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We describe a detailed study of the effects of ursode- 
oxycholic acid administration on bile acid composition 
of the serum and bile of patients with primary biliary 
cirrhosis. Gas chromatography-mass spectrometry was 
used to analyze bile acids from 10 patients with 
primary biliary cirrhosis before and during ursode- 
oxycholic acid administration (500 mg/day, corre- 
sponding to approximately 8 mg& body wt), after 
group separation of the uncoqjugated and conjugated 
fractions by lipophilic anion exchange chromatog- 
raphy. These studies were directed at assessing 
whether the beneficial role of ursodeoxycholic acid in 
primary biliary cirrhosis was the consequence of a shift 
in the hydrophobicbydrophilic balance of the bile acid 
pool and whether the hypercholeresis might result 
from the cholehepatic circulation of unconjugated 
ursodeoxycholic acid in bile. 

In basal conditions, the unconjugated bile acids 
accounted for only 5.5% and 2.5%, respectively, of the 
total bile acids of serum and bile; cholic acid was the 
major component of the coqjugated fraction of serum 
and bile (56.0% 2 4.0%, mean f S.E.M.), and ursode- 
oxycholic acid was present in only trace amounts. The 
conjugated fraction contained many unusual bile acids 
(representing 16.5% f 1.3% of total) including C,, bile 
acids, iso-chenodeoxycholic acid and several oxo-bile 
acids. 

After ursodeoxycholic acid administration bio- 
chemical indices of liver function all improved, but the 
proportions of the unconjugated bile acids in serum 
and bile did not significantly change. Ursodeoxycholic 
acid became the predominant biliary bile acid of 
conjugated bile acid fraction (33.4% f 1.4%) and sig- 
nificant decreases occurred (p < 0.05) in biliary levels 
of cholic acid (28.3% f 2.3%) and the unusual bile acids 
(9.2% f 0.8%), but no changes occurred in the propor- 
tions of chenodeoxycholic acid (from 19.4% 2 2.7% to 
19.4% 2 1.3%) and deoxycholic acid (from 5.4% 2 1.4% 
to 6.8% f 1.3%). The proportions of biliary lithocholic 
acid increased significantly after ursodeoxycholic acid 
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administration (from 0.7% 2 0.1% to 2.9% f 0.9%; 
p < 0.05). In serum, ursodeoxycholic acid concentra- 
tions attained levels of 64 pmol/L. Serum lithocholic 
acid concentrations increased, whereas cholic and 
chenodeoxycholic acids decreased. Relative percent- 
ages of individual biliary bile acids in the unconjugated 
fraction were similar to the conjugated fraction before 
and after ursodeoxycholic acid treatment. The propor- 
tions of biliary uncoqjugated ursodeoxycholic acid did 
not change significantly after its administration (from 
0.6% to 0.9% of the total). 

These data provide little support for a significant 
shift in the hydrophilicity of the circulating bile acid 
pool after ursodeoxycholic acid administration. 
However, because the detergency and hepatotoxicity 
of a bile salt appears to correlate well with the 
retention index determined by reverse-phase liquid 
chromatography, the qualitative changes observed in 
the biliary pool (i.e., a displacement of cholic acid by 
ursodeoxycholic acid), suggests that a relative low- 
ering of the hepatotoxicity index of the bile acid pool 
occurs after ursodeoxycholic acid therapy. Further- 
more, our findings indirectly suggest that a hyper- 
choleresis related to the biliary secretion of unconju- 
gated ursodeoxycholic acid does not play a role in the 
beneficial effects of ursodeoxycholic acid therapy in 
primary biliary cirrhosis. (HEPATOLOGY 1991;14:1000- 
1007.) 

Administration of ursodeoxycholic acid (UDCA) to 
patients with PBC markedly improves serum liver 
indices related to cholestasis or cytolysis (1-4). In the few 
patients for whom liver biopsies were performed before 
and during long-term treatment with UDCA, a trend 
toward histological improvement was reported (3, 51, 
and a reduction of the aberrant hepatic expression of 
human leukocyte antigen class 1 molecules was demon- 
strated (6). 

