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We investigated the effects of once-daily oral ad- 
ministration of 10 mgkg ursodeoxycholic acid (ge- 
neric name, ursodiol) on elevated serum enzyme activ- 
ities, bilirubin, cholesterol, bile acids and symptoms 
in patients with primary sclerosing cholangitis. A 
30-mo, open-label, pilot trial was designed to cover 
four periods: (a) 3 mo of pretreatment observation 
(period 11, (b) 6 mo on ursodiol (period 21, (c) 3 mo 
withdrawal of treatment (period 3) and (d) 18 mo of 
extended retreatment (period 4). Diagnosis was con- 
firmed by cholangiography and liver biopsy spec- 
imens. We enrolled 12 patients with persistently 
elevated pretreatment alkaline phosphatase and 
yglutamyltransferase levels (at least twice the upper 
limit of normal), and observed them for a median of 37 
mo. 

Significant reductions in serum total cholesterol 
levels and in serum enzyme activities indicating 
cholestasis and hepatocellular injury occurred during 
ursodiol treatment in both treatment periods 2 and 4 
and relapsed with treatment interruption in period 3. 
Elevated serum bilirubin and symptoms of disabling 
fatigue, pruritus and diarrhea were improved by ur- 
sodiol. Improvements have continued after 2 yr of 
treatment in 10 patients (1 patient had a transplan- 
tation after he relapsed on withdrawal of ursodiol 
therapy; another died of postoperative complications 
of colon resection for carcinoma). No other cases of 
clinical deterioration were observed in the re- 
treatment period. The longer term reductions of al- 
kaline phosphatase, transaminases, bilirubin and cho- 
lesterol after 2 yr of treatment were even greater than 
the initial reductions after 6 mo of treatment. These 
results justify initiation of larger, controlled clinical 
trials, with serial morphological evaluations of the 
liver and biliary tree. (HEPATOLOGY 1991;14:838-847.) 
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Primary sclerosing cholangitis (PSC) is characterized 
by the inflammation of both extrahepatic and intrahe- 
patic bile ducts, resulting in their stricturing and 
dilatation (1). Its pathogenesis is not fully understood, 
but a frequent association with inflammatory bowel 
disease, especially ulcerative colitis, has been noted. 
Most patients experience slow but relentless progression 
at variable rates to end-stage liver disease and death (2, 
3) or liver transplantation. Formerly considered rare, 
PSC is now more frequently recognized by endoscopic 
retrograde cholangiography. Its prevalence is estimated 
at up to 100 cases per million population in Europe and 
North America (4) and is found somewhat more in men 
(60% to 67%) than in women. 

Multiple therapeutic attempts by medical (5-91, inter- 
ventional radiographic (10-13) or surgical methods 
(14-16) in patients with PSC have been unsuccessful. 
Some benefit has been recently suggested (17) for a few 
patients treated with low-dose methotrexate. Wiesner 
and colleagues (18) have recently reported on the 
natural history, prognostic factors and survival of 174 
patients observed for a mean of 6 yr at the Mayo Clinic. 
None of these patients ever showed improvement over 
time in clinical status, as determined by the scoring of 
key clinical variables (age, serum bilirubin elevation, 
liver histological stage of disease, hemoglobin reduction 
and history of inflammatory bowel disease) derived from 
Cox multivariant regression analysis of their mortality 
data. The current consensus is that orthotopic liver 
transplantation is the therapy of choice for PSC (191, 
which is a leading indication for that procedure in adults 
(20, 21). 

Both ursodeoxycholic acid (generic name, ursodiol) 
and its isomer chenodeoxycholic acid (chenodiol) have 
been found effective in dissolving radiolucent gall- 
bladder stones (22, 231, but chenodiol treatment was 
associated with frequent serum transaminase elevations 
and diarrhea (24). Chenodiol is considered to be con- 
traindicated in patients with liver disease, including 
PBC and PSC (25). Although ursodiol was found to 
cause no elevation of serum transaminases in patients 
with normal liver function undergoing gallstone disso- 
lution (261, its use in patients with liver disease was 
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generally avoided for several years. However, 
Leuschner, Leuschner and Hubner (27) and (28) re- 
ported that ursodiol treatment reduced serum transam- 
inase levels in six patients with CAH who were under 
treatment for gallstone dissolution. Clinical and bio- 
chemical improvements were reported by Poupon et al. 
(29) in 15 patients with PBC treated with ursodiol. 

