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Gallbladde r mucosal absorption of ¯ uid during fasting is a well-known process. Indirect in vivo
and recent in vitro evidence for physiologically relevant gallbladde r absorption of cholesterol and
phospholipids from bile has been observed in humans. The present study explored and compared
by indirect means the relative ef® ciences of human gallbladde r mucosal absorption of ¯ uid and
lipids in health and disease. Biliary lipids and pigment content were measured in fasting
gallbladde r bile samples obtained from gallstone-fre e controls and from four study groups:
multiple and solitary cholesterol gallstone patients, and morbidly obese subjects with and without
gallstone s. Bile salts and pigment content were signi® cantly greater in gallstone -free controls than
in all other disease study groups. This was interpreted as evidence of more effective gallbladde r
mucosal ¯ uid absorption in nonobe se gallstone -free controls compared to that in all other groups.
Correlation plot analyse s of biliary lipids showed lower concentrations of phospholipids than
expected from the index bile salt concentrations. The same was found for cholesterol concentra-
tions but only in supersaturated samples. These ® ndings were much more pronounce d in gallstone
free-controls and were accordingly interpreted as evidence of more ef® cient gallbladde r absorp-
tion of both phospholipids and cholesterol in controls compared with that found in each of the
disease study groups. Moreover, impaired gallbladde r mucosal function, while invariably associ-
ated with cholesterol gallstone disease, was not found to be a necessary consequence of the
physical presence of stones. It is concluded that ef® cient gallbladde r mucosal absorption of both
¯ uid and apolar lipids from bile is a normal physiological process that is often seriously impaired
in the presence of either cholesterol gallstone disease or at least one of its precursor forms.
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The bile salt concentration in normal human gallblad-

der bile sample s, obtained unde r fasting conditions,

ave rages 150 ± 200 mmol/lite r as a result of the well-

known ¯ uid absorption capacity of the gallbladde r

mucosa (1± 4). Under physiologic conditions, bile

salts are only minimally absorbe d by the gallbladde r
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and comprise , by mass, the large st single component

of total biliary lipids (5± 7). A reduced total lipid

concentration in the gallbladde r bile during fasting in

the presence of chole sterol gallstone disease is a

common ® nding (2, 3, 8, 9). In addition, the fasting

gallbladde r to hepatic bile ratio for bile salt concen-

tration, a rough estimate of the ef® ciency of ¯ uid

absorption by the gallbladde r, is several times highe r

in subjects free of gallbladde r disease when compared

to that for chole sterol gallstone patients (10) . The

most like ly explanation for these ® ndings is an im-

pairment of the highly ef® cient normal mucosal ¯ uid

absorption process that occurs at some stage in the

evolution of cholesterol gallstone disease. Conclusive

evidence for this impairme nt has not yet been pro-

vided, and it remains unclear whether such a defect, if

present, can precede or is always a consequence of

the presence of the stones. This proble m, however, is

very dif® cult to inve stigate prospectively in humans.

Biliary chole sterol and phospholipid absorption by

the gallbladde r mucosa likewise has been previously

demonstrated in a number of settings, eg, in vitro by

using human gallbladde r fragments or cultured epi-

the lium (11± 14) , as well as in various in vivo animal

studie s (15± 17) . In addition, one study of gallstone -

free morbidly obese patients has raised the possibility

that concomitant mucosal absorption in vivo of ¯ uid,

cholesterol, and phospholipids occurs in this popula-

tion (18) . Recent data obtaine d in vitro in intact

human gallbladde rs show that major cholesterol and

phospholipid mucosal absorption from bile occurs in

the absence of cholesterol gallstone disease but that

this process is signi® cantly decreased when choles-

terol gallstone disease is present (19) .

The purpose of the present study was to explore

gallbladde r mucosal function as infe rred from differ-

ences in fasting bile solute concentrations measured

in a single sample obtained from a large number of

control and four separate disease study groups, in-

cluding one of morbidly obese gallstone -free subje cts,

a population known to be at high risk for gallstone

development. The concentrations of nonabsorbable

solute s, ie , biliary pigments and bile salts, were con-

sidered as indexes of the ef® ciency of ¯ uid absorption.

