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In five patients with radiolucent gallstones, the effect of ursodeoxycholic acid (Urso) in doses of 
250,500, 750, 1,000, and 1,250 mg per day on biliary lipid and bile acid composition was studied. 
Biliary cholesterol decreased from 8.8 f 0.8 mole% to 4.4 f 0.2 mole% at 500 mg Urso per day 
(7.1 mg per kg) and to 4.2 2 0.3 mole% at 750 mg Urso per day (10.7 mg per kg). Administration 
of 1,000 or 1,250 mg Urso per day produced no further decrease of biliary cholesterol. The biliary 
content of phospholipids and total bile acids remained unchanged. 

During Urso treatment, the relative amounts of glyco-Urso and tauro-Urso in bile increased. 
Glyco-Urso reached a plateau at 49.1 2 2.1% of total bile acids during treatment with 1,000 mg 
Urso per day, and tauro-Urso increased up to 4.3 2 1.5% of total bile acids at 250 mg Urso per 
day. Simultaneously cholic acid, chenodeoxycholic acid, deoxycholic acid, and lithocholic acid 
decreased. 

The data indicate that Urso treatment reduces biliary cholesterol efficiently already at a dose of 
500 mg per day; biliary bile acid composition changes up to 1,000 mg Urso per day. Doses greater 
than 1,000 mg per day produced no additional alterations in bile composition. 

Urso treatment leads to dissolution of cholesterol gall- 
stones in man (1-9). Oral administration of Urso in- 
creases Urso in bile and decreases the biliary cholesterol 
(3-17). The increase in Urso conjugates in bile is accom- 
panied by a decrease in other bile acids including cholic 
acid, chenodeoxycholic acid, deoxycholic acid and, in 
most studies, lithocholic acid (7, 8, 11-15, 17). Some of 
these alterations of bile acid composition may influence 
cholesterol gallstone dissolution: glyco-Urso and tauro- 
Urso decrease the biliary capacity to dissolve cholesterol 
in micelles (18, 19) and increase the solution of choles- 
terol in liquid crystals (20, Park, Y. H. et al., Gastroen- 
terology 1981; 81:1248, Abstract; Salvioli, G. et al., Gas- 
troenterology 1981; 8:1268, Abstract). In a previous study, 
the biliary content of glyco-Urso was greater in patients 
treated with higher Urso-doses; no difference in the 
relative amount of tauro-Urso was observed (17). 

The aim of the present study was to correlate Urso 
dose and biliary content of bile lipids and bile acids, 
including glycine and taurine conjugates of Urso. Since 
considerable interindividual differences in bile composi- 
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tion exist in patients with cholesterol gallstones, we 
determined the effect of Urso on bile lipids and bile acids 
in individuals treated with five different Urso doses of 
250 to 1,250 mg per day. 

PATIENTS 
Three women and two men who had radiolucent gall- 

stones and who were 55 to 71 years old, and who weighed 
63.5 to 79.2 kg were studied (Table 1). All patients had 
functioning gallbladders. 

Each patient was studied before and during treatment 
with 250, 500, 750, 1,000, and 1,250 mg Urso daily. 
Patients receiving 250 mg Urso daily took their dose in 
the evening, those receiving 500 mg took one capsule in 
the morning and one in the evening, those receiving 750 
mg took one capsule in the morning and two in the 
evening, those receiving 1,000 mg took two capsules in 
the morning and two in the evening, and those receiving 
1,250 mg Urso took two in the morning and three in the 
evening. Each treatment period lasted for 3 months. 
Three patients were first treated with 250 mg Urso and 
then with increasing doses; two patients were first 
treated with 1,250 mg Urso and then with decreasing 
doses. Biliary bile acids, phospholipids, and cholesterol 
were determined in concentrated gallbladder bile in the 
control period and after 12 weeks of treatment. Patients 
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TABLE 1. PATIENTS '01 T 

Height Weight Dose of Urso 
(cm) (kg) (mg/kg) - *ge Sex 

(yr) 
Patient no. 

~ 

1 71 M 180 73.3 3.4-17.1 
2 68 M 184 79.2 3.2-15.8 
3 55 F 167 68.1 3.7-18.3 
4 61 F 165 63.5 4.0-19.7 
5 67 F 160 70.6 3.5-17.7 

taking clofibrate, estrogens, cholagogues, or barbiturates 
were excluded. Dietary intake was not standardized but 
body weight was controlled and weight changes were less 
than 5% during the five study periods. 

ANALYTICAL METHODS 
After an overnight fast, concentrated bile was obtained 

by a duodenal tube following cholecystokinin-induced 
gallbladder contraction. Cholesterol and total bile acids 
were determined enzymatically (17). Phospholipids were 
extracted and were measured colorimetrically (17). Cho- 
lesterol saturation was not calculated. 

