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The present study aimed at determining the relative 
distribution of cholesterol between the vesicular and 
micellar phases in gallbladder bile of gallstone patients 
(n = 23) and gallstone-free subjects (n = 7). Nine of the 
gallstone patients were treated with chenodeoxycholic 
acid and seven were treated with ursodeoxycholic acid, 
15 mg/kg/day, for 3 wk before cholecystectomy. The 
vesicular and micellar fractions in bile were separated 
by sucrose density gradient ultracentrifugatiori, and a 
clear separation between the two phases was obtained. 
The vesicles were further identified by quasielastic 
light scattering spectroscopy and appeared to be of a 
uniform size with a mean hydrodynamic radius of 760 
A. The proportion of cholesterol in the vesiculrir frac- 
tion was significantly higher in the untreated gallstone 
group (40% f 4%) compared with the gallstone-free 
(28% f 3%), ursodeoxycholic acid (28% 2 3%) and che- 
nodeoxycholic acid (18% f 4%) groups. Despite a low 
cholesterol saturation of bile in the latter three groups 
(88% f 12%, 51% -C 9% and 65% f 570, respectively), a 
considerable part of the biliary cholesterol was carried 
in the vesicular fraction. The cholesterol/phosp holipid 
ratio in the vesicular fraction averaged between 0.49 
and 0.58 in the gallstone, gallstone-free and chenode- 
oxycholic acid groups, whereas the ursodeoxycholic 
acid group had a significantly lower ratio of 0.24. The 
cholesterol/phospholipid ratio was about 0.15 in all 
micellar fractions. The nucleation time of bile from the 
gallstone group was short (2 f 1 days) compared with 
the gallstone-free, chenodeoxycholic acid and ursode- 
oxycholic acid groups (23 f 3,24 2 6 and 14 f 3 days, 
respectively). These observations give further support 
to the concept that the mechanism for gallstone 
dissolution is complex and different for chenadeoxy- 
cholic acid and ursodeoxycholic acid. (HEPATOLOCY 1991; 
13: 104-1 10.) 

Excess cholesterol is transported from the body by 
secretion into the bile. Cholesterol is virtually insoluble 
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in aqueous solutions and must be dissolved or dispersed 
in bile by a solvent. Bile acids are natural detergents 
with amphiphilic characteristics. Reaching a critical 
concentration in bile, bile acids form micelles with a 
hydrophilic exterior and hydrophobic core where the 
hydrophobic cholesterol can be harbored. For several 
years mixed bile acid-phospholipid-cholesterol micelles 
were assumed to be the only transport form for 
cholesterol in bile (1, 2). 

Phospholipids can be readily dispersed in aqueous 
solutions to give stable suspensions. The smallest entity 
of the dispersed phospholipids is the unilamellar and 
bilayered vesicle. In 1983 unilamellar cholesterol- 
phospholipid vesicles were demonstrated in human 
hepatic bile (3) and in model bile (4). Their existence was 
verified by quasielastic light scattering (QLS) spec- 
troscopy. The proportions of cholesterol solubilized in 
the vesicles and mixed micelles are influenced by several 
factors (i.e., bile acid concentration, total lipid concen- 
tration and degree of supersaturation) (5-9). There is a 
dynamic interchange between the two cholesterol ve- 
hicles. Halpern et al. (10) have revealed that in supersat- 
urated bile, vesicles fuse and aggregate to liquid crystals. 
If the liquid crystals are rich in cholesterol, they may 
nucleate into monohydrate cholesterol crystals (10). 

Nucleation of cholesterol crystals causes a decreased 
amount of cholesterol in the vesicular but not in the 
mixed micellar fraction (11). Nucleation time (NT) is 
shorter in the vesicular compared with the micellar 
fraction (7). Recently, Peled et al. (12) showed that 
micellar cholesterol nucleates by a neoformation of 
phospholipid vesicles that seems to be the final common 
pathway for cholesterol nucleation in bile. 

