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A B S T R A C T S 

A L T E R E D B I L E C O M P O S I T I O N D Ü R I N G 
G A L L S T O N E F O R M A T I O N : C A U S E O R 
E F F E C T ? M a g n u s o n TH> Lillemoe K D , Scheeres 
D E , et al. J S u r g Res 1 9 9 0 ; 4 8 : 5 8 4 - 5 8 9 . 

Gallbladder stasis, increased absorption, and ele­
vated levels of calcium, hydrogcn ion, and bilirubin 
have been implicated as factors potentially critical 
to cholesterol crystal precipitation. Previous stud-
ies, however, have analyzed bile only when crystal 
or gallstones have already formed. Thcreforc, we 
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testcd the hypothesis that changes in bile arc a late 
effeet, occurring onlv after crystal formation. Adult 
male prairic dogs were fed a Standard nonlithogcnic 
control dict (n = 7) or a lithogenic 1.2% cholcs-
terol dict for 5, 9, or 14 days to cause cholestcrol 
Saturation (n = 7), cholestcrol monohydratc crys-
tals (n = 7), or gallstoncs (n = 7). Gallbladdcr bile 
was examined microscopically for crystals, and ana-
lyzed for ionized calcium, bilirubin, p H , total pro­
tein, biliarv protein, and biliary lipids. The ratio of 
gallbladdcr to hepatic bile radiolabeled cholic acid 
specific activity (R) was calculatcd as an index of 
gallbladder stasis. Cholestcrol Saturation index was 
calculatcd. The rcsults demonstratc that increased 
gallbladder bile cholesterol Saturation and total pro­
tein concentrations precede cholestcrol monohy-
drate crystal preeipitation. However, changes in 
gallbladder ionized calcium, uneonjugated biliru­
bin, p H , stasis, and absorption were noted only 
after crystals and gallstoncs had alrcady formed. 
These data indicatc that altcrations in gallbladder 
bile calcium, bilirubin, p H , stasis, and absorption 
are not carly changes but occur simultaneously with 
or after crystal formation. Increased biliary protein, 
however, which was elevated prior to nucleation, 
may be an important mediator of cholesterol pre­
eipitation in cholcsterol-supcrsaturatcd bile. 

Comment 

In view of the sometimes high rccurrcnce rates 
after successful nonsurgical treatment of gallstones, 
therc is an urgent need for an appropriate treatment 
to prevent the formation of cholesterol crystals. Fac­
tors critical to cholestcrol preeipitation in bile are 
usually assessed in gallstonc-containing bile. It is, 
therefore, unclear which of the observed altcrations 
in bile precede crystal formation and which are sec-
ondary to gallstone formation. In the well designed 
and carefully performed study of Magnuson et al. 
the authors seek a better understanding of the se-
quence of events leading to cholestcrol gallstone 
formation. Using prairie dogs fed with a lithogenic 
cholesterol-rieh diet as a model of cholesterol crystal 
formation, the authors were able to analyze bile 
composition betöre, during, and after crystal for­
mation. While increased levels of bilirubin, ionized 
calcium, and p H changes only oecurred after gall­
stone formation, total protein concentrations were 

increased before cholesterol preeipitation. This 
points toward a central rolc of inercases in total 
biliary protein in the pathogenesis of cholesterol 
crystals formation in bile. 

The presented data only allow us to speculatc 
about the mechanisms that lead to inercases in bil­
iary protein. Mucin glycoproteins (unfortunatcly 
not determined in the study) may bc onc source. 
However, since the protein content of mucins is 
only 15%-30% it is unlikcly that an increase in 
mueus secretion alone aecounts for the more than 
fivefold increase in total biliary protein. Diffusion 
of plasma proteins through a damagcd mueosa may 
be an alternative or additional source. Inflammatory 
rcactions of the gallbladder mueosa triggered by for 
example high lysolecithin concentrations in the cho-
lesterin-supersaturated bile may increase mueus se­
cretion and cause an increased permeability of the 
gallbladder mueosa with subsequent "leakage" of 
plasma proteins into the bile. A n increased concen-
tration of total biliary protein may, therefore, reflect 
mucosal inflammation of the gallbladdcr and it is 
conceivable that high biliary protein concentrations 
are only one aspect of inflammation-induced 
changes in bile, which together favor cholesterol 
crystal formation. Further experiments along the 
line of the study of Magnuson et al. are needed to 
clarify this point and provide a better understanding 
of factors predisposing to gallstone disease. 
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