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The effect of ursodeoxycholic acid administration 
on liver function tests and on bile acid metabolism 
was investigated in 18 patients with chronic active 
hepatitis. Three different doses of ursodeoxycholic 
acid-250 mg, 500 mg and 750 mg-were administered 
daily to each patient for consecutive 2-mo periods. 
The order of doses was randomly assigned according 
to a replicated Latin-square design. A significant 
decrease in serum transaminases and y-glutamyl 
transpeptidase occurred with the lowest dose of ur- 
sodeoxycholic acid, which corresponded to 4 mgkg 
body wt/day, and no further significant decrease with 
the higher doses was seen. Biliary bile acid composition 
was determined by high-performance liquid chroma- 
tography and gas chromatography-mass spectrometry. 
At entry the relative proportions of major bile acids 
were similar to those observed in normal individuals. 
During treatment the mean percentage of ursodeoq- 
cholic acid in bile (22% with the 250 mg dose, 32% with 
the 500 mg dose and 34% with the 750 mg dose) was 
lower than values previously reported for patients with 
gallstones and normal liver function. The major bile 
acids were cholic, chenodeoxycholic and deoxycholic 
acids. A number of unusual bile acids were identified by 
gas chromatography-mass spectrometry, but these ac- 
counted for only 3% to 5% of the total and did not 
change during ursodeoxycholic acid therapy. No cor- 
relation between the improvement in liver function 
tests and the percentage of ursodeoxycholic acid in bile 
existed. These data suggest that even a slight en- 
richment of bile with ursodeoxycholic acid, as is 
attained with 250 mg/day, is effective in improving 
biochemical markers of liver function in patients 
with chronic active hepatitis. (HEPATOLOGY 1991;13: 
339-344.) 
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A decrease of serum transaminase levels in patients 
with chronic hepatitis after ursodeoxycholic acid 
(UDCA) administration, first reported by Leuschner 
et al. (l), has recently been confirmed by our group in a 
double-blind study (2). UDCA has also been shown to 
consistently improve liver function tests in patients with 
PBC, primary sclerosing cholangitis and liver disease 
associated with cystic fibrosis (3-6). In all these studies, 
UDCA was administered in doses similar to those used 
for gallstone dissolution in patients with normal liver 
function. The improvement of liver function tests in 
chronic liver disease with the hydrophilic bile acid 
UDCA has been attributed in part to the change in the 
hydrophilic-hydrophobic balance of the biliary bile acid 
pool in the enterohepatic circulation (7-9). However, the 
relationship between the changes in biliary bile acid 
composition and the effects on indices of liver function 
has not been thoroughly investigated. 

A study was therefore designed to investigate the 
changes in liver function tests and in bile acid compo- 
sition induced by different doses of UDCA in a group of 
patients with CAH. Doses were used that could be 
considered low (250 mg/day), medium (500 mg/day) and 
high (750 mg/day) on the basis of the reported effects on 
biliary lipids and bile acid metabolism in gallstone 
patients (10). 

PATIENTS AND METHODS 
Patients. Eighteen patients fulfilling the following criteria 

were included in the study (Table 1): histological evidence of 
CAH in a liver biopsy specimen taken in the previous 24 mo; 
serum ALT values a t  least twice the upper limit of normal 140 
IU/L) on two separate occasions in the previous 6 mo; serum 
total bilirubin < 2  mddl and no clinical, endoscopic or 
ultrasonographic signs of portal hypertension. Previous use of 
corticosteroids by three patients had ended at  least 1 yr before 
this study. No patient had a history of alcohol abuse, and 
alcohol intake was limited to a minimum in the 6 mo before and 
during the study. Ultrasound examination of the upper 
abdomen was carried out on enrollment to confirm the absence 
of liver tumors and to assess the patency of the biliary tree. 
Histological data revealed that eight patients (Patients No. 2, 
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TABLE 1. Characteristics of patients and order of treatment 
Anti-HCV Order of Anti-HBc 

No. Sex Age (yr) Weight (kg) treatments status status 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