Sulfated and nonsulfated bile acids were determined 
by gas-liquid chromatography after extraction on XAD- 
2, column chromatography on DEAP-LH 20 for separa- 
tion of sulfated and nonsulfated bile acids (21), rechro- 
matography on DEAP-LH 20 for separation of glycine 
and taurine-conjugated bile acids (22), and enzymatic 
hydrolysis (1 7). Methylated and trimethyl-silane-substi- 
tuted derivatives of bile acids were analyzed on 6 f t  1% 
Hi-Eff-8BP columns and on 15 m OV 101 glass capillary 
columns. A Hewlett-Packard 5710A instrument was used 
which was equipped with a flame ionization detector. 
Details of the methods have previously been described in 
detail (21). 

STATISTICAL METHODS 
Nonparametrical variance analysis was performed for 

comparison of the control and treatment periods (23, 
24). 

RESULTS 
Biliary cholesterol (Figure 1) decreased up to an Urso 

dose of 750 mg per day (10.6 mg per kg); at greater doses, 
no further decrease of biliary cholesterol occurred. Bili- 
ary phospholipids and bile acids remained unchanged 
(Table 2). 

Cholic, chenodeoxycholic, deoxycholic, and lithocholic 
acids decreased after administration of Urso; Urso in bile 
increased (Table 3). Cholic, chenodeoxycholic, and deox- 
ycholic acids decreased up to an Urso dose of 14.2 mg 
per kg; lithocholic acid reached a plateau after adminis- 
tration of 10.7 mg per kg Urso per day. 

Glyco-Urso in bile increased (Figure 2) and reached a 
plateau at 14.2 mg per kg Urso per day; greater doses of 
Urso had no further effect. Tauro-Urso increased after 
administration of Urso and reached its greatest relative 
amount a t  3.6 mg per kg Urso per day. 

Biliary lithocholic acid was partly present as sulfate 
ester. In the control period, 27.4 k 8.1% of lithocholic 
acid was sulfated, and during treatment with Urso, doses 
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FIG. 1. Biliary cholesterol in patients with radiolucent gallstones 
treated with five different doses of Urso from 250 to 1,250 mg per day. 
The data are expressed as mean * S.E. 

of 250, 500, 750, 1,000, and 1,250 mg per day 35.4 k 6.8, 
38.1 k 6.0, 39.3 & 9.1, 36.4 k 5.7, and 37.5 k 3.8% of 
lithocholic acid were sulfated. 

DISCUSSION 
Urso treatment dissolves cholesterol gallstones in man. 

Urso doses of 8 to 10 mg per kg per day provide equally 
good dissolution rates as Urso doses of 14 to 15 mg per 
kg (1-9). In one study, the high dose resulted in more 
rapid gallstone dissolution (8). 

Urso decreases the biliary excretion of cholesterol. In 
bile, Urso was only excreted as a glycine or taurine 
conjugate. Glyco-Urso and tauro-Urso decrease the mi- 
cellar capacity to dissolve cholesterol (18, 19) but im- 
prove the dissolution of cholesterol in liquid crystals (20, 
Park, Y. H. et al., Gastroenterology 1981; 80:1248, Ab- 
stract; Salvioli, G. et al., Gastroenterology 1981; 80:1268, 
Abstract). Urso conjugates also dissolve less calcium than 
does chenodeoxycholic acid conjugates (Raedsch, R. et 
al., Lancet, 1981; 2: 1296, Correspondence). The biliary 
bile acid composition which can be considered optimal 
for gallstone dissolution is not known; however, it is 
generally accepted that low cholesterol and high phos- 
pholipids, and total bile acid concentrations of bile en- 
hance choiesterol gallstone dissolution (25). 

Information on the relationship between Urso dose 
and bile composition was based on studies with patient 
groups treated with different doses (7, 8, 10-17). Due to 
considerable interindividual differences, these studies 
give only an estimate of the effect of increasing doses of 
Urso. In a recent study (26) in patients treated with two 
different doses of Urso, 6 mg per kg had as great an effect 
on cholesterol saturation as did 11 mg per kg. 

In the present study, Urso decreased cholesterol in bile 
up to 10.6 mg per kg and increased Urso conjugates in 
bile to 14.2 mg per kg. At low Urso doses, increased 
biliary excretion rates of Urso are accompanied by de- 
creased cholesterol excretion; at greater doses, no such 
correlation exists. Above 14.2 mg per kg Urso per day, 
no additional alteration in bile was observed which could 
improve or hasten cholesterol dissolution from gall- 
stones. 

