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We have compared the effect of ursodeoxycholic acid 
with placebo on the clinical state, blood liver chemistries 
and serum and urinary bile acids in four patients with 
primary biliary cirrhosis. All parameters were evalu- 
ated monthly, and bile acid composition was measured 
by capillary gas-liquid chromatography. At the time of 
admission, all patients showed intense pruritus, and 
their serum alkaline phosphatase, AST and ALT levels 
were elevated 4.3,2.7 and 2.3 times over control values. 
Serum bile acids were elevated almost 38-fold with 2.5 
times more cholic acid than chenodeoxycholic acid. Uri- 
nary bile acid output was elevated 28  times the control 
values, and 36% were 1P-hydroxycholic acid, lp-hy- 
droxydeoxycholic acid and hyocholic acid (3a,6a,7a- 
trihydroxy-5/3-cholanoic acid). Three months of placebo 
administration did not significantly affect the clinical 
or biochemical presentations, and the serum and urinary 
bile acid composition did not change. In contrast, urso- 
deoxycholic acid feeding (12 to 15 mg per kg per day) 
for 6 months abolished pruritus in two and lessened 
itching in two subjects and reduced serum alkaline phos- 
phatase, AST and ALT levels by 21, 35 and 47%, re- 
spectively. The mean values for the total serum bile acid 
concentrations in these patients declined 26% from the 
pretreatment value, but the proportion of ursodeoxy- 
cholic acid increased from 3 to 40% of the total bile 
acids; thus, total fasting serum endogenous bile acid 
levels decreased almost 50%. Similar changes were 
noted in the urinary bile acids, in which ursodeoxycholic 
acid became the major bile acid, and approximately 18% 
were hydroxylated at C-1, C-6 and C-21. These results 
demonstrate that, compared with placebo, ursodeoxy- 
cholic acid significantly lowers serum and urinary bile 
acids in primary biliary cirrhosis and produces consid- 
erable clinical and biochemical improvement. 
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Primary biliary cirrhosis is a chronic cholestatic dis- 
ease of unknown etiology and is caused by destruction of 
interlobular bile ducts that leads to cirrhosis and often 
death from liver failure. The disease is characterized 
biochemically by impaired hepatic clearance of bile acids 
that results in increased concentration of bile acids in 
the serum and enhanced urinary excretion (1-4). Several 
abnormalities in bile acid metabolism have been noted 
in cirrhosis (5-13), the most remarkable of which is 
decreased synthesis of cholic acid (14). It has recently 
been suggested that, despite a well-preserved synthesis 
of chenodeoxycholic acid, impaired hepatic secretion of 
this endogenous bile acid may lead to accumulation in 
the liver and contribute to development of cirrhosis (14). 
Since the serum concentration of bile acids fluctuates 
(1-4), there are great variations in the renal excretion 
(15). The retention of large quantities of chenodeoxy- 
cholic acid and cholic acid in the liver and in the systemic 
circulation may promote liver injury and cirrhosis (16, 
17). It has been shown that high doses of taurocholic 
acid and taurochenodeoxycholic acid cause liver cell in- 
jury and cholestasis in the rat (18) and that ursodeoxy- 
cholic acid (3a,7&dihydroxy-5P-cholanoic acid) may be 
beneficial in preventing this condition (19, 20). In a 
recent study, Poupon et al. (21) have examined the effect 
of ursodeoxycholic acid on liver function in patients with 
primary biliary cirrhosis. In 15 patients with moderately 
severe disease, liver function tests improved significantly 
after 2 years of treatment (21). Furthermore, Poupon et 
al. noted that interruption of treatment resulted in de- 
terioration of liver function tests, which again improved 
after the treatment was reinstituted. 