F 
F 
M 
M 
M 
M 
M 
F 
M 
F 
F 
M 
M 
F 
M 
M 
F 
M 

48 
56 
63 
28 
43 
45 
31 
70 
51 
50 
38 
37 
55 
60 
52 
42 
57 
57 

55 
77 
70 
63 
70 
68 
57 
58 
72 
68 
51 
70 
70 
53 
67 
79 
69 
71 

250-500-750" 
250-750-500 
500-250-750 
500-750-250 
750-250-500 
750-500-250 
750-250-500 
250-750-500 
250-500-750 
500-250-750 
500-750-250 
750-500-250 
250-500-750 
250-750-500 
500-250-750 
500-750-250 
750-250-500 
750-500-250 

Anti-HBc = antibody to HBc; anti-HCV = antibody to hepatitis C virus. 
"Treatment doses (mg/day). 

6, 9-12, 15 and 17) had more severe disease with cirrhosis 
and/or bridging necrosis. Thirteen patients were seropositive 
for antibodies against hepatitis C virus. No patient tested 
positive for HBsAg. Antinuclear autoantibody test was positive 
in Patient 1. The patients gave verbal consent after being 
informed of the nature, purpose and protocol of the study. 
Written consent is not required by Italian law. 

Study Design. Three different doses of UDCA (250,500 and 
750 mg/day) were given to each patient for three consecutive 
2-mo periods. Order of treatments was randomly assigned 
according to a replicated Latin-square design (Table 1). 
Fasting blood samples were collected before admission to the 
study and on the morning after the completion of each cycle of 
treatment for determination of liver function, serum bile acid 
concentrations and other routinely measured blood chemis- 
tries. Six of the 18 patients agreed to undergo duodenal 
intubation to obtain bile for bile acid analyses (Patients 1 
through 6 listed in Table 1). Patient consent was again 
obtained after details of the procedure were carefully ex- 
plained. Bile-rich duodenal aspirates were obtained after 
overnight fasting and after gallbladder contraction was in- 
duced by intramuscular injection of cerulein (0.3 p&g body 
wt) (Farmitalia, Milano, Italy). Samples were obtained before 
and during each cycle of treatment and the bile acid compo- 
sition was determined by HPLC. In eight samples collected 
from two of the patients with more severe disease (Patients 2 
and 61, a detailed bile acid analysis was performed using 
capillary column gas chromatography-mass spectrometry 
(GC-MS). All samples were stored at -- 20" C. The protocol of 
the study conformed to the ethical guidelines of the 1975 
Declaration of Helsinki. 

Methods of Analysis. The following liver function 
tests -AST, ALT, y-glutamyl transpeptidase (GGT), alkaline 
phosphatase, bilirubin, plasma total and high-density li- 
poprotein cholesterol and plasma triglycerides - were deter- 
mined by routine laboratory methods. Serum levels of cholic 
acid (CAI, chenodeoxycholic acid (CDCA) and UDCA were 
measured by solid-phase enzyme immunoassay (2, 11, 12). 

Bile Acid Composition Determined by HPLC. Gallbladder 
bile (0.5 to 1 ml) was diluted (1:5 vol/vol) with 0.7 rnol/L 

KH,PO, buffer (pH 7.0) and was passed through a solid-phase 
cartridge of octadecylsilane-bonded silica (Sep-pak; Millipore 
Corp., Bedford, MA). Bile acids and their conjugates are 
retained; after rinsing the cartridge with 10 ml distilled water 
and 3 ml 10% acetone solution, bile acids were desorbed with 
5 ml methanol. The methanolic extract was reduced in volume 
to 0.5 ml by evaporation under nitrogen gas and then filtered 
through a 0.4 pm nylon membrane (Millex; Millipore Corp.). 
HPLC was performed on a Waters 450 liquid chromatograph 
housing a Novapack C,, reverse-phase column (Waters 
Chromatography Division, Millipore Corp.; 25 cm x 4.6 mm 
inside diameter; 5 pm particle size). Separation of bile acid 
conjugates was achieved usinga mobile phase of methanoU0.01 
moVL KH,PO, (66: 34) (pH 5.25) with a flow rate of 1 ml/min. 
Relative amounts of bile acids were calculated from the UV 
absorbance at  200 nm. Peaks were characterized by slope 
integration on a Shimadzu CRA recorder (Shimadzu Instru- 
ments, Kyoto, Japan). The area response for each bile acid peak 
was compared with the area response obtained for known 
concentrations of bile acid solutions. Conjugated lithocholic 
acid values, which never exceeded 2% of the total bile acids and 
on average accounted for <l%, were omitted from the 
calculations. 

