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Ursodeoxycholic acid was administered to a patient 
with benign recurrent intrahepatic cholestasis to 
prevent cholestatic episodes. A detailed study of bile 
acid metabolism in this patient was carried out in the 
anicteric and icteric phases before and after ursode- 
oxycholic acid (750 mg/day) administration. Urinary, 
biliary and serum bile acids were measured by gas 
chromatography-mass spectrometry and by high- 
performance liquid chromatography techniques. 

During the anicteric phase the daily urinary ex- 
cretion and serum concentrations of bile acids were 
within normal ranges, indicating normal hepatic 
uptake and secretion of bile acids during the 
cholestasis-free period. Only slight qualitative differ- 
ences from normal individuals were observed; the 
relative proportions of deoxycholic acid in the bile and 
serum were higher, and 12-0x0-lithocholic acid was the 
predominant urinary bile acid. 

During the icteric phase a marked increase in the 
urinary excretion of primary bile acids and C-1, (3-2, C-4 
and C-6 hydroxylated metabolites was found. Serum 
bile acid concentrations increased before the rise in 
bilirubin, suggesting an acute disturbance in bile acid 
transport at the onset of the cholestatic attack. 

After ursodeoxycholic acid administration in the 
anicteric phase, bile became enriched with the exog- 
enous bile acid, but little qualitative change was found 
in the other metabolites present in the urine, serum or 
bile during the anicteric or icteric phases. Prolonged 
administration of ursodeoxycholic acid failed to 
prevent recurrence of a cholestatic episode, suggesting 
that in benign recurrent intrahepatic cholestasis, oral 
ursodeoxycholic acid may be of little benefit in the 
treatment or prevention of cholestasis despite marked 
enrichment of the bile acid pool with this hydrophilic 
bile acid. (HEPATOLOGY 1991; 13: 1076- 1083.) 
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Benign recurrent intrahepatic cholestasis (BRIO 
is characterized by the abrupt occurrence of severe 
cholestasis, which spontaneously subsides after sev- 
eral weeks, in otherwise healthy individuals. The 
reasons for the onset of acute attacks have been 
attributed to unknown factors impairing bile acid 
transport at the canalicular level in genetically suscep- 
tible individuals (1). All treatments tested so far- 
corticosteroids, cholestyramine, phenobarbitone (2) and 
S-adenosylmethionine (3) - have proved unsatisfactory. 
Recently Bijleveld et al. (4) reported a contracted bile 
acid pool size in patients with BRIC and suggested the 
use of ursodeoxycholic acid (UDCA), a highly hydro- 
philic and choleretic agent (51, for preventing cholestatic 
attacks. 

UDCA has already been shown to prevent or reverse 
cholestasis induced in animals by several mechanisms, 
including the administration of hydrophobic monohy- 
droxy and dihydroxy bile acids (6). Striking improve- 
ments in indices of liver function have been demon- 
strated in patients with chronic cholestatic liver diseases 

We evaluated the effects of oral UDCA administration 
in a patient with BRIC characterized by many recur- 
rences of cholestasis during an acute cholestatic attack 
but failed to show any improvement in serum bilirubin 
and liver enzyme levels. We therefore investigated the 
potential of UDCA administration for preventing 
further attacks of cholestasis and have studied bile acid 
composition of the bile, urine and serum samples 
collected from this patient. 

(7-10). 

PATIENT AND METHODS 
Patient and Clinical History. A 24-yr-old man was referred 

to the Department of Internal Medicine in Milan in 1983 for 
evaluation of jaundice. In 1970 he suddenly experienced 
jaundice with itching, dark urine and pale stools. Investiga- 
tions were inconclusive and symptoms spontaneously subsided 
after about 2 mo. Similar episodes occurred in 1975,1978 and 
1980. In the 10 to 15 days preceding each episode, the patient 
complained of deep malaise, fatigue, nausea and loss of 
appetite. Considerable weight loss occurred during each 
episode. Exploratory laparotomy was carried out with negative 
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results, and a wedged liver biopsy sample taken during surgery 
revealed normal hepatic architecture with centrilobular 
cholestasis. 