Correlation plots of the concentrations of absorbable

biliary lipids, ie , chole sterol and phospholipids, versus

concentrations of bile salts were taken as indicative of

the degree of chole sterol and phospholipid absorp-

tion in the control and the four disease study groups.

MATERIALS AND METHODS

Subjects and Sampling of Bile. With the approval of the
Cleveland Clinic Foundation’ s Research Projects and Insti-
tutional Review Committee Regarding Human Studies,
gallbladder bile was obtained by aspirating the gallbladder
during surgery afte r an overnight fast. The following subject
groups were included: Group A included 26 nonobese
gallstone-free subjects undergoing intraabdominal surgery
for gastric ulcer (3), duodenal ulcer (2), esophageal re¯ ux
(2), gallbladder adenomyoma (1), gastric carcinoma (7) ,
early gastric cancer (4) , colon cancer (5) , or small hepato-
cellular carcinoma in the absence of chronic liver disease
(2). This heterogeneous control group is referred to here as
the gallstone-free control group; no chemotherapy was ad-
ministered prior to surgery in any of the patients. In group
B were 13 nonobese patients with multiple symptomatic
cholesterol gallstones found at laparoscopic cholecystec-
tomy; in group C, 9 nonobese patients with symptomatic
solitary cholesterol gallstones found at laparoscopic chole-
cystectomy; in group D, 10 morbidly obese subjects with no
previous history of biliary disease found to have cholesterol
gallstones (9 multiple and 1 solitary) by intraoperative
ultrasound at surgery for gastric bypass; and in group E, 20
morbidly obese gallstone-free patients at surgery for gastric
bypass.

In patients without gallstones, bile was aspirated afte r the
needle was passed through the anterior lip of the liver and
inserted into the gallbladder. In the gallstone groups, bile
was sampled immediately after the cystic duct was clamped.
Care was taken to reduce strati® cation of bile before aspi-
ration (20) . No signi® cant difference was present in the
mean aspirated volume among groups (P 5 0.63) . Absence
of gallstones in the stone-free groups was con® rmed by
either intraoperative ultrasonography or gallbladder palpa-
tion. Gallstones were classi® ed as cholesterol in type by
conventional morphological criteria (2) and by the presence
of cholesterol crystals in the sediment afte r centrifugation
of fresh bile (15,000 g for 30 min).

Samples were excluded if they showed a positive test for
blood contamination (Hemoccult, Smith Kline Diagnostics,
Inc., San Jose, California) or if evidence for nonneoplastic
liver disease, cholestasis, cystic duct obstruction, or biliary
sepsis was present. A total lipid concentration of less than 5
g/dl and/or nonopaci® cation of the gallbladder at oral cho-
lecystography have been used as exclusion criteria in previ-
ous studies (2± 4, 8, 9). These were selected as exclusion
criteria as a nonopacifying gallbladder on oral cholecystog-
raphy and a very low total lipid concentration in gallbladder
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bile coexist when the cystic duct is obstructed (21) . It was

decided not to apply these exclusion criteria as we found in

the present study that 25% of our morbidly obese gallstone-
free subjects had a total lipid concentration of less than 5

g/dl.

Bile samples were carefully mixed, divided into aliquots,

immediately frozen at 2 80°C, and protected from light
exposure until analyzed. Every assay run was performed to

ensure that an equal proportion of randomly selected sam-

ples from each study group was represented. Histological
examination of the removed gallbladders failed to reveal
evidence of e ither acute or marked chronic cholecystitis
using conventional histological criteria.

