
EXPERIMENT AL GASTROENTEROLOGY 

Effect of nicotine on 
gallbladder bile 

ANGLO-DUTCH NICOTINE INTESTINAL STUDY GROUP 

MICI IAEL RI !ODES MD, FREEK) Z IJLSTRA PhD, 0 MICHAEL BRADBURN BM BCh, EMMANUEL O RIVASTAVA MD, 

APM VAN D IJK BSc, MIC! IAEL AH RU SELL PhD, MARK VAN BLANKENSTEIN MD, JH PAUL WILSON MD, 

ADRIAN ALLEN PhD, J I IN RHODE MD 

M RHODES, FJ ZIJLSTRA, OM BRADBURN, ET AL, FOR THE ANGLO-DUTCH 
NICOTINE INTESTINAL STUDY GROUP. Effect of nicotine on gallbladder bile. 
Can J Gastroenterol 1994;8(5):333-338. Several studies have shown that 
ymptomatic gallstones are largely a <li ease of nonsmokers, which raises the 

possibility that nicotine may prorect against the formation of gallstones. To 
examine the effect of nicotine on the gallbladder, 32 rabbits were allocated co 
four groups: controls and three treatment groups in which nicotine tartarate at 
low, medium and high doses was administered subcutaneously via an osmotic 
minipump. After 14 days' treatment the gallbladder was removed and measure
ments made of gallbladder mucin synthesis, bile mucin concentration, bile acid 
concentration and cholesterol saturation. Serum nicotine concentrations 
(ng/mL) were (± SE) 0.4±0.1, 3.5±0.4, 8.8±0.8 and 16.2±1.8 in the controls and 
three treatment groups, respectively. Total bile acid concenrration increased 
significantly in all three treated groups wirh the greate't increase in the group 
given low dose nicotine (P<0.001). Cholesterol saturation did not differ signifi
cantly in any group but soluble mucin concentration in gallbladder bile was 
significantly reduced (P=0.013, 95% Cl: 16 to 111) with high dose nicotine. 
Gallbladder mucin synthe is, measured by 3H-glucosamine incorporation, did 
not change significantly with nicotine treatment. Subcutaneous nicotine 2.0 
mg/kg/day for 14 days significantly reduced the concentration of biliary mucin, 
which could potentially reduce cholesterol nucleation and ubsequent gallstone 
formation. This may be one of the mechanisms responsible for the relative 
reduction in gallstone disease among smokers. 
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Effet de la nicotine sur la bile, au niveau de la vesicule 

RESUME : Selon Jiverses etudes, la cholclithiase sympcomatique est, pour une 
bonne part, une maladie de non-fumeurs, ce qui souleve l'hypothese d'une 
possible protection conferee par la nicotine con ere la formation de calculs. Dans 
le cadre de cette etude sur l'effet de la nicotine sur la vesicule biliaire, 32 lapins 
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THE DEVELOPMENT OF GALLSTONES 

is influenced by many factors. In 
the western worl<l diet and estrogen 
status are important predisposing fac
tors. Estrogens increase the lichogenic
ity of bile, and gallstones are certa inly 
more common in women, increasing in 
freque ncy with pregnancy, the oral 
contraceptive pill and menopausal e -
trogens (1). 

Several studies have identified a re
lationship between cigarette smoking 
and ga llstones (2-5). One of the more 
consi tent findings is a relative reduc
t ion in the prevalence of gallstones 
among older smokers in contrast with 
an increased risk of stones in young 
patients who smoke. The reason for chi 
dichotomy is not immediately appar
ent, but in young patients, smoking 
may simply serve as a marker for other 
factors chat increase the ri k of stones; 
these include birth control pill usage 
and pregnancy. O lder patients who 
smoke have usually done so for most of 
the ir lives (5) and have a lower risk of 
gallstone disease compared with non
smokers. In view of thi , the possible 
mechanisms by which smoking may af
fect stone format ion are of interest. 

