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The effects on biliary lipids of 10 mg per kg per day of chenodeoxycholic acid (CDCA), 10 mg per 
kg per day of ursodeoxycholic acid (UDCA), and their equimolar combination ( 5  mg per kg per day 
of each), all administered for 45 to 60 days, were investigated in 18 patients with gallstones in a 
double-blind study with a balanced latin square design. The molar percentage of cholesterol in bile 
(initial value 9.7 +- 2.2) was significantly lower after UDCA (5.4 k 1.3) and the combination (5.2 +- 
1.2) than after CDCA (7.2 k 1.7). 

Nevertheless, when the ability to solubilize cholesterol was calculated, taking into account the 
percentage of biliary UDCA, then the differences in cholesterol saturation induced by UDCA alone 
and the combination also became considerable (saturation index: 0.94 +. 0.12 as compared to 0.81 
f 0.12). 

The total bile acid pool increased significantly after treatment with CDCA and the combination, 
but not after UDCA. Lithocholic acid was increased significantly only by treatment with CDCA. 

Diarrhea was observed in five patients with hypertransaminasemia and in four patients after 
CDCA, whereas both UDCA and the combination were well-tolerated. 

We conclude that the administration of a combination of equimolar doses of CDCA and UDCA 
can be recommended for medical treatment of gallstones since it has greater effects on bile 
cholesterol saturation than either alone. is better tolerated than CDCA, and is less expensive than 
UDCA. 

Chenodeoxycholic (CDCA) and ursodeoxycholic 
(UDCA) acids can dissolve radiolucent gallstones (1-8), 
reducing biliary cholesterol secretion (9-11). CDCA and 
UDCA, although they have similar therapeutic actions, 
exhibit quantitative physicochemical and metabolic dif- 
ferences. CDCA is a more effective detergent than UDCA 
and, as a consequence, its capacity for solubilizing cho- 
lesterol is greater (12, 13). 

It has recently been found that the in uitro dissolution 
rates of cholesterol discs in the presence of the sodium 
salts of the two bile acids and their conjugates are also 
different, being about seven times faster in CDCA-rich 
bile than in UDCA-rich bile (14). In man, when equal 
doses of the bile acids are administered, UDCA is more 
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effective than CDCA in decreasing biliary secretion (11, 
15, 16) and saturation (17, 18) with cholesterol. 

Theoretically, the most favorable condition for gall- 
stone dissolution would be at the lowest biliary choles- 
terol saturation, such as that which occurs during admin- 
istration of UDCA, coupled with the lowest level of 
biliary UDCA, such as that which occurs during admin- 
istration of CDCA (14). However, one cannot obtain both 
conditions simultaneously unless very high doses of 
CDCA are given. Unfortunately, CDCA induces diarrhea 
and hypertransaminasemia (1, 14, 19-21), and these side 
effects are dose-related (21, 22). It was hoped that ad- 
ministration of CDCA plus UDCA at low doses would 
achieve the desired effects on biliary lipids with fewer 
side effects than treatment with CDCA alone. 

We have therefore investigated, in a double-blind con- 
trolled study, the effectiveness and tolerability of CDCA, 
UDCA, and an equimolar combination of each. The 
results suggest that 5 mg of CDCA plus 5 mg of UDCA 
not only are well tolerated, but also have, unexpectedly, 
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a greater effect than 10 mg of either of the bile acids 
alone on biliary cholesterol saturation. 

PATIENTS AND METHODS 
PATIENTS 

Patients with radiolucent gallstones in functioning gall- 
bladder and cholesterol supersaturated bile were selected 
by standard criteria (23). Eighteen patients (15 women, 
3 men) were admitted to the study; their ages ranged 
from 22 to 68 years. None were obese (1120% ideal body 
weight) nor did any patient have laboratory evidence of 
liver dysfunction or cholestasis. Women of child-bearing 
age were using nonhormonal contraceptive methods. 
During treatment, all patients were on an eucaloric diet 
of about 45% carbohydrates, 35% lipids, 20% proteins, 
and had a constant cholesterol intake not exceeding 500 
mg per day. 

EXPERIMENTAL DESIGN 
Three types of treatment were compared: CDCA (10 

mg per kg per day); UDCA (10 mg per kg per day), and 
CDCA + UDCA (5 mg per kg per day each), divided into 
two daily administrations given with meals. Since each 
bile acid was administered in 150 mg capsules, the doses 
varied slightly, between 9.1 and 10.8 mg per kg per body 
weight per day. Each patient was given the three treat- 
ments according to a double-blind design for consecutive 
periods ranging for practical reasons from 45 to 60 days, 
more than long enough to obtain a steady state of bile 
lipid composition (24). The order of treatments was as- 
signed according to a balanced 3 x 3 latin square design. 