It has been speculated that the changes in bile 
composition and secretion that take place during UDCA 
administration, such as a hypercholeresis (7, 8) and an 
increase in the degree of hydrophilicity (3, 9-11) of the 
bile acid pool, account for the favorable effects of UDCA. 
In PBC, the chronic cholestasis that follows the disap- 
pearance of bile ductules is thought to initiate or 
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aggravate liver cell injury because of the accumulation of 
endogenous, relatively hydrophobic and potentially toxic 
bile acids (3, 9-11). This idea is supported by data from 
in viva and in vitro experimental models in which UDCA 
prevents or reverses the hepatocellular damage induced 
by hydrophobic bile acids (12-16). 

To better understand these mechanisms of action, 
information on the exact change in composition of the 
circulating bile acid pool is required; however, no studies 
to date have examined in detail the compositional 
changes in biliary bile acids after UDCA therapy. For 
example, the UDCA-induced hypercholeresis in the rat 
has been associated with an increase in biliary uncon- 
jugated UDCA (17), and therefore we have specifically 
examined the unconjugated biliary bile acid fraction to 
establish whether this mechanism may occur in human 
beings. We therefore describe for the first time the 
detailed composition of biliary bile acids using state-of- 
the-art methods (18) that afforded the analysis of the 
many species of bile acids that are typically found in 
cholestatic liver disease (18, 19). 

PATENTS AND METHODS 
Patients and Collection of the Samples 

Ten patients with a diagnosis of PBC based on the usual 
clinical, laboratory and histological criteria (20) agreed to 
participate in the study. Informed consent was obtained. None 
had clinical signs of advanced disease such as ascites or 
previous episodes of variceal bleeding or encephalopathy. The 
characteristics of the patients are listed in Table 1. 

Samples of blood and bile were obtained after an overnight 
fast and before and 6 mo after beginning UDCA therapy. 
Duodenal bile was obtained by intubation after an intramus- 
cular injection of cerulein (0.3 pgkg body wt; Takus, Farm- 
italia, Italy) to induce gallbladder contraction. All samples 
were stored at - 20" C. 

Methals of Analysis 
Bile Acid Analysis by Gas Chromatography-Mass Spec- 

trometry. The general scheme of the method used for the 
analysis of bile acids is illustrated in Figure 1. 

Bile acids were extracted from duodenal bile (0.5-1.0 ml) and 
serum (1 ml) using a cartridge of octadecylsilane-bonded silica 
as described by Setchell and Worthington (21) after the 
addition of 200 ng of each of the stable-labeled unconjugated 
bile acids, [2H4]deoxycholic acid, L"H,Jchenodeoxycholic acid, 
[2H4]cholic acid and [2H,]ursodeoxycholic acid that were used 
as internal standards. After liquid-solid extraction, bile acids 
were separated in two groups, the unconjugated bile acids and 
the conjugated bile acids, using lipophilic anion exchange 
chromatography (22). The methanolic extract was first diluted 
to 80% methanol using distilled water and then passed through 
a column of diethylaminohydroxypropyl Sephadex LH-20, 
(DW)-LH-PO or Lipidex DEAP (Packard Instruments, Gro- 
ningen, Holland), bed size 13 cm Y 0.4 mm prepared in 72% 
ethanol in the acetate form. Neutral compounds passed 
directly through this anion exchange gel, and bile acids were 
retained. Recovery of unconjugated bile acids was achieved by 
elution of the gel with 0.1 moVL acetic acid in 72% ethanol, pH 
4.5, and a combined conjugated bile acid fraction was recovered 
with 0.3 moYL acetic acid in 729 ethanol, adjusted to pH 9.6. 
The stable-labeled isotopic internal standards were eluted with 
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FIG. 1. Schematic of the analytical technique adopted for biliary bile 
acids. 

