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Nucleation time of gall bladder bile in gall stone
patients: influence of bile acid treatment

S Sahlin, J Ahlberg, B Angelin, E Reihner, K Einarsson

Abstract
The time required for precipitation of choles-
terol crystals (nucleation time, NT) was deter-
mined and related to the cholesterol saturation
in gall bladder bile of gall stone free subjects
(n=11), patients with pigment stones (n=3),
and patients with cholesterol gall stones
(n=30) undergoing cholecystectomy. Seven of
the gall stone patients had been treated with
chenodeoxycholic acid (CDCA) and nine with
ursodeoxycholic acid (UDCA), 15 mg/kg/day
for three weeks before operation. NT was
longer in gail stone free subjects (mean, 20
days), patients with pigment stones (14 days)
and patients treated with CDCA (24 days) and
UDCA (17 days) compared with untreated
patients with cholesterol gall stones (1.5 days).
In spite of low cholesterol saturation and
prolonged NT, and in contrast to those treated
with CDCA, four of the nine patients treated
with UDCA had cholesterol crystals in their
bile. These observations give further support
to the concept that the mechanism for inducing
gall stone dissolution may be different for
CDCA and UDCA.
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Bile, supersaturated with cholesterol, is a pre-
requisite but not the only requirement for gall
stone formation in humans.' In order to explain
why gall stone free subjects also frequently have
an excess of cholesterol in their bile,'-' Holan
et al' have introduced the concept of nucleation
time (NT) - defined as the time required for
cholesterol precipitation in vitro as mono-

hydrated cholesterol crystals in centrifuged and
particle-free bile (NT could also be called the
cholesterol microcrystal appearance/detection
time). NT is the only parameter which dis-
criminates cholesterol stone bile from normal
bile with the same cholesterol saturation index.
The short NT in cholesterol gall stone patients is
considered to be due to an imbalance between
nucleating and antinucleating agent(s).'

In 1972 it was shown that treatment with
chenodeoxycholic acid (CDCA) may result in the
dissolution of cholesterol gall stones.67 A year
later, the first report on gall stone dissolution
with ursodeoxycholic acid (UDCA) was pub-
lished.8 These two drugs have now become
accepted as tools in the treatment of gall stones.
Although the mode of action is somewhat dif-
ferent, both bile acids decrease biliary choles-
terol secretion and thus the cholesterol satura-
tion index of bile.9 It has recently been reported
that UDCA significantly prolongs NT in choles-
terol gall stone patients,'0 whereas the effect of
CDCA in this respect is not known.
Sweden has a comparatively high incidence of

cholesterol gall stone disease but the knowledge

of its pathogenesis is limited. The enhanced
cholesterol saturation of bile appears to be due
mainly to an absolute increase in the secretion
rate of cholesterol from the liver, whereas the
secretion rates of bile acids and phospholipids
are normal.'2
The aims of this study were twofold: to

determine the NT of gall bladder bile in Swedish
gall stone patients and gall stone free subjects,
and to study the influence of treatment with
CDCA and UDCA in doses known to make bile
unsaturated with cholesterol in gall stone
patients.

Materials and methods

PATIENTS
Forty four patients undergoing elective chole-
cystectomy were studied: 11 without and 33 with
gall stones, three of whom had pigment stones
(Table I). The gall stone free patients were
cholecystectomised because of suspected
adenomyomas or polyps of the gall bladder.
Seven of the patients with cholesterol gall stones
were treated with CDCA and nine with UDCA
before operation. All patients were non-obese
(relative body weight less than 125%) and
normolipidaemic, and none had any clinical or
laboratory evidence ofdiabetes, diseases affecting
liver or kidney function, or alcohol abuse. Pre-
operative cholecystography had shown a well
functioning gall bladder in all cases. Also indica-
tive ofa functioning gall bladder was the presence
of dark concentrated bile in the gall bladder and
no evidence of impacted stones in the neck of the
cystic duct at operation. Informed consent was
obtained from each patient before the study, and
the protocols were approved by the Ethics Com-
mittee at Karolinska Institute, Stockholm.