Lipid Analysis. Bile was thawed, vortexed thoroughly,
and extracted in methanol (1:100 v/v) for bile salt and in
isopropanol (1:30 v/v) for cholesterol and phospholipid
measurements. Extracted samples were centrifuged (3000 g
for 10 min), and the supernatant was assayed. Total bile salt
concentration was measured by the 3 a -hydroxysteroid de-
hydrogenase method (22) . Phospholipid concentrations
were measured by a kit modi® cation that uses the enzymatic
method of Takayama (PI-Kit K, Nippon Shoji Kaisha, Ltd.,
Osaka, Japan) (23, 24). Cholesterol concentrations were
assayed enzymatically using a commercially available assay
kit (Boehringer-Mannheim Corp., Indianapolis, Indiana)
(25). Every assay was performed in triplicate and also
included a sample blank to correct for possible artifacts
arising from differences in pigment content among samples.

Lipid Regression Analysis. Regression plots of individual
gallbladder bile sample concentrations of cholesterol and
phospholipids as a function of bile salt concentrations were
used to derive their regression lines, where possible, accord-
ing to an approach recently introduced by Schiffman et al
(18). As reported by these authors, depending on the slopes
of the regression lines obtained, it was observed that for a
given 100% increase in the level of sample bile salt concen-
trations (taken as an endogenous nonabsorbed marker),
there were variable but lesser increases (ie, relative de-
creases) in the cholesterol and phospholipid concentra-
tions, to as low as only a 70 ± 80% relative increase . Similar
plots relating bile salt, cholesterol, and phospholipid con-
centrations (expressed as relative moles per 100 ml for a
given sample) were also found useful. In the present study,
we further segregate d the sample analysis into cholesterol
supersaturated and cholesterol undersaturated subgroups.
An underlying assumption in the use of this procedure is
that the disproportionately lower concentrations of choles-
terol and phospholipid in relation to bile salts over the
range of these plots primarily represents variations in mu-
cosal absorption of the lipids. A limitation of this new
approach is that data are not derived from either simulta-
neous gallbladder and common duct bile samples or re-
peated samples from each gallbladder at timed intervals to
permit a kinetic analysis. However, by studying reasonably
large and well-de® ned patient groups, this constraint has
been largely overcome. Increases in bile salt concentrations
and cholesterol saturation index observed with differing
durations of fasting in a comparable study (18), for exam-
ple, were very similar to those observed in individual pa-
tients over varying time intervals (26). Owing to the nature
of the present method, however, interpretive statements
concerning mucosal function must be construed as opera-

tive and inferential based on the necessary indirectness of
the data analysis method employed.

Pigment Content. Pigment content was estimated in du-
plicate as follows: bile was thawed, vortexed thoroughly,
and extracted 1:100 (v/v) in methanol. After centrifugation
(2000 g for 5 min), the supernatant was isolated and ab-
sorption at 450 nm was determined spectrophotometrically.
Although the method we used to measure pigment content
of bile is crude, it is suitable for a semiquantitative com-
parison among groups.

To further assess whether different levels of pigment
content could interfere with the cholesterol assay, we per-
formed additional ª spikingº and recovery experiments for
cholesterol. Cholesterol was added in increasing amounts to
two different bile samples. These samples were mainly
characterized by a major difference in pigment content: one
had a high (OD at 450 nm 5 2.75) and the other a low
pigment content (OD at 450 nm 5 0.81), but both had a low
concentration of endogenous cholesterol.

Statistical Analysis. Intergroup differences were ana-
lyzed ® rst by the Kruskal-Wallis test. The variables found to
differ signi ® cantly between groups by this analysis were then
submitted to multiple pairwise comparisons using the Wil-
coxon rank-sum test. To control for overall error, Bonfer-
roni’s correction was used to adjust the alpha leve l to 0.005
for intergroup differences found signi® cant by the Wilcoxon
test. Regression lines were ® tted to the data using simple
linear regression and the regression lines were compared
using the F test (27). P values of less than 0.05 were
considered signi® cant for the regression equations of
the lipid plots (28). Calculations were performed using the
SAS software package (SAS Institute, Inc., Cary, North
Carolina).