the unconjugated bile acids. Nordeoxycholic acid (2 p.g pro- 
vided by Professor Alan Hofmann, San Diego, CA) was then 
added to the conjugated fraction to be used as an internal 
standard. After evaporation of the solvents on a rotary 
evaporator, solvolysis of the conjugated fraction was carried 
out in glass-stoppered tubes by dissolving the dried extract in 
methanol (1 ml), adding 9 ml of a solution of freshly distilled 
tetrahydrofuradl.0 moVL trifluoroacetic acid in dioxan 
(9 : 0.1, volivol) and leaving it to react for 2 hr at 45" C (23). The 
reagents were evaporated under a stream of nitrogen, and 
enzymatic hydrolysis was subsequently achieved by incubation 
with 50 U of cholylglycine hydrolase (Sigma Chemical Co., 
St. Louis, MO) in 0.1 mol/L phosphate buffer at 37" C for 16 
hr (24). After hydrolysis, unconjugated bile acids were ex- 
tracted by passage of the sample through a Bond Elut-Cl8 
cartridge (Analytichem Inc., Harbor City, CA) (21) and 
recovered by elution with 5 ml of methanol. The final 
purification of this fraction was achieved by chromatography 
on DEAP-LH-20 and collection of the unconjugated fraction as 
described above. Bile acids were then converted to the methyl 
ester-trimethylsilyl (Me-TMS) ether derivatives, purified by 
chromatography on a Lipidex 5000 and analyzed by gas 
chromatography (GC) and gas chromatography-mass spec- 
trometry (GC-MS). 

GC-MS Conditions for Bile Acid Analysis. The Me-TMS 
ether derivatives were chromatographed on a 30 m x 0.4 mm 
DB-1 (0.25 pm film) fused silica capillary column (J and W 
Scientific, Folsom, CA) using a temperature program between 
225" and 295" C with increments of 2" C/min and 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 ml/min 
measured from the column end at ambient temperature. 
GC-MS analysis was carried out using a Finnigan 4635 
quadrupole GC-MS-DS instrument (Finnigan Inc., San Jose, 
CA) housing an identical GC column operated under the same 
conditions. Electron ionization (70 eV) mass spectra were 
recorded over the mass range of 50 to 800 Da by repetitive 
scanning (2 secicycle) of the eluting components. Data were 
stored and processed using the Super Incos Data System 
(Finnigan Inc.). Quantification was achieved using GC by 
comparing the peak height response obtained for the indi- 
vidual bile acids with the peak height response of the internal 
standard (25). Identification of a bile acid was made on the 
basis of the GC retention index relative to a homologous series 
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FIG. 2. The relative proportions of the principal conjugated bile acids (expressed as a percentage of the total conjugated bile acids) in the bile 
of patients with PBC before and after (shacled area) UDCA administration (note the different scale for LCA). 

TABLE 1. Characteristics of patients 

Body wt Histological Serum bilirubin 
Patient Sex Age (kg) stage (mg/dl) Pruritus 

~~ ~ 

1 F 50 57 4 2.8 + 
2 M 49 68 4 4.8 i 
3 F 38 49 4 8.1 + 
4 F 53 50 1 0.7 
5 F 30 58 4 1.4 + 
6 F 60 66 4 0.8 
7 F 67 62 2 0.6 
8 F 58 75 4 1.1 
9 F 56 52 4 0.7 

10 F 58 57 3 0.9 

- 

- 

- 

- 

- 

- 

of n-alkanes, referred to as a methylene unit 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 (18, 26). A comprehensive list of 
mass spectra of bile acid Me-TMS ethers is compiled and 
published elsewhere (18). 

Determination of Bile Acids by Selected Zon Monitoring 
GC-MS. Quantification of the unconjugated bile acid fraction 
in bile and serum and the conjugated serum bile acids was 
achieved by GC-MS using the selected ion monitoring (SIM) 
technique (27). Bile acid Me-TMS ethers were separated using 
isothermal (285" C) conditions on a 30 m x 0.4 mm DB-1 
capillary column. The mass spectrometer was focused and 
tuned to monitor the ions of m/z 368, 370, 372 and 374 Da, 
which are specific and relatively intense ions generated by 
fragmentation of all monohydroxy, dihydroxy and trihydroxy 
cholanoates with or without deuterium. Quantification of 
cholic acid (CA), chenodeoxycholic acid (CDCA), deoxycholic 
acid (DCA), UDCA and lithocholic acid (LCA) was made on the 

basis of the calibration curves obtained using increasing 
known amounts of these compounds and a fixed amount of the 
corresponding isotopically labeled internal standard; the ratio 
between the bile acid and corresponding internal standard was 
used for the calculations. A stable-labeled isotope of LCA was 
not available, and ['H,]CDCA was used to quantify the 
unconjugated LCA. 

The 
principal amidated bile acids in bile were determined by a 
previously described HPLC technique (28) after an initial 
liquid-solid extraction as described above (2 1). 

HPLC Analysis of Colvugated Biliary Bile Acids. 

