

Ursodeoxycholic acid amounted to 52.3 + 3.1% of
the biliary bile acids in the ursodeoxycholic acid-treated
patients and to 2.2 + 0.9% in the control patients (P
< 0.01). The other three major bile acids, cholic acid,
chenodeoxycholic acid, and deoxycholic acid, were
about 50% lower (P < 0.01) in the ursodeoxycholic acid-
treated patients (14.7 + 1.8%, 17.2 + 0.6%, and 14.2
+ 2.7%, respectively) compared with the control pa-
tients (33.8 + 2.8%, 31.0 £ 2.6%, and 31.9 + 3.0%,
respectively). The percentage of lithocholic acid was
about the same in the ursodeoxycholic acid-treated pa-
tients (1.6 + 0.7%) and the control patients (1.1
*+ 0.6%).

Plasma lipids and lipoprotein cholesterol

The plasma concentration of total cholesterol de-
creased in 12 of the 15 patients during treatment with
ursodeoxycholic acid (P < 0.02, Table 1). The LDL
cholesterol concentration decreased in 10 out of 12
patients investigated from 3.82 + 0.30 mmol - liter ' to
3.18 + 0.30 mmol-liter™! (P < 0.02). Also the HDL
cholesterol concentration was decreased (1.60 = 0.15
mmol - liter ! before and 1.32 + 0.14 mmol - liter ' dur-
ing treatment, P < 0.02). Thus, the ratio LDL/HDL
cholesterol was similar before (2.5 + 0.3) and during
(2.6 * 0.2) treatment. The plasma concentration of tri-
glycerides was not changed during the treatment pe-
riod.

DISCUSSION

The present study demonstrates that ursodeoxy-
cholic acid treatment is associated with distinct changes
in fasting biliary lipid composition. In agreement with
previous reports (3, 4, 24), we found that ursodeoxy-
cholic acid feeding reduces the relative concentration
of cholesterol in gallbladder bile. Furthermore, the ob-
servation that this treatment did not influence the total
concentration of biliary lipids, which is an important
factor in determining the cholesterol-holding capacity
of bile (20, 21), permits the conclusion that ursode-
oxycholic acid unsaturates gallbladder bile.

For the first time, data on lipid concentration and
cholesterol saturation in hepatic bile during treatment
with ursodeoxycholic acid were obtained. The finding
that ursodeoxycholic acid made fasting hepatic bile un-

saturated in all patients studied is probably of great im-
portance in explaining why this bile acid is effective in
dissolving gallstones. The change seen with ursode-
oxycholic acid was even more impressive than that pre-
viously demonstrated for chenodeoxycholic acid (8).
Similar to the findings seen with chenodeoxycholic acid
therapy (7, 8), the ratios between cholesterol and bile
acids, and between cholesterol and phospholipids were
clearly reduced in fasting bile during ursodeoxycholic
acid treatment. It is thus reasonable to speculate that
ursodeoxycholic acid, like chenodeoxycholic acid (7),
leads to a reduction of cholesterol secretion in the fast-
ing state. A diminished biliary cholesterol output during
stimulated bile secretion has recently been demon-
strated during treatment with both bile acids (5-7,
12, 25).

Thus, the present study indicates that treatment with
ursodeoxycholic acid produces changes in biliary lipid
composition similar to those seen with chenodeoxy-
cholic acid therapy of comparable duration and dosage
(8). However, the mechanism behind these effects may
not be the same for the two bile acids. The reduction
in cholesterol saturation of hepatic bile during cheno-
deoxycholic acid treatment appears to be linked to a
reduced activity of hepatic microsomal HMG CoA re-
ductase (8—11). Under the highly standardized condi-
tions employed (for discussion see ref. 14), no significant
influence on HMG CoA reductase activity was observed
during ursodeoxycholic acid feeding. This result is at
variance with data obtained by some other authors (10,
11, 13). Thus, Maton et al. (10) reported that feeding
ursodeoxycholic acid for 1-6 months resulted in a 40%
decrease in HMG CoA reductase activity. Their doses
were lower (4.5-7.2 mg kg~'day™') and their patients
were generally somewhat overweight (115% of ideal)
compared to those in the present study. Furthermore,
the untreated gallstone patients in their report had in-
creased HMG CoA reductase activities compared to
controls, so treatment with ursodeoxycholic acid ac-
tually only ‘‘normalized”” enzyme activity in these pa-
tients. We have been unable to find an increased HMG
CoA reductase activity in nonobese, normolipidemic
patients with cholesterol gallstones (8), and the patients
studied by Maton et al. (10) may thus not be fully com-
parable to those investigated in the present report. Salen
etal. (13) recently reported a reduction of hepatic HMG
CoA reductase activity in two gallstone patients treated
with ursodeoxycholic acid for 1 year. On the other
hand, Carulli et al. (11) found that 1 week of urso-
deoxycholic acid treatment stimulated HMG CoA re-
ductase activity in gallstone patients. In the study of
Carulli et al. (11), there was no change in the compo-
sition of biliary lipids, and it is therefore doubtful if the
patients had reached a metabolic steady state. However,
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TABLE 3. Lipid concentration, lipid composition, and cholesterol saturation of hepatic bile
and gallbladder bile (Individual data and means + SEM)

