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Beneficial effects of ursodeoxycholic acid in chronic 
cholestatic liver diseases have been attributed to 
displacement of hydrophobic bile acids from the en- 
dogenous bile acid pool. To test this hypothesis, we 
determined pool sizes, fractional turnover rates, syn- 
thesisiinput rates and serum levels of deoxycholic acid 
and chenodeoxycholic acid before and 1 mo after the 
start of treatment with ursodeoxycholic acid (13 to 15 
mg/kg body wt/day) in four healthy volunteers and five 
patients with chronic cholestatic liver diseases (three 
with primary biliary cirrhosis and two with primary 
sclerosing cholangitis). Bile acid kinetics were deter- 
mined by combined capillary gas chromatography- 
isotope ratio mass spectrometry in serum samples 
after administration of [2H,l deoxycholic acid and 
[ lSC]chenodeoxycholic acid. In healthy volunteers, 
deoxycholic acid pool sizes decreased during adminis- 
tration of ursodeoxycholic acid by 72%. In patients 
with cholestatic liver diseases, deoxycholic acid pool 
sizes before ursodeoxycholic acid treatment were only 
13% of those in healthy volunteers and were unaffected 
by ursodeoxycholic acid treatment. Chenodeoxycholic 
acid pool sizes were not different in healthy volunteers 
and in patients with cholestatic liver disease, and were 
not altered by ursodeoxycholic acid treatment. In both 
healthy volunteers and patients with cholestatic liver 
disease, synthesidinput rates and serum levels of 
deoxycholic acid and chenodeoxycholic acid were not 
altered by ursodeoxycholic acid treatment. Because in 
our patients improvement of serum liver tests during 
short-term ursodeoxycholic acid treatment was noted 
without a decrease of the pool sizes of the major 
hydrophobic bile acids, we conclude that displacement 
of hydrophobic endogenous bile acids is not the mech- 
anism of action of ursodeoxycholic acid in chronic 
cholestatic liver disease. (HEPATOLOGY 1992; 15603- 
608.) 

Ursodeoxycholic acid (UDCA) has been found to be an 
effective treatment in certain forms of chronic chole- 
static liver disease (1-4). Its precise mechanism of action 
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is unknown. It has been suggested that displacement of 
more hydrophobic, potentially toxic endogenous bile 
acids from the enterohepatic circulation by UDCA might 
be a crucial step in the hepatoprotective action of UDCA 
(1, 3, 5). The major hydrophobic dihydroxy bile acids, 
chenodeoxycholic acid (CDCA) and deoxycholic acid 
(DCA), have been assumed to cause liver cell damage in 
cholestatic disease (6). Therefore pool sizes, fractional 
turnover rates (FTRs), synthesislinput rates and serum 
levels of CDCA and DCA were studied simultaneously 
before and 1 mo after the start of treatment with UDCA 
in patients with PBC and primary sclerosing cholangitis 
(PSC) and in healthy volunteers. 

SUBJECTS AND METHODS 
Subjects. Five patients with chronic cholestatic liver disease 

(three with PBC as defined by Kaplan [71 and two with PSC as 
defined by LaRusso et al. IS]; mean age = 50 ? 9 yr; Table 1) 
and four healthy men (mean age = 32 * 2 yr) were examined. 

Materials. Stable isotope-labeled bile acids were purchased 
from Merck, Sharp, and Dohme (Montreal, Canada). Isotopic 
purities, as indicated by the company, were: 2,2,4,4-'H,-DCA, 
87%; 24-13C-CDCA, 90%. All solvents used were of analytical 
grade. 

Study Design. Pool size, fractional turnover and synthe- 
d i n p u t  rate of CDCA and DCA were determined simulta- 
neously. Between 10 AM and noon, 50 mg of 24-13C-CDCA and 
50 mg of 2,2,4,4,-2H,-DCA dissolved in 200 ml 0.25% sodium 
bicarbonate were administered orally. Postprandial venous 
blood was sampled before administration of the label and for 
the next 4 days once a day 2 hr after a meal at 24-hr intervals. 
All subjects started treatment with UDCA (13 to 15 m@g 
body wtlday) after the fourth day. Four weeks after the start 
of treatment with UDCA, the kinetics were studied in the 
identical way as described above. In addition, fasting serum 
bile acids were determined on the day of isotope administration 
in all subjects. 

