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Summary

The high rate of stone recurrence represents 3 drawback of non-sureical therapy of cholestorot zatistone dis-
ease. Although most studics report that long-iwrm bile acid treatment dues not have protective effects, preiimi-
nary results suggest thai low-dosc ursodeoxycholic acid decreases the rute of gallstone recurreice in » subgroup
of younger patients. To clarify the underlying mechanism we investigated whether low-dose ursodeoxycholic
acid treatment influences biliary cholesterol saturation and/ar nucteation time of cholesterol. Ten patients with
cholesterol gallstones and functioning gallbladder received 250 mg ursodeoxycholic acid/day at bedtime 6-10
days prior to cholecystectomy. Eleven patients with cholesterol gallstones without treatment served as controls.
Cholesteral oryutals were present in the gallbladder bite of 7 out of the 10 patients receiving ursodeoxycholic acid
and in all controt biles. Ursudeoxycehelic acid yreatment significanity (P < 0.02) decreased the cholesterol satu-
ratign index (mean +£ S.E.1 094 £ 055 v, 1,43 * (018 and led 1o an approximately 5-fold prolangation (P <
0.005) of ihe cholesterol nucleation timne (mean + S.E.: 12.0 £ 2,4 vs, 2.3 % 0.7 days). We conclude that fow-
dose ursudeoxychoiic acid might be effective in the prevention of post-dissolution gallstone recarrence by bot's
decreasing chnlesterol saturation and prelenging cholesterol nucleation time.

Introduction be achieved by cral administration of chenodeoxy-

chclic acid (CDCA) [9~-11}, ursodcoxycholic acid
Several studies have shown thul supersatur:on of (UDCA} or a combination of both {12-15}. More r.--
bile with cholesierol and a rapid formation of choles- cent studics have shawn that extracorporeal shock-
terol crystals play a key role in the pathogenesis of wave lithotripsy combined with bilc acid therapy for
cholestest sullstonas [1- 8], fragment dissolution is a safe and effective treatment

Dissotution of the stones within the galtbladder can in sclected patients with radiolucent galistones
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{36.17]. However, supersaturation of bile and a re-
dyced nucleation time of cholesterol porzist in most
patients afier stonc dissolution and contribute 10
stone recusrwnee which has been observed ot a rate of
abow 109 pcr vear during the first years {18--20}.
Oral administration of low-dose CDCA has been
showin not to be cffective in the prevention of stone
recurrence after successful litholytic therapy [21].
However, preliminary results suggest that low-dose
UDCA decreases the rate of gallstone recurrence in
asubgroup of younger paticnts [22].

To clarify the undeilying mechanism we investi-
gated whether iow-dose UDCA treatment influences
biliary cholesterol saturation and/or nucleation tisic
in paticats with cholesterol gallstones.

Materials and Mcthods

Patients and collection of bile

Tweniy onc  paticnts who underwent  clective
cholecysiectomy becense of symptomatic gallstones
were selected for the study. Cnt of ihe entire pepula-
tion undergoing cholecystectomy the patients of the
study were selected according to the following erite-
ria: functioning gallbladder documented by visualiza-
tion of the gailbladder by oral cholecystography or
scinugraphy within 6 weeks prior to sur¢ery and cho-
lesteral contert of the removed sioiics above 60%.
Ten patients. ¢ females and 1 male. with @ mean age
of 50.8 vears (range: 23-68 vears) and a mean body-
weight of 66.6 kg (range: 47-90 kg) were trcated
6-10 days pricr to cholecystectomy with 250 mg
UDCA per day given at bedtime. Eleven patients, 7
females and 4 males. with 1 mean age of 46.2 vears
(rangs: 19-79 years) and a mean hodyweight of 68.0
kg (range: 48-89 kp) served as controls Gallbladder
bile was aspirated during surgery by puncturc of the
gailbtadder after ligation of the cystic duct nsing a
sterile needic and syringe. Particular care was taken
to collect gulloladder bile completely, in order to
avoid effects of stratification [23]. The stones were
removed with the gallbladder, washed. and analyzed
for cholesterol content. The mean cholesterol con-
tent of the stones (71.3% vs. 76.8%) was not signifi-
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cantly diffvient between the groups of patients.

Biliary microscopy

After collection, bilc samples were- mixed thor-
oughly and one drop was immediately examined by
polarized light microscopy for cholesterol crystals.
Because small numbers of crystals might be over-
looked by the microscopic examination of unspun
hile, the scdiment of the bile samples was re-exam-
ined for cholesterol crystals after ultracentrifugation
(100 000 x g for 2 h).