RESULTS

Patient Demographics. Patient demographics are

shown in Table 1. The morbidly obese patients with

and without gallstone s were younge r than the subje cts

in the other study groups. The gallstone -free control

group had relative ly more male s than the other study

groups. No difference was found in any of the lipid

and pigment value s when the gallstone -free control

group was divided into two subgroups according to

sex or diagnosis, ie , noncance r or cancer (data not

shown) .

Lipid and Pigment Concentration s. A comparison

of biliary lipid variable s (means 6 SD) in sample s

from the patient study groups is shown in Table 2.

The absolute concentrations of chole sterol and phos-

pholipids did not signi® cantly differ among groups.

The gallstone -free control group had a signi® cantly

highe r bile salt concentration, nearly twofold greater

compared to all other groups (Figure 1). The gall-

stone -free control group also had a signi® cantly

highe r bile salt molar percent than all othe r groups.

This group is also characterized by a signi® cantly

lower phospholipid molar percent than the two mor-
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bidly obese groups and the nonobe se solitary stone

group. In addition, a signi® cantly lower chole sterol

molar percent is found in the gallstone -free control

group compared to the nonobe se multiple stone

group. No difference in the chole sterol-to-phospho-

lipid molar ratio was seen among any of the groups.

The cholesterol-to-bile salt molar ratio was signi® -

cantly highe r in the nonobe se multiple gallstone pa-

tients and in the morbidly obese gallstone subje cts

than in the gallstone -free controls. All the disease

study groups had a highe r phospholipid-to -bile salt

molar ratio than the gallstone -free controls (Table 2).

The gallstone -free control group had a signi® cantly

increased pigment content compared to all othe r

groups except for the nonobe se solitary gallstone

group (Figure 2). The failure of the nonobe se solitary

gallstone group to reach a statistically signi® cant dif-

ference is probably due to the fact that pigment

content measurement for this group was only avail-

able from seven sample s (possible type II statistical

error).

Lipid Correlation Studies. Figure 3A depicts a plot

of cholesterol and bile salt concentrations in sample s

from the four disease study groups, all of which had

low bile salt and pigment levels. All these groups

showed a similar patte rn. Signi® cant positive correla-

tions were present for cholesterol supersaturate d (r 5
0.81, P , 0.0001) and unde rsaturated sample s (r 5
0.91, P , 0.0001) . From the regression equation for

the supersaturated sample s (y 5 4.09 1 0.12x), it can

be calculate d that for every 100% increase in bile salt

concentration (taking as a starting point a bile salt

concentration of 100 mmol/lite r) proportionate con-

centration increases for chole sterol are only 75% .

TABLE 1. DEMOGRAPHIC CHARACTERISTICS OF 78 PATIENTS FROM WHOM GALLBLADDER BILE WAS

ASPIRATED

Nonobese Morbidly obese

G allstone-free
(N 5 26;

mean 6 SD)

Multiple

gallstones
(N 5 13;

mean 6 SD)

Solitary

gallstones
(N 5 9;

mean 6 SD)

G allstone-free
(N 5 20;

mean 6 SD)

Gallstones
(N 5 10;

mean 6 SD)

Age (yr) 51.4 6 9.2 51.5 6 4.7 51.9 6 12.9 37.9 6 7.3* 33.4 6 8.2*

Sex (M/F) 18 / 8 5 / 8 5 / 4 5 / 15 2 / 8
Weight (kg) 65.2 6 9.3 69.2 6 8.6 67.7 6 4.3 136.1 6 28.7² 137.3 6 12.2²

*P , 0.005 versus all nonobese groups.
² P , 0.001 versus all nonobese groups.