During the study, the subjects did not change their dietary 
habits (standard Western diet). All subjects gave informed 
consent. The studies were performed in accordance with the 
Helsinki declaration for human studies and were approved by 
the Ethics Committee of the Medical Faculty of the University 
of Munich. 

Analytical Methods. Bile acid kinetics were studied by 
combined gas chromatography-isotope ratio mass spec- 
trometry as described and evaluated in detail previously (9-11). 
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TDLE 1. Clinical data of patients studied 

Weight 
Diagnosis Stage" A M A b  ERC' Signsisymptoms Patient Age (yr) Sex (kg) 

IS 54 F 84 PBC 213 + - Pruritus 
HG 41 F 72 PBC 112 + 
BT 52 F 68 PBC 2 + - Fatigue 

Intermittent fever AH 41 F 58 PSC 2 
PB 61 M 53 PSC 4 - + Fatigue, pruritus, 

ascites, jaundice 

- - 

+ - 

"Stage = histological classification of PBC 17) and PSC (8). 
bAMA = positive score indicates presence in serum of antimitochondrial antibodies > 1 : 100. 
'ERC = positive score indicates typical signs of sclerosing cholangitis such as stenoses or dilations of intrahepatic andlor extrahepatic bile 

ducts were seen on endoscopic retrograde cholangiography. 

TABLE 2. Serum laboratory tests of patients studied before and 1 mo after start of UDCA treatment 
Bilirubin 

(mgidl) AP cub, GGT (UIL) AST (UL) ALT (UL) 

Patient Before After Before After Before After Before After Before After 

IS 0.6 0.6 589 299 125 52 42 18 75 25 
HG 0.9 0.7 999 563 817 423 39 42 89 61 
BT 0.6 0.5 453 274 151 93 84 67 151 134 
AH 0.3 0.5 758 508 192 82 29 1 I3 54 20 
PB 11.2 13.6 1099 910 283 242 68 72 55 61 

AF' =: alkaline phosphatase; GGT = y-glutamyltransferase 
UDCA treatment = 13 to 15 mgkg body wtiday. 

TABLE 3. DCA pool sizes, FTRs, input rates and serum levels (fasting) before and 1 mo after start of UDCA treatment in 
patients with PBC and PSC and in healthy volunteers 

Pool size Input Serum level 
(pmolkg body wt) FTR (d-') (pmolkg body wtiday) (pmo1L) 

Subjects Before After Before After Before After Before After 

Patients 
IS" 4.1 6.2 0.54 0.51 2.2 3.1 1.48 1.31 
HG" 0.3 0.6 0.83 1.00 0.3 0.6 0.64 1.59 
BT" 2.8 14.9 0.96 0.49 2.7 7.3 1.75 4.24 
ABb 11.7 3.0 0.48 0.71 5.6 2.1 0.69 1.79 
PB" 2.3 1.1 0.44 0.53 1.0 0.6 10.58 11.95 
Mean 4.3' 5.2 0.65' 0.65 2.4 2.8 3.03 4.18 
S.D. 4.4 5.9 0.23 0.22 2.1 2.8 4.25 4.50 

PJ 16.3 12.8 0.30 0.58 4.9 7.4 4.43 2.69 
ZF 42.1 9.2 0.16 0.66 6.7 6.1 2.90 2.49 
SU 30.2 8.9 0.36 0.48 10.9 4.3 2.31 2.86 
BU 42.2 5.4 0.05 0.61 2.1 3.3 1.04 1.15 
Mean 32.7 9.1 0.22 0.58 6.2 5.3 2.67 2.30 
S.D. 12.3 3.0 0.14 0.08 3.7 1.8 1.41 0.78 

Healthy volunteers 

"Patient with PBC. 
bPatient with PSC. 
'Significantly different from controls (p < 0.02). 

