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SUMMARY

Cholesterol gallstone disease is now of exciting clinical and laboratory interest. However, the
aetiology of cholesterol galistone formation remains unclear.

Three concepts that may play an important role in cholesterol gallstone formation are dis-
cussed. Initially, researchers had accepted that cholesterol supersaturation of bile is a cause of
gallstone formation. However, it is difficult to demonstrate consistent differences in the com-
position bile from patients with cholesterol gallstones and normal bile.

Two new concepts suggested may also play an important role in gallstone formation: The
presence in gallbladder bile of nucleating promoting factors and nucleating-inhibiting factors
which could be a protein. It has also been suggested that lipid absorption by gallbladder
mucosa may influence biliary lipid composition and subsequent formation of gallstone.

INTRODUCTION

Disorder of the biliary tract are major medical and surgical problems in many countries. The most
common of these is gallstone disease. For many years there was no therapeutic alternative, and during
this time cholecystectomy had become the commonest elective abdominal operation performed in west-
ern countries. Indeed, some 10 to 20 percent of the population may expect to develop cholelithiasis at
some time."

The purpose of the present review is to examine our current understanding of the mechanism of
cholesterol gallstone formation. Three concepts need to be considered in discussing the cholesterol
gallstone formation.

1. MICELLAR THEORY OF CHOLESTEROL SOLUBILITY

Cholesterol is insoluble in water and maintained in solution in human bile by formation of mixed
micelles, which are aggregation of cholesterol, bile salts and phospholipid (lecichin). The amount of
cholesterol that can be solubilised by mixed micelles depend on the relative molar concentrations of bile
salts and lecithin. When more cholesterol is in bile the bile is called lithogenic or supersaturated bile.

The concept of lithogenic bile,or bile supersaturated with cholesterol, has dominated gallstone re-
search since the initial model was proposed by Admirand and Small.2 They defined the upper limit of
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cholesterol solubility which was subsequently modified by Holzbach et af 3. Admirand and Small?
studied patients with and without cholesterol gallstones and found that bile from all subjects with
cholesterol gallstones was saturated with cholesterol and concluded that saturated bile is a prerequisite
for cholesterol gallstone formation. This conclusion was supported by the finding that gallbladder and
hepatic bile of gallstone patients contained excess cholesterol in relation to bile acids and lecithin®.
However, several investigators failed to show a clear distinction between the bile of patients with and
without cholesterol gallstones.>® Supersaturated bile is therefore a risk factor for cholesterol stone forma-
tion but does not necessarily indicate that stones will form.

In the pathogenetic sequence of cholesterol cholelithiasis a prerequisite for cholesterol gallstone form-
ation is the secretion of lithogenic bile followed by nucleation, crystal formation and growth of stoné.
These changes require time® and thus retention of lithogenic bile within the gatlbladder is necessary for
these events to occur. Early studies have suggested that the gallbladder empyting and concentration
ability in late pregnancy are impaired’, which is in agreement with the results of Potter®. These observa-
tions were supported by the recent studies using real time ultrasonography®, which demonstrated incom-
plete emptying of the gallbladder in pregnancy. Nevertherless, progesterone, a known inhibitor of
smooth muscle contraction,'® is a good candidate as an inhibitor of the gallbladder function during
pregnancy.

The gallbladder may play an important role to determine the bile composition judging from the reports
that bile composition is improved after cholecystectomy. Hepatic T-tube bile was found to be less satura-
ted with cholesterol than hepatic bile obtained before surgery.!’ However, others were unable to confirm
any improvement in biliary lipid composition after cholecystectomy.'? These differing conclusions re-
garding the effect of cholecystectomy on biliary lipid composition may reflect difierences in patient
selection, where cholecystectomy improved the biliary lipid composition of the non-obese patients but
not obese patients who have hypersecretion of cholesterol.”® Improvement of the biliary lipid composi-
tion after cholecystectomy in non-obese patients suggests that the gallbladder may play a role in the
pathogenesis of gallstones.