TABLE 2. COMPARISON OF GALLBLADDER BILIARY LIPID VARIABLES IN 78 PATIENTS

Nonobese Morbidly obese

G allstone-free

(N 5 26;
mean 6 SD)

Multiple
gallstones

(N 5 13;
mean 6 SD)

Solitary gallstones

(N 5 9;
mean 6 SD)

G allstone-free

(N 5 20;
mean 6 SD)

G allstones

(N 5 10;
mean 6 SD)

Cholesterol (mM) 17.06 6 9.17 15.72 6 5.24 13.25 6 8.15 13.74 6 9.2 10.08 6 5.65
Phospholipids (mM) 35.48 6 15.43 32.72 6 16.81 39.42 6 18.25 36.71 6 17.8 23.2 6 12.3

Bile salts (mM) 187.07 6 57.01 97.32 6 49.91
c
* 103.83 6 57.14

a
102.88 6 55.06

c
72.85 6 58.0

c

Total Lipids (g/dl) 12.54 6 3.46 7.87 6 3.24b 8.6 6 3.92 8.37 6 4.25b 5.9 6 3.76c

Cholesterol (mol/100 ml) 7.26 6 3.33 11.38 6 2.78a 8.83 6 4.89 9.09 6 3.86 10.78 6 4.71
Phospholipids (mol/100 ml) 15.19 6 5.75 23.22 6 10.83 26.83 6 13.36a 24.84 6 3.61c 24.49 6 5.94b

Bile salts (mol/100 ml) 77.56 6 7.35 65.40 6 12.07
a

64.34 6 12.0
a

66.07 6 5.57
c

64.72 6 10.04
b

Cholesterol saturation index 1.31 6 0.64 1.90 6 0.79 1.33 6 0.088 1.25 6 0.52 1.71 6 0.75

Cholesterol/phospholipid
(molar ratio) 0.539 6 0.34 0.62 6 0.41 0.417 6 0.32 0.37 6 0.16 0.433 6 0.12

Cholesterol/bile salt (molar
ratio) 0.097 6 0.05 0.185 6 0.07a 0.14 6 0.08 0.142 6 0.07 0.182 6 0.12a

Phospholipids/bile salt
(molar ratio) 0.204 6 0.1 0.4 6 0.27b 0.474 6 0.37b 0.38 6 0.8a 0.403 6 0.18a

Pigment content (453 nm
O.D.) 1.864 6 0.91 0.914 6 0.52a 1.43 6 0.70² 0.713 6 0.38c 0.808 6 0.53a

*
a
, P , 0.005;

b
, P , 0.001;

c
, P , 0.0005, comparison with gallstone-free normals.

² Measurements available in 7 sample s.
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However, when the same calculation is performed

with the undersaturate d samples using the relevant

equation (y 5 2 0.61 1 0.08x), a given 100% increase

in bile salt concentrations is accompanie d by a paral-

le l 108% proportional increase in cholesterol.

When the cholesterol and bile salt concentrations

were plotted for the gallstone -free control group (Fig-

ure 3B), the unde rsaturated sample s showed a pat-

tern similar to that of the unde rsaturate d samples of

all the other groups. Again, a positive correlation (r 5
0.91, P , 0.01) was present. From the regression

equation (y 5 0.27 1 0.04x), it can be calculated that

for every 100% increase in bile salt concentration, a

similar increase in cholesterol concentration (94% )

occurs. Unexpectedly, a corre lation was not found

between bile salt and chole sterol concentrations in

the supersaturate d samples obtaine d from gallstone -

free control subjects.

Figure 4A shows the relation between phospholipid

and bile salt concentrations for all groups except

gallstone -free controls. The supersaturate d sample s

show a positive correlation (r 5 0.74, P , 0.001) .

From the regression equation for this line (y 5 8.7 1
0.25x), it can be calculate d that for every 100% in-

crease in bile salt concentration, an increase in phos-

pholipid concentration of only 74% occurs. The re-

gression line for unde rsaturated sample s is nearly the

same as that for supersaturated samples. In the gall-

stone-free control group (Figure 4B), no distinct pat-

terns or correlations between phospholipid and bile

salt concentrations were found in eithe r the supersat-

urated or undersaturate d sample s.