Bile acids were extracted from postprandial serum (2 ml) with methylated (16) and trimethylsilylated (11) for gas chroma- 
Bond- Elut C18 cartridges (Analytichem International, San tography. A Finnigan 4021 combined gas chromatography 
Diego, C A  12), solvolysis was performed to cleave sulfate mass spectrometry system with a fused silica, 25 m x 0.32 mm 
groups (13) and enzymatic hydrolysis was performed to chemically bonded OV-1701 capillary column (CP Sil 19 CB; 
deconjugate bile acid amidates (14). Deconjugated bile acids Chrompack, Middelburg, The Netherlands) was used. Helium 
were isolated by extraction on Lipidex 1000 (Packard Instru- was the carrier gas (pressure = 0.6 kg/cm"). A temperature 
ments, Groningen, The Netherlands) (15) and were then program from 140" C to 270" C with 8" Cimin was started after 
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TBLE 4. CDCA pool sizes, FTRs, synthesis rates and serum levels (fasting) before and 1 mo after start of UDCA treatment 
in patients with PBC and PSC and in healthy volunteers 

Pool size Synthesis Serum level 
(pmolkg body wt) FTR (d-l) (pmol/kg body wtiday) (FmolL) 

Subjects Before After Before After Before After Before After 

Patients 
IS" 19.1 17.3 0.16 0.26 3.1 4.5 4.30 2.50 
HG" 13.0 12.4 0.29 0.42 3.8 5.2 8.87 10.13 
BT" 17.2 20.7 0.32 0.36 5.5 7.5 1.66 3.67 
ABb 15.4 10.3 0.27 0.37 4.2 3.8 1.20 5.08 
PBb 10.1 16.8 0.16 0.16 1.6 2.7 21.15 38.41 
Mean 15.0 15.5 0.24 0.31 3.6 4.7 7.44 11.96 
S.D. 3.5 4.2 0.08 0.10 1.4 1.8 8.25 15.07 

PJ 22.4 10.0 0.35 0.66 7.8 6.6 2.82 4.09 
ZF 18.9 22.6 0.27 0.54 4.5 12.2 1.60 5.36 
su 13.6 12.7 0.24 0.44 3.3 5.6 2.83 5.77 
BU 24.9 23.1 0.14 0.21 3.5 4.9 2.06 1.57 
Mean 19.9 17.1 0.25 0.46 4.8 7.3 2.33 4.20 
S.D. 4.9 6.7 0.09 0.19 2.1 3.3 0.60 1.89 

Healthy volunteers 

"Patient with PBC. 
bPatient with PSC. 

on-column injection. Compounds eluting from the column 
were ionized in the electron impact mode (70 eV, 0.3 mA, 
250" C). A selected ion monitoring program was applied 
monitoring pairs of ions, which were suitable for measuring 
13C/12C isotope ratios for CDCA (m/z 371,370) and 2H,/ZH 
isotope ratios for DCA (m/z 259,255). The four fragments were 
monitored simultaneously. Isotope ratios after ingestion of the 
labels were converted into the atom percent excess (APE) 
values according to the formula (9) 

APE = R - Roil + (R - R,) x 100% 

where R represents the isotope ratio after enrichment with the 
label and R, is the ratio of the natural abundance. The In APE- 
time curve was calculated using linear regression analysis 
and corresponded to monoexponential first-order decay (10) 
with excellent fit (regression coefficient r > 0.92 for all curves 
in accordance with earlier studies [9-111; in cholestatic 
patients r = 0.989 ? 0.012, n = 20). Pool sizes (expressed as 
pmol/kg body wt) were determined using the equation (9) 

Pool size = (D x b x 100ie") - D 

where a represents the intercept on the ordinate, b is the 
degree of labeling of the administered marker and D is the dose 
of the marker. The FTR (d - l )  equals the slope of the 
regression line. The synthesis/input rate (kmol/kg body 
wt/day) was calculated as pool size multiplied by FTR. 