Based on the above results in other chronic liver 
diseases, we initiated this study in February 1988 as an 
extended, open-label evaluation of the effects of ursodiol 
on the clinical course of PSC. At the time of the study 
design and initiation, only four patients with PSC had 
been reported (30,31) to have been treated with ursodiol 
and to have shown decreases in elevated serum enzyme 
activities. This study was a pilot (“phase 1”) trial to 
evaluate responses to ursodiol and was measured by 
serum liver function tests, routine blood and urine tests, 
serum and urinary bile acid concentrations (to de- 
termine whether ursodiol would simply add to or 
displace endogenous bile acids) and symptom severity 
scores in patients with PSC. 

METHODS 
Subjects. The diagnosis of PSC was established in each 

patient by showing compatible cholangiographical findings by 
retrograde endoscopic cholangiography or by percutaneous or 
intraoperative cholangiography. Liver biopsy findings were 
graded according to the criteria of Ludwig et al. (32). All 
patients who were entered into the study had persistently 
elevated serum levels of alkaline phosphatase (AP) and 
y-glutamyltransferase (GGT) greater than twice the upper 
limit of normal during period 1. Patients also had screening 
tests drawn (HBc antibody, HBs antibody and antigen, 
ceruloplasmin, serum copper, iron, total iron binding capacity, 
serum ferritin, a-1-antitrypsin level, antinuclear antibody, 
antimitochondrial antibody and antismooth muscle antibody) 
to rule out other causes of chronic liver disease. 

Exclusion criteria included a history of alcohol or drug 
abuse, morbid obesity (45.4 kg over or twice the ideal weight by 
body mass index [33]), history of malignancy and significant 
kidney, cardiac or pulmonary disease. Females who were preg- 
nant, nursing or not using adequate contraception were also 
excluded. Because estrogens can sometimes worsen cholestasis 
(341, female patients using birth control pills were required to 
switch to some other contraceptive means. Patients with gall- 
stones (by ultrasound) were also excluded to avoid possible 
situations that might confound evaluation of cholestasis. 
AU other prior therapeutic or investigational drug regimens, 

including D-penicillamine, colchicine, cyclosporine and azathi- 
oprine, were to be stopped during the 3-mo period 1 of 
pretreatment observation and also during the study. 

The protocol was approved by the Institutional Review 
Board and Clinical Research Center at the Hospital of the 
University of Pennsylvania, Philadelphia, and was carried out 
according to Food and Drug Administration regulations under 
Investigational New Drug exemption number 29,059 issued to 
John R. Senior in October 1986 for the study of ursodiol effects 
in chronic liver diseases. 

Study Design. This pilot study was conducted at a single 
center over four sequential periods. Period 1 was a 3-mo 
pretreatment observation period during which the patients 
were seen at 6-wk intervals for a total of three visits. The 
patients were asked to stop taking medications for their liver 

disease but were allowed to continue other medications such as 
insulin and digitalis at constant dose. Period 2 was an 
open-label, 6-mo treatment period with ursodiol at a targeted 
dosage of 10 mg/kg/day. Patients were to be seen after 1,7,13, 
20 and 26 wk of therapy. Ursodiol was withdrawn during 
period 3, which was intended as a 3-mo observation period to 
test for possible reversal of any observed ursodiol effects. 
These visits were scheduled for 7 wk and 13 wk after the 
withdrawal of ursodiol. In period 4, the same dose of ursodiol 
was restarted for an extended period of 18 mo, with visits 
scheduled at 3, 6 and 13 wk and every 3 mo thereafter. The 
study design, including “on and off’ treatment periods, 
allowed assessment of both short-term and longer term effects 
and of treatment interruption. 

Patients were interviewed at each visit and asked to mark on 
a 10-cm, analogue symptom line the severity of eight 
symptoms (anorexia, nausea, vomiting, diarrhea, right upper 
quadrant pain, pruritus, fatigue and malaise) and any other 
symptom, according to their own perceptions of symptom 
severity compared with past visits. These were then measured 
with a ruler to the nearest centimeter, and a score from 0 (no 
symptoms) to 10 (most severe possible) was assigned. Urine 
pregnancy tests were performed and confirmed to be negative 
for women of childbearing age before they started ursodiol 
therapy. 

Routine blood analysis at each of the study visits included: 
serum total and direct bilirubin; AP and GGT; ALT and AST; 
lactate dehydrogenase; total protein and albumin; total cho- 
lesterol; high density lipoprotein cholesterol; triglycerides; uric 
acid; sodium, potassium, chloride, bicarbonate, calcium, phos- 
phate and glucose; urea nitrogen and creatinine; and complete 
blood counts with leukocyte differential and platelet counts. 
All analyses were conducted by the same laboratory (National 
Health Laboratories, Cranford, NJ). Serum and urine spec- 
imens from each visit were stored at -20” C for bile acid 
analyses. 