Figure 5A shows the relation between the choles-

terol molar percent and the bile salt concentration of

sample s from all study groups. In the chole sterol-

supersaturated samples, a negative corre lation was

present (y 5 13.62 1 2 0.03x, r 5 2 0.51, P , 0.001)

indicating that as bile salt concentration increased,

the chole sterol molar percent decreased. The under-

saturated sample s, however, showed no corre lation,

indicating that the cholesterol molar percentage was

stable over the entire range of bile salt concentra-

tions.

In Figure 5B, the relation between the phospho-

lipid molar percent and the bile salt concentration is

shown. In both chole sterol supe rsaturated (y 5
29.78 1 2 0.08x, r 5 2 0.63, P , 0.0001) and unde r-

saturated sample s (y 5 38.57 1 2 0.1x, r 5 2 0.74, P ,

Fig 1. Bile salt concentrations (including means 6 SD) in bile

sample s from gallstone-free normals (GF-N) compare d with those
from the four disease study groups: patients with multiple gall-

stones (CG-M) or with solitary stones (CG-S), morbidly obese
subjects with gallstones (O-CG), and morbidly obese subjects with-

out gallstones (O-GF). The bile sample s from gallstone-free nor-
mals had signi® cantly higher bile salt concentrations than all other

groups.

Fig 2. Pigment content (including means 6 SD) in bile sample s from
gallstone-free normals (GF-N) compare d with those from the four

disease study groups: patients with multiple gallstones (CG-M) or
with solitary stones (CG-S), morbidly obese subjects with gallstones

(O-CG), and morbidly obese subjects without gallstones (O-GF).
For sample measurement details, see Mate rials and Methods sec-

tion. The bile samples from gallstone-free normals had signi® cantly
higher pigment content than patients with multiple gallstones and

morbidly obese subjects e ither with or without gallstones.
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0.001) , a negative corre lation was present, indicating

that the phospholipid molar percent decreased as bile

salt concentration increased. The possibility of inter-

ference from pigment content with the chole sterol

assay was exclude d by additional ª spikingº and recov-

ery experiments for chole sterol. In the physiological

range of chole sterol concentrations (5± 40 mmol/

lite r), no difference in the recovered amounts of

spiked chole sterol was observed, as indicate d by the

almost identical regression line s obtained with the

sample s containing eithe r a high (y 5 2 0.46 1 1.16x)

or low (y 5 2 1.07 1 1.20x) leve l of pigment.

DISCUSSION

Our data show that ¯ uid absorption by the gallblad-

der is impaire d in the presence of gallstone disease.

The defect is also observed despite the absence of

gallstone s when morbid obesity, a known risk factor

for gallstone s, is present (29) . Fluid absorption by the

gallbladde r is very dif® cult to quantitate in vivo pro-

spective ly in humans. In the present study we indi-

rectly derived information on the ef® ciency of ¯ uid

absorption in different settings by measuring the con-

centrations of nonabsorbable bile solutes, ie, biliary

pigments and bile salts, in a single sample of gallblad-

der bile obtaine d from a large number of subje cts

(5± 7, 30) . We found that, after overnight fasting,

nonobe se stone-free control subje cts have both a

signi® cantly highe r gallbladde r bile salt concentration

and pigment content than all the other study groups.

Our explanation for these differences is that gallblad-

ders in the control group absorb ¯ uid more ef® ciently

than those of the other study groups.

It is highly unlike ly that the striking differences we

found in nonabsorbable biliary solute (ie , conjugate d

Fig 3. (A) Correlation plot of cholesterol and bile salt concentra-

tions in bile samples from the four disease study groups. Open
symbols: cholesterol supersaturated samples; solid symbols: choles-

terol undersaturated samples; circles: morbidly obese subjects with-
out gallstones, diamonds: the three groups with gallstones, ie ,

morbidly obese subjects, and nonobese gallstone patients with
either multiple or solitary stones. The regression line for the

supersaturated samples (y 5 4.09 1 0.12x, r 5 0.81, P , 0.0001) is
depicted. (B) Correlation plot of cholesterol and bile salt concen-

trations in bile samples from the gallstone-free normal group.
Open triangles: supersaturated sample s; solid triangles: undersatu-

rated samples. The interrupted line repre sents the regre ssion for
the corresponding plots in the cholesterol supersaturated samples

from all of the disease study groups (see Figure 3A).