During Urso treatment, a curvilinear correlation be- 
tween Urso dose and glyco-Urso, but not tauro-Urso, in 
bile was observed. Conjugation of bile acids with taurine 
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TABLE 2. EFFECT OF TREATMENT ON BILIARY LIPID COMPOSITION IN GALLSTONE PATIENTS' 

Control period Urso treatment (mg per day) 

250 500 750 1.000 1,250 Patient 
no. CH PL BA 

CH PL BA CH PL BA CH PL BA CH PL BA CH PL BA 
(mole %) 

1 10.9 21.6 67.5 7.9 24.0 68.2 4.6 27.5 67.9 4.7 25.8 69.6 4.8 36.0 59.2 4.8 27.5 67.7 
2 7.5 22.0 70.5 5.7 24.4 69.9 4.5 24.4 71.1 4.7 18.8 76.5 4.7 19.3 76.0 5.0 20.8 74.2 
3 6.7 15.9 77.4 5.3 18.4 76.3 4.2 21.3 74.5 3.5 20.2 76.3 3.2 25.5 71.3 3.4 21.0 75.6 
4 9.5 26.9 63.6 6.9 24.2 68.5 4.9 23.1 72.0 4.4 23.8 71.8 4.5 21.7 73.8 4.4 26.5 69.1 
5 9.4 27.2 63.4 6.3 30.3 63.4 3.8 31.6 64.6 3.7 29.8 66.5 3.7 26.7 69.6 3.8 28.5 67.7 

Mean 8.8 22.7 68.5 6.4 24.3 69.3 4.4 25.6 70.0 4.2 23.7 72.1 4.2 25.8 70.0 4.3 24.9 70.9 
k S.E. 0.8 2.1 2.6 0.5 1.9 2.1 0.2 1.8 1.7 0.3 2.0 1.9 0.3 2.9 3.0 0.3 1.7 1.7 

The abbreviations used are: Ch, cholesterol; PL, phospholipids; BA, bile acids. 
By nonparametrical variance analysis, differences between pretreatment and all treatment periods were significant for cholesterol (p < 0.01), 

but not for phospholipids and bile acids. 

TABLE 3. EFFECT OF TREATMENT ON BILIARY BILE ACID COMPOSITION IN GALLSTONE PATIENTS' 
____ 

Urso treatment (mg per day) 

250 500 750 1,000 1,250 
(% of total bile acids) 

Bile acid Control period 

Cholic 33.7 f 3.7b 24.9 f 2.2 21.2 f 2.3 17.9 f 3.4 15.2 f 3.0 14.8 f 2.7 
Chenodeoxycholic 44.9 f 2.1 31.2 f 3.9 26.3 f 3.2 26.1 f 3.3 24.1 f 3.8 23.4 f 3.3 

0.4 -C 0.1 Lithocholic 1.8 f 0.2 1.6 f 0.1 1.1 f 0.1 0.3 -C 0.1 
Urso 3.4 f 1.6 28.8 f 1.9 40.8 f 2.7 45.8 f 3.4 53.2 f 2.1 53.9 f 2.4 

Deoxycholic 16.2 f 2.2 13.3 f 3.0 10.5 f 3.1 9.9 f 2.3 7.2 f 2.3 7.5 f 2.0 
0.4 f 0.1 

a By nonparametrical variance analysis, differences between pretreatn 

* All values represent mean f S.E. 
cholic, deoxycholic, lithocholic, and ursodeoxycholic acids (p < 0.01). 
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FIG. 2. Biliary glyco-Urso and tauro-Urso in patients with radiolu- 
cent gallstones treated with Urso doses of 250 to 1,250 mg per day. The 
data are expressed as mean f S.E. 

or glycine depends primarily on availability of taurine 
since, in the liver cell, bile acids are preferentially con- 
jugated with taurine. In man, the taurine pool is limited 
and, therefore, conjugation with taurine is closely related 
to dietary intake of taurine (27-31). This explains fluc- 
tuation in the biliary content of tauro-Urso in our pa- 
tients. 

In our patients, the maximal Urso content in bile was 
reached only after administration of 14.2 mg Urso per kg 
per day. An increase in Urso dose from 7.1 to 14.2 mg 
per kg increased biliary glyco-Urso by only 13% and had 

Rent and all treatment periods were significant for cholic, chenodeoxy- 

no effect on biliary cholesterol, phospholipids, and total 
bile acids. According to clinical studies (1-9), it seems 
unlikely that this little alteration of bile composition has 
an effect on gallstone dissolution but it could-by dis- 
solution of cholesterol in liquid crystals-enhance cho- 
lesterol dissolution from gallstones (8). 