The entire dose of ursodiol was administered as a single 
bedtime dose. To approximate a dose of ursodiol 10 2 
2 mg/kg/day, patients who weighed less than 75 kg took two 
300 mg capsules at  night and those weighing more than 75 kg 
took three capsules at night. Monitoring for drug compliance 
was achieved by capsule counts and confirmed by observing the 
urinary excretion of ursodiol. 

Measurement of Serum and Urinary Bile Aci&.Frozen 
serum and urine samples were shipped in batches to the 
collaborating laboratory at the East Orange Veterans Admin- 
istration Medical Center for bile acid analysis, as previously 
described (35, 36). Methyl esters of extracted bile acids were 
formed with methanolic hydrochloric acid, and trimethyl- 
silyl ethers were injected into a Hewlett-Packard 5980A 
gas chromatograph (Hewlett-Packard, Palo Alto, CA) and also 
into a capday  gas chromatograph-mass spectrometer. 

Data Handling and Statistical Analyeis. The data base was 
updated weekly, rechecked monthly, verified and completed 
before statistical analyses began. The study protocol before the 
start of the study defined treatment success as a reduction of 
the levels of GGT or AP to less than 50% of the mean 
pretreatment values. Treatment f d u r e  was defined as the 
worsening of any serum liver function test to more than twice 
the meah of elevated pretreatment values or the appearance or 
worsening of any symptom or finding that the physician or 
patient thought hazardous or unacceptable. Statistical 
analyses were performed on the differences in parameters for 
each patient in successive periods of study, by paired t test and 
also by Wilcoxon’s signed rank test for differences not 
distributed normally. 
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TABLE 1. Clinical status of patients with PSC before ursodiol therapy 

Liver 
IBD or UC Patient Age Weight" Dose/day histological ERCP 

number Sex (yr) Race (kg) (mg/kg) stage* findings (activity, yr)= 

1 M 52.3 White 85.0 10.6 3 E,I no IBD 
uc +, 20 2 F 63.2 White 61.4 9.8 3 E,I 
uc 0, 12 3 M 30.0 White 70.3 8.5 2-3 I 

4 M 33.4 White 77.3 11.6 3-4 E,I uc +, 18 
5 M 27.7 White 69.1 8.7 3 E,I uc 0 , 9  
6 F 40.2 Black 89.1 10.1 3 E J  uc +, 3 
7 F 50.1 White 58.2 10.3 2 E no IBD 
8 M 62.3 White 83.2 10.8 4 E,I,st UC 0, 30 
9 M 44.4 White 95.0 9.5 3 E,I uc+ +, 3 

uc +, 11 10 F 46.5 White 52.7 11.4 1-2 E 
11 F 63.0 Black 71.4 8.4 IS E,I uc 0,lO 
12 F 70.6 White 67.5 8.9 IS E uc 0 , 4  

Mean 48.6 73.4 9.9 11.9 yr 
Median 48.3 70.9 10.0 10.5 yr 
Range of normal 

Men 
Women 

IS = insufficient specimen for grading; ERCP = endoscopic retrograde cholangiopancreatography; E = extrahepatic; I = intrahepatic; 

"Age and weight at the start of initial treatment with ursodiol. 

'0 = inactive; + = mild; + + = moderate; + + + = severe (Truelove and Witts for UC [371), yr known. 
dFor Systeme International units, multiply bilirubin by 17.1 (mg/cU to WmoVL), divide cholesterol by 38.66 (mg/dl to mmoUL) and divide 

'Scored on an analogue number line with score of 10 = the most severe symptom possible and 0 = no symptom. 

st = stent; IBD = inflammatory bowel disease; UC = ulcerative colitis. 

1 to 4 (Ludwig, LaRusso and Wiesner 1321). 

enzyme values by 60 (IUL to fikat/L). 

RESULTS 
The study group (Table 1) consisted of 12 patients, 

6 men and 6 women, mean age = 48.6, range = 27 
to 71 yr (at the time of starting ursodiol treatment). 
A total of 15 patients with PSC had been considered, 
but 2 preferred to be treated by their local physicians 
and were not entered into this protocol and 1 was 
excluded because of concurrent autoimmune hemolytic 
anemia. The women tended to be somewhat older, with 
a mean age of 55.6 yr, compared with the men, who 
had a mean age of 41.7 yr. (The distribution of 6 : 6  
medwomen was not significantly different from the 
usual distribution of about 65% men.) The patients had 
been diagnosed as having PSC for 2 to 11 yr 
(mean = 6.5). Of the 12 patients, 10 had ulcerative 
colitis with a mean duration of 11.9 yr (range = 3 to 
29 yr), but none had acute or severely active colonic 
disease. Six of the 10 patients were on sulfasalazine 
at either 0.5 or 1 gm three timedday; 2 of them also 
were taking low-dose prednisone (5 mg daily or every 
other day). No patient flared, and all medications for 
colitis were unchanged during the study. Because of 
long-standing colitis in many patients, a colonoscopy 
was done before the study and surveillance was con- 
tinued during the study. Only eight patients had 
diarrhea, and those who did had rather mild to mod- 
erate severity or were relatively inactive, as evaluated 
by the criteria of Truelove and Witts (37). 