The present study was designed to further explore the 
effect of ursodeoxycholic acid on the clinical and bio- 
chemical manifestations in patients with moderate to 
severe primary biliary cirrhosis. We have also correlated 
serum and urinary bile acid concentrations with the 
clinical and biochemical parameters before and after the 
therapy. Our goal was to replace endogenous bile acids 
with ursodeoxycholic acid, a hydrophilic, less detergent 
bile acid. 
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MATERIALS AND METHODS 
Studies were conducted in four women with primary biliary 

cirrhosis. Their clinical, biochemical and histological data are 
given in Tables 1 and 2. The diagnosis of primary biliary 
cirrhosis was established by liver biopsy, and three patients 
showed positive mitochondrial antibody test. The patients had 
been treated in the past with immunosuppressive drugs, cho- 
lestyramine, colchicine and phenobarbital without success. At 
least 1 month prior to the treatment, all medications were 
discontinued. For 3 months, each patient received three placebo 
capsules daily which contained the same inert binder and 
diluent as present in the bile acid capsules. Immediately follow- 
ing the placebo period, each patient was given ursodeoxycholic 
acid at a dose of 12  to 15 mg per kg body weight per day (300- 
mg capsules, three capsules per day). Although the study was 
not randomized, the patients and the evaluating physician were 
unaware of the treatment sequence. Each patient was evaluated 
before entering the trial and every month thereafter. Serum 
samples were tested for liver function tests by automated 
techniques. Liver biopsies will be repeated after 2 years of 
treatment in order to correlate the improvement in liver func- 
tion tests with liver histology. The protocol was reviewed and 
approved by the Human Research Committee at  the University 
of Medicine and Dentistry of New Jersey, Newark, New Jersey. 

Fasting serum (5 to 10 ml) and urine (50 to 100 ml) specimens 
were collected before and during the placebo and ursodeoxy- 
cholic acid treatment periods and refrigerated until analyzed. 

Serum (0.5 to 1 ml) or urine (1 to 2 ml) was passed through 
a prewashed Cla Sep-pak cartridge, and the bile acids were 
eluted with methanol. After evaporation of methanol, the resi- 
due was subjected to hydrolysis with cholyglycine hydrolase 
and ,&glucuronidase in sodium acetate buffer, pH 5.0, for 36 hr 
at 37°C as described previously (22). The incubation mixture 
was passed through a second Cls Sep-pak, and bile acids were 
eluted with methanol. Methanol was evaporated, and the resi- 
due was taken in ethyl acetate. Bile acids were then extracted 
with alkali, methylated with methanolic hydrochloric acid and 
subjected to gas-liquid chromatography as the trimethylsilyl 
ether derivatives. 

In order to determine the pruritus score, each patient kept a 
diary on which she marked daily pruritus score on a scale of 0 
to 4, 0 being no itching and 4 being maximum itching during 
the day. 

The Student's paired t test was used for all statistical anal- 
yses. 

RESULTS 
All four patients had moderate to severe pruritus when 

admitted to the study, which persisted during the placebo 
period. In two patients, the pruritus was abolished and 
in the other two patients, it was significantly suppressed 
when ursodeoxycholic acid was administered for 6 
months. Serum alkaline phosphatase, AST and ALT 
levels all showed significant improvement during treat- 
ment with ursodeoxycholic acid. Thus, alkaline phospha- 
tase, which was elevated 4.3 times over the control values 
before treatment, remained abnormally high during pla- 
cebo administration (Fig. 1A). Six months of ursodeox- 
ycholic acid significantly lowered alkaline phosphatase 
levels in all subjects. The AST and ALT values, which 
were abnormally high during the pretreatment and pla- 
cebo administration, were also lowered during ursodeox- 
ycholic acid administration (p < 0.05 and < 0.06, respec- 
tively) (Fig. 1, B and C). In one patient (F. I.), whose 
pretreatment transaminase levels were in the normal 
range, the values changed insignificantly after ursodeox- 
ycholic acid administration. 

The serum and urinary bile acid concentrations in 
these patients are reported in Tables 3 and 4. All patients 
had high serum bile acid concentrations, which persisted 
throughout the placebo period. Cholic acidchenode- 
oxycholic acid ratio was high (2.5 vs. 1.2 in normal 
subjects), and little deoxycholic acid was found, which is 
indicative of diminished intestinal bile acid transit. Ap- 
proximately 9% of the total bile acids were hydroxylated 

TABLE 1. Clinical data on patients with primary biliary cirrhosis 

Patient Age Race and sex Stage disease Of liver Varicea Hepatomegaly Splenomegaly Pruritus Fatigue Prior treatments 