In 1983 the patient was referred to our unit for further 
evaluation. On physical examination he showed deep jaundice 
and malnutrition; the liver was slightly enlarged and the 
spleen was normal in size. The following abnormalities in 
serum liver function tests were found: AST = 66 IU/L (normal 
value < 37 IU/L); ALT = 11 1 IU/L (normal value < 40 IUL); 
alkaline phosphatase = 1,307 I U L  (normal value <279 
IU/L); and serum total bilirubin = 21.9 mg/dl (conjugated 
bilirubin = 12.6 mg/dl). Ultrasonographic scan of the liver 
failed to show abnormality of the biliary tree or liver structure. 
Endoscopic retrograde cholangiopancreatography was techni- 
cally unsuccessful. Needle biopsy was performed, and histo- 
logical examination indicated centrilobular cholestasis with 
bile plugs in the bile ducts and bile pigment in the hepatocyte 
and macrophage cytoplasm but no inflammatory infiltrates or 
bile duct proliferation. After 8 wk, jaundice disappeared and 
the patient was seen at  regular intervals. Further episodes of 
cholestasis occurred in October 1984, June 1985, June 1986 
and March 1987 (Fig. 1). 

As soon as prodromata appeared, the patient was treated 
with cholestyramine (4 gm thrice daily); treatment was 
supplemented with medium-chain triglycerides and fat-soluble 
vitamins. In October 1984, a few days after onset of a 
cholestatic episode, UDCA (600 mg/day) was administered over 
a brief period. In July 1987, when liver function tests were in 
the normal range, UDCA (750 mg/day) was again administered 
with the objective of preventing further cholestatic attacks. 

Collection of Bile, Urine and Blood. Samples of gallbladder 
bile were collected before (Bl) and after UDCA administration 
(B2) during a cholestasis-free period. A duodenal tube was 
inserted after an overnight fast and gallbladder contraction 
was induced by intramuscular injection of cerulein (0.3 pg/kg 
body wt; Farmitalia, Milan, Italy). Four separate 24-hr urine 
specimens were collected; two samples were taken during the 
anicteric phases (U1 and U3) and two samples were taken 
during the icteric phases (U2 and U4). Samples U1 and U2 
were obtained during UDCA administration. Serum samples 
were collected in the anicteric phases (samples S1 and S4) and 
the icteric phases (samples S2 and S3). Three of these were 
obtained during UDCA administration (S1, S2 and S3). Figure 
1 shows when these samples were collected. 

HPLCof Bile Acids. An aliquot of 0.5 to 1 ml gallbladder bile 
was diluted with 5 volumes 0.7 mol/L KH,PO, buffer (pH 7) 
and was passed through a C,, liquid chromatographic car- 
tridge (Sep-pak; Waters Chromatography Division, Millipore 
Corp., Milford, MA). After rinsing with 10 ml distilled water 
and 3 ml 10% acetone solution, bile acids were eluted with 5 ml 
methanol. The methanolic extracts were reduced in volume 
under nitrogen gas to 0.5 ml and filtered through a 0.45-km 
nylon membrane. HPLC was performed with a Waters 450 
liquid chromatograph housing a 25 cm x 0.46 mm Novapak 
C,, reverse-phase column (5-km particle size; Waters Chro- 
matography Division, Millipore Corp.). An isocratic mobile 
phase of methanol/O.Ol m o m  KH,PO, 66:34 (pH 5.25) was 
used to separate the principal amidated bile acids with a flow 
rate of 1 mumin. Relative bile acid concentration was calcu- 
lated from absorbance at 200 nm. Peaks were characterized 
from their retention indices relative to authentic bile acid 
conjugates and by slope integration on a Shimadzu CRA 
recorder (Shimadzu Instruments, Columbia, MA). The areas 
under the various bile acid peaks were calibrated from the 
areas obtained from known concentrations of bile acid solu- 
tions. 

UDCA 
600mg t UOCA 

7 q n m n  

1984 1985 1986 1987 1988 1989 

FIG. 1. Serum bilirubin concentrations over 7 yr in a patient with 
BRIC. Indicated are periods of UDCA administration and time points 
of collection of bile (B), serum CS) and urine (U) samples taken for bile 
acid analysis. 

