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Experimental cholelithiasis
There has been a recent expansion in our understanding of gallbladder physiology
and the physicochemical characteristics of bile. The new information is being
put to use in experimental models of cholelithiasis in attempts to study prospect-
ively factors which influence gallstone formation. Many experimental models have
been described. Gallstone formation has been induced in dogs, cats, rats, rabbits,
guinea pigs, ground squirrels, prairie dogs, pigs, sheep, and cattle'. Gallstones
have been found within a fortnight in some systems and after as long as a year in
others. The means have varied from exceedingly simple to tedious, complex and
time-consuming. Methods which invariably produce gallstones have been reported
rarely.
There are, in the main, three ways to induce cholelithiasis in animals: infection

of the gallbladder or its contents, production of biliary stasis, and alterations in
the composition of the diet. Bacterial infection was used frequently after Blach-
stein in 1891 reported that the intravenous injection of coliform and typhoid
bacilli caused the formation of gallbladder concretions in rabbits2. Harvey Cushing
found that gallstones formed more frequently if infection were combined with
gallbladder trauma, which he produced by rolling and squeezing the gallbladder
between his fingers3. While most of the early attempts to produce gallstones relied
on infecting the gallbladder with typhoid or coliform bacilli, the intravenous
injection of V. cholera4 and streptococci isolated from human gallbladders5 and ton-
sils6 has also been used successfully.

Biliary stasis, produced by cystic duct or common duct ligation, combined with
inoculation of bacteria, resulted in gallstone formation more consistently than
inoculation alone7'8. Cystic duct ligation alone caused gallstone formation in
rabbits9"°0; common duct narrowing by periductular fibrosis has also been
effective".
The production of gallstones by dietary means has generally been more success-

ful than by other methods. Although the emphasis on this means of producing gall-
stones is a recent phenomenon, the approach was first used successfully by Chala-
tow in 191312. He produced a large solitary gallstone in a rabbit by feeding it
cholestrol and sunflower seed oil for 142 days. Others confirmed that a diet rich in
cholesterol could cause gallstones9"10"13, but the system was inconsistent and time
consuming. Interest in experimental models was revived in 1952 by a seren-
dipitous discovery by Dam and Christensen. While studying the relationship of
nutritional factors and muscular dystrophy, they found that a diet rich in sucrose
(74.3 %) and poor in lipid produced cholesterol gallstones in 16 of 18 hamsters
after three months'4. Several significant observations about lithogenesis developed
from this and subsequent studies by these authors. Unfortunately the animals
tolerated the diet poorly and the method was unsuccessful in other species'5. In
contrast to hamsters, rabbits formed gallstones consistently on a 12-week diet
containing 20% oleic acid; the quantity of fat was more important than the type'6.
Tepperman and co-workers found that mice fed a certain 'atherogenic diet'"7
appeared to develop cholelithiasis. In a series of experiments in which the litho-
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genic influence of each major dietary constituent was examined, the most efficient
stone-producing diet was found to be a simple one: ground chow containing 1 %
cholesterol and 05% cholic acid'8.

There are several experimental systems based on the deliberate alteration of
bile acid excretion of the liver. The feeding of dihydrocholesterol invariably
caused gallstones in rabbits because it is excreted into the bile as allodeoxycholic
acid, a relatively insoluble isomer of normally occurring deoxycholic acid'9. In
guinea pigs a diet containing 1 % cholestyramine and modocoll (a substituted cel-
lulose) lowered the ratio of bile salts to cholesterol in bile and caused gallstones20.
The feeding of bile salts themselves has recently created interest, mainly because of
the many toxic effects that result. Lithocholic acid (1 %) caused cholelithiasis in
rats along with growth retardation, hair loss, hepatomegaly, and bile duct pro-
liferation and inflammation21. The gallstones apparently resulted from the pre-
cipitation of calcium salts of free and glycine-conjugatedlithocholic acid and its 6-f-
hydroxy derivatives. The stones could be prevented by feeding the animals more
sulphur-containing amino acids. Sodium dehydrocholate also caused chole-
lithiasis in the mouse and like lithocholic acid produced liver and bile ductlesions22.
The selection of any given experimental model depends on several factors.

Perhaps foremost is the purpose of the experiment: if the intention is to study the
absorption ofbile components by the gallbladder mucosa during gallstone formation,
rabbits, in which considerable information on absorption is available, would be
preferable to rats (no gallbladder) or mice (little information on absorption). A
search for substances which might dissolve cholesterol in gallstones in vivo would be
pointless in the rabbit-dihydrocholesterol model since these gallstones do not
contain cholesterol. Other factors to be considered are related to the characteristics
of the models themselves. There are certain desirable characteristics for the ideal
experimental model, against which available models might be compared. The
criteria are: (1) the method should be simple; (2) gallstones should form quickly
and in every animal; (3) gallstone composition should resemble that of man;
(4) ample amounts of bile, stones, blood, and tissue should be available for
analysis; and (5) apart from the biliary tract pathology there should be no toxicity
which would cause the animals to differ from control animals.
No model fulfils these criteria but some come decidedly nearer than others. All

of the bacterial methods are slow and inconsistent, and most involve surgical
exposure of the gallbladder or serial inoculations. The stasis models are also
inconsistent and nearly always require surgery. The outstanding feature of the
more modern dietary methods is the frequency of gallstone formation. Unfortu-
nately with most of these methods stone formation is slow and liver toxicity
frequent. The most consistent and rapid system is the dihydrocholesterol-rabbit
model. A diet containing 075 % dihydrocholesterol causes cholelithiasis within
two weeks in all animals'. In addition the animals tolerate this diet well, there is
abundant material for analysis, and rabbit gallbladder histology and physiology have
been studied extensively. The disadvantage of this system is the gallstone compos-
ition, which does not resemble that in humans. This method should, therefore, be
most useful in investigating the influence of cholelithiasis on gallbladder function
and on the behaviour of gallstones within the biliary tract. The cholesterol-cholic
acid diet in mice is also rapid and consistent, producing gallstones in four weeks in
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about 90% of animals. The gallstone composition resembles that in humans.
There is no apparent extrabiliary toxicity. Unfortunately the material available for
analysis is limited. The need for pooling of samples increases the number of
animals required-a factor which may negate the advantage of their low cost. The
feeding ofcholestyramine and modocoll to guinea pigs causes human-type gallstones
with satisfactory frequency, rapidity, and lack of hepatotoxicity. This may be the
best method, especially if it can be shown to be successful in the rabbit.

It is a matter of time before the solubilizing of human gallstones in vivo becomes
a practical proposition. Meanwhile the induction ofgallstones in animalsisproviding
much useful information about bile physicochemistry and gallstone formation.
Experimental lithogenisis can no longer be regarded simply as a biological curio-
sity.

J. W. FRESTON
I. A. D. BOUCHIER
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