Analysis of Bile Acids by GC-MS. Bile acids were extracted 
from duodenal bile samples by solid-phase extraction exactly as 
described by Setchell and Worthington (13) after addition of 
the internal standard, nordeoxycholic acid (2 Fg). The meth- 
anolic extract was taken to dryness under nitrogen gas, and 
bile acid conjugates were solvolyzed in a solution of tetrahy- 
drofurad0.1 mol/L trifluoroacetic acid as described by Hirano 
et  al. (14). After evaporation of the sample to dryness, 
enzymatic hydrolysis using cholylglycine hydrolase was carried 
out. The unconjugated bile acids formed from these hydrolytic 
steps (including bile acids that were glycine, taurine, sulfate 
and glucuronide conjugates) were isolated in a single fraction 
using the lipophilic anion exchange gel Lipidex-DEAP 
(Packard Instruments, Groningen, The Netherlands) (15), and 
the methyl ester-trimethylsilyl ether derivatives were pre- 
pared for analysis by GC-MS (16). GC-MS analysis was carried 
out using a Finnigan 4635 GC-MS instrument housing 
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a 30-m DB-1 capillary column (0.4 mm inside diameter; 
0.25-pm film thickness). Separation of bile acids was achieved 
using temperature-programmed operation from 225" C to 
295" C with increments of 2" C h i n  and after initial and final 
isothermal periods of 5 min and 20 min, respectively. Mass 
spectra were acquired by repetitive scanning over the mass 
range of 50 to 850 Da at the rate of 2 sec/cycle. Separate GC 
analysis was carried out under identical conditions and bile 
acids were quantified from their peak height response relative 
to the internal standard, nordeoxycholic acid. The identifi- 
cation of a bile acid was based on its mass spectrum and GC 
retention index compared with authentic standards. A com- 
prehensive list of mass spectra and retention indices of 
reference bile acids is compiled elsewhere (17). 

Statistical Analysis. ANOVA was used to evaluate the 
significance of both the effect of the different UDCA doses and 
the effect of their order of administration on the parameters 
under study (18). Multiple comparisons among doses, or 
among orders of administration, were performed by Scheffe's 
test when the F test in the ANOVA was significant (p < 0.05). 

To study the relationship between UDCA dose, UDCA levels 
in serum or bile and serum liver enzyme levels as well as 
between HPLC and GC-MS determinations of the individual 
bile acids, polynomial regression analysis was used. Two-tailed 
p values were used for statistical analysis. 

RESULTS 
The three daily UDCA doses corresponded to 3.8 

mg/kg, 7.7 mg/kg and 11.5 mgkg in the current group of 
patients. All patients completed the study and reported 
no adverse side effects. Compliance was assessed from 
an increase in biliary and serum UDCA concentrations 
and was found satisfactory. 

Serum Liver Enzymes. Serum enzyme levels before 
and at the end of each cycle of treatment are shown in 
Figure 1. A significant decrease in serum AST, ALT and 
GGT concentrations from baseline levels occurred with 
each dose of UDCA. No statistically significant differ- 
ences were observed among the three different dosages 
or among the orders of administration. When patients 
were stratified according to severity of liver disease 
determined from histological findings, no significant 
difference was seen in the biochemical response between 
those with more severe disease and the remaining 
patients. Serum alkaline phosphatase, bilirubin and 
lipid levels were in the normal range on entry and did not 
change during UDCA administration. 