In selected cases of gallstone disease, treatment with 
ursodeoxycholic acid (UDCA) and chenodeoxycholic acid 
(CDCA) has become a well-established method of gall- 
stone dissolution. The mode of action is somewhat 
different between the two bile acids (13, 14). UDCA is 
more hydrophilic than CDCA and has a higher critical 
micellar concentration (CMC). No data are available 
concerning the distribution of cholesterol between ves- 
icles and mixed micelles in human bile during treatment 
with CDCA and UDCA. 
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TABLE 1. Basal data of the GS patients and the GSF subjects (means f S.E.M.) 
Body weight Sex Age Plasma cholesterol Plasma triglycerides 

Patient group n F/M (Yr) kst (mmo1lL) (mmoI/L) 

GS patients 
Untreated 7 512 48 ? 5 67 t 5 100 I 5 5.1 ? 0.4 1.1 c 0.8 
CDCA 9 811 43 z 2 71 2 4 104 5 5 5.1 f 0.1 0.9 -t 0.1 
UDCA 7 61 1 44 -t 4 68 ? 3 98 f 4 5.0 2 0.2 1.0 2 0.4 

GSF subjects 7 512 53 f 4 68 t 5 95 z 6 6.2 ? 0.5 1.1 c 0.4 

Body weight (kg) 
Height (cm) - 100 

"Relative body weight calculated as: x 100. 

TABLE 2. Lipid composition, occurrence of cholesterol monohydrate crystals and NT in gallbladder bile of cholesterol GS 
patients and GSF subjects (means f S.E.M.) 

Crystals Lipid 
no. pa- Cholesterol Bile acids Phospholipids concen- Cholesterol 

NT tients tration saturation 
Patient group days (+/-) mmol/L mol % main mol% mmoVL mol% (gm/dl) (5%) 

GS patients 
Untreated 2.3 2 0.9 611 12.5 t 2.0 8.0 f 1.9 117.5 -t 21.0 71.5 f 3.0 37.0 ? 7.3 20.5 2 1.7 8.0 5 1.9 140 t 27 
CDCA 23.9 2 51.7~ 019 9.2 ? 1.0 4.8 z 0.4 141.0 -c 18.6 70.9 1.1 46.8 5 4.4 24.3 -c 1.0 10.9 z 1.3 65 f 5'  
UDCA 14.3 f 2.9' 314 6.0 2.0' 3.6 t 0.7" 108.6 2 22.9 73.1 ? 2.1 35.1 f 7.4 23.3 i 1.6 8.3 r 1.7 51 i 9"." 

GSF subjects 23.4 r 2.7" 017' 14.2 f 2.7 6.3 i 0.7 164.7 -c 27.5 70.0 & 2.1 54.4 f 10.9 23.7 i 1.8 12.9 -t 2.2 88 t 12" 

NT = nucleation time. 
"Significantly different from untreated GS patients, p = 0.05; 'p < 0.05; 'p < 0.01; "p < 0.005. 
"Saturation with Carey's correction factor, 6 8 8  +_ 11%. 

The aim of the present study was to determine the 
relative distribution of cholesterol in vesicles and mi- 
celles in gallbladder bile of gallstone (GS) and gallstone- 
free (GSF) individuals. Furthermore, we examined how 
treatment with UDCA and CDCA affects the distri- 
bution of cholesterol in the two lipid phases. The vesicles 
were isolated by sucrose density gradient ultracentrifu- 
gation and identified by QLS. 

PATIENTS AND MA'IERIALS 
Patients. Gallbladder bile was collected from 30 patients 

undergoing cholecystectomy. Twenty-three were consecutive 
cholesterol GS patients in whom preoperative cholecystog- 
raphy had shown gallstones in well-functioning gallbladders. 
Nine of the GS patients were treated with CDCA and seven 
with UDCA before surgery. The study also comprised seven 
GSF subjects, in whom preoperative cholecystography and 
ultrasonography had demonstrated polyps or adenomyomas in 
a functioning gallbladder. They were all nonobese (relative 
body weight < 125%) and had no clinical or laboratory evidence 
of hyperlipidemia, liver or kidney dysfunction or diabetes 
mellitus. Basal data are displayed in Table 1. 