Fasting serum bile acids were extracted from serum and 
determined by gas chromatography as described above (9). 

Statistics. Results are given as mean c S.D. The Wilcoxon 
two-sample rank-sum test and the Wilcoxon matched-pair 
signed-rank test for nonparametric data were used for statis- 
tical analysis. 

RESULTS 
UDCA treatment was effective in the treatment of 

cholestatic liver disease, as demonstrated by im- 
provement of laboratory tests in all four patients with 

stage I to I11 disease (Table 2). Side effects of UDCA 
treatment were not observed. 

Before UDCA treatment, kinetics of DCA differed 
significantly between patients with chronic cholestatic 
liver disease and healthy volunteers. Pool sizes of DCA 
were lower and FTRs were higher in patients than in 
healthy volunteers (Table 3). Kinetics of CDCA were not 
different in patients and in healthy volunteers (Table 4). 

One month after UDCA treatment, a marked decrease 
of the DCA pool size (from 32.7 ? 12.3 kmol/kg body wt 
to 9.1 2 3.0 p.mol/kg body wt) and a marked increase of 
the DCA FTR (from 0.22 2 0.14 d - l  to 0.58 k 0.08 
dP1) was observed in healthy subjects, but not in 
patients with cholestatic liver disease (Table 3, Fig. 1). 
UDCA did not induce significant changes of CDCA pool 
sizes, FTRs or synthesis rates in healthy volunteers or in 
patients (Table 3). The total pool size of potentially 
cytotoxic dihydroxy bile acids (CDCA + DCA) markedly 
decreasedin healthy subjects (from 52.7 % 13.6 pmol/kg 
body wt to 26.2 % 4.8 kmol kg body wt) under UDCA 
treatment (Fig. 2). By contrast, in patients with chole- 
static liver disease the combined pools of CDCA and 
DCA did not change during UDCA treatment 
(19.2 & 6.3 pmol/kg body wt before and 20.7 2 9.4 
krnolkg body wt during UDCA treatment). The daily 
synthesisiinput rate of CDCA + DCA did not change in 
healthy subjects (10.9 t 3.7 kmol/kg body wtlday vs. 
12.6 k 4.5 Fmol/kg body wtlday) or in patients 
(6.0 k 2.9 kmol/kg body wt/day vs. 7.5 & 4.4 pmolkg 
body wt/day). Serum levels of CDCA and DCA did not 
show significant changes after UDCA treatment (Tables 
3 and 4). Serum levels of UDCA increased from 
1.6% ? 2.3% to 53.5% & 13.1% of total serum bile acids 
in patients and from 7.0% k 2.7% to 60.7% 2 4.9% in 
healthy volunteers after 1 mo of UDCA treatment, 
indicating good compliance of patients and volunteers. 
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FIG. 1. Atom percent excess rate of ['HJDCA in serum from a 
representative patient with chronic cholestatic liver disease and a 
representative healthy subject after oral administration of the label 
showing a first-order exponential decay. 
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FIG. 2. Pool size of hydrophobic dihydroxy bile acids (CDCA + DCA) 
DCA before and 1 mo after the start of UDCA treatment in patients 
with chronic cholestatic liver disease (n = 5) and healthy subjects 
(n = 4). *p < 0.02. 

DISCUSSION 
The most important finding of this study is the lack of 

an effect of UDCA therapy on pool sizes of the major 
hydrophobic bile acids (CDCA + DCA) in patients with 
chronic cholestatic liver disease, whereas marked im- 
provement of serum liver tests could be observed. This 
differs from the effect of UDCA in healthy volunteers, in 
whom UDCA markedly reduced DCA pool size. 

DCA is derived from bacterial conversion of cholic acid 
(CAI in the gut, and it is one of the potentially most toxic 
endogenous bile acids (17). Our observation that in 
healthy subjects the DCA pool size was reduced by 72% 
during UDCA administration is in concordance with 
studies in gallstone patients showing a decrease of 42% 
to 76% of their DCA pool size (18,19,20). This decrease 
may be explained by a significant loss of CA due to an 
effective inhibition by UDCA of the carrier-mediated CA 
uptake in the terminal ileum (21, 22). 