EXPERIMENTAL PROCEDURE
CDCA and UDCA were administered in a daily
dose of 15 mg/kg body weight for three weeks
before operation. The capsules were taken twice
daily and the last capsules in the evening before
the day of operation. The medication was well
tolerated; most of the subjects treated with
CDCA noted softer stools, and two developed
occasional diarrhoea. Liver function tests were
normal during the medication. All operations
were performed between 8 and 10 am after an
overnight fast. After opening of the abdomen,
the gall bladder was completely emptied of bile
using a sterile needle and syringe to avoid
possible stratification of bile.'3 A routine chole-
cystectomy was then performed. The gall stones
were classified as cholesterol or pigment stones
by analysis in the laboratory. 1415

1554

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.32.12.1554 on 1 D

ecem
ber 1991. D

ow
nloaded from

 

http://gut.bmj.com/


Nucleation time ofgall bladder bile in gall stone patients: influence ofbile acid treatment

TABLE I Basal data ofthe patients. Values are mean (SEM)

Body weight Plasma Plasma
Sex Age cholesterol triglycerides

Patient group No MIF (years) kg %* (mmol/l) (mmol/l)

Cholesterol gall stone
Untreated 14 4/10 49 (4) 67 (3) 98 (4) 5-2 (0.5) 1-1(0 2)
UDCA 9 2/7 47(4) 69(3) 98(3) 5-2(02) 1 1(0-1)
CDCA 7 1/6 42 (3) 74 (5) 105 (6) 5.0 (0.2) 1-0 (0-1)

Gall stone free 11 3/8 48 (4) 68 (4) 95 (4) 6-2 (0.4) 1-1 (0.2)
Pigment gall stone 3 1/2 55 (14) 67 (6) 89 (11) 5-1 (0.6) 1-0 (0-1)

*Relative body weight calculated as body weight (kg) x 100%
height (cm)- 100

MATERIALS
CDCA (Chenofalk) and UDCA (Ursofalk) were

administered in 250 mg capsules purchased from
Dr Falk Pharma, while 3 a-hydroxysteroid de-
hydrogenase (Sterognost) and cholesterol oxidase
(Nyco-test cholesterol) were purchased from
Nyegaard A/S.

BILE LIPID ANALYSIS
For the determination of cholesterol and phos-
pholipids, a portion of the bile samples obtained
was immediately extracted with 20 volumes of
chloroform-methanol, 2:1 (v/v). Cholesterol was
determined by an enzymatic method,'6 and phos-
pholipids by the method of Rouser et al.'7 The
total bile acid concentration in another aliquot of
the bile sample was determined using the 3 a-hy-
droxysteroid dehydrogenase assay. " Cholesterol.
saturation was calculated as a percentage of the
predicted cholesterol solubility at the respective
biliary lipid concentration and composition as

described by Carey.'9 The calculation of choles-
terol saturation in patients treated with UDCA
was performed both with and without the cor-

rection factor for UDCA-rich bile described by
Carey.'9

BILE ACID ANALYSIS
Aliquots ofbilewere hydrolysed in 1M potassium
hydroxide at 1 10°C for 12 hours. The deconju-
gated bile acids were extracted with ethyl ether
after acidification to pH 1 with hydrochloric acid.
After preparation of the methyl trimethylsilyl
ethers, the bile acids were further analysed by
gas-liquid chromatography using 1% Hi-EffBP8
as the stationary phase. A PYE Unicam chroma-
tograph equipped with a 15 mX 4 mm (OD)
column was used.20
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Figure 1: Nucleation time ofgall bladder bile ofuntreated
cholesterol gall stone patients (GS), gall stone free subjects
(GSF), cholesterol gall stone patients treated with
ursodeoxycholic acid (UDCA) or chenodeoxycholic acid
(CDCA) and pigment gall stone patients (PIGM).

ANALYSIS OF CHOLESTEROL CRYSTALS AND NT

Bile was transported and stored at 37°C. All bile
samples were examined for typical rhomboid
monohydrate cholesterol crystals by polarising
light microscopy on prewarmed slides. The
uncentrifuged bile was inspected immediately
after operation and after one day.
NT was determined by the method of Holan

et a14 with minor modifications. After centrifuga-
tion of about 6 ml bile at 100 000 g for 2 hours,
3 ml from the middle phase were 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 at 37°C.
About 3 tl from the top, middle, and bottom
portion were aspirated each day, mixed and
placed on a prewarmed slide and viewed
thoroughly in polarising light microscope. NT
was defined as the number of days until typical
rhomboid monohydrate cholesterol crystals
appeared.

STATISTICAL ANALYSIS
Data are presented as means with standard error

ofthe mean (SEM). The statistical significance of
difference was evaluated by the Mann-Whitney
U test. Correlations between parameters were

tested by estimating the Spearman's rank cor-

relation coefficient, r.