Normal subjects without gallstones intermittently secrete supersaturated bile, which normally occurs
during fasting.’® During the fasting period, most of the.bile salt pool becomes sequestered in the gallbla-
dder which interrupts the enterohepatic circulation and subsequently causes a reduction in hepatic
secretion rate of bile acids. Similar results were obtained by several investigators as evidence of a con-
nection between increased saturation of bile and interruption of the enterohepatic circulation.'® In addi-
tion, a number of patients with gallstones showed a reduced bile acid pool size as the result of increased
frequency of the enterohepatic circulation.®

2. BILEPROTEINS

Itis now clear that supersaturated bile alone does not explain the formation of cholesterol gallstones,
as many normal individuals without stones have supersaturated bile.® Holan et a/° confirmed that satura-
tion indices cannot discriminate between bile with and without cholesterol gallstones. They measured
the nucleation time (the time taken for formation of cholesterol crystals) and found that bile of patients
with stones formed crystal much quicker than those without stones. There was a correlation between
saturation of bile and nucleation time for the patients without stones but not for the patients with stones.
This study suggested that factors other than cholesterol saturation are involved in cholesterol stone
formation. Subsequnntly, this was confirmed by others,’” suggesting that the in vitro observation of rapid
onset time for cholesterol crystal nucleation could be accounted for by the presence in gallbladder bile of
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excess nucleation-promoting factors or a decreased in nucleation-inhibiting factors. Recently, Holzbach
et al'® further reported that normal human gallbladder bile contains a protein fraction which delays the
onset of nucleation of supersaturated native and model bile.

3. LIPID ABSORPTION BY THE GALLBLADDER

The gallbladder provides the physical conditions that may be favourable for stone formation, but may
also influence biliary lipid composition by absorbing lipids from bile in the lumen of the galibladder.
Relatively little information is available to define lipid absorption by gallbladder epithelium although
water and ion transport have been extensively studied. If, as it appears, a lipid transport system exists in
the gallbladder, it ia possible that primary lesion affecting this system may be involved in cholesterol
gallatone farmatia, by altering the total amount of lipid that is solute in bile.

The human gallbladder mucosa is capable of absorbing cholestezol from bile'®. Cholesterol concentra-
tion in bile determines bile lithogenicity and stone formation, and thus the absorption of cholesterol
could be a protective mechanism, preventing cholesterol crystallisation. This only can happen if the
biliary phospholipids and bile salts are not absorbed to the same extent.

Recently there has been a suggestion that fatty acids may be a factor in cholesterol gallstone precipita-
tion.2° They considered that the bile became lithogenic inside the gallbladder as a consequence of
release of free fatty acids, as free fatty acids may compete with cholesterol in the solubilisation in biliary
micelles. Additionally, free fatty acids have been found to damage the arterial lining by producing large
cytoplasmic clefts and occasional blebbing and lysis of the arterial wall endothelial cell.?" They could
therefore prove to be directly toxic to the gallbladder wall and produce cholecystitis. Consequently, study
of fatty acid absorption and metabolism in the gallbladder is important to understand their possible role in
the pathogenesis of gallbladder disease. Consequently, study of lipid absorption and metabolism in the
gallbladder is important to understand their possible role in the pathogenesis of gallstones. Human
gallbladder mucosa was shown be able to absorb and metabolise oleic and palmitic acids.??

Triglycerides and cholesteryl esters also can be absorbed by human gallbladder mucosa.?*2* Both
types of lipid are present in human bile®>2® and are less polar than cholesterol. Thus, they may compete
with cholesterol in the biliary micelles which may results in the precepitation of cholesterol.

ACKNOWLEDGEMENT
| wish to thank Mrs. Sapiah Puteh for her Secretarial help.

REFERENCES

' Brett, M. and Barker, D.J.P. The world distribution of gallstones. /nternational J. Epidemiology 1976; 5: 335-341.

Admirand, W.H. and Small, D.M. The physicochemical basis of cholesterol gallstone formation in man. J. Clin. Invest . 1968; 47:
1043-1052.

Holzbach, R.T., Marsh, Olszewski, M. and Holan, K. Cholesterol solubility in bile, evidence that supersaturated bile is frequent in
heaithy man. J. Clin. Invest . 1973; 52: 1467-1479.

4 Small,D.M. and Rapo, S. The source of abnormal bile in patients with cholesterol gallstone. N. Engl. J. Med . 1970; 283: 53-57.

Heller, F. and Bouchier, {.A.D. Cholesterol and bile salts studies on the bile of patients with cholesterol gallstones. Gut , 1973; 14:
83-88.