Three of the patients had been referred for evaluation 
for possible liver transplantation, and two (numbers 4 
and 8) were awaiting donors. Daily dosing was based on 
body weight; five patients weighed more than 75 kg and 
seven weighed less than 75 kg (mean = 73.4 kg). The 
actual mean dose of ursodiol was 9.9 mg/kg/day, close to 
the target dose of 10 mg/kg/day. Patients were entered 
into the study between February 1988 and March 1989. 
Compliance was generally excellent, judged by capsule 
counts and urinary ursodiol levels. 

Two of the patients were jaundiced (numbers 4 and 8) 
and two (numbers 9 and 12) had slightly increased 
bilirubin. Total serum cholesterol was elevated in 8 of 
the 12 patients, and 5 had levels over 300 mg/dl (7.76 
mmoVL). All of the patients had markedly and persis- 
tently elevated GGT activities ranging from 5 to 51 times 
the upper limit of normal, and 11 of the 12 patients had 
moderately elevated ALT. The symptoms of fatigue, 
pruritus and diarrhea accounted for more than 70% of 
total symptom scores; other symptoms were scattered 
and occasional. 

Median follow-up time of 10 patients (1 patient had a 
transplant after a relapse during ursodiol withdrawal, 
and another died of postoperative complications of colon 
resection for carcinoma, as described below) who were 
still on ursodiol (at the end of June 1991) was 37 mo 
(range = 28 to 41 mo), and median ursodiol treatment 
time was 29 mo. 
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symptoms 

Total bilirubin Total cholesterol Fatigue Pruritus Diarrhea 

(Chemistries, enzymes, and symptoms-mean of three pretreatment visits) 
blg/dl)d (mgldUd GGT ALT (IU/L)d (scale of 0-10)‘ 

0.7 200 283 120 1.3 0.0 0.0 
0.8 431 214 112 1.7 6.7 4.1 
1.2 139 232 96 0.0 0.0 0.0 

15.7 393 299 121 2.0 1.7 1.3 
0.7 325 244 70 0.0 0.0 1.3 
0.7 181 110 20 1.3 5.3 4.0 
1.2 279 311 225 0.0 0.0 0.0 
7.1 180 708 113 5.0 1.5 1.0 
2.1 272 699 164 1.7 0.3 1.3 
0.8 435 276 130 5.0 2.7 2.0 
0.6 502 1226 164 7.3 2.3 0.0 
1.5 267 336 82 1.7 3.0 1.3 
2.8 300 412 118 2.3 2.0 1.4 
1.0 276 29 1 113 2 2 1 

0-1.2 
0-1.2 

130-240 0-38 0-45 
130-240 0-29 0-45 

Serum Liver Function Tests. During the initial period 
of ursodiol treatment, improvements were seen in the 
serum indicators of cholestasis: the AP and GGT, total 
bilirubin and total cholesterol (Table 2). Decreases of 
mean GGT activities ( -  57%; p < 0.001) that reverted 
toward the pretreatment level on withdrawal of the 
ursodiol were seen, using the last visits of each 
treatment period. By the predefined criteria, all 12 
patients (Fig. 1B) showed treatment “success” during 
the initial ursodiol period of administration compared 
with the mean of pretreatment levels, in terms of GGT 
levels. The AP activities (Fig. 1A) declined by more than 
50% in 5 patients, by 30% or more in 10 patients and 
showed a mean decrease during the initial treatment 
compared with mean pretreatment levels of 36% 
(p < 0.05). 

Serum aminotransferase activities also showed 
prompt and impressive reductions, ALT more so than 
AST. Mean activities of the former declined by 40%, the 
latter by 26%, comparing the last pretreatment visit and 
the last observation of the initial treatment period. (For 
individual responses, see Fig. 2.) Two patients, however, 
showed rises of transaminases during (patient number 
6) or just after (patient number 10) initial ursodiol 
treatment, to levels classifying them as initial treatment 
failures by predefined criteria. These increases in 
transaminases occurred with episodes of apparent re- 
current cholangitis (also showing rises concurrently in 
bilirubin, AP, GGT and right upper abdominal dis- 
comfort, not otherwise explained) without demonstrable 
bacteremia. 