Data Analysis 
Wilcoxon's rank sum test was used to analyze the changes 

in liver function tests and bile acid metabolism induced by 
UDCA administration. To study the relationship between 
different parameters of bile acid metabolism, linear regression 
analysis was used. To normalize distributions, data on biliary 
bile acid composition were expressed as logarithmic values 
before linear regression analysis. 
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FIG. 3. The relative proportions of the principal unconjugated bile acids (expressed as percentage of the total unconjugated bile acids) in the 
bile of patients with PBC before and after (shaded area) UDCA administration. 

TABLE 2. Unueual biliary bile acids more consistently 
identifled in 10 patients with PBC before and after 

UDCA administration 

TABLE 3. Analysis of biliary bile acid composition performed 
by HPLC in 10 patients with PBC before and after 

UDCA administration 

UDCA 
Bile acids Baseline (500 muday) 

3 p, 7a-Dihydroxy-5 P ~ 2.2 2 0.1 

3a, 7~t-Dihydroxy-5P- 1.3 5 0.3 0.7 +- 0.2 

3a, 7a, 12a-Trihydroxy-5P- 3.6 c 0.5 1.0 f 0.1" 

3a, 6a, 7a-Trihydroxy-5(3- 1.1 i- 0.3 1.2 t 0.4 

3, 6, 7, 12-Tetrahydroxy- 2.1 ? 0.5 1.3 t- 0.1" 

3.3 2 0.6 
cholanoic 

homocholan-25-oic 

homocholan-25-oic 

cholanoic 

cholanoic 

Expressed as mean percent -t S.E.M. of the total conjugated 

"p i 0.05 vs. baseline values (Wilcoxon's rank sum test) 
fraction. 

RESULTS 
Changes in Serum Liver Enxymes and Pruritus 

Treatment with UDCA was well tolerated by all 
patients. A significant decrease (p < 0.01) in serum 
levels of AST (from 135 k 22 to 74 +- 10 IU/L, 
mean ? S.E.M.), ALT (from 150 ? 21 to 83 t 14 IU/L), 
y-glutamyltranspeptidase (from 562 ? 72 to 307 k 49 
IUL) and alkaline phosphatase (from 1,532 * 155 to 
1,063 k 197 IUL)  was observed after UDCA adminis- 
tration. Serum bilirubin levels decreased in the three 
patients with abnormal pretreatment values (from 2.8 to 
1.6 mg/d in patient No. 1, from 5.7 to 3.7 mg/dl in 

UDCA 
Bile acids" Baseline (500 mg/day) 

Tauroursodeoxycholic acid 1.4 2 0.3 7.9 t 1.2 
Glycoursodeoxycholic acid 3.1 r 0.4 24.0 5 2.1 
Taurocholic acid 24.9 ? 3.8 12.0 t 1.7 
Glycocholic acid 33.0 5 4.3 18.8 t 2.2 
Taurochenodeoxycholic acid 10.5 t 1.5 9.3 t 2.8 
Glycochenodeoxycholic acid 19.0 ? 3.3 16.9 t 1.4 
Taurodeoxycholic acid 2.8 2 0.6 4.5 ir 0.8 
Glycodeoxycholic acid 5.3 2 1.0 6.6 ? 0.8 
Glycoconjugates/tauroconjugates 2.0 2 0.4 2.3 t 0.4 

"Data are expressed as mean 2 S.E.M.) percentage of total biliary 
conjugated bile acids. 

patient No. 2 and from 8.1 to 5.2 mg/dl in patient No. 3). 
The intensity of pruritus decreased in the four patients 
in whom it was present at entry (Nos. 1, 2 , 3  and 5), but 
one patient (No. 10) complained of mild pruritus for the 
first time during UDCA administration. 