Smoking is known to reduce prosta
glandin synthes is in many tissues 
throughout the body (6, 7) and th is may 
change mucin secretion in the gallblad
der or bi le composition, both of which 
could influence gallstone formation 
(8,9). We therefore examined the ef
fect of nicotine on ga llbladder bile bio
chemistry in an animal model. 
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ont ete repartis en quatre groupes : un groupe-temoin et trois groupes therapeu
tiques auxquels du tartarate de nicotine a ete administre par voie sous-cutanee 
en doses faible, moyenne et elevee, au moyen d'une mini-pompe osmotique. 
Apres 14 jours de traitement, la vesicule a ete enlevee et des specimens Ont ete 
recueillis pour mesurer la synthese de la mucine de la vesicule biliaire, la 
concentration de mucine biliaire, la concentration d'acide biliaire et la saturation 
en cholesterol. Les concentrations de nicotine serique (ng/mL) ont ete (.±. ET) de 
0,4.±.0,1, 3,5.±.0,4, 8,8.±.0,8 et 16,2.±.1,8 chez les temoins et clans les trois groupes 
traites respectivement. La concentration d'acide biliaire totale augmentait net
tement clans les trois groupes traites, !'augmentation la plus marquee se trouvant 
clans le groupe ayant re~u la dose faible de nicotine (P<0,001). La saturation en 
cholesterol n'a pas differe de fa~on marquee d'un groupe a l'autre, mais la 
concentration de mucine soluble au niveau de la bile clans la vesicule biliaire etait 
nettement moindre (P=0,013, IC 95 % : 16 a 111) avec la nicotine a dose elevee. 
La synthese de la mucine clans la vesicule biliaire mesuree par l'incorporation de 
3H-glucosamine n'a pas change considerablement avec le traitement par nico
tine. La nicotine sous-cutanee a raison de 2,0 mg/kg/jour durant 14 jours a 
nettement diminue la concentration de mucine biliaire, ce qui pourrait reduire 
la nucleation du cholesterol et la formation de cholelithiase subsequente. Il 
pourrait s'agir la de l'un des mecanismes responsables de la reduction relative de 
cholelithia e parmi les fumeurs. 

ANIMALS AND METHODS 
Thirty-two male New Zealand white 

rabbits, weighing between 2 and 2.5 kg, 
were allocated to four groups: control 
and three treatment groups, with eight 
rabbits in each group. Nicotine hydro
gen tartarate (BDH Ltd, Poole, Eng
land) was given over 14 days by 
subcutaneous infusion in doses equiva
lent to 0.5, 1.25 and 2 mg/kg/day of 
nicotine base in the three treatment 
groups, respectively, and compared 
with saline administration in controls. 
An Alzet osmotic minipump (SA VO, 
Kisslegg im Allgau, Germany), model 
2ML2, with infusion rate 5 µL/h was 
implanted under halothane anesthesia, 
and each animal was housed separately 
with food and water supplied freely. 
One millilitre of blood was taken from 
the ear vein initially and on day 6 and 
14 for measurement of plasma nicotine 
( 10). Rabbits were weighed initially 
and at 14 days, when they were sacri
ficed and had their gallbladder bile as
pirated and gallbladder removed. 
Measurement of mucin concentration 
in bile and mucin synthesis: Measure
ment of mucus glycoprotein in bile was 
undertaken using a modified 'slot blot' 
technique ( 11). This method can be 
used to measure mucin glycoprotein of 
biliary origin, purified from human bile 
and gallstones (12). The rate of mucin 
synthe is by gallbladder mucosa was 

measured as previously described 
(13,14). Mucosa! explants were cul
tured for 24 hat 37°C in medium con
taining D [3H)-glucosamine and in an 
atmosphere of 95% oxygen and 5% 
carbon dioxide. Tissues underwent 
papain dige tion for 72 h to isolate 
carbohydrate-containing segments of 
mucin, followed by exhaustive dialysis 
to remove low molecular weifht mate
rial before measurement of H-gluco
samine incorporation. This procedure 
has previously been shown to isolate 
mucin type glycoproteins free from 
other glycoconjugates without signifi
cant loss of mucin carbohydrate. Radio
activity incorporated into mucin type 
~lycoprotein was expressed as femtomol 
H-glucosamine incorporated per gram 

wet weight ( ww) of mucosa. 
Measurement of cholesterol, phos
pholipid and bile salts: Bile salts were 
measured by the 3-hydroxysteroid de
hydrogenase technique (15). Phospho
lipid (16) and cholesterol (17) were 
measured enzymatically. The choles
terol saturation index was calculated 
according to Admirand and Small (18) . 
Measurement of eicosanoids: Tissue 
samples from the gallbladder (50 to 100 
mg ww) were stored at -70°C for sub
sequent analysis of eicosanoids. Pre
vious studies have shown that eico
sanoid synthesis is unaffected by storage 
at-70°C (19). On analysis each sample 

