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Lipid composition and cholesterol nucleation time in gallbladder bile of 
patients with cholesterol gallstones under choleretic treatment with 
Febuprol 

J Ü N G S T , D . , BRENNER, G., PRATSCHKE, E . + and P A U M G A R T N E R , G. 

Department of Medicine I I and Surgery"1", Kl inikum Großhadern, University of Munich 

Summary 

The effect of a new potent choleretic drug (Febu­
prol) on lipid composition and cholesterol nuclea­
tion time in gallbladder bile was studied in 8 
patients with cholesterol gallstones. Nine untrea­
ted patients with cholesterol cholecystolithiasis 
and functioning gallbladder served as controls. 

Under Febuprol treatment (3 x 100 mg for 6-10 
days) mean concentrations of total bile acids 
(125,4 vs. 59,5 mmol/1), phospholipids (46,1 vs. 
25,6 mmol/1) and total lipids (10,4 vs. 5,9 g/dl) 

were significantly higher (p < 0,01) than in con­
trols. N o significant difference between both 
groups was calculated for the mean values of 
cholesterol (17,8 vs. 13,3 mmol/1), cholesterol sat­
uration index (1,5 vs. 2,1) and cholesterol nuclea­
tion time (2,1 vs. 2,6 days). 

Our findings are compatible with a choleretic 
effect of Febuprol but no alteration of the rapid 
cholesterol crystallisation in gallbladder bile of 
patients with cholesterol gallstones was found. 

(Lipidkomposition und Nukleationszeit von Cholesterin in der Blasengalle von Patienten mit 
Cholesterinsteinen unter einer choleretischen Behandlung mit Febuprol) 

Zusammenfassung 

Der Einfluß eines neuen Choleretikums (Febu­
prol) auf die Lipidzusammensetzung sowie die 
Nukleationszeit von Cholesterin in der Blasengal­
le wurde bei 8 Patienten mit Cholesteringallenstei­
nen untersucht. Neun unbehandelte Patienten mit 
Cholesterinsteinen und funktionierender Gallen­
blase dienten als Kontrollen. Unter einer Behand­
lung mit Febuprol (3 x 100 mg über 6-10 Tage) 
fand sich eine signifikant höhere mittlere Konzen­
tration (p < 0,01) der Gesamtgallensäuren (125,4 
vs. 59,5 mmol/1), der Phospholipide (46,1 vs. 25,6 
mmol/1) und der Gesamtlipide (10,4 vs. 5,9 g/dl) 

Previous studies have shown that a nucleation 
defect plays an important role in the pathogenesis 
of cholesterol cholelithiasis (1). Gallbladder bile 
from patients with cholesterol cholelithiasis al­
most always contained cholesterol crystals (2, 3, 
4) and bile from these patients nucleated choles­
terol more rapidly in vitro than bile samples from 
patients with pigment stones or from healthy con-
Man uskript eingegangen: 21. 4. 1987 

angenommen: 22. 12. 1987 

Address for correspondence: PD Dr. D. Jüngst, Medizinische 
Klinik 2, Klinikum Großhadern, Marchioninistraße 15, 
D-8000 München 70 

als bei den Kontrollpatienten. Kein signifikanter 
Unterschied bestand zwischen den Gruppen für 
die mittlere Cholesterinkonzentration (17,8 vs. 
13,3 mmol/1), die Cholesterinsättigung (1,5 vs. 
2,1) und die Nukleationszeit von Cholesterin (2,1 
vs. 2,6 Tage). 

Die Befunde sind vereinbar mit einem cholereti­
schen Effckr von Febuprol, zeigen aber keinen 
Einfluß auf die abnorm verkürzte Nukleationszeit 
von Cholesterin in der Blasengalle bei Patienten 
mit Cholesteringallensteinen. 

trols (5, 6). The nucleation defect persists in most 
patients after successful litholytic therapy and may 
contribute to stone recurrence after termination of 
bile acid therapy (7). This nucleation defect can be 
quantified by measuring the nucleation time of 
cholesterol in gallbladder bile (5). Drugs which 
prolong the cholesterol nucleation time in bile 
might prevent the recurrence of cholesterol 
gallstones. The present study was performed to 
investigate whether a new choleretic drug, 3-
butoxy-l-phenoxypropanol (Febuprol) would 
prolong the rapid formation of cholesterol crystals 
in bile of patients wi th cholesterol gallstones. 
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Patients and Methods 

Seventeen patients with radiolucent gallstones 
were selected for the study. Eight patients (mean 
age: 46,8 years) were treated 6 to 10 days (mean: 
7,8 d) prior to cholecystectomy with 3 x 100 mg/d 
Febuprol and 9 patients (mean age: 50.2 years) 
served as controls. Gallbladder bile was aspirated 
during surgery by puncture of the gallbladder 
after ligation of the cystic duct using a sterile 
needle and syringe. Particular care was taken to 
aspirate gallbladder bile completely, in order to 
avoid effects of stratification of bile (8). The 
stones removed wi th the gallbladder during sur­
gery contained > 60% cholesterol in all patients. 