The patients were asked to return at  the end of each 
cycle of treatment or whenever abnormal symptoms were 
experienced. To evaluate patient compliance, the number 
of capsules remaining at each visit was counted. Fasting 
blood samples and bile-rich duodenal aspirates were col- 
lected before admission to the study and at  the end of 
each period of treatment. 

Plasma total and high-density lipoprotein cholesterol, 
plasma triglycerides, and serum total bile acids were 
measured. Routine standard liver function tests were 
performed at the end of each treatment period. Biliary 
phospholipids, cholesterol, total and individual bile acids, 
and bile acid pool size were determined as described 
below. 

BILIARY LIPID ANALYSIS 
After an overnight fast, a sample of gallbladder bile for 

lipid analysis was obtained by duodenal intubation. 
Placement of the tube was controlled fluoroscopically, 

and gallbladder contraction was induced by an i.m. injec- 
tion of cerulein [0.3 mcg per kg per body weight (Cerule- 
tide, Farmitalia, Milano, Italy)]. Concentrated duodenal 
bile was diluted 1:lO with isopropanol and stored at 
-20°C. Concentrations of bile acids, phospholipids, and 
cholesterol in bile were determined by the methods of 
Talalay (25), Lowry et al. (26), as modified by Svanborg 
and Svennerholm (27) and Roeschlau et al. (28), as 
modified by Roda et al. (as), respectively. Biliary bile 
acid composition was analyzed by gas-liquid chromatog- 
raphy (30). All the analyses of biliary lipids were run in 
triplicate, and mean values were calculated from single 

results that did not differ by more than 3%. When a 
greater variation occurred, the determination was 1.e- 
peated. 

Biliary lipid composition is expressed both as molar 
per cent of biliary bile acids, cholesterol, or phospholipids 
and as the cholesterol saturation index. This was calcu- 
lated from the equation of Thomas and Hofmann (31), 
using the limits of cholesterol solubility defined by He- 
gardt and Dam (32) and Holzbach et al. (33), and was 
corrected by the factor proposed by Carey and KO (34) 
for the biliary content of UDCA. The total bile acid pool 
was estimated by isotope dilution, by the method of 
Duane et al. (35), with i.v. administrations on the evening 
before duodenal intubation of 10 pCi of carboxyl-"C- 
cholic acid sodium salt [specific activity, 59.5 mCi per 
mmole (The Radiochemical Centre, Amersham, Eng- 
land)]. 

OTHERLABORATORYMETHODS 
Liver function tests [serum alanine aminotransferase 

(SGPT), serum aspartate aminotransferase (SGOT), bil- 
irubin, alkaline phosphatase, y-glutamyl transpeptidase, 
and albumin], fasting plasma cholesterol, and triglycer- 
ides were determined by routine laboratory methods. 

Serum high-density, lipoprotein cholesterol was deter- 
mined after precipitation with heparin manganese (36). 

Total serum bile acids were determined by the method 
of Mashige et al. (37). 

STATISTICAL ANALYSIS 
The results were analyzed by analysis of variance for 

a balanced latin square design for repeated measures 
(38). 

The statistical significance of the differences between 
treatments, as found in the analysis of variance, was 
further analyzed by Tukey's test (39) for binomial com- 
parison of means. 

RESULTS 
PATIENT COMPLIANCE AND DROPOUTS 

One patient had recurrent attacks of biliary colic and 
required surgery 1 month after starting treatment. He 
was, therefore, replaced by an alternate subject (Patient 
4) who followed the same sequence of treatment. In 
Patient 7, the dose of CDCA had to be halved for 5 days 
and in Patient 16 for 7 days immediately after beginning 
treatment because of diarrhea. All 18 subjects returned 
for investigations as requested and claimed to have taken 
their capsules according to instructions. The number of 
remaining capsules in each count was correct for 13 
patients on all occasions, while in the remaining 5, it 
differed by -6% to +3%. 

EFFECTS OF THE SEQUENTIAL ADMINISTRATION OF 
TREATMENTS 
After statistical analysis, no effects related to the order 

of the treatments were seen in any of the parameters 
investigated. 

CHANGES I N  BILIARY LIPIDS 
Biliary bile acid composition was markedly affected by 

all treatments (Figure 1). CDCA became predominant in 



336 PODDA E T  AL. HEPATOLOCY 

0 m - 
LC A 

f 
am n DC am A 

FIG. 1. Biliary bile acid composition before (0) and after CDCA (B) , UUCA (El), and CDCA + UDCA (B). LCA, lithocholic acid DCA, 
deoxycholic acid; CA, cholic acid. 