When ursodiol treatment was interrupted in period 3 
(Table 21, prompt and impressive increases in serum 
activities of enzymes occurred, to near pretreatment 
mean levels for the cholestatic enzymes and even higher 
for the transaminases (mainly because of patient 

number 10). Reductions in the cholestatic and hepato- 
cellular enzyme activities on readministration of ur- 
sodiol were again clinically and statistically sigmficant, 
by both paired t test and Wilcoxon’s signed rank tests. 
Observed reductions in serum GGT and ALT occurred 
rapidly on initiation of treatment, relapsed promptly on 
withdrawal of ursodiol and again showed quick and 
sustained improvement on resuming ursodiol 
treatment. The 10 patients who continued into 
long-term treatment continued to show suppression of 
the enzyme elevations after a median of 28 mo of 
ursodiol therapy. Retreatment of patients numbers 6 
and 10 led to subsidence of bilirubin levels into the 
normal range and marked decreases in all elevated 
enzyme activities. 

Mean serum total bilirubin concentrations declined 
( - 42%; p < 0.05) on initial treatment, rose again when 
treatment was interrupted and declined on longer term 
retreatment. Of the five patients (numbers 4, 7,8,9 and 
12) with elevated pretreatment levels at visit 3 before 
ursodiol was started, four showed decreases during 
initial treatment, and the fifth (patient number 9) 
showed a decrease on long-term treatment compared 
with his entry level. All seven patients with bilirubins in 
the normal range before treatment remained in the 
normal range after both initial and longer term 
treatment, but two patients (numbers 3 and 10) showed 
rises when treatment was interrupted in period 3 (Fig. 
3). 

Serum Lipid and Other Changes. The mean total 
cholesterol level declined on administration of ursodiol 
from 292 to 253 mgldl (7.55 to 6.54 mmoVL; -13%; 
p < 0.02). The reductions were seen primarily in pa- 
tients with very high pretreatment levels above 300 
mgldl, whereas patients with cholesterol values in the 
normal range showed little change (Fig. 3). The eight 
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TABLE 2. Effect of ursodiol on serum liver function tests and lipid profiles in patients with PSC 
~ ~ ~ ~ ~ _ _ _  

Initial 
Pretreatment therapy Withdrawal Retreatment 

Normal Period 1 Period 2 Period 3 Period 4 
Variables rang& N = 12 N = 12 p 1-2 N = 12 p2-3 N = 11 p 3-4 p 2-4 

Auraline phos- 
phatase (IUL) 

y -glutamyltransferase 
(IUL) 

ALT (IUL) 
AST (IUL) 
Lactate dehydroge- 

nase (IUL) 
Total bilirubin (mg/dl) 
Albumin (gm/dl) 
Total protein (gm/dl) 
Total cholesterol 

HDL cholesterol 

HDLC/TC ratio 

Triglycerides (mg/dl) 

(mddl) 

(mddl) 

(fraction) 

25-140 

0-38;0-2gb 

0-45 
0-40 
0-240 

0-1.2 
3.5-5.5 
6.0-8.5 
130-240 

30-75 

0.23-0.29 

30-150 

465 2 85 

423 t 98 

117 f 16 
93 f 12 

193 f 8 

2.4 f 1.0 
3.9 f 0.1 
7.6 t 0.1 

292 2 36 

84 t 9 

0.31 f 0.04 

102 f 15 

299 2 46 

184 f 57 

70 f 10 
69 2 11 

172 2 8 

1.4 f 0.6 
3.8 f 0.1 
7.5 f 0.2 

253 t 28 

71 f 7 

0.30 t 0.03 

93 t 12 

c 0.05 

< 0.001 

< 0.05 
c 0.05 
co.01 

< 0.05 
N.S. 
N.S. 
c 0.02 

< 0.05 

N.S. 

N.S. 

405 t 50 

382 t 84 

175 t 61 
174 t 64 
200 * 20 

1.9 2 0.7 
3.9 f 0.1 
7.4 f 0.2 

264 t 26 

71 f 9 

0.28 ? 0.04 

104 f 18 

< 0.05 

c 0.01 

N.S. 
c 0.02 
N.S. 

N.S. 
N.S. 
N.S. 
N.S. 

N.S. 

N.S. 

N.S. 

283 t 44 

217 f 103 

47 f 7 
53 f 7 

176 t 18 

1.0 t 0.3 
3.9 f 0.1 
7.3 f 0.2 

244 f 23 

71 f 7 

0.31 2 0.03 

107 f 23 

c 0.05 

< 0.001 

c 0.001 
c 0.01 

N.S. 

N.S. 
N.S. 
N.S. 

< 0.02 

N.S. 

N.S. 

N.S. 