M. D. 43 White female 11-111 (+) (+) (-1 +++ + Cholestyramine, 
colchicine, pheno- 
barbital 

colchicine, pheno- 
barbital 

N. M. 64 White female 111 (-1 (-1 (-1 +++ + Cholestyramine, 

S. P. 64 White female 1-11 (-) (-) (-) ++ + Cholestyramine 
(-1 (+) (+I ++++ + Cholestyramine, F. I. 56 White female I1 

colchicine 

TABLE 2. Biochemical data on patients with primary biliary cirrhosis 

IgM IgG IgA 

M. D. 535 302 386 2.9 1:640 (-) 217 966 91 

Alkaline Total Antimitochondrial HBsAg 
Patient phosphatase bilirubin antibody 

... - .  . ,  
0.9 1:1,280 (-1 963 1,423 104 N. M. 124 96 115 

s. P. 711 121 189 0.4 1:320 (-1 220 960 290 
F. I. 286 60 62 0.5 (-) (-1 ND" ND ND 

ND = not determined. 
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FIG. 1. (A) Serum alkaline phosphatase levels during placebo and 
ursodeoxycholic acid treatment. The mean values were not significantly 
altered during the placebo period but were lowered during 3 and 6 
months of ursodeoxycholic acid treatment (p < 0.05). (B) Serum AST 
(SGOT) levels during placebo and ursodeoxycholic acid treatment. The 
mean values were not significantly altered during the placebo period. 
Statistical difference was seen from the pretreatment values during 6 
months of treatment with ursodeoxycholic acid (p < 0.05), whereas 
after 3 months of ursodeoxycholic acid treatment, the significance was 
less than 0.06. (C) Serum ALT (SGPT) levels during placebo and 
ursodeoxycholic acid treatment. The mean values were not significantly 
altered during the placebo period. During treatment with ursodeoxy- 
cholic acid for 3 and 6 months, the significance was 0.07 and 0.06, 
respectively. 

derivatives of cholic acid and chenodeoxycholic acid (1p- 
hydroxycholic acid, I@-hydroxydeoxycholic acid and 
3a,6a,7a-trihydroxy-5/3-cholanoic acid). The percent- 
ages of the hydroxylated endogenous bile acids declined 
somewhat during placebo treatment; however, the rela- 
tive proportions of the individual hydroxylated bile acids 
remained constant. Administration of ursodeoxycholic 
acid resulted in a sharp decline in endogenous bile acid 
concentrations (cholic acid and chenodeoxycholic acid), 
although the total bile acid levels were not appreciably 

changed (Table 3). Ursodeoxycholic acid comprised 40% 
of the total bile acids. The proportion of the hydroxylated 
derivatives of bile acids diminished significantly after 
ursodeoxycholic acid and, in the serum of one patient 
(M. D.), a relatively large proportion of hyocholic acid 
(3a,6a,7a-trihydroxy-5P-cholanoic acid) was seen after 
feeding ursodeoxycholic acid. 

Hydroxylated bile acids were preferentially excreted 
in the urine (Table 4). Thus, they comprised 36 and 34% 
of the total urinary bile acids in the pretreatment and 
placebo periods, respectively. After ursodeoxycholic acid 
administration, the urinary excretion of the bile acids 
was greatly increased, and ursodeoxycholic acid became 
the major excretory bile acid (58% of total bile acids). In 
addition to 1P-hydroxycholic acid, lp-hydroxydeoxy- 
cholic acid and hyocholic acid, 1-, 6- and 21-hydroxylated 
derivatives of ursodeoxycholic acid were tentatively iden- 
tified in the urine by gas chromatography-mass spec- 
trometry (23). The details of characterization of these 
compounds will be described in a separate publication. 
Hydroxylated bile acids comprised only a small propor- 
tion, and although almost 30% of these were hydroxyl- 
ated derivatives of ursodeoxycholic acid, the total 
amount of hydroxylated derivatives of endogenous bile 
acids excreted in the urine was not significantly lowered 
from that found before ursodeoxycholic acid feeding. 