Analysis of Total Bile Acid Composition by Gcre 
Chromatogmphy-Maas Spectrometry. Bile acids were first 
extracted from all samples by liquid-solid extraction on 
cartridges of octadecylsilane-bonded silica (Bond Elut CI8; 
Analytichem, Harbor City, CA) exactly as described previously 
(11) and after the prior addition of the internal standard, 
nordeoxycholic acid (standard 2). The methanolic extract from 
the Bond Elut cartridge was dried on a rotary evaporator and 
subjected to solvolysis. Solvolysis was achieved in a stoppered 
glass tube by dissolving the dried extract in methanol (1 ml) 
and adding 9 ml of a solution of freshly distilled tetrahy- 
drofuradl m o m  trifluoracetic acid in 1,4-dioxane (9: 0.1, 
vol/vol) and leaving the solution to react for 2 hr at  45" C (12). 
After the reagents were evaporated under a stream of nitrogen 
gas, the residue was subjected to hydrolysis. Hydrolysis was 
achieved by incubation with 50 units choloylglycine hydrolase 
(Sigma Chemical Co., St. Louis, MO) in 0.1 moVL phosphate 
buffer at  37" C for 16 hr. After hydrolysis, unconjugated bile 
acids were extracted by passage of the sample through a Bond 
Elut C,, cartridge (11) and recovered by elution with 5 ml 
methanol. After addition of 1.25 ml distilled water, the sample 
was applied directly to a 0.6-gm column of diethylaminohy- 
droxypropyl Sephadex LH-20 (DEW Sephadex LH-20, sold as 
Lipidex-DEAP; Packard Instrument Co., Groningen, The 
Netherlands) prepared in the acetate form and packed in 72% 
ethanol (bed size 13 x 0.4 cm). Neutral compounds pass 
directly through this anion-exchange gel,; unconjugated bile 
acids were recovered with 7 ml of 0.1 m o m  acetic acid in 72% 
ethanol (pH 4.5) (13). After evaporation of the sample, the 
internal standard coprostanol (standard 1) was added, and bile 
acids were converted to the methyl ester-trimethylsilyl ether 
derivatives, purified by chromatography in Lipidex 5000 
(Packard Instrument Co.) and analyzed by gas chromatog- 
raphy (GC) and GC-mass spectrometry (MS) (14). 

The methyl ester-trimethylsilyl ether derivatives were 
subjected to chromatography on a 30 m x 40 mm DB-1 
(0.25-pm film) fused silica capillary column (J & W Scientific, 
Folsam, CA) using a temperature program between 225" and 
295" C in increments of 2" C/min with initial and final 
isothermal periods of 5 min and 20 min, respectively. Helium 
was used as carrier gas with a flow rate of 1.8 mumin measured 
from the column end at  ambient temperature. 

GC-MS was carried out using a Finnigan 4635 quadrupole 
GC-MS instrument (Finnigan, Inc., San Jose, CA) housing an 
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TABLE 1. Percentage composition of the principal amidated 
bile acids in the bile of a patient with BRIC during an 
anicteric phase before and after UDCA administration 

Anicteric Phase 

Before UDCA After UDCA 
Bile acid conjugates (B1) (B2) 

Tauroursodeoxycholate 
Glycoursodeoxycholate 
Taurocholate 
Glycocholate 
Taurochenodeoxycholate 
Taurodeoxycholate 
Glycochenodeoxycholate 
Glycodeoxycholate 
TOTAL 

~ 

0.9 
3.8 
10.4 
26.9 
11.2 
5.4 
22.4 
19.0 
100 

3.8 
45.1 
8.2 
13.2 
3.3 
1.2 
16.8 
8.4 

100 

identical GC column with the same chromatographic condi- 
tions. Electron-impact ionization (70 eV) mass spectra were 
recorded over the mass range of 50 to 800 D by repetitive 
scanning (2.0 sec/cycle) of the eluting components. Data were 
stored and processed using the Super Incos Data System 
(Finnigan, Inc.). 

Quantification of bile acids was achieved using GC by 
comparing the peak height response of the individual bile acids 
with the peak height response obtained from the internal 
standard (15). Identification of a bile acid was made on the 
basis of the GC retention index relative to a homologous series 
of n-alkanes referred to as a methylene unit (MU) value, and 
the mass spectrum compared with authentic standards. When 
authentic standards were unavailable, identifications were in 
some cases tentative, particularly with regard to stereochem- 
istry, and were based on predicted fragmentation patterns for 
specific bile acid structures (16-18). 

RESULTS 
Clinical Observations. Serum total bilirubin concen- 

trations measured periodically over 7 yr in this patient 
are plotted in Figure 1. Seven documented episodes of 
cholestasis occurred at  relatively frequent intervals, 
approximately once a year. No seasonal relationship was 
found with the cholestatic attacks. Anicteric phases 
varied from 4 to 12 mo, whereas the average duration of 
cholestasis was approximately 2 mo. Cholestyramine 
was only slightly effective in relieving pruritus. 