Biliary Bile Acid Composition 
The proportion of unconjugated bile acids when 

expressed as a percentage of the total biliary bile acids 
was relatively low in the pretreatment samples 
(mean = 2.5%, range = 0.4% to 9.0%), and no signif- 
icant difference was observed after UDCA adminis- 
tration (mean = 2.3921, range = 0.4% to 7.3%). In the 
pretreatment period, unconjugated UDCA accounted for 
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TABLE 4. Serum bile acid concentrations (pmol/L) in 10 patients with PBC before and during UDCA administration 
Total serum % Uncodugated 
bile acids bile acids CA CDCA DCA 

After After After After After 
Patient Baseline UDCA Baseline UDCA Baseline UDCA Baseline UDCA Baseline UDCA 

1 28.1 51.5 9.2 0.9 20.2 2.7 5.5 3.8 0.7 1.4 
2 145.1 410.3 1.3 0.8 79.2 74.0 52.7 56.7 4.3 1.2 
3 147.2 208.1 0.6 1.8 106.1 63.6 37.4 29.7 1.2 1.5 
4 - 42.1 - 1.6 - 4.9 - 7.1 - 3.1 
5 28.5 31.5 0.9 2.0 23.3 6.6 4.1 2.2 0.3 0.4 
6 11.4 52.8 7.0 2.8 4.4 4.1 4.3 5.2 0.8 2.5 
7 12.8 54.2 11.0 1.7 2.4 2.0 4.3 3.4 2.1 1.7 
8 5.6 40.3 9.1 9.7 3.0 2.4 1.6 2.6 0.3 3.4 
9 183.5 103.8 0.5 4.4 74.7 11.4 81.5 21.7 18.2 7.0 

10 9.1 20.1 10.0 5.7 2.4 1.3 2.1 1.7 1.6 0.5 

Mean 63.5 101.5 5.5% 3.1% 35.1 17.3 21.5 13.4 3.3 2.3 
(S.E.M.) (24.2) (38.4) (1.5) (0.9) (13.5) (8.7) (9.7) (5.7) (1.9) (0.6) 

NS NS p < 0.05 NS NS 

0.6% (range = 0.01% to 5.1%) of total biliary bile acids, 
and this value did not significantly change during the 
treatment period (mean = 0.9%, range = 0.08% to 
3.3%). 
In the conjugated bile acid fraction, CA was the 

predominant bile acid identified in the pretreatment 
samples, but a substantial proportion of “unusual” bile 
acids was consistently present. The relative percentages 
of the principal conjugated bile acids are given in Figure 
2. After treatment, UDCA became the predominant 
conjugated bile acid mainly at the expense of CA and, to 
a lesser extent, of the “unusual” bile acids. A statisti- 
cally significant inverse relationship between UDCA and 
CA levels (r = -0.869, p < 0.001) and between UDCA 
and the “unusual” bile acids (r = -0.775, p < 0.001) 
was observed. The relative proportions of CDCA and 
DCA did not change significantly during treatment. A 
significant (p < 0.05) increase in the proportion of LCA 
was observed, which was correlated with biliary levels of 
UDCA (r = 0.603, p < 0.001). The unusual bile acids 
most frequently identified in significant amounts by 
GC-MS analysis are listed in Table 2.Oxo-bile acids were 
also identified but were not in all samples; 3a,12a- 
dihydroxy-7-oxo-cholanoic acid was present most fre- 
quently (<1% of the total conjugated fraction). 
3p,7a,12a-Trihydroxy-5p-cholanoic acid (3-epicholic 
acid) was found in significant amounts (1% to 2%) but 
only in the three patients with more severe disease 
(Nos. 1, 3 and 5). Small amounts (0% to 0.4%) of 
3p, 12a-dihydroxy-5p-cholanoic (3-epideoxycholic) and 
3a,7a,l2a-trihydroxy-5a-cholanoic (allo-cholic) acids 
were found in most of the samples, and, in a few, 
3p-hydroxy-5-cholenoic acid was identified in traces. 
Among the unusual bile acids, only homocholic 
(3a,7a,l2a-trihydroxy-5f3-cholan-25-oic) acid and the 
3,6,7,12-tetrol decreased significantly (p < 0.05) after 
UDCA administration. Individual bile acids in the 
unconjugated fraction, expressed as a percentage of total 
unconjugated biliary bile acids, paralleled the changes 

observed in the corresponding conjugated bile acids 
during UDCA administration (Fig. 3). 

The relative percentage composition of the principal 
amidated biliary bile acids determined by HPLC is given 
in Table 3. In the pretreatment samples the gly- 
cinehaurine conjugate ratio was 2 : 1, and this value did 
not change during UDCA administration. A comparison 
of the values obtained by HPLC and by GC-MS indicated 
a general agreement (r = 0.924 for UDCA, r = 0.959 for 
CA, r = 0.846 for CDCA and r = 0.871 for DCA; 
p < 0.001). Values for conjugated LCA could not be 
reliably measured by HPLC because of the relatively low 
concentrations and limited sensitivity of this method of 
analysis. 