DISCUSSION 
The results of the present investigation demonstrate 

that short-term administration of ursodeoxycholic acid 
results in a substantial improvement of the clinical as 
well as biochemical symptoms in primary biliary cirrho- 
sis and confirm the recent finding of Poupon et al. (21) 
of major improvement during treatment with ursodeox- 
ycholic acid. Ursodeoxycholic acid caused significant 
qualitative and quantitative alteration in serum and uri- 
nary bile acids. Thus, it became the major serum and 
urinary bile acid, and the total endogenous bile acids in 
the serum were markedly reduced (Tables 3 and 4). It 
was not possible to determine whether ursodeoxycholic 
acid treatment increased bile flow in these patients, nor 
was it possible in this short-term study to see whether 
liver histology had changed. Both of these should be 
important parameters to follow during the long-term 
treatment with ursodeoxycholic acid. 

Up to the present, there has been no effective treat- 
ment for primary biliary cirrhosis. Although the etiology 
of the disease remains unknown, several therapeutic 
trials have been conducted. Thus, drugs like azathioprine 
(24, 25), corticosteroids (26), D-penicillamine (27, 28), 
chlorambucil (29), phenobarbital (30), rifampicin (31) 
and colchicine (32) have been tried. However, these drugs 
have not satisfactorily prevented the progression of the 
disease; some are useful only in treatment of symptoms 
(30,31), and others may only slow down the progression 
of the disease (32). Histological abnormalities persist, 
and often the patient suffers from side effects of the 
treatment medication (28, 29). Side effects are clearly 
not a problem with ursodeoxycholic acid. This bile acid 
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TABLE 3. Serum bile acids in patients with primary biliary cirrhosis before and after treatment with ursodeoxycholic acid 

% of total bile acids 
Total bile 

Patient Treatment acids 
( P W  

Endoge- 
nous bile 

acids" 

Hydroxylated 
bile acidsb UDCA" 

N. M. 

Mean f S.D. 

F. I. Pretreatment 
Placebo 
UDCA (3 mo) 
UDCA (6 mo) 

s. P. Pretreatment 
Placebo 
UDCA (3 mo) 
UDCA (6 mo) 

M. D. Pretreatment 
Placebo 
UDCA (3 mo) 
UDCA (6 mo) 

Pretreatment 
Placebo 
UDCA (3 mo) 
UDCA (6 mo) 

Pretreatment 
Placebo 
UDCA (3 mo) 
UDCA (6 mo) 

Control' Pretreatment 
UDCA 

158 
160 
78 
88 

23 
28 
23 
18 

203 
185 
203 
138 

40 
30 
68 
63 

105 + 88 
100 f 90 
93 f 70d 
78 f 50 

3 
8 

90 
90 
73 
57 

89 
92 
51 
59 

92 
94 
49 
42 

88 
91 
33 
38 

89 f 3 
92 f 1 
50 + 17d 
53 f 2Od 

91 
11 

8 
7 
8 
6 

10 
3 
3 
4 

8 
5 

14 
19 

8 
5 
7 

16 

9 + 1  
5 + 2  
8 + 4  

11 + 8 

3 

2 
3 

19 
37 

5 
5 

45 
37 

0.4 
1 

37 
39 

4 
4 

60 
46 

3 + 2  
3 + 2  

40 & 17d 
40 + 4d 

9 
86 

Cholic acid, chenodeoxycholic acid, lithocholic acid and deoxycholic acid. 
* ID-Hydroxycholic acid, ID-hydroxydeoxycholic acid, hyocholic acid, 1-hydroxyursodeoxycholic acid, 6a-hydroxyursodeoxycholic acid and 21- 

hydroxyursodeoxycholic acid. 
UDCA = ursodeoxycholic acid. 
p < 0.01. 
' Mean values from four healthy subjects. Ursodeoxycholic acid (900 mg per day) was fed for 10 days, and fasting plasma was collected before 

and on the last day of bile acid feeding. 

is now widely used for medical dissolution of gallstones 
(33). So far, no toxicity or significant side effects have 
been reported, although occasional diarrhea (1 to 2%) 
has been noted. In our patients, the drug was well toler- 
ated and resulted in significant improvement in serum 
alkaline phosphatase and transaminase levels (Fig. 1, A 
to C). It is not clear whether these salutary effects 
resulted from improved cellular function or possibly from 
greater clearance of the endogenous bile acids from the 
serum. The most remarkable improvement in these pa- 
tients was in the quality of life, as reflected by diminished 
pruritus. Often this devastating symptom drives the pa- 
tient to depression. Therefore, the mitigation of pruritus 
was clearly a major benefit which was not seen with other 
therapeutic drugs used in these patients (Table 1). 