UDCA was first administered during a cholestatic 
episode in 1984. Serum bilirubin concentrations con- 
tinued to increase, reaching 24 mg/dl, and the patient 
showed no clinical or symptomatic improvement; bile 
acid therapy was therefore terminated. Serum bilirubin 
concentrations continued to rise thereafter and peaked 
at 34 mg/dl. Two years later and immediately after 
recovery from a cholestatic attack, the patient was given 
750 mg/day UDCA, corresponding to approximately 10 
mg/kg/day, in an attempt to prevent subsequent epi- 
sodes of cholestasis. After almost 1 yr of this therapy, a 
recurrent episode of cholestasis occurred, with serum 
bilirubin levels attaining 40 mg/dl (Fig. 1). During this 
episode, treatment was supplemented with medium- 
chain triglycerides and fat-soluble vitamins, but no 
cholestyramine was administered. In May 1989, 9 mo 

after UDCA therapy, a single small gallstone was 
demonstrated on ultrasonography. 

Biliary Bile Acid Composition. HPLC results of 
biliary bile acids are shown in Table 1. The glyco-/tauro- 
conjugated bile acid ratio was 2.6. After UDCA admin- 
istration, marked enrichment of the pool with the 
exogenous bile acid occurred (UDCA accounted for 49% 
of the total bile acids) at the expense of conjugated cholic, 
chenodeoxycholic and deoxycholic acids. Only traces of 
glycolithocholic and taurolithocholic acids were found in 
bile samples, and values for these bile acids could not be 
reliably quantified by HPLC because of the limited 
sensitivity of the method (19). An increase in the 
proportion of glycine conjugation occurred after UDCA 
administration; the glyco-/tauro-conjugated bile acid 
ratio increased to 5.0. 

Qualitatively, the GC-MS profiles (Fig. 2, Table 2) 
revealed that cholic, chenodeoxycholic and deoxycholic 
acids were the predominant biliary bile acids during the 
anicteric phase, whereas lithocholic acid accounted for 
1.7% of the total. 3P,7a-Dihydroxy-5P-cholanoic acid 
accounted for 3.2% of the total bile acids; many other 
isomers were present, including oxo-bile acids. Some 
could not be definitively identified because of the lack of 
authentic standards. After UDCA administration, the 
bile became enriched (35% of total) with the exogenous 
bile acid, mainly at the expense of many of the unusual 
bile acids and cholic and deoxycholic acids. No data on 
biliary bile acid composition could be obtained during 
the ideric phase because duodenal intubation was 
unsuccessful on three occasions. 

Urinary Bile Acids. The results of GC-MS analysis of 
urinary bile acids are shown in Figure 3, and the 
quantitative excretions of the individual bile acids are 
listed in Table 3. Total urinary bile acid excretion 
determined in the two urine samples collected during 
the anicteric phase was within the normal range ( <50 
pmoVday). During UDCA administration, the daily 
urinary excretion of bile acids was higher than in the 
period when no exogenous bile acid was given but was 
still within the normal range. 12-Oxo-lithocholate, 
301,12~-dihydroxy-5P-cholanoate and deoxycholate, cor- 
responding to 23%, 16% and 13% of the total, respec- 
tively, were the main urinary bile acids identified in the 
anicteric phase. Lithocholic acid accounted for 10% of 
the total urinary bile acids, whereas cholic and cheno- 
deoxycholic acid represented only 5% and 3%, respec- 
tively. Many other bile acids were identified (Table 3). 
After UDCA administration, the qualitative bile acid 
profile was relatively unchanged; however, UDCA 
became the predominant bile acid (accounting for 38% of 
the total), and notable increases in lithocholic and 
deoxycholic acids occurred. 

During cholestatic episodes, the qualitative profiles 
differed markedly from those obtained during the 
anicteric phase. Cholic, deoxycholic and chenodeoxy- 
cholic acids were the predominant bile acid species 
present in sample U2 (when no UDCA was adminis- 
tered), whereas lithocholic acid represented 3% of the 
total. Significant amounts of tetrahydroxylated bile 
acids, including C-1, C-2, C-4 and C-6 hydroxy isomers, 
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FIG. 2. Total ion current chromatograms of the biliary bile acids of a patient with BRIC before and after UDCA therapy. Bile acids were 
analyzed as their methyl ester trimethylsilyl ether derivatives and separated on a DB-1 capillary column. Repetitive scanning GC-MS was carried 
out; the bile acids identified by numbers are listed in Table 2. 