Serum Bile Acid Analysis 
In basal conditions, total serum bile acid concentra- 

tions (Table 4) correlated with the degree of the severity 
of the disease. During treatment, concentrations of the 
principal serum bile acids decreased, but the total serum 
bile acid concentrations increased because of the large 
increment in UDCA, which accounted for approximately 
60% of the total serum bile acids. Levels of total 
unconjugated bile acids were negligible in the pre- 
treatment and posttreatment serum samples. 

DISCUSSION 
Our study confirms the well-documented biochemical 

improvement in serum liver enzymes that accompanies 
UDCA therapy in patients with PBC (1-4). The mecha- 
nisms by which UDCA improves the biochemical and 
possibly the morphological expression of PBC are poorly 
understood and are at present a matter of speculation. 
Two principal mechanisms of action were initially 
proposed: (a) a cytoprotective effect occurs because of a 
shift toward a more hydrophilic and possibly less 
hepatotoxic circulating bile acid pool and (b) a 
bicarbonate-rich choleresis takes place that is associated 
with the cholehepatic circulation of unconjugated 
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LCA UDCA 

After After 
Baseline UDCA Baseline UDCA 

0.9 
3.2 
0.8 

0.4 
0.6 
2.8 
0.3 
6.0 
1.4 

- 

5.4 
8.6 
7.4 
3.1 
0.5 
5.6 
8.6 
4.3 
4.2 
2.2 

0.8 
5.7 
1.8 

0.4 
1.3 
1.2 
0.4 
3.1 
1.6 

- 

38.2 
269.8 
105.9 
23.9 
21.8 
35.4 
38.5 
27.6 
59.5 
14.4 

1.8 5.0 1.8 63.5 
(0.6) (0.9) 10.6) (24.4) 

p < 0.05 p < 0.01 

UDCA. This study provides a detailed account of the 
composition of bile acids in the serum and bile of PBC 
patients, before and after UDCA administration, per- 
mitting more exact information concerning both the 
hydrophilichydrophobic status of the biliary bile acid 
pool and the role of unconjugated UDCA to be delin- 
eated. 

The analytical methods used permitted the separation 
and quantification of bile acids in bile, including the 
many unusual metabolites that are typical of cholestatic 
syndromes (see 18 and references therein) and not 
normally measured; the methods also allowed us to 
specifically determine the biliary unconjugated bile acid 
fraction and its relative composition. No attempt was 
made to separately analyze the individual bile acids with 
respect to their conjugation state other than to de- 
termine, by HPLC, the principal amidated bile acids. 
Previous studies of the bile of cystic fibrotic patients 
with liver disease (29) and serum of patients with PBC 
(30) have indicated that sulphated or glucuronidated bile 
acids are of minor quantitative importance (29); this is 
explained by the efficient renal excretion of these more 
polar conjugates (31). Furthermore, endogenous bile 
acids, including UDCA, were also measured in serum 
using precise and accurate techniques of GC-MS (18). 

Our data demonstrate that biliary unconjugated 
UDCA does not markedly increase during treatment and 
that UDCA is almost completely recovered in bile in the 
conjugated form. Because the hypercholeresis induced 
by UDCA administration to rats was found to be directly 
related to the recovery of unconjugated UDCA in bile 
(17), it would seem unlikely that the choleresis induced 
by the cholehepatic circulation of unconjugated UDCA 
plays a major role in the mechanism of its action in PBC. 

Our data also lend little support for the hypothesis 
that UDCA acts physicochemically by increasing the 
hydrophilicity of the bile acid pool. Biliary levels of 
UDCA increased mainly at the expense of CA, a 
hydrophilic bile acid (9, 10, 32). Considerable contro- 