292



20

21

22

23

24

25

26

Holan, K.R., Holzbach, R.T., Hermann, R.E., Cooperman, A.M. and Claffery, W.J. Nucleation time: a key factor in the pathogenesis
of cholesterol gallstone disease. Gastroenterology 1979; 77: 611-617.

Gerdes, M.M. and Boyden, E.A. The rate of emptying of the human gallbladder in pregnancy. Surg. Gynecol. Obset . 1978; 66:
145-156.

Potter, M.G. Observations of gallbladder and bile during pregnancy at term. JAMA 1936; 106: 1070 — 1074,

Braverman, D.Z., Johnson, M.L. and Kern, F. Effects of pregnancy and contraceptive steroids on gallbladder function. V. Engl. J.
Med . 1980; 302: 362 364.

Cohen, S. The sluggish gallbladder of pregnancy. N. Engl. J. Med . 1980; 287: 1317-1322.

Shaffer, E.A., Braasch, J.W. and Small, D.M. Bile composition at and after surgery in normal persons and patients with gallstones.
N. Engl.J. Med .1972;287:1317-1322.

Kimball, A., Pertsemlidis, D. and Panveliwalla, D.-.composition of biliary lipids and kinetics of bile acids after cholecystectomy in
man. Am.J. Dig. Dis .1976;21:776 -781.

Shaafer, E.A. and Small, D.M. Biliary lipid secretion in cholesterol gallstone disease: The effects of cholecystectomy and obesity.
J. Clin. Invest . 1977, 59: 828 — 840.

Redinger, R.N., Herman, A. and Small, D.M. Primate biliary physiology. X. Effects of diet and fasting on biliary lipid secretion and
relative composition and bile salt metabolism in the rhesus monkey. Gastroenterology 1973; 64: 610-621.

Mok, H.Y 1, Bergmann, K.V. and Grundy, S.M. Effects of interruption of enterohepatic circulation on biliary lipid secretion in man.
Dig. Dis . 1978; 23: 1067 - 1075.

Northfield, T.C. and Hofmann, A F. Biliary lipid output during three meals and an overnight fast. |. Relationship to bile acid pool
size and cholesterol saturation of bile in gallstone and control subjects. Gut 1975; 16:1 -17.

Gollish, S.H., Brunstein, M.J., llson, R.G., Petrunka, C.N. and Strasberg, S.M. Nucleation of cholesterol monohydrate crystals
from hepatic and gallbladder bile of patients with cholesterol gallstones. Gut 1983; 241 836 — 844.

Holzbach, R.T., Kibe, A., Thiel, E., Howell, J.H., Marsh, M. and Hermann, R.E. Biliary proteins: unique inhibitors of cholesterol
crystal nucleation in human gallbladder bile. Clin. Invest . 1984; 73:35 - 45. ’

Jacyna, M.R., Ross, P.E., Bakar, M.A., Hopwood, D. and Bouchier, .A.D. Characteristics of cholesterol absorption by human gall
bladder: relevance to cholesterolosis. J. Clin. Patho!/. 1987; 40: 524 — 529.

Mingrone, G., Greco, A.V. and Passi, S. The possible role of free fatty acids in the pathogenesis of cholesterol gallstones in man.
Biochim.Biophys. Acta 1983; 751: 138 - 144.

Constantinides, P. and Kiser, M. Arterial effects of palmitic, linoleic and acetoacetic acid. Atherosclerosis 1981; 38: 309 - 319.

Azman, M. and Ross, P.E. Fatty acid absorption by human gallbladder. Proc. 4th Fed. Asian . Ocean.Biochem. Con . 1986; 646 —
647.

Bakar, M.A.A. Triglyceride absorption by human gallbladder. Proc. 72th Ann. Cong. Mal. Biochem. Soc . 1986;
82-86.

Bakar, M.A.A., Hopwood, D. and Ross, P.E. Establishment of Ussing chamber technique for studying lipid absorption by human
gallbladder. J. Perubatan UKM 1986; 8: 25-40.

Phillips, G.B. The lipid composition of human bile. Biochem Biophys. Acta 1960; 41: 361 —363.

Ross, P.E., Kouromalis, E., Clarke, A. Hopwood, D. and Bouchier, .A.D. Cholesteryl esters in human gallbladder bile and mucosa.
Clin. Chim. Acta 1984; 144: 145 -154.

293