Results

BILIARY MICROSCOPY AND CHOLESTEROL NT
At the time of surgery, cholesterol crystals were
detected in gall bladder bile of 11 out of the 14

TABLE II Cholesterol crystals, nucleation time (NT), lipid composition, lipid concentration and cholesterol saturation ofgall
bladder bile. Values are mean (SEM)

Patients with Lipid Cholesterol
cholesterol NT Cholesterol Bile acids Phospholipids concentration saturation

Patient group No crystals (days) (mol0%) (mol%) (mol%) (gldl) (%)

Cholesterol gall stone
Untreated 14 11 1.5(0.3) 7-6(0.7) 70.0(1-6) 22-3(1-1) 9-6(1-3) 111(10)
UDCA treated 9 4 17-0 (3 0)5 3.5 (0.6)t 72-4 (1-7) 24-0 (1-3) 8-2 (1-4) 50 (7)t
CDCA treated 7 it 23-9 (5.7)§ 4-7 (0°5)t 71-1 (1-3) 24.3 (1-2) 11-4 (1.4) 63 (7)t

Gallstonefree 11 it 19.5(2.7)§ 5.6(0.6) 70-6(1.4) 23-7(1-4) 12.0(1-6) 79(10)*
Pigmentstone 3 0 13 7(5.7)t 6-0(1-5) 70.1(3.5) 24-0(2.0) 8-3(2.3) 84(19)

Significantly different from untreated gall stone patients: *p<0.05; tp<0-01; tp<0001; §p<0-0001.
Calculated without Carey's correction factor for UDCA-rich bile."
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TABLE in Bile acid composition in g

Cholic Deoxhc
acid acid

Patient groups (%) (%)

Cholesterol gall stone
Untreated 49 (2) 18 (2)
CDCA treated 13 (1): 0 1(0
UDCA treated 23 (3)§ 13 (2)

Gall stone free 41 (4)* 21 (4)
Pigment gall stone 40 (1) 29 (6)

Significantly different from untreated ga]

Discussion
30- . In the present study, we found a short NT (mean

of 1[5 days) in gall bladder bile of patients with
4o- * untreated cholesterol gall stones and all but one
20- * of gall stone free subjects had a longNT (mean of
to *: . 20 days). In agreement with Holan et all we
30 * . found that NT provided a better discrimination
s0 . between patients with and without cholesterol
40 * gall stones than did cholesterol saturation. We
20" * could not find any profound influence on NT by
0; * cholesterol concentration, cholesterol saturation,

GS GSF UDCA CDCA PIGM or total lipid concentration of gall bladder bile in
gall stone patients or in gall stone free subjects.

re 2: Cholesterol saturation in gall bladder bile of Tauae al"rptercnlyhateNTi
!ated cholesterol gall stone patients (GS), gall stone free Tazuma et al reported recently that the NT in
cts (GSF), cholesterol gall stone patients treated with gall stone free subjects was seven to eight times
teoxycholic acid (UDCA) or chenodeoxycholic acid longer than that in cholesterol gall stone patients,
CA) and pigment gall stone patients (PIGM). although the gall stone free subjects in that study

also had saturated bile (mean cholesterol satura-
ents with untreated cholesterol gall stones tion, 112%) It is thus evident that not only
4)), 1/11 gall stone free subjects, 4/9 UDCA cholesterol saturation but also other factors are of
ted and 1/7 CDCA treated patients, and in importance for the nucleation process.
e of the three patients with pigment stones Another important finding of the present
ble II). The difference between the untreated study was that the treatment of gall stone patients
lesterol gall stone group and the gall stone with a relatively high dose ofUDCA, making gall
group was significant (p<0 001). bladder bile unsaturated with cholesterol, pro-
TT was significantly shorter in the gall stone longed the NT to about the same level as that
ap compared with the gall stone free group seen in gall stone free subjects. This confirms
(0.3) days v 20 (3) days, p<0.0001) (Table and extends the observation of two recent
Only one gall stone free subject had a short studies.'0 Thus, Tazuma et al ' found a pro-
(Fig 1). Treatment with CDCA and UDCA longed NT in gall stone patients who had been
longed NT to 24 (6) days and 17 (3) days treated with UDCA (300-600 mg/day) for three
ble II, Fig 1). The NT of the three patients months in an unsuccessful attempt to dissolve
pigment stones averaged 14 days. their gall stones. The cholesterol saturation of

gall bladder bile was not significantly lowered by
the treatment and bile was thus still saturated