According to current information, pruritus is related 
to higher levels of endogenous bile acids in the serum 
(34, 35), which results in their increased concentration 
in the skin. Schoenfield et al. (36) demonstrated elevated 
bile acid levels in the acetone wash from the skin of 
patients with primary biliary cirrhosis, although, in a 

later study, Ghent et al. (37) could not confirm a corre- 
lation between pruritus and skin levels of bile acids. 
However, it is noteworthy that not all patients with 
biliary obstruction and elevated serum bile acids show 
pruritus. Therefore, it is possible that these hydroxylated 
derivatives of primary bile acids may be responsible for 
the liver disease and symptoms. These polyhydroxylated 
bile acids may be present in sufficient quantities in the 
serum and urine of our patients. During treatment, ur- 
sodeoxycholic acid becomes the major bile acid and not 
only replaces the endogenous bile acids but may also 
have served as a substrate for this unusual hydroxylation, 
thereby diminishing the extent of hydroxylation of the 
endogenous bile acids. It is tempting to speculate that 
the beneficial effect of ursodeoxycholic acid on pruritus 
relates to the diminished abnormal bile acids. It remains 
to be determined whether the bile acids formed by further 
hydroxylation of ursodeoxycholic acid are better excreted 
in the urine whereas the ones formed from deoxycholic 
acid and cholic acid are better retained in the serum and 
whether there is a difference in their toxicity. 
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TABLE 4. Urinary bile acids in patients with primary biliary cirrhosis before and after treatment with ursodeoxycholic acid 

% of total bile acids 

Patient Treatment 
UDCAd Hydroxylated 

bile acids" 
Endoge- 
nous bile 

acidsb 

Total bile 
acids" 

F. I. Pretreatment 37 50 49 1 
Placebo 38 50 48 2 
UDCA (3 mo) 88 16 19 65 
UDCA (6 mo) 99 19 15 66 

s. P. Pretreatment 29 
Placebo 27 
UDCA (3 mo) 53 
UDCA (6 mo) 45 

N. M. 

Mean f S.D. 

M. D. Pretreatment 96 
Placebo 74 
UDCA (3 mo) 228 
UDCA (6 mo) 266 

Pretreatment 
Placebo 
UDCA (3 mo) 
UDCA (6 mo) 

Pretreatment 
Placebo 
UDCA (3 mo) 
UDCA (6 mo) 

166 
107 
392 
304 

82 & 63 
62 & 36 

190 f 154' 
178 2 126' 

Control' Pretreatment 3 
UDCA 49 

58 
50 
59 
43 

66 
64 
24 
22 

62 
71 
9 

12 

59 f 7 
59 f 11 
27 & 22 
35 f 16' 

90 
27 

31 
40 
17 
18 

33 
28 
14 
12 

31 
21 
18 
26 

36 f 9 
34 & 12 
19 f 8' 
18 f 12' 

11 
10 
24 
39 

1 
8 

62 
66 

7 
8 

73 
62 

5 f 5  
7 & 5  

56 & 22' 
58 f 13' 

10 
4 69 

Micromoles per g m  creatinine. 

la-Hydroxycholic acid, la-hydroxydeoxycholic acid, hyocholic acid, 1-hydroxyursodeoxycholic acid, 6a-hydroxyursodeoxycholic acid and 21- 

UDCA = ursodeoxycholic acid. 
p < 0.05. 

* Cholic acid, chenodeoxycholic acid, deoxycholic acid and lithocholic acid. 

hydroxyursodeoxycholic acid. 

'Mean values from four healthy subjects. Ursodeoxycholic acid (900 mg per day) was fed for 10 days, and 24-hr urine was collected before and 
on the last day of bile acid feeding. 
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