was homogenized in 1 ml of Krebs
Henselei t buffer (pH 7.4) by means of 
an Ultra-T uffax homogenizer 
(Polytron, Kinematica, Luzern, Swit
zerland) for 20 son melting ice. Total 
protein was determined by a microscale 
method using an ELISA reader at 600 nm 
(lnstruchemie, Hilversum, The Neth
erlands). Each tissue sample wa incu
bated with 4.6xl03 Bq [1-14CJ -arachi
Jonic acid (2.0 MBq/µmol, Amersham, 
Buckinghamshire, United Kingdom) 
together with 2 µM calcium ionophore 
A23187 (Sigma, Missouri) at 37°C for 
15 mins. Then 3H-labelled compounds 
of prostaglandins 6-keto-prostaglandin 
F (PGF) I a, PGFza and PGEZ, thrombox
ane Bz, hydroxyheptadecatrienoic acid 
(! !HT) and 15-hydroxyeicosatetraenoic 
acid (HETE) (Amersham) were added as 
chromatographic standards and for the 
determination of recovery. Samples 
were centrifuged for 2 mins at 1600 g at 
4°C. The supernatant was applied to a 
Sep Pak C1s cartridge (Millipore Wa
ters Ass, Etten-Leur, The Netherlands), 
diluted with ethanol and dried with Sa
vant Speed Vac concentrator (New 
Brunswick Sci, Nijmegen, The Nether
lands). The pellet was dissolved in 
250 µL methanol and filtered through 
an Anotop 0.2 µm filter (Merck, Darm
stadt, Germany) into a high perform
ance liquid chromatographic (HPLC) 
polypropylene microvial. One hundred 
microlitres were injected onto two 
combined Nucleosil 5C1s HPLC col
umns (3x20 mm, Chrompack, Middel
burg, The Netherlands). HPLC was per
formed with a Hewlett-Packard 1084B 
liquid chromatograph with a dual 
pumping system (Oregon) . Radioactiv
ity was measured on-line with a Ber
thold LB506C monitor (Wildbad, Ger
many) . The solvent system contained a 
gradient of 0.12 % trifluoroacetic acid 
and 0.2% triethylamine in water (pH 
3.0) and acetonitrile (Lichrosolv, 
Merck, Darmstadt, Germany). The 
flow rate was 0.5 ml/min at 3 7°C. 
Picofluor (Canberra Packard Benelux 
NV, Tilburg, The Netherlands) was 
used as a premixed scintillator at a flow 
rate of 2.25 ml/min (19-21). 
Statistics: Groups were compared using 
Student's t test; for nonparametric data 
the Mann-Whitney U test was em-
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ployed. Correlation coefficients were 
calculated u ing a standard linear re
gression analysis. 

RESULTS 
The mean concentrations of serum 

nicotine in ng/mL (± SE) from two 
measurements on day 6 and day 14 were 
0.4±0.l, 3.5±0.4, 8.8±0.8 and 16.2±1.8 
in the control and three nicotine
created groups, respectively (Table 1). 
This compares with a serum nicotine 
level between 5 and 60 ng/mL in hu
man smokers. Compared with day 6, 
\'alues on day 14 had fallen between 12 
and 36%, and the difference reached 
significance in the medium dose nico
tine group (P=0.026, 95% CI: 0.5 to 
7.02). Weight gain during the 14 day 
study wa similar in the four groups. 
Controls increased their weight by a 
mean (± SE) of 276±44 g compared 
with to 276±28 gin the low dose group, 
301±97 g in the medium dose group 
and 250±39 g in the high dose nicotine 
group. 

Total bile acid concentration in
creased significantly in all three nico
tine-treated groups with the greatest 
increa e in the group given low dose 
nicotine (Table 2, Figure 1). Choles
terol concentration in the gallbladder 
bile of both contro ls and treated ani
mals was very low; concentration did 
not exceed 1 mmol/L and cholesterol 
saturation was less than 3% in all cases. 
There was no significant difference in 
cholesterol concentration or saturation 
between controls and treated animals. 