For the determination of cholesterol nucleation
time 4 ml of gallbladder bile were centrifuged for 2 h
at 100 000 x g in a Beckman L 50 ultracentrifuge
(Beckman Inctrmments, Fullerton, CA, US.A) 10
obtain crystal-free bile as described by Holan et al.
[2). The top 1 i was discarded and the next 2 ml (in-
terphase} were removed by aspiration. An aliquot of
the interphase was immediately e.amined micro-
scopically to confirm the absence of crystals; the rest
was placed ir sterile tubes, flushed with nitrogen,
sealed and incubated a1 37 °C. Twice daily forupto 3
weeks the interphase was investigated for the ap-
pearance of cholesterol crystals. The interval be-
tween time zero and the first detec'ion of a cholester-
ol crystal in the sample was taken as the nucleation
time.

Analysis of bide

For analysis of bile iipids, duplicate aliquots were
stored at -40 °C prior te determination. Cholestercl
was determined colorimetiically after extraction with
petroleum ether [24]. Phospholipids were measured
using the colorimetric assay of Fiske and SubbaRow
125} and total bile salts were determined by a modi-
fied 3a-hydroxysteroid dehydrogenase meihod [26].
The saturation index of each sample was calculated
by dividing the cholesterol concentration by the max-
imum chulesterol solubii: - according to Carey {271

individual bile acids were determined by capiltary
gas liquid chromatography. A 20-m polyethylene gly-
col 20 000 column (i.d. 0.32 mm) and hydrogen as
carrier gas were wsed {28]. The gas chromatograph
was a Carlo Erba 4160 model with an on-column in-
jection system and flame ionization detection (detec-
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o wmpciuiure S50 °T) A winperatiic piikiail
(60-240 °C, 30 *Csmin) allowed an optimal injectic:
technique. Quantitation was performed using an in-
ternal standard (hyadecxycholic acid) and a muiti-
point calibration obraincd with & Spectra Physics SP-
4100 integrator plotter. Sample preparation included
enzymatic hydrolysis of glycine and taurine conju-
gates and extractton with diethyl ether after acidifica-
cation to pH | with concentrated hydrochloric acid.
The frce acids were methylated using an acidified
{pH 1) mixture of methanol and 2.2-dimethoxypro-
pane {1:1 v/v) and trimethyl silylated with 2 mixture
of hexamethyldisilasane and trimethylchlorosilane in
pyridine (2:1:3 v/v) at room temperature for 30 min.

Satistical analysis

The results are expressed as mean * standard er
101 of the mean (S.E.). Tho Student t-test was ap-
plied 1o assess the statistical significance of differ-
ences between means. A P value of < 0.05 was con-
siderad statistically signiiican.

Resalts

Biliary microscopy and cholesterol nucleation time
Cholesterol crystals were present in the native bile

TABLE ]

in 7 out of 19 patients under UDCA therapy and in ail
biles of the: 11 control patieats. The cholestero) pu-
cleation time was significantly {P < 0.005} fonger
(12.04 + 1 40 vs. 2.35 % .72 days) in patients receiv-
ing low-cosc UDCA than in untreated controls. The
single values are given in Tables 1 and 2.

Biiiary lipid composition

The single values of both groups for total bile
acids. phospholipids, cholesterol, total fipids and the
cholesterol saturaiion jpdex (CSI) in the gallbladder

sis of the data revealed significantly (P < .05}
higher values of total bile acids (94.88 + 0.27 vo.
70.54 + 4.78 mmol/l} and significantly (P < 0.02)
fower CSi (0.94  0.65 vs. 1.43 + 0 18) in subjects
treated with UDCA compared to controls. No sig-
nificant difference between the groups could be ob-
tained for bilary phospholipids, cholesteral or total
lipids.

Individual bile acids

The molar percentages of individuai bile acids in
gallbladder bile of both groups of patients are com-
pared in Fig. 1. The relative amount of CDCA was
significantly (P < 0.084) lower in paiients receiving
UDCA, while cholic, deoxycholic and lithocholic acid

COMPOSITION AND CHOLESTEROL NUCLEATION TIHME OF GALLBLADDER BILES OF 10 PATIENTS UNDER

TREATMENT WITH LOW-DOSE UDCA {250 e1gfday} 4- 10 DA VS PRIOR TQ CHOLECYSTECTOMY

P;n:rlt Aggfy:r;) ) Bife acids

Nuclcation Phospholipids  Cholestero!  Total ligids <51

time (days) {(mmal T} fmmol/ty {mmolit) {g/dly
EK. 6 4.3 410 16.3 2.9 i3 .69
AS? 57 21.0 Si2 13.0 4.8 iR 1Lz
KA, ol 39 115.9 39.0 13.1 92 1.06
M.A. 55 3.9 1812 68.5 14.9 14.8 0.68
B8R, B 5.0 81.5 34.0 7.7 7.1 0.81
R.E. 35 16.6 /8.4 2.0 113 7.7 107
K32 63 0.0 105.8 403 9.7 87 0.82
L.G. 50 38 835 25 7.6 649 0.78
1P 68 21.0 5.3 4.5 LER] 85 L4
us:* 36 21.0 148.0 69.0 19.2 134 0.95
Mean + S.E. S08*4a.4 120224 94993 395258 Waxt4 8109 0.92 + R4S

'_l:lo cholesterol crystals in bijc.
(81 = cholesterol saturation index.