0.075 

c 0.001 

< 0.001 
< 0.001 
N.S. 

N.S. 
N.S. 
N.S. 

< 0.02 

c 0.02 

N.S. 

N.S. 
~~ _ _ _ ~  

HDL = high-density lipoprotein; TC = total cholesterol 
Mean and standard errors for values obtained on the last visit of each study period. 
p values for individual differences in parameters between periods calculated by Wilcoxon's signed rank test for nonnormally distributed data. 
"Ranges of normal values are those of the National Health Laboratory; to convert to Systeme International units, divide enzyme values by 

60 (IUL to FkatL), multiply bilirubin by 17.1 (mg/dl to FmoVL), multiply albumin or protein by 10 (gm/dl to gm/L), divide cholesterol by 38.66 
(mg/dl to mmoVL), divide triglycerides by 88.5 (mg/dl to mmoUL). 

bNormal range of serum y-glutamyltransferase for men = 0-38; for women = 0-29 IUL. 

patients with elevated pretreatment cholesterol values 
all showed reductions after initial ursodiol treatment, 
from a mean of 361 to 297 mg/dl ( -  18%, p c 0.001). 
After longer term retreatment, all eight patients with 
originally elevated total cholesterol levels showed even 
further reductions, to a mean of 265 mg/dl (-27%, 
p < 0.001), and five of the patients showed declines to 
values within the normal range ( < 240 mg/dl; National 
Health Laboratories). The mean cholesterol levels did 
not rebound promptly or significantly on ursodiol 
withdrawal; a notable tendency was seen for the reduced 
levels to carry over into the withdrawal period (Table 2). 
Although the HDL cholesterol levels also decreased, the 
mean HDL cholesterol/total cholesterol ratios were not 
significantly changed at any point in the study because 
of the proportional decrease in the total cholesterol. 
Total serum triglycerides were not affected by ursodiol 
administration or withdrawal, and no apparent changes 
in the serum albumin, globulins, electrolytes, urea, 
creatinine or urinalysis were noted. 

Symptoms. Several patients reported considerable im- 
provement in their symptoms during ursodiol therapy. 
It was noted that fatigue, pruritus and diarrhea were the 
most frequent and consistent symptoms in this group of 
patients, and other symptoms were only occasionally 
reported. The women tended to give higher symptom 
scores than the men, but all comparisons were for each 
patient's scores for himself or herself. On analysis of 
these three symptoms separately, all mean scores were 

somewhat reduced during initial treatment. The 
symptoms of fatigue, pruritus and diarrhea worsened 
during the withdrawal period when the ursodiol was 
stopped for 3 mo and responded again when ursodiol was 
restarted, as evaluated by the patients on the 10 cm 
scale; however, the changes were not statistically signif- 
icant. 
Serum and Urinary Bile Acids. Total fasting, pre- 

treatment, serum bile acids (see Table 3) were increased 
more than fivefold in these patients with PSC (19.4 
pmoVL) compared with healthy controls (about 3.6 
p,moVL). In contrast to control subjects in whom 
chenodeoxycholic acid predominates, cholic acid was the 
major serum bile acid in patients with untreated PSC. 
Only trace amounts of lithocholic acid were detected in 
any subject. During ursodiol therapy, the total fasting 
serum bile acids reached almost double their pre- 
treatment values (36.0 vs. 19.4 p,mol/L pretreatment), 
mainly caused by the increase in ursodiol. The amount 
of cholic acid declined slightly, although chenodeoxy- 
cholic acid and lithocholic acid did not change signifi- 
cantly. Ursodiol increased to 50% of the total serum bile 
acids. 

Before treatment, total urinary bile acid excretion in 
these patients was more than 4 times greater than that 
found in controls (8.3 pmoVgm creatinine vs. 1.8 
p,moVgm creatinine in controls). Similar to controls, 
cholic acid was the major bile acid excreted. After 
ursodiol therapy, total bile acid output increased 3.7 
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C c 
L 

B 600- 
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E" 
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a 

- c' 
0 0 I I I 1 

Last Visit of Each Period 
Prelrealmenl lnilial Therapy Withdrawal Relrealmrnl Prelrealmenl lnilial Therapy Withdrawal Relrealmonl 

Last Visit of Each Period 

FIG. 1. Serial values of serum activities of (A) alkaline phosphatase and (B) y-glutamyltransfera, in I U L  (divide by 60 for &t&), showing 
last value in each of the four study periods for individual patients (symbols for each in upper right corner of [A]). ULN = upper limit of normal 
range. 

times, and ursodiol conjugates accounted for approxi- 
mately 62% of the total bile acids excreted, compared 
with about 12% before treatment. The excretion of 
chenodeoxycholic acid, cholic acid, deoxycholic acid and 
lithocholic acid increased slightly but not significantly 
with therapy. In the untreated patients, urinary ur- 
sodiol was found predominantly conjugated to gluc- 
uronide or sulfate, but after therapy approximately 30% 
was present as glycine or taurine-amidated forms. The 
expected enrichment of the bile acid pool to higher 
ursodiol content occurred by addition to, not by washout 
of, the endogenous bile acids. 