Informed consent to participate was obtained from each 
patient. Protocols were approved by the Ethical Committee of 
Karolinska Institutet (November 7, 1988). 

Experimental Procedures. CDCA and UDCA were admin- 
istered in a total daily dose of 15 mg/kg body weight for 3 wk 
before operation. The medication, which was given in two 
divided doses, was well tolerated. Most subjects treated with 
CDCA noted softer stools and three developed occasional 
diarrhea. 

All operations were performed between 8 and 9 AM after a 
12-hr fast. After the abdomen was opened, gallbladder bile was 

carefully and completely aspirated (15). Dark, concentrated 
bile in the gallbladder and no impacted stone in the gallbladder 
neck or cystic duct was indicative of a functioning gallbladder. 
The bile samples were analyzed for lipid and bile acid 
composition, occurrence of cholesterol crystals and NT. Bile 
was also fractionated using density gradient ultracentrifuga- 
tion. The gallstones were classified as typical cholesterol stones 
by analysis in the laboratory (16, 17). 

Materiab. CDCA (Chenofalk) and UDCA (Ursofalk) were 
administered in 250 mg capsules and were purchased from Dr. 
Falk Pharma (Freiburg, West Germany). 3a-Hydroxysteroid 
dehydrogenase (Sterognost) and cholesterol oxidase (Nyco-test 
cholesterol) were purchased from Nyegaard A/S (Oslo, 
Norway). 

Bile Lipid Analysis. For determination of cholesterol and 
phospholipids, a portion of the bile sample was immediately 
extracted with 20 vol of chloroform/methanol, 2 : 1 (vol/vol). 
Cholesterol was determined by an enzymatic method (18) and 
phospholipids by the method of Rouser, Sidney and Akira (19). 
The total bile acid concentration in one aliquot of the bile 
sample was determined using the 3a-hydroxysteroid dehydro- 
genase assay (20). 

Cholesterol saturation was calculated as a percentage of the 
predicted cholesterol solubility at the respective biliary lipid 
concentration and composition as described by Carey (2 1). The 
calculation of cholesterol saturation in patients treated with 
UDCA was performed with and without the correction factor 
suggested by Carey (21). 

Bile Acid Analysis. Aliquots of bile were hydrolyzed in 1 
mol/L KOH at 110" C for 12 hr. The deconjugated bile acids 
were extracted with ethyl ether after acidification to pH 1 with 
hydrochloric acid. After preparation of the methyl trimeth- 
ylsilyl ethers, the bile acids were further analyzed by gas-liquid 
chromatography using 1% Hi-Eff BP8 (Scantec; Partille, 
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FIG. 1. Bile acid composition displayed as means and S.E.M. 
GS = untreated cholesterol gallstone patients; GSF = gallstone-free 
subjects; CDCA = cholesterol gallstone patients treated with cheno- 
deoxycholic acid; UDCA = cholesterol gallstone patients treated with 
ursodeoxycholic acid. 

Sweden) as stationary phase. A Pye Unicam chromatograph 
(Pye Unicam Ltd., Cambridge, U.K.) equipped with 1.5 m x 4 
mm (outside diameter) column was used (22). 

Cholesterol Crystals and NT Analysis. Bile was transported 
and stored at  37" C. All bile samples were examined for typical 
rhomboid monohydrate cholesterol crystals by polarizing light 
microscopy on prewarmed slides. The uncentrifuged bile was 
inspected immediately after operation and after 1 day. 

NT study was performed by the method of Holan et al. (23) 
with minor modifications. After centrifugation of about 6 ml of 
bile at  100,000 g in a Beckman L8-80M ultracentrifuge 
equipped with a 40.3 rotor (Beckman Instruments Inc., 
Fullerton, CA) for 2 hr, 3 ml from the middle phase was 
transferred into a sterile glass vial and sealed with a cap 
equipped with a permeable silicon membrane. The vial was 
stored in darkness in an incubator a t  37" C. About 3 ~1 from 
each top, middle and bottom portion were aspirated daily, 
mixed and placed on a prewarmed slide and viewed thoroughly 
using polarizing light microscopy. NT was defined as the 
number of days until typical rhomboid monohydrate choles- 
terol crystals appeared. 