After collection, bile was stored in sterile plastic 
syringes in the dark at 37 ° C with all air expelled 
from the syringe. Bile samples were mixed 
thoroughly and a drop was immediately examined 
by polarized light microscopy for cholesterol 
crystals. 

For analysis of bile lipids, duplicate aliquots were 
stored at -40° C prior to determination. Choles­
terol was determined colorimetrically after extrac­
tion with petrol ether (9). Phospholipids were 
measured without extraction using the colorimet-
ric assay of Fiske-Subbarow, neglecting the small 
amounts of inorganic phosphate (10). Total bile 
salts were determined by a modified 3-hydroxy-
steroid dehydrogenase method (11). Methanolic 
bile solutions were prepared by diluting 0,1 ml of 
bile to a volume of 1,0 ml with methanol. The 
reaction mixture contained 1 ml of 1 Μ glycine 
buffer (pH 9,4) containing E D T A (5,6 mmoles/1) 
and hydrazine sulfate (0,4 moles/1), 0,1 ml of 
N A D solution (5,4 mmoles/1), 0,1 ml of hydroxy-
steroid dehydrogenase solution (0,7 units/ml) and 
0,02 ml of methanolic bile solution. The reaction 
mixture was incubated at 26° C for 1 h and the 
extinction measured at 340 nm against appropriate 
blanks. The saturation index for each sample was 
calculated by dividing the cholesterol concentra­
tion by the maximum cholesterol solubility deter­
mined according to Carey and Small (12). 

For the determination of cholesterol nucleation 
time 4 ml of gallbladder bile were centrifuged for 2 
hours at 100000 g in a Beckman L 50 ultracen-
trifuge (Beckman Instruments, Fullerton, Calif, 
U . S. A . ) to obtain crystal free bile as described by 
Holan et al. (5). The upper 1 ml was discarded and 
the next 2 ml (interphase) were removed by aspira­
tion, placed in sterile tubes, and stored at 37 ° C . 
A n aliquot of the interphase was immediately 
examined microscopically to confirm the absence 
of crystals. Twice daily for up to 3 weeks the 

interphase was investigated for the appearance of 
cholesterol crystals. 

Results 

Biliary microscopy and cholesterol nucleation time 

Cholesterol crystals were present in the native 
temperature controlled bile in 7 out of the 8 
patients under choleretic therapy and in all biles of 
the 9 control patients. The cholesterol nucleation 
time in patients treated with Febuprol (mean: 2,1 
days (d), range: 0,7 - 5,8 d) did not differ from the 
controls (mean: 2,6 d, range: 0,9 - 8,9 d). 

Biliary lipid composition 

Mean concentrations of total bile acids (125,4 vs. 
59,5 mmol/1), phospholipids (46,1 vs. 25,6 mmol/1) 
and total lipids (10,4 vs. 5,9 g/dl) were significant­
ly higher (p < 0,01) under Febuprol treatment 
than in controls (Fig. 1 and Fig. 2) but no signifi­
cant difference between both groups was found 
for mean values of cholesterol (17,8 vs. 13,3 mmol/ 
1) and the cholesterol saturation index (1,5 vs. 2,1) 
(Fig. 1 and Fig. 3). 

There was no correlation of cholesterol nucleation 
time and cholesterol saturation index or total b i l i ­
ary lipids in both groups of patients (Fig. 2 and 
Fig. 3). 
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Fig. 1: Bile acid, phospholipid and cholesterol concen­
trations in gallbladder bile of patients with cholesterol 
gallstones; (O) control patients, ( · ) patients under treat­
ment with 3 x 100 mg Febuprol 6 - 1 0 days prior to 
cholecystectomy 
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Discussion 