Clinical Comments. Patient number 8 relapsed (in- 
creases in bilirubin, enzymes, fatigue and diarrhea) 
when ursodiol was withdrawn in period 3. He had a stent 
placed in his common duct 1 mo later in another city but 
developed acute septic cholangitis with bacteremia and 
hepatorenal failure, leading to hemodialysis and suc- 
cessful liver transplantation. The other 11 patients all 
reached period 4 of the study, but patient number 2 was 
found to have cecal carcinoma and left the study to have 
a resection, suffered postoperative complications and 
died 6 mo later. Both patients had been off ursodiol 
therapy for at least 1 mo before these complications 
appeared. 

DISCUSSION 
The results of these studies indicate that ursodiol 

treatment produces improvement in clinical symptoms 
of fatigue and some reduction in pruritus and diarrhea 
in patients with PSC, in addition to marked reductions 
in elevated serum enzyme activities and other indicators 
of chronic cholestasis. The modest improvement in 
diarrhea is interesting, however, because 10 of the 12 
patients had associated inflammatory bowel disease, 

with mild-to-moderate symptoms in 8 patients and oral 
bile acid therapy has been thought to cause diarrhea, at 
least after chenodiol therapy (24). It is recognized that 
symptom quantitation is highly subjective, with large 
interindividual and intraindividual variations, and must 
be interpreted cautiously in view of the fact that the 
patients knew whether they were taking ursodiol. 
Difficulties in evaluating the severity of inflammatory 
bowel diaease are well recognized (38). 

The effect of ursodiol in reducing serum enzyme 
concentrations persisted only as long as the ursodiol was 
administered; withdrawal of the medication resulted in 
a return toward abnormal, baseline values. This was 
recently confirmed in Heidelberg (39) in German pa- 
tients randomized to placebo or to continued ursodiol 
treatment after 1 yr of open therapy. A recent case 
report from Japan (40) on one patient with ulcerative 
colitis and PSC described persisting suppression of 
elevated cholestatic serum enzymes and AST after more 
than 2 yr of daily treatment with 600 mg ursodiol and 
1,500 mg of salazosulphapyridine. We found that serum 
cholesterol and bilirubin showed greater carry-over 
effects on interruption of therapy than did the enzyme 
activities. 

In our studies on PSC (41), improvement in the 
clinical and biochemical manifestations of chronic 
cholestasis occurred without reduction of the serum 
endogenous bile acid levels, and indeed total bile acid 
concentrations rose by the amount of ursodiol added. 
This observation differs from that reported in patients 
with PBC in whom ursodiol treatment reduced the 
elevated endogenous serum bile acids by about 50% 
while also reducing pruritus (42). 

Relating these findings to the work of others, the 
original observation by Leuschner, Leuschner and 
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Hiibner (27) that elevated serum enzyme activities of 
CAH fell during treatment with ursodiol for dissolution 
of cholesterol gallstones initiated a major change in the 
use of bile acid therapy to include chronic liver disease. 
Follow-up of the six patients originally reported in 1981 
(281, including liver biopsy results, showed no deterio- 
ration in two cases. Poupon, Poupon and the 
UCDA-PBC Group (43) reported impressive im- 
provement in 15 patients (3 men and 12 women) with 
PBC treated for 2 yr with 13 to 15 mg of ursodiol per 
kilogram body weight daily, and the benefits have 
continued for more than 3 yr. These results have been 

confirmed and extended in a much larger, controlled 
trial of ursodiol vs. placebo, with histological im- 
provement, reported very recently (44). 

Lithocholic acid causes cholestasis when administered 
to animals (Holsti P, Nature 1960;1:250, Correspon- 
dence), but ursodeoxycholic acid was shown (45) to 
protect against its hepatotoxic effects. We found that 
despite clinical and biochemical improvement during 
ursodiol treatment, the relatively low pretreatment 
serum lithocholic acid concentrations were unchanged 
or possibly slightly higher on ursodiol therapy. Perhaps 
more pertinent, in our studies the considerably elevated 
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TABLE 3. Effect of ursodiol on serum and urine bile acids in patients with PSC 
Bile acid group CA CDCA DCA LCA UDCA Other Total 