Density Gradient Ultracentrifigution. The bile samples 
were ultracentrifuged for 15 min at  100,000 g in a Beckman 
L8-80M ultracentrifuge equipped with a 40.3 rotor (Beckman 
Instruments, Inc.). The supernatant was filtered through a 
sterile 0.45-km filter (Millex-HA; Millipore, Molsheim, 
France). Sucrose was added to 3.5 ml bile so the density became 
1.18 gmlml. On top of this two fractions of sucrose solutions 
were layered, about 3.5 ml each, the middle one with a density 
of 1.12 and the top 1.04 gm/ml. The samples were then 
subjected to sucrose gradient density ultracentrifugation at  
22" C in a Beckman L8-80M equipped with a SW41 TI rotor at  
175,OOOg for 60 hr. After centrifugation, the tubes were drawn 
off by careful needle emptying from the bottom of the tubes. 
The bottom fraction obtained a density of 21.15 and a 
descending density to 5 1.08 gm/ml for the top. The density 
was determined by an Abbe refractometer (Pleuger, Wijnegem, 
Belgium). 
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FIG. 2. Lipid composition in three fractions obtained by sucrose 
density gradient ultracentrifugation of gallbladder bile. (See Figure 1 
legend for abbreviations.) 

QLS Spectroscopy. The centrifuged bile samples were 
investigated by QLS to confirm the existence of vesicles. The 
QLS (also known as dynamic laser light scattering) apparatus 
is constructed of a He-Ne laser (Model 7634, A = 623.8 nm; 
Siemens; Munchen, FRG), a temperature-controlled scat- 
tering cell holder and a personal computer-based correlator 
(256 channels, real time autocorrelation analysis). The scat- 
tered light was detected by a photomultiplier (Hamamatsu, 
type R2949) at 17 degrees, which is in the range of very low 
detection angles (0 to 20 degrees) the apparatus is most suited 
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FIG. 3. Individual and mean values of cholesteroVphospholipid 
ratios in the vesicular fraction (density 5 1.08 gm/ml) of gallbladder 
bile obtained by sucrose density gradient ultracentrifugation. (The GS 
group is significantly different from the UDCA group; p < 0.01). (See 
Figure 1 legend for abbreviations.) 
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F ~ G .  4. Individual and mean values of the proportion of cholesterol 
in vesicular fraction (density 5 1.08 gm/ml) of gallbladder bile obtained 
by sucrose density gradient ultracentrifugation. (The GS group is 
significantly different from the GSF, CDCA and UDCA groups; 
p < 0.05, p < 0.005 and p < 0.05, respectively.) (See Figure 1 legend 
for abbreviations.) 

TABLE 3. Sucrose density gradient ultracentrifugation of human gallbladder bile" 
Vesicle 

C h  BA PL C W L  Micelle Total 
Patient group (%I (lo) (%) C W L  C h P L  

GS patients 
Untreated 39.9 -c 4.7 2.3 t 1.3 17.3 ? 2.3 0.52 2 0.06 0.15 2 0.02 0.25 z 0.01 
CDCA-treated 18.1 t 3 . 9  2.4 ? 1.1 7.3 ? 1.5d 0.49 2 0.05 0.17 5 0.01 0.19 5 0.01* 
UDCA-treated 27.8 t 2 . 8  8.5 ? 1.9' 16.5 5 2.1 0.24 t 0.04' 0.12 t 0.01 0.16 lr 0.01' 

GSF subjects 27.8 c 2.5' 4.8 c 2.2 11.1 t 1.3 0.58 2 0.08 0.18 2 0.02 0.23 f 0.01 

"The percentage proportions of cholesterol (Ch), bile acids (BA) and phospholipids (PL) in the vesicle fraction (density 5 1.08 gm/ml). 

