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Phospholipid peroxidation as a factor in gallstone pathogenesis 
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Phospholipid peroxidation markedly reduces the stability of mixed micellar systems composed of cholate, phosphatidyl- 
choline and supersaturating levels of cholesterol. This suggests that lipid peroxidation is likely to play a significant role 
in the precipitation of cholesterol from gallbladder bile, thus in the pathogenesis of cholesterol gallstones. This conclusion 
is supported by studies of the nucleation time of cholesterol in gallbladder biles, which was significantly reduced by expo- 
sure to a stream of oxygen. This effect of phospholipid peroxidation on cholesterol solubility may occur in other biological 
fluids as well. In view of the increased lipid peroxidation in the elderly, it may explain the effect of age on the frequency 

of various diseases related to cholesterol precipitation. 
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1. INTRODUCTION 

Cholesterol gallbladder stones are a frequent 
disease in the western hemisphere [I]. It is only 
rarely fatal, yet it constitutes one of the major 
causes of surgery as its pharmacological treatment, 
even when successful, is often followed by the 
reappearance of cholesterol stones [2]. The detail- 
ed etiology of this disease is therefore of great im- 
portance and much work has been devoted over 
the last two decades towards the understanding of 
the role of various factors in the precipitation of 
cholesterol from bile. This research yielded detail- 
ed phase diagrams for model systems composed of 
cholesterol, phosphatidylcholine (PC) and bile 
salts, on the basis of which an index (CSI) was 
defined to describe the degree of cholesterol super- 
saturation [3,4]. This index, however, is of ques- 
tionable significance since supersaturation of the 
bile is merely a necessary but not a sufficient con- 
dition for cholesterol precipitation [5]. The latter 
process may be induced by various heterogeneous 
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nucleating agents in gallstone patients [6,7] and/or 
inhibited by antinucleating agents in normal sub- 
jects [8]. A variety of alleged promotors and in- 
hibitors of nucleation were studied for their effect 
on cholesterol precipitation both in model systems 
and intact bile samples [9]. These studies indicate 
the complexity of the system in terms of the large 
number of factors which may affect cholesterol 
precipitation from it. 

The present study is devoted to the possible ef- 
fect of yet another factor, peroxidized lipids. Being 
aware of the general trend of an increase in the 
fraction of peroxidized lipids in the aged [lo] and 
of the increasing frequency of gallbladder stone 
formation in the elderly [ll], we found it of in- 
terest to study the effect of phospholipid peroxida- 
tion on the precipitation of cholesterol from its 
supersaturated dispersions. 

2. MATERIALS AND METHODS 

Phosphatidylcholine from egg yolk was purified chromatog- 
raphically according to Singleton et al. [12]. Its purity was 
confirmed by thin-layer chromatography and its concentration 
measured according to Stewart [13]. Sodium cholate (Sigma) 
was crystallized from ethanol. Oxidized PC was obtained by 
exposing a dispersion of PC (50 mM), in a solution containing 
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Hz02 (0.1 mM), FeSO4 (0.2 mM), ascorbic acid (0.25 mM) and 
NaCl (150 mM), to ultrasonic irradiation for 30 min. The 
oxidized lipid was then extracted with chloroform (30 ~01s) and 
analysed for total phospholipid content [13] and for conjugated 
dienes (6 = 28000 A per mol at 233 mM, in ethanol [14]). These 
analyses showed that the above procedure resulted in peroxi- 
dation of 15% of the PC. Supersaturated (mixed micellar) 
systems containing PC, cholesterol and cholate were then made 
with a varying fraction of the PC substituted by the oxidized 
PC. This was done by mixing the appropriate volumes of solu- 
tions of PC, peroxidized PC and cholesterol in chloroform, 
evaporating the mixed solution to dryness, dispersing the 
residue in a saline solution, sonicating it to constant turbidity 
and then solubilizing the resultant small vesicles by cholate. 
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3. RESULTS AND DISCUSSION 