[ARY LIPID COMPOSITION with cholesterol. Because of the relatively low
results of biliary lipid analysis are shown in dose of UDCA used in that study, the mean
le II. The cholesterol saturation of gall percentage of UDCA obtained was only 22%
Ider bile was lower in the gall stone free group compared to 45% in our study. Jungst et all'
lpared with the untreated cholesterol gall also found a prolonged NT (12 days) in gall stone
le group (79 (10) v 111 (10)%, p<0.05), patients treated with a low dose of UDCA
Lough there was a certain overlap (Fig 2). Gall (250 mg) for a short period of time, 6-10 days.
lder bile was unsaturated in all the patients The biliary cholesterol saturation in that study
ited with CDCA (63 (7)%) and UDCA (50 averaged 94%. Thus we can conclude that both
Jo or 67 (9)% with Carey's correction factor) low and high dose UDCA prolongs NT in gall
2, Table II). stone patients, and that this occurs whether gall

bladder bile becomes unsaturated or not.
A major new finding of the present study was

E ACID COMPOSITION that treatment of gall stone patients with CDCA
tlysis of the individual bile acids confirmed prolonged the NT to about 24 days, meaning
d patient compliance in the treatment groups. that the NT was about 15 times longer than that
.S, CDCA constituted 82 (1)% and UDCA 45 seen in untreated gall stone patients. Bile from
4o in the groups treated with CDCA and CDCA treated patients was unsaturated with
CA, respectively (Table III). cholesterol, and only one sample contained
ro correlations were found between the NT cholesterol crystals. In a previous study from our
the biliary cholesterol saturation or lipid laboratory, cholesterol crystals were not observed

iposition in any of the different patient in bile samples from seven CDCA treated
ups. patients.2'

The reason for the prolonged NT during
treatment with UDCA and CDCA is not evident.

all bladder bile. Values as mean (SEM) As mentioned above, the degree of cholesterol
saturation does not seem to be of major impor-cholic Chenodeoxycholic Ursodeoxycholic Lithocholic

acid acid acid tance, particularly not in UDCA-rich bile.
(%) (%) (%) According to current opinion, the short NT in

gall stone patients is due to an imbalance between
32(2) 1 (0) 0.4(0.2) nucleating agent(s) and antinucleating or stabi-
15 (1)§ 45 (3) 4(1) lising agent(s).5 22 So far, these factors have not
36(5) 21(1) 1 (1) been characterised, but circumstantial evidence
29 (5) 1 (1) 0.1 (0.1) suggests that they may be proteins. Tazuma

ll stone patients: *p<O05; tp<001; tp<O-OOl; §p<0-0001. et al" have suggested that changes in the biliary
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concentrations of apolipoprotein A-I may play a
role in the nucleation process during UDCA
treatment. From results of animal experiments,
it has been suggested that mucin may act as a
nucleation promoting factor.2324 We, as well as
other authors, have shown that gall stone patients
have a higher mucin content in the gall bladder
bile than gall stone free subjects.25-28 However,
treatment of gall stone patients with CDCA or
UDCA did not significantly affect the mucin
concentration.25

In spite of a prolonged NT, four of our nine
UDCA treated patients had cholesterol crystals
in their gall bladder bile. This result is in
agreement with a previous study from our
laboratory, in which 40% of the UDCA treated
patients, but none of the CDCA treated, had
cholesterol crystals.2' Jungst et al'° reported that
70% of their UDCA treated patients had choles-
terol crystals. The reason why bile from UDCA
treated patients contains crystals more fre-
quently than bile from CDCA treated patients is
not clear. It may be due to different dissolving
mechanisms between the two bile acids. UDCA
is more hydrophilic and may dissolve cholesterol
mainly in the form of liquid crystals or vesicles,
whereas CDCA dissolves cholesterol in
micelles.2930 Whether this is also true in gall
bladder bile of patients treated with UDCA,
whose biliary bile acids become enriched only 40
to 50% in UDCA, can only be speculated on. It
has been suggested that cholesterol crystals are
formed from cholesterol in vesicles and not in
micelles.3' When exposed to a nucleating factor
(or not exposed to an antinucleating factor), the
vesicles may precipitate as solid crystals.
Another possibility is that monohydrate choles-
terol crystals are discharged directly from the
surface of the gall stones and do not represent de
novo nucleation and crystal growth in the bile. If
so, the crystals may not be dissolved in UDCA
treated patients, but dissolved in CDCA treated
patients.

In conclusion, we have shown that both
CDCA and UDCA treatment prolongs NT. The
NT was about 10 to 15 times longer in gall stone
free subjects and gall stone patients treated with
bile acids compared to untreated cholesterol gall
stone patients. We also found that in several of
the bile samples from UDCA treated patients,
cholesterol crystals appeared in spite of a very
low cholesterol saturation, which may indicate
different modes of action whereby UDCA and
CDCA may induce gall stone dissolution.
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