'Significantly different from untreated GS patients, p < 0.05; 'p < 0.005; dp < 0.001. 
CholesteroUphospholipid ratios in vesicle and micelle (density > 1.08 gm/ml) fractions and in the total sample. Mean 2 S.E.M. 

for. The samples were measured at 25" C or 37" C in 
micropipettes with an inner diameter of 1 mm. The hydrody- 
namic radius, h, was calculated according to the Stokes- 
Einstein relation (3): 

R, = kT/6n-qD 

where k is Boltzmann's constant, T the absolute temperature 
and -q the viscosity of the solvent. The mean translation 
diffusion coefficient, D, was obtained by means of nonlinear 
least-square fitting of a single exponential model 

G(T) = A exp( - 2Dq27) + B 

to the experimental intensity autocorrelation direct on the 
computer. The intensity autocorrelation, GfT), is a measure of 
how the intensity correlates with itself over the time, T. The 
amplitudes A and B are related to the intensity of the detected 
light. A corresponds to mean variance of the intensity, and B 
to the square of the mean intensity. 

The scattering wave vector 
q = 47rn sin(O/2)/h 

depends on the refractive index, n, the measuring angle, 0, and 
the wavelength of light, A. 

Sta t i e t i cc r lh ly sb .  Data are presented as means f S.E.M. 
The statistical significance of differences was evaluated by the 

Mann-Whitney U test. Correlation between parameters were 
tested by estimating Spearman's rank correlation coefficient. 

RESULTS 
Lipid Composition, N!l' and Occurrence of Crystals. 

Data are summarized in Table 2. Cholesterol saturation 
in the GS group was increased compared with the GSF 
group. Treatment with both CDCA or UDCA made 
gallbladder bile unsaturated. The NT of the GS group 
was shorter compared with the GSF group. Bile acid 
treatment normalized NT in the GS patients. Six of 
seven patients in the GS group had crystals in their bile 
at operation compared to none in the GSF and CDCA 
groups. Three patients of seven in the UDCA group had 
crystals in their biles despite low cholesterol saturation. 
Bile acid composition is displayed in Figure 1. In the 
CDCA- and UDCA-treated patients, the bile acids con- 
sisted of 82% f 1% CDCA and 42% k 4% UDCA, re- 
spectively. 

Density Gradient Ultracentrifugation. Bile samples 
were separated into three fractions according to density 
by sucrose density gradient ultracentrifugation. The top 
fraction had a density 11.08 gm/ml and the bottom 
fraction had a density L 1.15 gm/ml. The fractions were 
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analyzed for cholesterol, phospholipids and bile acids, 
and the percentage distribution of the lipids between the 
fractions was calculated (Fig. 2). The recovery of choles- 
terol, bile acids and phospholipids averaged 91%, 94% 
and 9896, respectively. 

Figure 2 shows that the top fraction contained mainly 
cholesterol and phospholipids and only small amounts of 
bile acids. QLS measurements confirmed the existence 
of vesicles in the top fraction (see below). The bottom 
fraction contained a major proportion of bile acids but 
also cholesterol and phospholipids as in mixed micelles. 

The cholesterol/phospholipid ratios in total bile, the 
top (vesicular) fraction and the bottom (micellar) 
fraction are shown in Table 3. Individual choles- 
teroVphospholipid ratios of the vesicular fractions are 
demonstrated in Figure 3. No difference in the choles- 
teroVphospholipid ratio of the vesicle fraction was 
observed between GS patients (0.52 k 0.06) and 
GSF subjects (0.58 k 0.08). CDCA treatment did 
not change the ratio, whereas UDCA-treated patients 
had a considerably lower cholesterollphospholipid ratio 
(0.24 t 0.04). 