Fig 4. (A) Correlation plot of phospholipid and bile salt concen-

trations in the bile sample s from the four disease study groups.
Open symbols: cholesterol supersaturated samples; solid symbols:

cholesterol undersaturated sample s; circles: morbidly obese sub-
jects without gallstones, diamonds: the three groups with gall-

stones, ie, morbidly obese subjects, and nonobese gallstone patients
with either multiple or solitary stones. The regression line for the

supersaturated sample s (y 5 8.7 1 0.25x, r 5 0.74, P , 0.001) is
depicted. (B) Correlation plot of phospholipid and bile salt con-

centrations in the sample s from the gallstone-free normal group.
Open triangles: supersaturated sample s; solid triangles: undersatu-

rated samples. The interrupted line repre sents the regre ssion for
the corre sponding plot in the cholesterol supersaturated samples

from all of the disease study groups (see Figure 4A).
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bile salts and pigments) concentrations in gallbladde r

bile between the non-obe se stone-free control and the

other four study groups can be explaine d by differ-

ences in the ir intraluminal accumulation rathe r than

in ¯ uid absorption. There are several reasons for this.

First, although bile salt and bilirubin secretion rates

of hepatic bile are known to be independent (31± 33) ,

our results show a similar patte rn of variations for

both bile salts and total pigments for each of the study

groups. Second, the bile salt concentration in com-

mon duct bile sampled after overnight fasting of

subjects free of gallstone disease is signi® cantly lower

than in chole sterol gallstone patients, while in gall-

bladde r bile an opposite trend is obse rved (10) . Third,

even if decreased rates of bile salt hepatic secretion in

gallstone patients have been reported, this was not

the case for obese gallstone -free subje cts (34) . De-

spite this, we found the same reduction in nonabsorb-

able biliary solute concentrations in all the disease

study groups, including obese gallstone -free subje cts.

An implication of our ® nding of markedly impaired

¯ uid absorption leading to a total lipid concentration

of less than 5 g/dl, even in the absence of gallstone

disease (25% of our morbidly obese gallstone -free

patients), is that, in the absence of cystic duct obstruc-

tion and/or chronic in¯ ammatory gallbladde r sclero-

sis with atrophy, the exclusion criterion in clinical

studie s of a total lipid concentration of less than 5 g/dl

and/or of nonopaci® cation of the gallbladde r at oral

cholecystography is no longe r necessary.

The second ® nding of the present study was the

evidence , albe it indire ct, that the gallbladde r mucosa

absorbs signi® cant amounts of both chole sterol and

phospholipids during fasting. This process was much

more ef® cient in many gallstone -free controls than in

eithe r gallstone patients or morbidly obese gallstone -

free subjects. When the samples with cholesterol su-

persaturation are separate ly conside red for correla-

tion analysis, both the cholesterol (Figure 3) and

phospholipid (Figure 4) concentrations increase lin-

early in relation to the bile salt concentration in all

the disease study groups, indicating that about 25% of

both chole sterol and phospholipids had been ab-

sorbed from bile during fasting. The linear relation-

ships that emerged between lipid concentrations in

gallbladde r bile con® rms previous data on gallbladde r

bile (18) and on hepatic bile obtained in T-tube

patients (35, 36) . However, most of publishe d data on

hepatic secretion obtaine d by duodenal sampling un-

der continuous gallbladde r contraction have shown

hyperbolic lipid relationships (37) . The most like ly

explanation for this apparent discrepancy is that when

the enterohepatic circulation is inte rrupted, as after

bile dive rsion, or decreased, as during an overnight

fasting, the bile salt output is diminishe d to a range

where the secretion of both cholesterol and phospho-

lipids is linearly related to that of bile salts.