TABLE 1. MOLAR PERCENTAGE OF BILIARY CHOLESTEROL AND SATURATION INDEX (CORRECTED FOR % UDCA IN BILE) BEFORE AND AFTER 
TREATMENTS 

Cholesterol (%) Saturation index 

B '' CDCA UDCA CDCA + UDCA B CDCA UDCA CDCA + UDCA 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Mean 
2S.D 

6.2 
8.6 

12.1 
7.7 
9.2 
8.6 
8.3 
8.7 
7.4 
6.9 

10.0 
11.0 
13.1 
8.2 

13.5 
10.1 
11.5 
12.9 

9.7 
f2.2 

5.3 3.5 
4.0 2.4 
8.0 4.8 
4.9 4.0 
6.1 5.1 
8.1 6.6 
5.2 6.0 
9.1 5.2 
7.5 5.7 
6.8 5.3 
9.6 7.9 
6.2 6.1 
8.0 6.2 
7.9 6.5 

10.1 6.2 
8.0 5.5 
7.5 5.7 
7.4 4.5 

7.2" 5.4 h,r 

f1.7 f1.3 

2.9 
2.7 
5.3 
3.2 
5.1 
5.8 
5.9 
5.5 
5.7 
4.7 
7.6 
5.1 
6.2 
5.5 
6.1 
5.4 
5.8 
4.5 

5.2 ',' 
k1.2 

~~ 

1.29 
1.18 
1.44 
1.22 
1.33 
1.39 
1.24 
1.39 
1.16 
1.19 
1.51 
1.41 
1.62 
1.33 
1.55 
1.32 
1.39 
1.50 

1.36 
f0.13 

1.05 
0.62 
1.16 
0.87 
1.00 
1.14 
0.78 
1.27 
0.93 
1.07 
1.25 
0.87 
0.91 
0.95 
1.35 
0.99 
0.86 
0.90 

1.Wh 
+0.19 

0.93 
0.65 
1.02 
0.82 
0.86 
0.96 
0.92 
0.94 
0.89 
1.09 
1.10 
1.15 
1.08 
1.01 
0.89 
1.01 
0.89 
0.79 

0.94* 
e0.12 

0.76 
0.51 
0.88 
0.80 
0.71 
0.86 
0.77 
0.82 
0.89 
0.73 
1.01 
0.88 
0.85 
1.00 
0.83 
0.89 
0.76 
0.61 

'* B, before treatment. 
" p < 0.01 versus pretreatment values. 
' p < 0.01 versus CDCA. 
" p < 0.01 versus CDCA and UDCA. 

bile when it was administered alone (range 68 to 86%) or 
in combination (39 to 55%). UDCA ranged from 32 to 
60% when given alone and from 24 to 37% when given in 
combination. 

Lithocholic acid levels in bile were significantly in- 

creased after CDCA therapy whereas no significant 
change was seen after UDCA. The difference between 
the values obtained after treatment with UDCA or with 
CDCA + UDCA was not significant by Tukey's test. 

The molar percentage of total biliary bile acids showed 
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only minor changes following treatments (from initial 
values of 66.6 +_ 8.9 to 68.4 f 6.7 after CDCA, to 69.3 -+ 
6.3 after UDCA and 68.3 * 7.6 after CDCA + UDCA) as 
did that of phospholipids (from initial values 23.7 & 6.9 
to 24.4 f 5.8 after CDCA, to 25.3 r+_ 5.3 after UDCA, and 
to 26.5 f 6.8 after CDCA + UDCA). On the contrary, 
consistent decreases in the molar percentage of choles- 
terol were observed after all treatments (Table l), the 
effects of UDCA and CDCA + UDCA being significantly 
greater than those of CDCA. Nevertheless, according to 
the saturation index (Table l), the decrease induced by 
CDCA + UDCA was highly significantly, greater than 
after either CDCA or UDCA. Bile remained supersatu- 
rated in seven patients after CDCA and UDCA, but in 
only one patient after CDCA + UDCA. 

TOTAL BILE ACID POOL SIZE 
The total bile acid pool (initial values 41.3 f 12.9 mg 

per kg body weight) was significantly increased (p < 0.01) 
after both CDCA and CDCA + UDCA (50.9 f 12.1 mg 
per kg per body weight and 50.7 f 19.5 mg per kg body 
weight). No significant change occurred after UDCA 
alone (38.8 18.5 mg per kg body weight). 

PLASMA LIPIDS AND TOLERABILITY 
No significant changes in plasma triglycerides or total 

and high-density lipoprotein cholesterol were seen after 
any treatment (Table 2). Serum transaminases increased 
to above normal levels only in four patients after CDCA 
treatment (32 to 71 mU per ml for GOT and 28 to 87 mU 
per ml for GPT); other liver function tests remained 
normal. Serum bile acids never exceeded 6 pmoles per 
liter in any patient. The mean values were 1.9 * 0.9 
initially, and 3.2 +_ 1.5, 2.8 k 0.9, and 3.4 f 1.6 after 
CDCA, UDCA, and CDCA + UDCA. 