The concentration of gallbladder 
bile mucin was decreased in the nico
tine-treated animals, and chis decrease 
reached significance in the high dose 
nicotine group (P=0.013, 95% CI: 16 to 
111) (Table 2). The decrease in bile 
mucin was greatest in the high dose 
treatment group and was linearly re
lated to the serum nicotine concentra
tion (r=0.44, P<0.05) (Figure 2). There 
was no significant reduction in biosyn
thesis of mucin type glycoprotein by 
explanted gallbladder mucosa (Table 
2), nor were there significant changes 
in mucosa! eicosanoid level in any of 
the treatment groups (Table 3), al
though there was a nonsignificant 
trend for PGF20'. to increase in the high 

Nicotine and gallbladder mucus 

TABLE 1 
Plasma nicotine concentrations in controls and three nicotine treatment 
groups given 0.5, 1.25 and 2 mg/ kg/ day, respectively, for 14 days with 
measurements on days 6 and 14 

Low dose Medium dose High dose 
Control (ng/ ml) (n / ml) (n / ml) 

Day6 0.3±0.07 4.0±0.4 10.8±1.2 17.3±1.9 

Dayl4 0.4±0.11 30±05 6.9±1.0 15.2±2.2 

Mean of days 6 and 14 0.4±0.l 3.5±0.4 8.8±0.8 16.2±1.8 

All values are expressed as mean± SE. Each group contained eight rabbits 

TABLE 2 
Concentration of mucin in bile and synthesis rates of mucin by gallbladder 
mucosa in controls and three nicotine treatment groups given 0.5, 1.25 and 2 
mg/ kg/ day of nicotine, respectively, for 14 days 

Low dose High dose 
Control (n /ml) (n / ml) 

Bile mucin concentration (µg/ml) 274±16 257±14 253±9.4 211±15* 

Mucin synthesis 87±11.6 98±16.4 96±8.7 69±16.8 

Bile acids (mmol/L) 29.3±1.0 42.9±0.7" .. 38.4±1.8*' 34.2±1. l*' 

Cholesterol (mmol/L) 0.75±0.58 1.34±0.98 0.63±0.45 0.59±0.67 

Phospholipid (mmol/L) 0.24±0.07 0.25±0.08 0.16±0.11 0. 18±0.09 

Mean synthesis rates are given as D (6-3HJ-glucosamine disintegrations/minx Id /g wet weight. Each 
group contained eight rabbits. Significant differences: 'P=O.O 13; '"P<O.O 1; .. ·P<0.001 

and medium dose nicotine groups 
(P=0.06, Mann-Whitney U test) (22). 

DISCUSSION 
As far as we are aware chis is the first 

study to examine the effect of nicotine 
on gallbladder bile compo ition. There 
were significant changes in the compo
sition of bile after 14 days of subcutane
ous nicotine with a reduction in biliary 
mucin and an increa e in total bile salt 
concentrations. lf these changes were 
also to occur in humans as a result of 
smoking, they may protect against gall
stone formation by decreasing choles
terol nucleation and increasing 
cholesterol solubility. 

Mucus glycoprotein appears to have 
a role in the formation of cholesterol 
gallstones. It make up the skeleton of 
cholesterol stones ( 23) and may con
tribute to the early stages of stone for
mation (24 ); it also has the ability to 
nucleate cholesterol from supersatu
rated bile (25,26). ln both the choles
terol-fed rabbit (27) and prairie dog 
model of cholelithiasis (8), a high 
cholesterol diet induces increa ed gall
bladder glycoprotein ynthesis and se
cretion (28-30). These changes in 
glycoprotein metabolism antedate the 
formation of stones. Thus, any treat-

ment that reduces bile mucin concen
trations may reduce cholesterol nuclea
tion and subsequent gallstone 
formation. Similarly the rise in total 
bile acid concentration in bile tends to 
reduce gallstone formation by increas
ing cholesterol solubility. This has been 
the basis for several large studies into 
the role of oral bile salts in the dissolu
tion of cholesterol gallstones (31-34). 
Subcutaneous nicotine therefore has 
two actions that theoretically could re
duce gallstone formation. 

Gallbladder mucin ha been isolated 
and characterized from human , pig 
and cattle. The typical structure of 
mucin type glycoprotein involves a 
long glycosylated segment resistant to 
proteolytic digestion. Use is made of 
chis feature in the estimation of mucin 
glycoprotein during isolation of mucus 
from other proteins in bile. Exhaustive 
pa pain digestion of the solution leads to 
retention of mucus glycoproteins alone 
on the filter paper, which are then 
stained with periodic acid-Schiff stain 
(PAS) to quantitate the amount pre
ent. The large molecular weight pro-

teins are transferred from the filter 
paper after papain digestion for meas
urement on a slot blot. 