An explanation for the different responses of healthy 
volunteers and patients with chronic cholestatic liver 
disease may be the different pool sizes before therapy. 
Thus the DCA pool in our patients had already been 
diminished by the disease to an average of 13% of the 
pool size of healthy volunteers. The impairment of the 
enterohepatic circulation of bile acids with diminished 
amounts of CA reaching the colon for bacterial con- 
version to DCA appears to be the most likely expla- 
nation for this reduction of the DCA pool before UDCA 
therapy although changes in the bacterial flora may 
also play a role (23). Thus any effect of UDCA, which 
improves the enterohepatic circulation of primary bile 
acids in cholestatic liver disease, may counteract the 
effect of UDCA on the DCA pool observed in healthy 
volunteers. 

Our observation that kinetics of CDCA did not change 
significantly during UDCA treatment in patients with 
cholestatic liver diseases or in healthy subjects is in line 
with earlier reports, which found no significant change 
of CDCA pool size (19, 24) or synthesis rate (19-21, 25, 
26) in subjects with or without hepatobiliary disease 
under UDCA treatment. The lack of change in CDCA 
pool sizes may be explained by reabsorption of CDCA in 
the proximal small intestine by nonionic passive dif- 
fusion due to its lipophilicity (27). Further explanations 
are the conversion of UDCA to CDCA by intestinal 
bacteria (28-30) or the liver (31, 32). In addition, an 
increase of hepatic synthesis of CDCA has been observed 
to compensate for fecal losses of CDCA induced by 
UDCA treatment (33). It may be speculated from our 
data that the increase of synthesis- but not pool 
size-of CDCA under UDCA treatment would have 
become statistically significant if a markedly higher 
number of patients had been studied. 

It has been hypothesized that the beneficial effect of 
UDCA in cholestatic liver disease results from dis- 
placement of endogenous hydrophobic bile acids (1, 3-5, 
22), which have been assumed to cause liver cell damage 
during cholestasis (6). Until now, this hypothesis has 
neither been confirmed nor been refuted convincingly. 
Early reports that endogenous bile acids decreased in 
serum during UDCA treatment in cholestatic patients 
(1, 34) have not been (35-37) or  have only partly been 
(38) confirmed by others in serum or bile. Interpretation 
of bile acid metabolism by studying serum levels of bile 
acids must be done cautiously because serum bile acids 
represent less than 1% of total bile acids in healthy 
humans (39). Determinations of the individual pool sizes 
are essential for characterization of bile acid metabolism 
(40). 

The isotope dilution technique for measurement of 
bile acid kinetics, as used in our study, has been 
established for healthy subjects and for gallstone and 
cirrhotic patients (9-11). In patients with cholestatic 
diseases, we observed monoexponential first-order decay 
of the administered stable isotopes, with an excellent 
correlation coefficient of linear regression. This indi- 
cates that although in cholestasis a significant portion of 
the bile acid pool is found in the systemic circulation, it 
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exchanges freely with the bile acids in the enterohepatic 
circulation as part of a single, miscible bile acid pool (10). 
Therefore it appears justified to apply this analytical 
model for calculation of bile acid kinetics in cholestatic 
patients (9-11, 41). 

Our data show that in patients with cholestatic liver 
diseases, improvement of serum liver tests during 
short-term administration of UDCA is not accompanied 
by a reduction of the pool sizes, synthesislinput rates or 
serum levels of the major endogenous hydrophobic bile 
acids CDCA and DCA, although relative changes in the 
composition of the total bile acid pool may occur. We 
conclude that UDCA does not exhibit its beneficial 
effects in cholestatic liver diseases through displacement 
of potentially toxic endogenous bile acids; direct effects 
of UDCA on the hepatocyte (2, 4,42-44) appear to  be a 
more likely explanation. 
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