TABLE 2. Percentage composition of biliary bile acids in a patient with BRIC before and after UDCA administration during 
anicteric phase 

Anicteric Phase 

Before UDCA After UDCA 
No. Biliary bile acids (B1) (B2) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

3a-Hydroxy-5a-cholanoic (allo-lithocholic) 
3a-Hydroxy-5p-cholanoic (lithocholic) 
3a, 12p-Dihydroxy-5p-cholanoic 
3 p, 7a-Dihydroxy-5 P-cholanoic 
3P,7a, 12a-Trihydroxy-5p-cholanoic and 3~,12a-dihydroxy-5~-cholanoic 
3a,l2a-Dihydroxy-5p-cholanoic (deoxycholic) 
3p-Hydroxy-5-cholenoic and 3a,7a,l2a-trihydroxy-5a-cholanoic (allo-cholic) 
3a,7a-Dihydroxy-5$-cholanoic (chenodeoxycholic) 
3a,7a, 12a-Trihydroxy-5p-cholanoic (cholic) 
3a,7P-Dihydroxy-5p-cholanoic (ursodeoxycholic) 
3p,7P-Dihydroxy-5p-cholanoic 
7a-Hydroxy-3-oxo-5~-cholanoic 
Dihydroxy- and trihydroxy-cholanoic 
3a,7a-Dihydroxy-5f3-homocholan-25-oic 
3a,7a, 12a-Trihydroxy-5~-homocholan-25-oic and dihydroxy-cholanoic 
3p,12~-Dihydroxy-5ci-cholanoic 
3a-Hydroxy-12-oxo-5~-cholanoic (12-0x0-lithocholic) 
0x0-dihydroxy-cholanoic 
Dihydroxy-cholanoic 
Dihydroxy- and trihydroxy-cholanoic 
3p,7p, 12a-Trihydroxy-5a-cholanoic and 0x0-hydroxy-cholanoic 
Trihydroxy-cholanoic 
3a, 12a-Dihydroxy-7-oxo-5f3-cholanoic 
TOTAL. 

0.1 
1.7 
0.3 
3.2 
0.4 
24.6 
0.5 
14.8 
27.7 
2.3 
0.4 
0.8 
0.6 
- 
- 
3.2 
1.7 

7.7 
1.2 
7.6 
0.4 
0.8 

- 

100 

Trace 
1.0 

3.2 
0.2 
13.9 
0.1 
19.3 
20.6 
34.9 

- 

- 
- 
- 

0.4 
0.8 

1.0 
1.3 
1.5 
0.8 
0.6 

0.4 

- 

- 

100 

were found. The main tetrahydroxy bile acid identified 
was 3a,6a,7a,12a-tetrahydroxy-5p-cholanoic acid (ac- 
counting for 10% of the total). These bile acids were not 
detected in the urine collected during the anicteric 
phases. After UDCA administration, the exogenous bile 

acid became the predominant bile acid, accounting for 
30% of the total urinary bile acids; lithocholic acid 
represented 10% of the total. 

Serum Bile Acids. Serum bile acid concentrations 
were low in the anicteric period (Table 4). In one sample 
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FIG. 3. Comparison of total ion current chromatograms of the bile acids excreted in the urine of a patient with BRIC in the icteric and anicteric 
phases, with and without UDCA therapy. Bile acids were analyzed as their methyl ester-trimethylsilyl ether derivatives and separated on a 30-m 
DB-I capillary column. Repetitive scanning GC-MS was carried out, and the individual bile acids identified by numbers are listed in Table 3. 

collected in a period when UDCA was not administered, 
the total bile acid concentration was within the normal 
range (14); deoxycholic acid was the predominant bile 
acid, accounting for 36% of total. After UDCA adminis- 
tration, the total serum bile acid concentration increased 
and UDCA accounted for 59% of the total (Table 4). A 
concomitant increase in serum concentrations of 
deoxycholic and lithocholic acid was also observed, 
whereas serum concentrations of cholic and cheno- 
deoxycholic acids did not change. No significant 
amounts of unusual bile acids were found in the two 
samples collected in the anicteric phases. 