Serum (FmolL) 
Pretreatment 9.7 t 4.4 
Postursodiol 6.6 -c 3.1 
P” NS 
Control$ 0.5 ? 0.3 

Pretreatment 2.2 I 0.6 
Postursodiol 1.7 -c 0.4 
P“ NS 
Control$ 0.58 ? 0.03 

Urine ( WmoUgm creatinine) 

5.8 e 1.5 
6.5 i- 1.6 

NS 
1.8 2 0.1 

1.5 t 0.2 
1.7 = 0.4 

NS 
0.29 % 0.03 

1.5 -r 0.4 
2.0 ? 0.4 

NS 
1.2 L 0.1 

1.3 2 0.3 
2.0 ir 0.5 

NS 
0.38 t 0.02 

0.2 t 0.1 
0.6 -t 0.2 

NS 
0.01 .2 0.01 

0.9 t 0.2 
1.7 t 0.9 

NS 
0.39 2 0.04 

0.7 I 0.2 
17.9 2 3.5 
c 0.005 

0.2 t 0.1 

1.0 i 0.4 
19.2 2 8.0 

0.05 
0.09 i 0.01 

1.4 ? 0.3 
2.4 ir 0.8 

NS 
None 

1.7 i 0.3 
4.7 c 1.3 

< 0.02 
None 

19.4 ? 5.5 
36.0 ? 7.9 

< 0.05 
3.6 t 0.2 

8.3 _c 0.9 
30.9 * 5.1 

< 0.05 
1.83 2 0.04 

CA = cholic acid; CDCA = chenodeoxycholic acid; DCA = deoxycholic acid; LCA = lithocholic acid; UDCA = ursodeoxycholic acid. 
Mean values ? standard error from nine sera samples and eight urine samples obtained immediately at  pretreatment (visit number 3) and 

“p values are paired t tests. 
bMean values from six healthy subjects. 

after 5 to 6 mo of ursodiol treatment (visit number 81 

levels of the two normal, endogenous dihydroxy bile 
acids, chenodeoxycholate and deoxycholate, were not 
decreased in serum or urine by ursodiol treatment. 
Chenodeoxycholic acid also causes liver injury when 
administered to animals (461, a type of hepatocytic 
damage different (47) from the mainly cholestatic effect 
of lithocholic acid. Both chenodeoxycholic acid (24) and 
deoxycholic acid (48) cause transaminase elevations 
when administered to human subjects or those patients 
without liver disease. The effects of ursodiol on human 
bile flow have not been convincingly established, al- 
though large amounts cause hypercholeresis in labo- 
ratory animals (49). Our data did not suggest any 
substantial degree of toxic bile acid “washout” to 
explain the beneficial effects of ursodiol. 

When ursodiol was administered to seven patients 
with normal liver function, up to 50% of the total pool of 
bile acids became ursodiol, but endogenous bile acid 
synthesis continued (501, in contrast to the suppression 
of primary bile acid synthesis from cholesterol caused by 
chenodiol (51, 52). This mechanism may also be im- 
portant in the patients with PSC and may explain at  
least in part the reduction in serum cholesterol concen- 
trations. In 1988, Podda and colleagues (53) suggested 
that ursodiol may act to increase the overall hydro- 
philicity of the bile acid pool, which, because of 
cholestasis, retains potentially hepatotoxic bile acids. 
Miyazaki, Nakayama and Koga (54) noted that ursodiol 
was less injurious than chenodiol to cultures of human 
hepatocytes, as also observed in Germany (55). Recently, 
Heuman and colleagues (56) have shown that infusions 
of tauroursodeoxycholate protect rats against lethal 
hepatotoxic effects of infused taurochenodeoxycholate 
or taurodeoxycholate. Human hepatocytes in uitro are 
protected by ursodiol against toxic effects of deoxycholic 
and chenodeoxycholic acid (57). 
As these studies show, and has been confirmed by pilot 

studies in Germany (58, 59) and France (60, 611, it is 
relatively easy to demonstrate the enzyme-lowering 
effects of ursodiol therapy in patients with PSC and 
other cholestatic liver diseases (29,441. This effect is also 

seen in pediatric cholestatic syndromes (62) and in cystic 
fibrosis involving the liver (63). But enzyme and even 
bilirubin reduction may not be reliable indicators that 
disease progression is being slowed and thus assure 
improvement in survival or prevent the need for 
eventual liver transplantation. Clearly, the goal for 
ursodiol therapy is to slow the rate of disease pro- 
gression, lessen the mortality risk, improve the quality 
of life and favorably alter the hepatic or biliary ductal 
evidence of morphological injury (that could not be 
obtained in this pilot study). Proof of such endpoints will 
require additional study, longer term follow-up of 
patients and serial morphological evaluations. 
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