Curve A of fig.1 describes the time dependency 
of the turbidity of a system made by mixing equal 
volumes of a sonicated dispersion of 40 mM PC 
and 16 mM cholesterol with a solution of 160 mM 
cholate in saline. As is obvious from this curve, the 
latter protocol initially resulted in solubilization of 
the vesicles, yielding essentially transparent mixed 
micellar solution. This system is obviously super- 
saturated with cholesterol (CSI = 1.3; [3]) and, as 
expected, it transformed spontaneously into a 
multiphase turbid system, similar to that observed 
by Kibe et al. [15] and by Halpern et al. [16] in 
their studies of supersaturated ‘model biles’. 
Nonetheless, the rate of this process was very slow; 
the turbidity remained low for several hours, 
although 15 h after preparation, phase transfor- 
mation did occur. The rate was markedly increased 
by lipid peroxidation, as is evident from curves 
B-F of fig.1. These curves describe the turbidity 
increase of systems made as in curve A, only that 
the solution of PC in chloroform was con- 
taminated by increasing amounts of peroxidized 
phospholipid prior to being mixed with the solu- 
tions of cholesterol in chloroform. All the systems 
described in fig.1 were unstable. Fifteen hours 
after preparation they were all very turbid (A = 
2.5). The time dependencies were all characterized 
by a phase of slow increase in turbidity which was 
then followed by a much faster turbidity increase. 
This happened after a period of time (r), which can 
be used as an indicator for the instability of the 
mixed micellar supersaturated system. 
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Fig.1. Time courses of the turbidity of systems containing 
cholate (80 mM), cholesterol (8 mM) and phosphatidylcholine 
(20 mM). All the systems were made by solubilizing vesicles 
made of PC and cholesterol by mixing them with equal volumes 
of cholate solutions. Prior to being solubilized, the vesicles had 
an A value (at 570 mm) of 0.60 k 0.05 A, independent of 
phospholipid composition. The phospholipid used for the 
experiment of curve A was not contaminated by peroxidized 
PC. The phospholipid used for the other experiments was 
contaminated by peroxidized lipids, made as described in the 
text. The level of peroxidized lipid was 0.18% in B; 0.37% in 
C; 0.75% in D; 1.5% in E and 1.75% in F. The inset describes 
7, defined as the time at which the line describing the initial 
increase in turbidity, following solubilization, intersects with 

the time describing the maximal increase in turbidity. 

PC-cholesterol-cholate mixed micellar systems. To 
test the possibility of a causal relationship between 
PC peroxidation and cholesterol precipitation in 
the gallbladder, we have investigated the effect of 
exposure of native gallbladder bile samples to 
molecular oxygen on the nucleation time of 
cholesterol from them [17]. Bile samples of 8 pa- 
tients were each divided into equal volumes. One 
part was exposed to a stream of oxygen and the 
other to a stream of nitrogen. Following 30 min of 
exposure to the gas, both samples were sealed and 
subsequently observed daily, until the appearance 
of cholesterol crystals. In the samples exposed to 
N2, such crystals were observed (by light 
microscopy, [17]) 5.2 + 3.0 days after sealing, as 
compared to 2.1 + 1.0 days in samples exposed to 
02. Signed rank test of the difference between the 

The correlation between r and the degree of lipid 
peroxidation, presented in the inset, suggests that 
lipid peroxidation destabilizes the supersaturated 
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two series of bile samples resulted in a p value 
lower than 0.02. This of course does not prove that 
lipid peroxidation causes cholesterol precipitation 
in vivo, but it does suggest that lipid peroxidation 
may play a significant role in gallbladder stone for- 
mation. This has to be considered in the context of 
its possible contribution to the increased frequency 
of gallstones in the aged [l 11. 

Furthermore, we find it very tempting to 
speculate that any carrier of cholesterol is likely to 
be destabilized by peroxidation of the lipids by 
which cholesterol (or cholesterol esters) is 
solubilized, as it brings cholesterol into a proximity 
with the polar hydroxy groups of the peroxidized 
lipids. This leads us to the working hypothesis, 
which should be thoroughly investigated, that 
peroxidation of triglyceride acyl chains of lipopro- 
teins may play a role in the precipitation of 
cholesterol in blood vessels, as well. 
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