Bile Acids in Bile and Serum. The bile acid compo- 
sition of the principal amidated bile acids in the bile of 
the individual patients determined by HPLC is summa- 
rized in Table 2. A significant quadratic relationship 
(r = 0.94; p < 0.001) between dose of UDCA (expressed 
as mg/kg/day) and enrichment of bile with UDCA was 
found. Biliary UDCA and CA levels were inversely 
related (r = -0.85; p < 0.01). Before treatment, litho- 
cholic acid was present in trace amounts and the 
concentrations of this bile acid did not change after 
UDCA administration. The biliary bile acid composition 
determined by GC-MS is summarized in Table 3. The 
correlation coefficients between GC-MS and HPLC data 
were 0.98 for UDCA, 0.96 for CA, 0.96 for CDCA and 
0.97 for deoxycholic acid (p < 0.001). GC-MS revealed 

AST 

A -  

@ 251 500 750 0 250 511 158 0 250 580 750 
DOSE OF UDCA (MC/DAY) 

FIG. 1. Serum enzyme concentrations (mean 2 S.E.M.) before and 
after administration of different doses of UDCA in 18 patients with 
CAH. *p < 0.01 vs. values at entry (ANOVA). 

an array of unusual bile acids that accounted for 3% to 
5% of the total biliary bile acids in the basal conditions 
and during UDCA administration. 

Serum UDCA concentrations increased from negli- 
gible levels to an average of 16 KmoVL (range = 5.2 to 
42.4) with 250 mg/day UDCA, 25 kmol/L (range = 1.7 
to 65.0) with 500 mg/day and 32 bmol/L (range = 3.1 
to 58.2) with 750 mg/day. Baseline values of the 
two primary bile acids, CA (4.3 -+ 1.6 kmol/L, 
mean ? S.E.M.) and CDCA (7.2 * 2.1 kmol/L) were 
higher than the upper limits of the reference values for 
healthy subjects (1.0 pmol/L for CA and 2.0 kmol/L for 
CDCA) and did not change during UDCA adminis- 
tration. 

No significant correlation was found between the 
changes in serum enzyme levels and the relative per- 
centage of UDCA in bile or in serum. 

DISCUSSION 
This study was aimed at investigating the effects of 

different doses of UDCA on serum liver enzymes and bile 
acid metabolism in patients with CAH. CAH is a 
composite clinical entity with a wide range of variability 
in biochemical and histological abnormalities. To reduce 
the heterogeneity of the patient population studied, 
patients with clinical evidence of portal hypertension 
were excluded. The experimental design permitted 
comparison of different doses of UDCA in the same 
patient, thereby minimizing individual variability in 
responses. Each cycle of treatment lasted 2 mo; this 
period should be sufficient for comparison of the 
different doses because it has been shown that during 
UDCA administration a steady state in bile acid metab- 
olism is achieved in < 3  wk (19). 

The results of this study confirm previous observa- 
tions that UDCA significantly improves indices of liver 
dysfunction in patients with CAH (2). These data 
demonstrate that doses as low as 4 mg/kg/day improve 
indices of liver dysfunction and that no statistically 
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TABLE 2. HPLC analysis of biliary bile acid composition (percentage of total) 
Patient 1 Patient 2 Patient 3 Patient 4 

UDCA treatment UDCA treatment UDCA treatment UDCA treatment 
(mglday) (mdday) (mglday) (mglday) 

Baseline 250 500 750 Baseline 250 500 750 Baseline 250 500 750 Baseline 250 500 750 

UDCA 
8 4.0 27.3 35.1 35.5 7.4 22.3 42.5 39.9 4.9 18.3 28.7 32.6 2.6 20.3 25.1 36.9 
G/T 3.0 2.8 8.0 6.9 3.4 4.3 4.2 5.0 1.9 3.8 4.7 5.9 6.3 7.8 10.4 10.2 

8 37.1 21.5 24.3 24.3 41.3 33.6 20.4 22.6 47.4 38.2 38.1 25.9 43.1 29.0 20.5 20.7 
G/T 3.8 1.9 4.5 3.7 1.6 2.8 1.8 2.8 1.7 2.5 2.6 1.8 4.4 3.4 4.3 5.7 