Our data showing no lipid corre lation in the super-

saturated sample s obtaine d from nonobe se gallstone -

free controls can be explaine d by the fact that half the

sample s in this group had much lower relative (% )

concentrations of both cholesterol and phospholipids

(Figure s 3B and 4B). Our inte rpretation is that in

about half of the gallstone -free control subjects a

highly ef® cient but variable mucosal absorption of

cholesterol and phospholipids occurs.

When the chole sterol-unde rsaturated sample s are

analyzed in comparable lipid plots, the phospholipid

but not the chole sterol patte rn resemble s that found

in the supersaturate d samples (Figure 4A and B). In

Fig 5. (A) Correlation plot of cholesterol molar percent and bile

salt concentrations in bile samples from all of the study groups
combined. Open symbols: supersaturated samples; solid symbols:

undersaturated sample s; triangles: gallstone-free normals; circles:
morbidly obese subjects without gallstones; diamonds: the three

groups with gallstones, ie , morbidly obese subjects and nonobese
gallstone subjects with e ither multiple or solitary stones. The re-

gression line for the supersaturated samples (y 5 13.62 1 2 0.03x,
r 5 2 0.51, P , 0.001) is depicted. (B) Correlation plot of phos-

pholipid molar percent and bile salt concentrations in the same
sample s as are repre sented in A using the same symbols. The

regression line for the supersaturated samples (y 5 29.78 1 2 0.08x,
r 5 2 0.63, P , 0.0001) is depicted.
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unde rsaturated sample s, chole sterol and bile salt con-

centrations positive ly corre lated in all groups includ-

ing controls (Figure 3A and B) but showed no evi-

dence for chole ste rol absorption. Both this

unexpected ® nding in undersaturate d samples of all

groups, as well as the results in the supersaturate d

sample s of the control group showing a highly vari-

able lipid absorption could be explaine d if the com-

position of the bile entering the gallbladde r lumen

were a major determinant of cholesterol absorption.

In keeping with this hypothe sis, it has previously been

shown in vitro that cholesterol absorption by the gall-

bladde r increases with increasing cholesterol concen-

tration (11, 12) and saturation of bile (12, 38) .

Our data are amenable to more than one inte rpre-

tation. We believe it is most like ly that our lipid plots

expre ss a less ef® cient gallbladde r mucosal lipid ab-

sorption process in the four disease study groups

compared to controls and that this malfunction is

concomitant with the ¯ uid absorption defect. How-

ever, it cannot be exclude d that our lipid plots are,

other than an expression of gallbladde r lipid absorp-

tion, at least partially in¯ uenced by differences in

hepatic bile composition between controls and all the

disease study groups. It would have been useful to

compare lipid plots in hepatic and gallbladde r bile in

all groups of our study, including controls. However,

as common duct bile sampling is une thical in gall-

stone-free subjects, the comparison would have been

possible only in gallstone patients, who represent only

a minor part of our study population. Nevertheless, in

our opinion, the role played by gallbladde r lipid ab-

sorption is of major importance for the following

reason: we have recently directly measured, in vitro,

lipid absorption from a supersaturate d bile by the

intact human gallbladde r (19) . Within 5 hr, 23% of

biliary chole sterol and 30% of phosphatidylcholine

was absorbe d by the gallbladde r in the absence of

cholesterol gallstone disease . Moreover, the rate of

lipid absorption was found to be signi® cantly reduced

(about half) in gallbladde rs with cholesterol gallstone

disease. These values, obtaine d within 5 hr, ie , ap-

proximate ly half the time span of nocturnal fasting,

are in keeping with the conclusions of the present

paper.

To conclude , the ® ndings of this study clearly doc-

ument that fasting gallbladde r bile sample s from

nonobe se stone -free control subje cts are consistently

more concentrated than those of chole sterol gallstone

patients and morbidly obese subje cts with or without

gallstone s. Indire ct evidence of gallbladde r mucosal

absorption of appre ciable amounts of chole sterol and

phospholipid was also found, this process being more

pronounce d in controls than in the disease study

groups. Impaired gallbladde r mucosal function is not

necessarily a consequence of gallstone disease .
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