Hepatic Bile
Patient Lipid Cholesterol
Number Sex Concentration Cholesterol Bile Acids Phospholipids Saturation
g-di? mol% mol% mol% %
Patients with cholesterol gallstones, treated with ursodeoxycholic acid
2. F 2.3 3.0 81.3 15.7 74
3. F 4.4 4.6 72.2 23.2 72
4. F 2.9 2.6 82.4 15.0 62
5. F 7.4 3.8 77.2 19.0 62
6. F
7. F 4.5 4.1 78.6 17.3 79
8. F 4.8 3.2 76.4 20.4 55
9. F 3.6 1.9 86.0 12.1 49
10. F 3.3 3.9 70.5 25.6 62
14. M 2.9 3.2 81.6 15.2 76
15. M
Total (9) 4.0+05 34103 78.4 + 1.7 18.2+ 1.4 66 £ 3
Patients with cholesterol gallstones, untreated
Female (7) 3.5+ 0.6 9.7 £ 0.8 69.2 + 2.1¢ 21.1+ 1.3 168 = 114
Male (6) 3.8 +07 11.4 + 0.4 672+ 1.7 214+ 13 196 + 16
Total (13) 3.6+04 10.5 x+ 0.6° 68.3 + 1.4¢ 21.2+ 0.9 181 £ 10¢

¢ Significantly different from treated patients, P < 0.01.

under similar circumstances, these authors did observe
a decrease of reductase activity during chenodeoxy-
cholic acid feeding (11).

Thus, in the nonobese, normolipidemic patient with
cholesterol gallstones, the induced unsaturation of he-
patic and gallbladder bile seen during ursodeoxycholic
acid does not appear to be linked to a reduced hepatic
cholesterol synthesis. Therefore, although we cannot
exclude the possibility of a relatively small decrease of
reductase activity in some patients during ursodeoxy-
cholic acid treatment, the present results are in contrast
to the clear reduction of HMG CoA reductase activity
seen during chenodeoxycholic acid therapy under sim-
ilar experimental conditions (8). Further support for
this concept is gained by the fact that during cheno-
deoxycholic acid treatment (8), but not during urso-
deoxycholic acid treatment (present study), there was
a positive correlation between hepatic bile saturation
and HMG CoA reductase activity.

If suppression of cholesterol biosynthesis in the liver
is not a major mechanism of action of ursodeoxycholic
acid, how can one explain its remarkable effects on bil-
iary lipids? First, the inflow of cholesterol from the in-
testine may be inhibited. The poor cholesterol-solubi-
lizing capacity of ursodeoxycholic acid may, when it
becomes the major bile acid secreted, result in a reduced
absorption and a diminished transport of cholesterol to
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the liver. Some evidence for this mechanism has been
presented (26), but it is not yet clear whether a reduced
cholesterol uptake may reduce cholesterol secretion.
Thus, beta-sitosterol and neomycin, which block cho-
lesterol uptake, did not change biliary lipid composition
significantly (27, 28).

Second, ursodeoxycholic acid treatment could lead
to a reduced degradation of endogenous, cholesterol-
containing lipoproteins. We did not, however, find any
increase in total plasma cholesterol or triglyceride, nor
in plasma LDL or HDL cholesterol. In contrast to chen-
odeoxycholic acid treatment, there was no reduction of
plasma (VLDL) triglycerides (29, 30). Recent data also
give some evidence for an increase of LDL cholesterol
and LDL/HDL cholesterol ratio during chenodeoxy-
cholic acid therapy (31-33). As such changes are defi-
nitely unwanted with regard to long-term risk for de-
velopment of ischemic heart disease (34), the present
finding that ursodeoxycholic acid treatment lowered
plasma LDL and HDL cholesterol levels slightly without
affecting the LDL/HDL ratio may have some clinical
implications in the choice between these two bile acids.
However, further controlled studies are needed to con-
firm and expand these observations.

A third possibility is that ursodeoxycholic acid does
not suppress endogenous bile acid synthesis to the same
extent as other bile acids. Whereas chenodeoxycholic
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TABLE 3.

(Continued)

Gallbladder Bile

Patient Lipid Cholesterol
Number Sex Concentration Cholesterol Bile Acids Phospholipids Saturation
g di! mol% mol% mol% %
Patients with cholesterol gallstones, treated with ursedeoxycholic acid
2. F
3. F 5.3 5.8 77.4 6.8 109
4. F 6.5 2.2 84.5 13.3 48
5. F 11.9 3.3 80.2 16.5 55
6. F 17.2 5.0 66.2 28.8 57
7. F 4.1 4.7 75.5 19.9 83
8. F 4.7 4.5 75.0 20.5 76
9. F
10. F 7.8 3.7 80.9 15.5 70
14. M 3.0 3.2 81.4 15.4 74
15. M 8.4 3.6 79.1 17.3 62
Total (9) 7.7+15 4.0+0.4 778+ 1.8 182+ 1.5 70 £ 7
Patients with cholesterol gallstones, untreated
Female (7) 58+ 14 7.8 +0.87 73.9 £ 2.5 183+ 1.9 142 + 134
Male (4) 10.5 + 2.4 9.6 + 1.7 71.5 £ 5.6 19.0 + 4.0 148 = 10
Total (11) 7.5+ 1.4 8.4 + 0.8° 73.0 £ 2.4 185 £ 1.7 144 + 9¢
acid treatment inhibits cholic acid synthesis in man by REFERENCES

about 50% (35, 36), data from our laboratory indicate
that this is not seen during ursodeoxycholic acid feeding
(25). This may also explain why the percentage of cholic
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