versy exists regarding the relative hydrophilicity of CA 
and UDCA (33, 34). In reverse-phase HPLC systems, 
UDCA elutes with a shorter k' (relative retention 
volume) than CA, suggesting that this dihydroxy bile 
acid is more polar than the trihydroxy bile acid (33). 
However, when the relative polarities of these two bile 
acids are examined in octanol/water systems, the reverse 
is true (33). Some caution is required in interpreting the 
physicochemical properties determined by HPLC be- 
cause the mechanism of retention in reverse-phase 
solvent systems is not exclusively one of hydropho- 
bichydrophilic interaction and because the retention 
volumes of compounds can be altered by the nature of 
the mobile and stationary phases (35). Despite this, 
detergency and hepatotoxicity of bile salts correlates 
well with their k' determined in reverse-phase HPLC 
systems (36). Previously, authors who have asserted a 
relationship between hydrophobicity and toxicity of 
biliary bile salt composition have referred to hydropho- 
bicity as measured chromatographically. For example, 
cholic is more toxic than UDCA both in uiuo and in uitro. 
It might therefore be more appropriate and correct to 
use a hepatotoxicity index based on the chromatographic 
retention index rather than referring to the physico- 
chemical parameter of hydrophobicity. 

The relative proportions of CDCA and DCA, both 
more hydrophobic and potentially hepatotoxic bile acids 
(3, 9, lo), did not change substantially in bile after 
UDCA administration, whereas LCA, which is even 
more hydrophobic (9, lo), increased significantly during 
treatment. Interestingly, an improvement in serum liver 
enzymes was observed in the two patients with the 
highest levels of biliary LCA (Nos. 1 and 5). Recent data 
using stable isotopes to measure the pool sizes of CDCA 
and DCA before and after UDCA confirm the lack of 
significant qualitative difference shown here (i.e., no 
change in the bile acid pool sizes of DCA and CDCA 
occurred in patients with PBC after UDCA treatment) 
(37). 

UDCA enrichment in bile was, however, associated 
with a marked decrease in the relative proportion of the 
many unusual bile acids, a finding consistent with data 
recently reported for cystic fibrotic patients with liver 
disease (29). The pathophysiological importance of these 
unusual bile acids in PBC is difficult to establish because 
the physicochemical and biological properties of these 
metabolites are poorly defined. 

In serum and urine of PBC patients treated with 
UDCA, Batta et al. (38) found that C-1, C-6 and C-21 
hydroxylated metabolites of UDCA displaced the corre- 
sponding potentially hepatotoxic C-1, C-6 and C-21 
hydroxylated endogenous bile acids (4,38). Among these 
metabolites, only hyocholic acid (3a,6cu,7a-trihydroxy- 
5p-cholanoic acid) was found consistently in significant 
amounts in the bile of our patients, whereas no hydrox- 
ylated metabolites of UDCA were identified. This finding 
indicates that the enterohepatic circulation of these 
more polar compounds is poor, presumably because of 
their preferential excretion into urine (22, 39). 

In the serum of our patients, bile acids were present 
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almost completely in the conjugated form, confirming 
previous data for patients with cholestasis (40, 41) and 
in accordance with the recent findings of Stiehl et al. 
(30). In contrast, significant proportions (30% to 50%) of 
unconjugated bile acids are present in the serum of 
healthy individuals (27, 40). Because serum unconju- 
gated bile acid concentrations reflect the balance be- 
tween intestinal absorption and hepatic extraction (27, 
42), the low concentrations found in PBC are therefore 
a consequence of reduced biliary secretion into the small 
intestine. 

The higher relative percentage (60%) of UDCA in 
serum compared to bile suggests that during the 
treatment of patients with chronic cholestatic liver 
disease, intestinal absorption is not the rate-limiting 
step influencing the relative enrichment of the bile with 
UDCA. However, the significant decrease in the propor- 
tions of CA in the serum (also confirmed in a separate 
study [30]) and bile would support the earlier evidence 
that UDCA may competitively inhibit CA uptake at the 
terminal ileum (43). 

In conclusion, our data provide evidence of the 
following: (a) the proportion of unconjugated bile acids, 
including UDCA, in the bile after treatment is un- 
changed, thus providing indirect evidence that the 
cholehepatic shunt probably does not account for the 
mechanism of action of UDCA in PBC, and (b) relatively 
little change occurs in the hydrophobickydrophilic 
balance of the bile acid pool after UDCA administration. 
However, the substitution of CA with UDCA (a bile acid 
of lower detergency and hepatotoxicity) would indicate 
that a decrease occurs in the relative “hepatotoxicity 
index” of the bile acid pool after UDCA therapy. 
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