Cholesterol gallstones contain crystalline cho­
lesterol monohydrate which derived from cho­
lesterol dissolved in bile. It has been shown that 
hepatic bile secreted in these patients is usually 
supersaturated wi th cholesterol which is the result 
of excessive secretion of cholesterol into bile, 
diminished secretion of bile acids and phospholi­
pids or a combination of both (13). Furthermore, 
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Fig. 2: Correlation of total lipids and cholesterol nuclea-
tion time in gallbladder bile of patients with cholesterol 
gallstones; (O) control patients, ( · ) patients under treat­
ment with 3 x 100 mg Febuprol 6-10 days prior to 
cholecystectomy 
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Fig. 3: Correlation of cholesterol saturation index (CSI) 
and cholesterol nucleation time in gallbladder bile of 
patients with cholesterol gallstones; (O) control patients, 
( · ) patients under treatment with 3 x 100 mg Febuprol 
6-10 days prior to cholecystectomy 

Sedaghat and Grundy showed that gallbladder 
bile from patients with stones had cholesterol 
crystals or developed them within 48 hours, 
whereas bile from persons with pigment stones or 
without stones did not form crystals, although 
many samples were supersaturated and some 
highly supersaturated (2). 

Poupon et al. observed cholesterol crystals in gall­
bladder bile in 19 of the 23 samples from patients 
with cholesterol stones but only in one of 59 
samples from patients without stones (3). Since 
cholesterol saturation of bile with and without 
crystals did not differ significantly they concluded 
that the degree of cholesterol saturation is not a 
major determinant of cholesterol crystallisation. 
Recent studies have shown that a nucleation defect 
is important in the pathogenesis of cholesterol 
cholelithiasis, and that the gallbladder has a sub­
stantial role in the production of the nucleation 
defect (5, 6). 

Obviously, this nucleation defect persists in most 
patients after stone dissolution by oral administra­
tion of bile acids and might contribute to recur­
rence of stones after termination of bile acid treat­
ment. Pharmacological prophylaxis of stone re­
currence may gain in importance, since shock 
wave treatment of gallstones in combination with 
oral bile salt administration has been proven effec­
tive in selected patients (14). Oral administration 
of low dose chenodeoxycholic acid (CDCA) has 
been shown not to be effective for the prevention 
of stone recurrence after successful litholytic 
therapy (7). Similar studies with ursodeoxycholic 
acid have not been reported so far. 

Recent findings suggest that some choleretics 
might be effective for this purpose (15). 

Febuprol stimulated choleresis in the rat leaving 
the qualitative and quantitative composition of the 
bile acids and the concentration of total solids 
determined after drying unchanged (16). 

Studies in man using a double balloon probe 
showed a choleretic effect for doses ranging from 
50 to 200 mg. Bile flow was stimulated in a dose 
dependent fashion. The excretion of bile acids, 
bilirubin, cholesterol and phospholipids was in­
creased in proportion with bile secretion and the 
lithogenic index was found to remain unaltered 
(17). 

Our results seem to be consistent wi th the previ­
ous findings of elevated biliary lipids under the 
treatment with Febuprol. Total bile acids, phos­
pholipids and total lipids in gallbladder bile were 
significantly higher in patients treated with 3 x 
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100 mg/d Febuprol compared to untreated control 
patients (18). There was no significant difference 
of the biliary cholesterol concentrations between 
both groups. These data were compatible with an 
increased hepatic secretion of bile acids and phos­
pholipids during the treatment with Febuprol 
which might explain the higher concentrations of 
these lipids in gallbladder bile. However, other 
factors have to be considered which alter the 
concentration of lipids in gallbladder bile. The 
primary function of the gallbladder is removal of 
water and inorganic electrolytes, thereby concen­
trating the organic solute molecules. Therefore, 
alterations of the rate of absorption of water by 
Febuprol might in addition influence the concen­
trations of lipids in the gallbladder bile. In a 
double-blind cross-over therapeutic trial with 
Febuprol in 50 patients with a cholecystopathic 
symptom complex after a 14 days treatment (3 x 
100 mg/d) a significant improvement of the typical 
symptoms was recorded (19). This could be ex­
plained partially by the choleretic effect of the 
drug but might be related additionally to an al­
tered motor function of the gallbladder. A pro­
longed residence time of bile in the gallbladder is 

likely to be associated with an increased absorp­
tion of water and electrolytes. This might contri­
bute to the higher concentration of total lipids in 
the gallbladder bile under Febuprol treatment, 
although no measurements of gallbladder function 
have been performed in our study. 

The effect of Febuprol on cholesterol nucleation 
time in bile has not yet been investigated. 

Our study demonstrates that the alterations of 
biliary lipid concentrations observed after treat­
ment with Febuprol were not associated wi th a 
change of cholesterol nucleation time or choles­
terol saturation index. 

Thus, Febuprol might have choleretic properties 
but has no beneficial effect on the rapid choles­
terol crystallisation in gallbladder bile of patients 
with cholesterol gallstones. 
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