In gallbladder bile of GS patients about 40% of 
cholesterol was distributed to the vesicular fraction 
(Table 3, Fig. 4). The proportion of cholesterol in the 
vesicular fraction of GSF subjects (mean value 28%) was 
significantly lower than that of GS patients. UDCA- 
treated patients had the same proportion of vesicular 
cholesterol as GSF subjects. CDCA-treated patients had 
a still lower proportion of vesicular cholesterol (mean 
value = 18%). 

QLS Spectroscopy. QLS measurements were per- 
formed on the top and bottom fractions from eight bile 
samples representing different patient groups. After 
density gradient ultracentrifugation, the dark-colored 
bile samples were transparent. Some of the samples 
from the top fraction were slightly transparent, but none 
were turbid. The top fraction contained spherical par- 
ticles of a uniform size, which displayed R,, values at  an 
average of 760 A (range = 660 to 950 A). The uniform 
particle size was indicated by a smooth fit of the 
single-exponential model. The measurements were also 
evaluated by double and triple exponential models. No 
signs of multiple exponential behavior were found. Thus 
the samples have a small index of the polydispersity of 
sizes about R,. The variation of particle size between 
measurements within each bile sample was small, 30 
on average. No particles could be detected by QLS in the 
bottom fraction. 

DISCUSSION 
Ever since phospholipid vesicles were identified as 

a second cholesterol carrier in human bile (31, the 
problem has been how to separate vesicles and micelles 
without shifting cholesterol between the two cholesterol 
carriers during the separation process. Different tech- 
niques for the isolation of the particles carrying choles- 
terol in bile have been used, including gel permeation 
chromatography and density gradient ultracentrifuga- 
tion. The result from the former method is strongly 

influenced by the amount of bile acids present in the 
elution buffer (8,241. At high bile acid concentrations all 
cholesterol shifts to the micellar phase and if the 
intermicellar concentration is under CMC, most choles- 
terol is in the vesicular phase. Ideally, one would elute 
the sample on the column with a bile acid solution 
containing the intermicellar concentration of the bile 
acids present in micellar form in human bile. This is not 
a practical possibility and usually every sample is eluted 
with a single bile acid at a fixed concentration supposed 
to be its intermicellar concentration. Since neither the 
correct bile acid species nor the correct intermicellar bile 
acid concentration has been used, all the literature 
values for the relative proportion of vesicle and micellar 
cholesterol and absolute cholesteroVphospholipid ratio 
in bile are uncertain. 

Chromatography has the advantage of a short perfor- 
mance time and is relatively simple to perform. Somjen 
et al. (25) have, in four bile samples, shown comparable 
results with gel filtration and ultracentrifugation in 
separating cholesterol carriers. Otherwise the two pro- 
cedures have not yet been thoroughly compared. 
However, we experience density gradient ultracentrifu- 
gation to be more reliable for separation, since the 
dilution of the bile samples-and therefore also the 
redistribution of cholesterol- is less than when using gel 
permeation chromatography (26). Although the dense 
simple and mixed micelles are drawn to the bottom 
fraction and thus create a gradient, the bile acid 
composition is not changed by ultracentrifugation, 
which is the case when eluting with a single bile acid 
(e.g., cholic acid). This is of vital importance when 
studying the effect of CDCA and UDCA treatment on the 
distribution of cholesterol between vesicles and micelles 
in bile. It is theoretically possible also that ultracentrif- 
ugation may alter the proportion between vesicles and 
micelles because of interactions between vesicles, mi- 
celles and the chemical substance used to create the 
density gradient. In the present work sucrose was 
chosen because it is considered to be comparatively inert 
in biological systems. By this technique, we achieved 
very good separation of the vesicular and micellar 
phases. 

The top fraction of the bile sam les clearly contained 
vesicles with an average R, of 760 1, being slightly larger 
than most reported (3, 5, 11). One explanation of the 
comparatively large R, in the present study might be 
that most previous determinations of the vesicular size 
have been performed in dilute hepatic bile, not in 
gallbladder bile. Measurements in more concentrated 
model bile systems indicate larger vesicles (4). Another 
possible explanation could be the uncertainty in the 
determination of viscosity and measuring angle, which 
are error sources much larger than the statistical 
accuracy of the particle size determination. 