Minor side effects (diarrhea and abdominal discom- 
fort) were complained of by five patients soon after 
starting treatment with CDCA, but none after UDCA or 
combined therapy. 

DISCUSSION 
With the experimental design employed, we have been 

able to compare, in the same patients, the effects on 
biliary lipids of CDCA, UDCA, and CDCA + UDCA, 
regardless of their sequence of administration. 

Patient compliance with the treatment schedule was 
considered to be satisfactory in all cases, as judged also 
by changes in biliary bile acids. In fact, during treatment 

TABLE 2. PLASMA LIPIDS (MEAN & S.D.) BEFORE AND AFTER 
TREATMENTS 

After 
Before 

CDCA UDCA “i),!?: 
Total cholesterol 198-C 21 2 0 0 f  23 195 f 2 6  2 0 2 f  19 

High-density lipo- 42 & 12 40 f 8 42 f 14 41 f 11 
(mg/dU 

protein cholesterol 
(mg/dl) 

(mdd l )  
Triglycerides 127 & 30 118 k 28 133 f 32 129 ? 26 

with CDCA or UDCA, the bile acid being administered 
became predominant in the bile of each patient, reaching 
the levels reported by other investigators for similar 
doses (17, 40-44), whereas with CDCA + UDCA similar 
ratios were always found in the bile of each patient. 

Our data indicate that the combination of CDCA and 
UDCA induced a greater decrease in biliary cholesterol 
saturation than either of the two bile acids alone and 
without side effects. 

The combination was considerably better than CDCA 
in reducing the molar percentage of cholesterol in bile, 
but the ability to solubilize cholesterol as expressed by 
the saturation index makes the difference between the 
combination and UDCA alone also considerable. Fur- 
thermore, the biles of a substantial number of patients 
were still supersaturated with cholesterol after adminis- 
tration of CDCA or UDCA alone. 

Although the agreement on the predictive value of the 
saturation index for gallstone dissolution during treat- 
ment with bile acids is not complete, it may be concluded 
that a t  the doses we gave, 10 mg per kg body weight, the 
combination induced those changes in biliary lipids 
which are considered to be most favorable for a high 
success rate in treating gallstones. It is likely that with 
doses of CDCA greater than 10 mg, a further decrease in 
the molar cholesterol percentage might have occurred, 
although occasional failures in desaturating bile in non- 
obese patients treated with even more than 15 mg per kg 
have been reported. What is more, at such doses of 
CDCA, there is a remarkable frequency of side effects (1, 
14, 19-22). With the combination of low doses of CDCA 
and UDCA, the marked fall in cholesterol saturation was 
achieved in our patients without these side effects. 

Doses of UDCA greater than 10 mg may lead to a 
further decrease in molar cholesterol percentage, but 
with a concomitant rise in the percentage of UDCA in 
bile. It is therefore questionable whether the effective 
capacity to solubilize cholesterol in bile is increased with 
doses of UDCA higher than 10 mg per kg. A large 
proportion of patients treated with doses of UDCA 
greater than 13 mg per kg bile remained supersaturated 
with cholesterol according to the saturation index cor- 
rected for UDCA-rich bile (45). The combination of the 
two bile acids had a greater effect than was expected. 
This may be related to the fact that CDCA and UDCA, 
although structurally closely related, do have some dif- 
ferences in their pharmacological properties (7,  8, 13, 15, 

Total bile acid pool size has been reported to be 
unchanged (9, 53,54) or increased (55, 56) during CDCA 
and decreased (57) or increased (13, 58) during UDCA 
administration. Our data indicate that in the same pa- 
tients, the bile acid pool size increases during feeding of 
CDCA and CDCA + UDCA but not UDCA. 

Although a ratio of the two bile acids other than the 
1:l employed in our investigation might be even more 
effective, we can conclude that the combined administra- 
tion of equal doses of CDCA and UDCA is a rational 
approach to the medical treatment of cholesterol gall- 
stones. Supersaturation of bile persists in a much smaller 
proportion of the patients, and the incidence of side 
effects is lower than during treatment with CDCA alone. 

17, 18, 46-52). 
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The combination has a higher capacity for solubaizing 
biliary cholesterol than UDCA alone and at lower 
since CDCA is less expensive than UDCA. 

22. Gerolami A, Sarles H, Brette R, et al. Controlled trial of chenode- 
oxycholic acid therapy for radiolucent gallstones. A multicenter 
study. Digestion 1977; 16299-307. 

23. Dowling. RH. Chenodeoxvcholic acid therapy of gallstones. Clin _ _  
Gastroekerol 1977; 6:1411163. 

24. Iser JH, Murphy GM, Dowling RH. Speed of change in biliary 
lipids and bile acids with chenodeoxycholic acid-Is intermittent 
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