In the present study, Urso treatment reduced biliary 
cholic acid, chenodeoxycholic acid, deoxycholic acid, and 
lithocholic acid. Of especial interest were alterations of 
lithocholic acid since this bile acid has hepatotoxic prop- 
erties. Lithocholic acid is the bacterial degradation prod- 
uct of chenodeoxycholic acid but is also formed from 
Urso (11, 32-34). Bacterial degradation of chenodeoxy- 
cholic acid to lithocholic acid is more effective than that 
of Urso to lithocholic acid (11, 32, 33); in one study, this 
difference was only observed in a subgroup of 4 of 14 
patients. In most previous studies, a reduction of litho- 
cholic acid in bile of patients was observed during treat- 
ment with Urso (7, 8, 11-15, 17); in some studies, no 
change (10, 12) or increase (16) of lithocholic acid was 
noted. The reason for these differences is not known; it 
seems likely that they are partly due to differences in 
methodology. The data obtained in this study were based 
on analysis of bile acids by gas-liquid chromatography 
on two different stationary phases after prior separation 
in a sulfated and unsulfated fraction. Even with the very 
high Urso dose of 1,250 mg per day (17.7 mg per kg) total 
lithocholic acid in bile was decreased in comparison to 
the control period. The decrease of sulfated and unsul- 
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TABLE 4. EFFECT OF TREATMENT ON BILIARY URSO CONJUGATES IN GALLSTONE PATIENTS' 

Control period Urso treatment (mg per day) 

250 500 750 1,000 1,250 

G-Urso T-Urso G-Urso T-Urso G-Urso T-Urso G-Urso T-Urso G-Urso T-Urso 
(% of total bile acids) 

- -~ 
Patient - 

no. G-Urso T-Urso -- 

1 0.2 0.1 15.3 7.3 41.8 1.9 46.2 1.9 47.5 1.1 44.8 3.6 
2 6.0 0.3 27.3 1.0 35.9 2.9 50.0 2.4 46.7 6.8 52.4 6.1 
3 4.9 3.2 23.3 8.3 28.1 3.7 31.0 2.3 56.8 6.2 49.6 6.1 
4 0.9 0.2 27.7 6.7 37.6 4.5 41.1 3.4 46.9 3.1 45.7 2.6 
5 1.0 0.3 25.1 2.3 45.7 2.0 47.6 2.8 57.4 3.4 54.9 3.8 

Mean 2.4 1.0 24.5 4.3 37.8 3.0 43.2 2.6 49.1 4.1 49.5 4.4 
k S.E. 1.1 0.8 2.7 1.5 3.0 0.5 3.4 0.3 2.1 1.0 2.0 0.7 

The abbreviations used are: G-Urso, glycoursodeoxycholic acid; T-Urso, Tauroursodeoxycholic acid. 
a By nonparametrical variance analysis, differences between pretreatmeht and all treatment periods were significant for glycoursodeoxycholic 

and tauroursodeoxycholic acids (p < 0.01). 

fated lithocholic acids in our patients during Urso treat- 
ment is probably the consequence of reduction of chen- 
odeoxycholic acid and little transformation of Urso to 
lithocholic acid. 

Urso treatment inhibited endogenous bile acid synthe- 
sis as evidenced by reduction in biliary cholic and chen- 
odeoxycholic acid content. The decrease of cholic acid 
was more marked than that of chenodeoxycholic acid 
which may be due to transformation of Urso to cheno- 
deoxycholic acid, or to inhibition of cholic acid synthesis 
after Urso feeding. 

Apparently Urso alters bile composition most effec- 
tively up to doses of 7 to 8 mg per kg per day. Greater 
doses produce little change in biliary bile acid composi- 
tion; in most patients, no further change of biliary cho- 
lesterol occurred. Therefore, it is not surprising that Urso 
in doses of 7 to 8 mg per kg produces as good dissolution 
rates as with the higher doses of 14 to 15 mg per kg per 
day (8,9). 

During treatment with chenodeoxycholic acid, biliary 
cholesterol saturation decreases with increasing dose (35, 
36) and the best cholesterol gallstone dissolution rates 
were obtained with high chenodeoxycholic acid doses 
(37-48). The amount of chenodeoxycholic acid that can 
be administered to patients is limited by its toxicity (37- 
48). 

Urso treatment reduces biliary chenodeoxycholic acid 
to less than 25%. After combined treatment with Urso 
and chenodeoxycholic acid, the proportion of chenodeox- 
ycholic acid in bile remains above 40% (17). It is not 
surprising that combination of Urso in a dose of 7 to 8 
mg per kg with the same amount of chenodeoxycholic 
acid alters bile composition more favorably than with 
either bile acid given as mono-therapy (17,48). According 
to preliminary data, this form of treatment improves 
cholesterol gallstone dissolution rates in man (Czygan, 
P. et al., Europ. SOC. Study of the Liver, Goteborg 1982; 
Abstract 136). 
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