% 29.2 23.4 24.6 23.2 45.4 37.1 30.9 32.9 28.8 29.2 21.4 21.0 45.4 40.5 45.0 36.0 
GPT 3.8 1.9 4.2 3.1 1.8 1.9 1.6 2.6 1.3 1.9 2.8 2.0 2.4 1.3 1.9 8.5 

8 29.6 27.7 15.9 17.0 5.9 7.0 6.2 4.7 18.8 14.3 11.8 20.5 8.9 10.2 9.4 6.4 
G/T 8.9 4.3 4.9 2.8 2.3 2.7 3.4 2.3 1.6 2.9 2.1 9.8 5.2 4.6 4.2 12.8 

CA 

CDCA 

DCA 

% = Percentage of total bile acids; G/T = ratio of glycine conjugates/taurine conjugates; DCA = deoxycholic acid. 
"p < 0 01 vs. baseline. 
*p < 0.01 vs. 250 mg. 
'pc 0.05 vs. baseline. 

TABLE 3. Relative composition (700) of biliary bile acids determined by GC-MS for two patients with CAH before and after 
UDCA therapy 

Patient 2 Patient 6 

UDCA treatment (mglday) UDCA treatment (muday) 

Bile acid Baseline 250 500 750 Baseline 250 500 750 

3a, 7p-dihydroxy-5p-cholanoic (UDCA) 
30, 7a, 12a-trihydroxy-5P-cholanoic (CA) 
3a, 7a-dihydroxy-5~-cholanoic (CDCA) 
3a, 12a-dihydroxy-5p-cholanoic (DCA) 
3a-hydroxy-5P-cholanoic (LCA) 
Others, total 
Individual 

3n- hydroxy-12-oxo-5~-cholanoic 
3a, 6u, 7a-trihydroxy-5~-cholanoic (hyocholic) 
lp, 3a, 12r~-trihydroxy-5f3-cholanoic 
3a, 7a, 12a-trihydroxy-5~-homocholan-25-oic (homocholic) 
3a, 7a-dihydroxy-5~-homocholan-25-oic (homocheno- 

3a, 7a, 12n-trihydroxy-5n-cholanoic (allo-cholic) 
3p, 12a-dihydroxy-5P-cholanoic 
3p, 7a-dihydroxy-5p-cholanoic 

deoxycholic) 

0.9 26.6 40.4 38.5 1.5 
48.3 31.5 22.9 26.7 46.2 
42.4 33.3 29.1 28.8 28.9 
3.2 3.4 3.5 2.5 18.7 
0.4 0.9 0.8 0.6 0.3 
4.8 4.3 3.3 2.9 4.4 

0.8 0.9 0.8 0.7 0.3 
0.3 0.2 0.4 0.4 1.0 
0.3 0.2 0.4 0.4 1.2 
1.1 0.7 0.4 0.4 0.6 
0.9 0.7 0.5 0.5 0.4 

0.1 ND ND ND 0.3 
0.3 ND ND ND 0.3 
1 .o 1.6 0.8 0.5 0.3 

21.1 
37.6 
23.3 
12.1 
0.8 
5.1 

0.5 
0.7 
0.8 
0.9 
0.6 

0.2 
0.2 
1.2 

31.2 29.1 
28.4 33.3 
21.7 27.1 
12.9 6.7 
1.0 0.7 
4.8 3.1 

0.7 0.6 
1.4 0.4 
1.0 0.4 
0.5 0.6 
0.4 0.5 

0.2 0.1 
0.3 0.2 
0.3 0.3 

LCA = lithocholic acid: ND = not detected. 

significant further improvements are gained by higher 
doses of UDCA. 

The relative proportions of major biliary bile acids 
before treatment were similar to values reported for 
healthy individuals (201, but the biliary enrichment with 
UDCA during treatment was lower than that achieved in 
gallstone patients with normal liver function treated 
with comparable doses of UDCA (10,211. The finding of 
a quadratic component in the relationship between 
UDCA dose and the relative percentage of UDCA in the 
bile indicates that no further enrichment with UDCA is 
attained when doses > 500 mglday are administered. 
These data contrast with findings in gallstone patients, 

which showed an approximately linear increase in the 
relative percentage of UDCA in bile with doses up to 
1,000 mg/day (10). This difference probably reflects a 
reduced hepatic extraction of UDCA that has been 
described previously in patients with chronic liver 
disease (22). The high serum concentrations of UDCA 
found in our patients compared with values reported for 
gallstone patients after UDCA administration (23) 
would support this interpretation. 