During UDCA administration and at the beginning of 
the icteric phase when bilirubin was 3.4 mg/dl (Fig. 11, 
the total bile acid concentration increased markedly, 
reaching a value of 869 kmol/L. The predominant bile 
acids were cholic acid (42% of the total), UDCA (29% of 
the total) and chenodeoxycholic acid (14% of the total). 
The relative percentages of deoxycholic and lithocholic 
acids were negligible, and significant amounts of un- 
usual bile acids were detected (Table 4). At the peak of 
this icteric episode, when bilirubin was 40.6 mg/dl (Fig. 

11, the total serum bile acid concentration decreased to 
383 Fmol/L and the composition was similar LO that 
found at  the beginning of this episode. 

DISCUSSION 
Although more than 100 cases of BRIC have been 

described in the literature, its origin remains unclear. 
Similarities in the clinical features of BRIC with 
intrahepatic cholestasis of pregnancy and oral estrogen 
use have been alluded to (20), and altered bile acid 
metabolism has been claimed to play some role in the 
condition (4). 

Our study of this patient provides one of the most 
detailed investigations of bile acid metabolism in BRIC 
and describes the clinical responses to UDCA therapy 
administered during and between cholestatic episodes. 

Compliance with UDCA administration was con- 
firmed from the biliary bile acid composition measured 
by HPLC, and state-of-the-art GC-MS techniques per- 
mitted more detailed investigation of bile acid metab- 
olism in this condition. Note that differences in the 
values of relative percentage compositions of the biliary 
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TAEILZ 3. Urinary bile acid excretion (pmol/day) in a patient with BRIC with and without treatment with UDCA 
Icteric Phase Anicteric Phase 

No. Urinary bile acids 

No With No With 
treatment UDCA treatment UDCA 

(U3) (U1) (U4) (U2) 

1 

2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

3a,7a, 12a-Trihydroxy-5P-cholan-23-oic (norcholic) and 

3a-Hydroxy-5p-cholanoic (lithocholic) 
3a, 12~-Dihydroxy-5~-cholanoic 
3~,7a-Dihydroxy-S~-cholanoic 
3p, 12a-Dihydroxy-5@-cholanoic 
3a, 12a-Dihydroxy-5P-cholanoic (deoxycholic) 
3p-Hydroxy-5-cholenoic and 3a,7a, 12a-trihydroxy-5a-cholanoic 

3a,7a-Dihydroxy-5P-cholanoic (chenodeoxycholic) 
3a,7a, 12a-Trihydroxy-5p-cholanoic (cholic) 
Trihydroxy-cholanoic 
3a,7p-Dihydroxy-5~-cholanoic (ursodeoxycholic) 
Trihydroxy- and 0x0-hydroxy-cholanoic 
Trihydroxy-cholanoic 
3a,7P, 12a-Trihydroxy-5P-cholanoic and 3a,7a-dihydroxy-5P- 
homocholan-25-oic 

3a,7a, 12a-Trihydroxy-5p-homocholan-25-oic and dihydroxy-cholanoic 
1 p,3a, 12a-Trihydroxy-5p-cholanoic 
3a,6a,7a-Trihydroxy-5P-cholanoic (hyocholic) 
3a-Hydroxy-12-oxo-5p-cho1anoic (12-0x0-lithocholic) 
3a,6a,7a, 12a-Tetrahydroxy-5p-cholanoic 
1 P,3a,7a, 12a-Tetrahydroxy-5P-cholanoic 
0x0-dihydroxy-cholanoic 
Dihydroxy-cholanoic 
Trihydroxy-cholanoic 
3a,7p,22-trihydroxy-5P-cholanoic 
0x0-dihydroxy-cholanoic 
3a,6p,7p-Trihydroxy-5a-cholanoic 
0x0- hydroxy -cholanoic 
3a, 12a-Dihydroxy-7-oxo-5p-cholanoic 
1~,3a,7a-Trihydroxy-5p-cholanoic 
3a, 7a-Dihydroxy- 12-0x03 p-cholanoic 
3a,6a,7~-Trihydroxy-5~-cholanoic (w-muricholic) 
2P,3a,7a, 12a-Trihydroxy-5f3-cholanoic 
3a,4P,7a, 12a-Trihydroxy-5~-cholanoic 
TOTAL bile acid excretion (FmoVday) 

3a-hydroxy-5a-cholanoic (allo-lithocholic) 

(allo-cholic) 