Studies with human and pig bile, 
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Figure 1) Effect of subcutaneous nicotine on gallbladder bile acid 
concentration in the four animal groups, with each animal represented as 
a single dot. Mean bile acid concentrations in controls were 29 .3 mmol/L 
compared with 4 2. 9 mmol/L in the low dose nicotine group ( P <0. 00 l , 
95% CI: 11.0 to 16.3) , 38.4 in the medium dose group (P<0.01, 95% 
CI: 4.5 to 13.7) and 34.2 in the high done group (P<0.01, 95% CI: 
1.7 to 8.2) 

Figure 2) Correlation between serum nicotine and concentration of 
gallbladder bile mucin. Each animal is represented by a single dot. Linear 
correlation is at the level of r=0.44, P<0.05 

TABLE 3 
Concentrations of gallbladder wall eicosanoids in controls and three nicotine 
treatment groups given 0.5, 1.25 and 2 mg/kg/day, respectively, for 14 days 

Low dose Medium dose High dose 
Control (n /ml) (n /ml) (n /ml) 

PGF2a 93.2±18.0 45.0±5.9 190.8±36.7 141 .3±11.8 

PGE2 30.1±5.7 29.5± 12.0 44.7±8.3 28.0±5.8 

6KPGFia 8.6±1.7 9.0±3.l 14.9±3.8 15.4±3.9 

HHT 39. l± 10. l 37.2±9.6 64.7±4.8 40.3±3.3 

dpm Disintegrations per minute; HHT Hydroxyheptadecatrienoic acid; PG Prostag/andin. Each 
group contained eight rabbits. Treatment groups were compared with the control using the Mann 
Whitney U test for nonparametric data. None of the comparisons revealed significant differences at 
P=0.05 

after papain digestion, show that mucin 
glycoprotein is the only remaining 
component. However, papain digestion 
of radiolabelled mucosal explants does 
not exclude the presence of membrane 
glycoproteins with a mucin type struc
ture. However, since there was no 
change in total incorporation into pa
pain digested radioactive explants it is 
reasonable to assume chat there is no 
significant difference in the biosynthe
sis of mucin glycoprotein by the gall
bladder mucosa following nicotine 
admini Cration. 

The increased bile acid concentra
tion is likely co reflect an increased bile 
acid pool in nicotine-treated animals 
because the animals were all killed in 
the fasting state and the vo lume of gall-

bladder bile was similar in the groups. 
This could be explained by the face that 
nicotine decreases bile (35) and bile 
acid (36) secretion with consequent 
decreased cycling of enterohepatic bile 
acids, resulting in an increased bile acid 
pool (37). Although the rise in total 
bile acid concentration in bile tends to 
reduce ga llstone formation by increas
ing cholesterol solubility, this effect 
may be negatively influenced by pro
longed stasis in the gallbladder as a con
sequence of decreased cycling of bile 
ac ids; these changes could increase the 
risk of scone formation through mecha
nisms chat also apply in pregnancy - in 
the latter situation due to high estrogen 
levels (38,39). 

Previous epidemiological studies as-

sessing the possible role of smoking in 
gallstone disease have given conflicting 
results. Two recent case control studies 
(5,40) showed a significantly increased 
risk of gallstones in nonsmokers, par
ticularly women. ln contrast, the Fram
ingham study (2), which involved over 
5000 subjects, concluded that smoking 
was not appreciably related to ga llstone 
disease. Other urveys that have exam
ined the relation hip between sympto
matic gallbladder disease and smoking 
have fa iled to show a relationship; 
these include the Boston Collaborative 
Drug urveillance Program ( 41 ), a ca e 
control survey by Diehl et al (42) and a 
cohort study by Ramcharan ( 4 3). In 
contrast, studies by Petti ti ct al ( 44 ), 
Layde et al (45) and Diehl et al (46) 
suggest a small increased risk of sympto
matic gallstones among current smok
ers and ex-smokers. The apparent 
dichotomy in gallstone prevalence be
tween younger and older smokers may 
well result from the varying effects on 
lithogenesis of mucin, bile acid pool 
size and gallbladder motility in differ
ent age groups. 

The action of nicotine to reduce 
gallbladder bile mucin and increase bile 
acid concentrations may partially ac
count for the findings of chose authors 
(2,5,46) who found that gallstone dis-
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ease was less prevalent among long 
term smokers. Although it is unlikely 
that these findings have therapeutic 
implications, they may add to our un
derstanding of factors that influence 
gallstone pathogenesis. 
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