In bile, the relative percentage of UDCA increased 
mainly at the expense of CA, another hydrophilic bile 
acid, and only to a lesser extent of CDCA, whereas the 
proportion of deoxycholic acid did not significantly 
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Patient 5 Patient 6 Mean i S.E.M. of the six patients 

UDCA treatment UDCA treatment UDCA treatment 
(mg/day) (mglday) (rng/day) 

Baseline 250 SO0 750 Baseline 260 500 750 Baseline 250 500 750 

4.1 19.9 26.0 28.3 5.9 21.9 35.9 29.5 4.8 f 0.7 21.7 ? 1.3" 32.2 * 2.8",b 33.7 + l . W h  
1.6 3.4 6.4 2.3 8.7 8.5 7.0 4.0 4.2 c 1.1 5.1 i 1.0 6.8 f 0.9 5.7 L 1.1 

39.1 38.0 27.7 27.5 39.8 34.3 27.4 31.5 41.3 f 1.5 32.5 ? 2.6' 26.4 2.7" 25.4 c 1.6" 
7.1 1.7 3.4 1.9 2.8 4.3 4.2 1.7 3.6 c 0.8 2.8 2 0.4 3.5 f 0.4 2.9 f 0.6 

38.7 32.9 28.0 27.1 32.9 30.4 23.9 33.0 36.7 f 3.1 32.3 ? 2.5 29.0 + 3.5" 28.8 ? 2.5" 
7.1 1.7 2.4 1.7 3.8 2.4 3.7 1.7 3.4 c 0.9 1.9 ? 0.1 2.8 ? 0.4 3.3 t 1.1 

18.1 9.3 18.4 17.2 21.3 13.4 12.7 6.0 17.1 t 3.5 13.7 + 3.0 12.4 f 1.8 12.0 5 2.9 
4.7 3.2 3.3 2.9 3.4 5.4 6.9 2.0 4.4 c 1.1 3.9 2 0.4 4.1 f 0.7 5.4 2 1.9 

change. Moreover, no correlation was found between the 
improvements in serum liver enzyme levels and the 
extent of UDCA enrichment in bile. These data do not 
support the hypothesis that the beneficial effect of 
UDCA in CAH is explained by the partial substitution of 
hydrophobic endogenous bile acids with a more hydro- 
philic component in the circulating pool (7-9). 

Because HPLC measures only the taurine and glycine 
conjugates of the principal primary and secondary bile 
acids, we performed GC-MS analysis of eight samples 
from the two patients with more severe disease. These 
analyses revealed a number of unusual bile acids that 
accounted for 3% to 5% of the total biliary bile acids in 
all the samples analyzed. Many of these bile acids have 
previously been found in other biological fluids of 
patients with liver disease (15, 24, 25); however, the C,, 
bile acids homochenodeoxycholic acid and homocholic 
acid are described for the first time in CAH patients and 
were recently described in bile from patients with cystic 
fibrosis (26). Bile acid profiles were similar in the 
samples analyzed and, interestingly, differed markedly 
from those found in chronic cholestatic liver diseases, 
where unusual bile acids generally account for a higher 
proportion of the total bile acids (26, 27). An excellent 
correlation between the HPLC and GC-MS methods 
indicates that HPLC can be appropriately used to 
measure the major bile acids in the bile of patients with 
chronic active liver disease. 

Long-term controlled studies are needed to establish 
whether the improvements in serum liver indices during 
UDCA treatment are clinically important. Our data on 
the short-term effect of different doses of UDCA on 
serum liver enzymes and bile acid metabolism indicate 
that doses of about 4 to 8 mg/kg could be used for such 
studies. 
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