0.4 

0.9 
1.4 

0.1 
1.1 
0.3 

0.3 
0.4 

0.2 
0.2 

0.4 

0.1 
0.2 

2.0 

- 

- 

- 

- 

- 
- 
0.5 

0.1 
- 

- 
- 

- 
- 
- 
- 

Trace 
- 
- 

- 
8.6 

0.3 

1.6 
1.7 

0.5 
2.4 
0.6 

0.5 
0.4 

7.9 

- 

- 

- 

- 
0.5 

0.1 
0.2 

1.5 
- 

- 

- 
0.6 
0.2 
0.3 
0.8 

0.4 
- 

- 
- 
0.2 

Trace 
- 
- 
- 
20.7 

1.2 

5.5 
0.7 
1 .o 
0.6 
28.4 
5.3 

25.9 
56.3 
2.0 
3.2 

Trace 
0.4 
0.4 

0.9 
1.3 
2.5 

17.0 
3.1 

1.5 

1.3 
4.3 

1.4 
1.4 

3.9 

1.2 
0.3 

171.0 

- 

- 

- 

- 

- 

- 

0.4 

5.3 
2.8 
0.5 
0.2 
6.3 
1.7 

7.1 
8.2 

Trace 
16.9 

Trace 
- 

0.2 

0.4 
0.3 

3.0" 

0.6 

0.4 

0.5 

0.4 

- 

- 

- 

- 

- 
- 

0.4 

0.3 
0.4 

Trace 
56.3 

- 

"This value represents the sum of compounds 18 and 19. 

bile acids by the two techniques may be accounted for by 
the fact that many other bile acids found by GC-MS are 
not determined by HPLC. 

Bile Acid Metabolism in BRIC. In the anicteric phase, 
the relative proportion of deoxycholic acid in bile was 
higher than that found in normal individuals (21). This 
observation is consistent with the findings of Bijleveld 
et al. (4). High proportions of 12-0x0-lithocholic acid 
were excreted in urine during the anicteric phase. This 
bile acid has been found in the urine of healthy subjects 
in variable proportions (13) and was recently shown to 
be prominent in the urine of non-insulin-dependent 
diabetics (22). 12-0x0-lithocholic acid is formed from 
the bacterial metabolism of deoxycholic acid (23); it 
undergoes hepatic oxidoreduction during its enterohe- 
patic circulation (24). The higher proportions of this 
compound in the urine during the anicteric phase may 

result from increased biliary output of deoxycholic acid 
and/or reduced hepatic oxidoreduction. In several pa- 
tients described as having intermittent intrahepatic 
cholestasis of unknown origin (no clinical details given), 
12-0x0-lithocholic acid was reported to account for 0% to 
20% of total urinary bile acids; in one of these patients 
it was reported to be the main bile acid present (25). The 
high proportions of biliary deoxycholate and urinary 
12-0x0-lithocholate in this patient support the hy- 
pothesis that an increased spillover of bile acids into the 
large bowel is responsible for the reduced bile acid pool 
size in this condition (4). Total daily urinary bile acid 
excretion and total serum bile acid concentrations 
during the anicteric phases were within normal ranges. 
These findings indicate normal bile acid uptake and 
biliary secretion during the cholestasis-free period, as 
shown previously (2, 26). 
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TABLE 4. Serum bile acid concentrations (pmol/L) of a patient with BRIC with and without UDCA administration 
Anicteric phase Icteric phase 

No treatment With UDCA No treatment With UDCA 
No. Serum bile acids (S4) (S1) (52) (S3) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 

3a,7a, l2a-trihydroxy-5p-norcholan-23-oic and 3a-Hydroxy-5a-cholanoic 
3a-Hydroxy-5a-cholanoic (lithocholic) 
3p,7a, 12a-Dihdyroxy-5p-cholanoic 
3P,7a, 12a-Trihydroxy-5B-cholanoic 
3a,l2a-Dihydroxy-5~-cholanoic (deoxycholic) 
3a,7ci, 12a-Trihydroxy-5a-cholanoic and 3B-Hydroxy-5-cholenoic 
3a,7a-Dihydroxy-5p-cholanoic (chenodeoxycholic) 
3a,7a, 12a-Trihydroxy-5~-cholanoic (cholic) 
3a,7P-Dihydroxy-5B-cholanoic (ursodeoxycholic) 
3a,7a-Dihydroxy-5~-homocholan-25-oic 
3a,7a, 12~-Trihydroxy-5~-homocholan-25-oic 
3a,6a,7a-Trihydroxy-5B-cholanoic (hyocholic) and 3a-Hydroxy-12-0x0- 
5p-cholanoic (12-0x0-lithocholic) 