TABLE 2
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COMPOSITION AND CHOLESTEROL NUCLEATION TIME OF GALLBLADDER BILES CF 11 PATIENTS WITH (HO-

LESTEROI.GA

o Te
STONCS Y

Patient Nucleatinn

Age (yvrs) acids
vme {d ys) (mmol/l)
K.M. 36 1] 68.2
U.G. 9 1.8 85.1
H.3. 64 0y 46.5
iF 61 1.8 756
N.L. 58 39 56.6
F.N. 16 8.9 06.5
L. 53 27 9
AA 2% 0.y R7
T.H. ” 0.6 522
R.R. 35 07 o2
B.w 29 1.9 9.2
Mecan £ S.L. 46,2455 23+07

70.5+48

CSI = cholesterol saturation index.

ware not significantly different. As cxpected. the
percertage of UDCA in bile was much higher (18.5
+ 3.2 vs. 2.7 £ 0.9%) under the administration of
UDCA.

Cuorrelativn of nucleation time to CSI, biliary lipids
and age

No correlations were found between the cholester-
ol nucleation time and the CSE (Fig. 2). the total lip-

@ » 0 -4
5 B o o ©

Sitiary Bile Acid Composition (%)
-
)

i -]

5 TA unca LCA
Fig, §. Reletive smouats of individuai bile acids (mean £ S.E.)
in gallbladder biic of patients with cholesterol gallstones: open
bars. controls: hatched bass, usder treavient with 250 mg’
day UDCA 6-10 days prior 10 cholecy stectury. ***P < 0.001,
DCA, deoxycholic acid; CA. cholic acid: LCA, lithocholic

acid.

" Phospholipids  Crolesterol

ST REATMENT PRIOR TO CHOLECYSTECTOMY

Totallipids €SI

{mmoli) (mmoti} (gidl)

275 .o 59 1.31
25.5 10.0 65 1.28
284 7.0 47 117
280 13 6.8 264
315 13.7 62 157
245 2.1 590 244
200 5.0 5.5 0.85
330 84 75 .89
280 75 5.0 115
320 12.0 6.9 132
67.0G 17.4 16.7 .14
328238 122218 65205

ids, total bile acids, phospholipids, cholesicrol and
age in paticnts receiving UDCA and control sub-
jects.

Discussion

In our study we administered a short-term treat.
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Fig. 2. Correlation of CS! and cholesterol nucleation time in

gallbladder bile of patients with cholesterot galistones: (O)

control patients: (@) paticnts under treatment with 250 mg/day
UDCA 6-10 days prior to cholecysteciomy.
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ment with a low UDCA dose (250 mg/day given at
bedtime} in patients who were referred to the surgi-
cal department for clective cholecystectomy because
of symptomatic gallstones. Drug compliance was
documented by meuwsurercnis of clevated UDTA
concentrations in gallbladder bile in all treated pa-
tients, In patients under UDCA trcatment the per-
centage of UDCA in bile was higher (mean: 18.5 vs,
2.7%) than in control biles.

These findings are similar to the results of Stiehl et
al. [29]. who reported a mean relative amount of
28% of UDCA in cholecystokinin-stimulated ductie-
nal bilc of patients receiving 250 mg UDCA/day. The
higher biliary percentage of UDCA in their stedy
might be caused by the much longer treatment period
of 3 months as compared to 6-10 days in our investi-
gation. The period of treatment with UDCA may
have been too short to achieve a steady state at the
time of bile sunipling. The mean proportions of cholic
(32 vs. 25%), chenodeoxycholic (28 vs. 31%).
deoxycholic (9 vs. 16%) and lYthocholic (1.5 vs.
1.8%) acid were similar in both stedies.

Compared to controls. UDCA-ireated patients re-
veuled a significantly higher mean concentration of
totai bile acids (94.9 vs. 760.5 mmol/l) and a signiti-
cantly lower mean ('S] (0.94 vs. 1.43). In 6 patients
receiving UDCA a CSI below 1 was calculared: the
remaining 4 were slightly supersaturated. Cholester-
ol monchydiate crystals were detected in 7 of the 10
palients. There was no clear relation between the
presance of crystals and the CSI. In one bile with the
highest degree of saturation (1.27) no chalesterol
crystals were found and two biles with the lowest CSI
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