In the GS group, about 40% of total gallbladder 
cholesterol was solubilized in vesicular form. Similar 
results have been obtained by some other authors using 
gel exclusion chromatography or ultracentrifugation to 
separate vesicles from micelles (1 1, 27). Other authors 
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have reported a considerably lower proportion of total 
cholesterol being carried in vesicles in gallbladder bile 
(7,28,29). In the more dilute hepatic bile the proportion 
of vesicular cholesterol is greater than in gallbladder bile 
and can reach up to 90% (9, 11, 29, 30). The choles- 
teroVphospholipid ratio in the vesicular phase averaged 
0.52, which is in accordance with what Lee et al. (11) 
found in the vesicular phase of human gallbladder bile. 

An important finding in the present study was that 
gallbladder bile of GS patients had a significantly higher 
proportion of cholesterol in the vesicular fraction (about 
40%) compared with GSF subjects (about 28%). This 
result is in reasonable agreement with a previous report 
of Harvey et al. (27) on the distribution of cholesterol 
between vesicles and micelles in gallbladder bile of GS 
patients vs. GSF controls using gel exclusion chroma- 
tography. Other important new findings were that 
treatment with UDCA normalized the vesicular amount 
of cholesterol and that CDCA decreased the vesicular 
fraction of cholesterol even more. 

It has earlier been suggested that GS patients may 
have a higher proportion of their gallbladder cholesterol 
in the vesicular phase and/or that the vesicular choles- 
teroVphospholipid ratio may be higher in bile of GS 
patients (29). In the present study we thus found that 
GS patients had a higher proportion of vesicles than 
corresponding GSF controls, but that the vesicles had a 
normal cholesterol/phospholipid ratio. CDCA-treated 
patients had a significantly lower amount of cholesterol 
in vesicular form compared with GSF controls, the 
cholesteroVphospholipid ratio being unchanged. UDCA- 
treated patients, on the other hand, displayed a nor- 
mal amount of vesicular cholesterol but the choles- 
teroVphospholipid ratio was less than half that seen in 
the controls. 

An interesting observation was that a considerable 
portion of cholesterol was in the vesicular phase also 
when bile was unsaturated with cholesterol. This was 
true for the GSF group and the bile acid-treated groups 
of patients. In  model biles, on the other hand, all 
cholesterol is solubilized in micelles if bile is unsaturated 
with cholesterol ( 5 )  and falls within the micellar zone of 
a triangular phase diagram (1). Our results indicate that 
in the human bile the micelles were not capable of 
dissolving all cholesterol in bile. The reason for this 
discrepancy between model bile and native bile is not 
self-evident. One explanation might be that the vesicles 
in newly secreted hepatic bile are very stable, so when 
they arrive in gallbladder bile, it takes a longer time 
before thermodynamic equilibrium is achieved and thus 
transformation into micelles occurs. However, our bile 
samples were taken after an overnight fast that repre- 
sents the longest physiological period that bile remains 
in the gallbladder. Another explanation could be that the 
detergent potency of human bile acids is lower than that 
of bile acids used in model bile. Human biliary vesicles 
are completely transformed to micelles when they are 
passed through a gel column with 40 mmoVL Na-cholate 
(8). In the present study the bile acid concentration 
averaged 125 mmoVL in the gallbladder bile, and still a t  

least 20% of cholesterol was in the form of vesicles. A 
third, and more likely, explanation to the high amount 
of vesicular cholesterol in unsaturated human bile may 
be related to the presence of proteins in native bile. 

In conclusion, we have shown that the relative 
amount of cholesterol in the vesicular fraction is higher 
in gallbladder bile from GS patients than from GSF 
subjects. A main new finding was that treatment with 
CDCA and UDCA reduced the proportion of cholesterol 
in the vesicular phase. The cholesterol/phospholipid 
ratio in the vesicular fraction was reduced by UDCA. 
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