0x0-di hydroxy-cholanoic 
Trihydroxy and dihydroxy-cholanoic 
Dihydroxy-cholanoic 
3a,7~,22-Trihydroxy-5p-cholanoic and 3,6,7-trihydroxy-cholanoic 
0x0-hydroxy- and 3~,7~,12a-trihydroxyy-5a-cholanoic 
3a, 12a-Dihydroxy-7-oxo-5~-cholanoic 
3a,7a-Di hydroxy- 12-oxo-5f3-cholanoic 
3a,6a,7~-Trihydroxy-5~-cholanoic (w-murcholic) 
TOTAL serum bile acids (FmoVL) 

Trace 
4.2 
12.1 
3.1 
10.1 
Trace 
124.8 
368.1 
247.5 
2.8 
9.5 
20.0 

10.3 
4.5 
9.2 
16.3 
16.4 
14.5 
2.8 
3.5 

879.7 

Trace 
1.3 
11.4 
3.8 

Trace 
Trace 
65.7 
188.0 
66.5 
1.3 
4.2 
8.5 

1.9 
2.9 
5.4 
7.9 
8.8 
10.4 
1.5 
0.6 

390.1 

During the icteric phase, marked qualitative and 
quantitative changes were apparent. Most obvious was 
the significant increase in the excretion of primary bile 
acids and the appearance of C-1, C-2, C-4 and C-6 
tetrahydroxylated bile acid species. These changes are 
not specific to BRIC and have been documented in other 
cholestatic conditions (25) and during early human 
development (27-29), a period when physiological 
cholestasis is apparent (30-32). The presence of deoxy- 
cholic acid in the urine during the icteric phases 
indicates that enterohepatic circulation was not com- 
pletely interrupted when samples were collected. The 
increase in serum bile acid concentrations was greater a t  
the beginning of the icteric phase, when the serum 
bilirubin was only slightly increased. This observation 
confirms a lack of relationship between serum bilirubin 
and serum bile acid concentrations in BRIC (2, 33) and 
is consistent with the hypothesis of Van Berge Henne- 
gouwen, Brandt and De Pagter (34) that acute distur- 
bance in hepatic transport of bile acids could be the main 
cause of the onset of cholestasis in this condition. 

Effect of UDCA Administration on Bile Acid Metab- 
olism. During UDCA administration, compliance was 
confirmed by the marked increase in UDCA levels in all 
the biological fluids analyzed. In the anicteric phase, the 
serum UDCA level was comparable to values found in 
gallstone patients with normal liver function adminis- 
tered similar doses of UDCA (35) but lower than for 
patients with chronic liver disease (36-38). This suggests 
efficient hepatic uptake and clearance of bile acids 
during the cholestasis-free period in BRIC. The quali- 
tative profiles of the bile, serum and urine did not 
significantly change after UDCA administration, save 

enrichment by the exogenous bile acid. This is at 
variance with data obtained in other cholestatic condi- 
tions, which show substantial changes in biliary, urine 
and serum bile acid composition during UDCA admin- 
istration (39, 40). 

Clinical Response. UDCA in this patient failed to 
prevent recurrence of a cholestatic episode despite 
prolonged administration during the anicteric phase. 
Furthermore, UDCA had earlier failed to be beneficial in 
treating cholestasis in this patient (Fig. 1). Of interest 
was the observation that 10 mo after UDCA adminis- 
tration, an ultrasonographic scan revealed for the first 
time the presence of gallstones. Whether this was 
coincidental or related to the therapy is unclear. During 
the preparation of this manuscript, three patients with 
BRIC were reported to have been treated with UDCA; in 
one patient cholestatic symptoms appeared after 3 mo of 
treatment (Bircher, J. HEPATOLOGY 1989;10:1030, Cor- 
respondence; and Bijleveld, CMA. HEPATOLOGY 1989;lO: 
1031, Correspondence). Because of the variable fre- 
quency of the time between cholestatic episodes in BRIC, 
sufficient time should be given to evaluate the effec- 
tiveness of UDCA in this condition. This observation and 
our data suggest that UDCA is not of value in the 
treatment or prevention of cholestasis in patients with 
BRIC despite the significant enrichment of the bile acid 
pool with this hydrophilic bile acid. 
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