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CHOLESTEROL GALLSTONE DISEASE 

Ga 11 stone disease represents one of the most common diseases of man, 
particularly in the Western world. It is also one of the leading causes for 
major surgery. Generally, gallstones fall into two categories: those that are 
composed principally of precipitated bilirubin and those that are composed 
principally of precipitated cholesterol. Of these two types of stones, 
cholesterol gallstones are by far the most important, and account for 
approximately 90% of the stones removed from gallbladders of patients in the 
Western world. 

The true incidence of cholesterol gallstones is difficult to ascertain 
since at least half of such stones are said to be clinically asymptomatic. 
There are also marked differences in the incidence of stones in different ethnic 
groups. It is well established, for example, that in certain Indian groups in 
the Southwest nearly 70% of the women will harbor gallstones. Various other 
studies suggest that in the United States alone there are approximately 
12,000,000 women with cholesterol gallstones and 4,000,000 men. These stones 
lead to clinically apparent gallbladder disease in approximately 8,000,000 
patients each year. This, in turn, leads to approximately 400,000-500,000 
cholecystectomies being performed each year, and approximately 5,000-8,000 
patients die as a consequence of complications of gallstone disease or surgery 
during this time. The cost of treatment of these patients now approaches 
$2,000,000,000 per year: in fact, more money is now spent on the care and 
treatment of patients with cholesterol gallstone disease than is spPnt on the 
care and treatment of patients with all forms of cancer. 

From these considerations, it is apparent that it would be of considerable 
importance, particularly from the standpoint of the expenditure of health 
dollars, to develop an effective therapy that 1) would prevent the development 
of cholesterol gallstones in high risk segments of the population and 2) would 
dissolve gallstones, once they had formed. There has been considerable progress 
in our understanding of the pathogenesis of this disease and several 
pharmacological agents have become available that are capable of preventing 
gallstones and of dissolving pre-existing gallstones. This protocol will review 
the new data dealing with the pathogenesis of gallstone disease and the 
effectiveness of these pharmaco 1 ogi ca 1 agents in the treatment of this common 
disorder. 



A) GENERAL FEATURES OF CHOLESTEROL METABOLISM 

Since 90% of all gallstones 
cholesterol, gallstone disease must 
cholesterol metabolism in the body. 

are composed principally of precipitated 
be considered as essentially a disorder of 
Cholesterol is an essential constituent of 

all living tissues, and plays critical roles as _a structural component of most 
biological membranes and as the immediate precursor for a number of essential 
vitamins, sterol hormones and bile acids. It is of critical importance, 
therefore, that the cells of all major tissues in the body be assured a 
continuous supply of this substance. To meet this need, a complex series of 
transport, biosynthetic and regulatory mechanisms has evolved. Generally, 
cho 1 estero 1 can be acquired from the environment through the absorption of 
dietary cholesterol or synthesi s de novo from acyl-CoA within the body. More 
cho 1 estero 1 usually enters the body through these two mechanisms than is used 
during normal metabolic turnover so that the excess must be metabolized and/or 
excreted to prevent a potentially hazardous accumulation of sterol. 
Unfortunately, mammalian tissues do not possess enzymes capable of extensive 
degradation of the sterol nucleus. The best that can be accomplished is to 
modify certain of the substituent groups on the hydrocarbon tail or on the ring 
structure of the sterol molecule. Hence, cholesterol must be excreted from the 
body either as the unaltered molecule or after biochemical modification to other 
steroid products such as bile acids or hormones. 

The general features of cholesterol balance that must be taken into 
consideration in man and in various experimental animals are shown diagram­
matically in Fig. 1. The body pool of cholesterol in the adult remains 
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essentially constant. The content of sterols in various tissues varies 
markedly, however, from about 0.5 g/kg muscle to 15 g/kg brain but averages 
about 1.4 g/kg tissue for the body as a whole. Thus, a 70 kg man contains about 
100 g cholesterol while a .2 kg rat has only .3 g of total sterol. 

New cholesterol can be added to the body pool from only two sources. 
Either preformed sterol is absorbed from .dietary sources across the 
gastrointestinal mucosa or, alternatively, the cholesterol molecule is 
synthesized de novo from acyl-CoA in a variety of different tissues within the 
body. The sum of these processes constitutes the total input of cholesterol 
into the body pool each day. Similarly, there are only two major pathways for 
the removal of cholesterol from the body. The unmodified cholesterol molecule 
may be lost directly from the body pool. This takes place through the sloughing 
of oily secretions and cells from the skin, through the desquamation of cells 
from the stomach, small intestine and colon and through the movement of 
cholesterol into pancreatic, gastric, intestinal, and cannalicular secretions. 
Of these various routes, secretion of cholesterol through the cannalicular 
membrane of the hepatocyte is of greatest quantitative importance. 
Alternatively, the cholesterol molecule may first be metabolized to another 
product, such as a bile acid, which in turn is secreted from the body through 
the urine or gastrointestinal tract. 

The first of the two major sources for sterol in the body pool is dietary 
cholesterol absorbed through the gastrointestinal tract. Every animal is 
capable of absorbing dietary cholesterol to at least some degree although there 
are remarkable differences among the various species in the rate of such 
intestinal transport. Most data indicate that cholesterol movement into the 
intestinal epithelial cell is a passive process that does not depend upon the 
expenditure of metabo 1 i c energy or on the intervention of membrane receptors. 
Thus, the magnitude of the unidirectional flux of cholesterol across the brush 
border is a linear function of the concentration of this molecule in the luminal 
fluid, is independent of the presence of structurally related sterol molecules, 
and manifests a relatively low temperature dependency. 

The overall process of net cholesterol absorption from the intestinal lumen 
is very complex. A number of enzymatic reactions in the intestinal contents and 
within the intestinal epithelial cell could influence the rate of net uptake. 
Following ingestion, for example, complex foods must be digested by the 
peptidases and lipases secreted into the intestinal lumen by the pancreas in 
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order to release the largely unesterified dieta ry cholesterol. The small amount 
of dietary cholesteryl esters is hydrolyzed by another pancreatic enzyme, 
cholesteryl esterase. This unesterified cholesterol from the diet, along with 
the unesterified cholesterol reaching the intestinal lumen from the bile, is 
then solubilized in the complex structure of a mixed micelle or liposomal 
vesicle. Following the movement of these carriers up to the brush border, 
dietary sterol diffuses into the cystosolic compartment of the intestinal 
absorptive cell where it presumably mixes with the pool of newly synthesized 
cholesterol. A large portion of this intracellular cholesterol pool is 
esterified to long-chain fatty acids and incorporated into the structure of the 
nascent chylomicron. This lipoprotein particle is then secreted from the 
epithelial cell by an exocytotic process, enters the intestinal lymphatic system 
and eventually reaches the circulating blood. 

While few data are available delineating the velocity of each of these 
steps in different animals, measurements have been made of the overall rates at 
which dietary cholesterol is absorbed in several species. As summarized in 
Table 1 these data suggest that there are remarkable differences in the amount 

TABLE 1. Comparison of rates of cholesterol absorption in four different animal species• 

Representative Dietary Cholesterol absorption rate 
body cholesterol 

weight intake Per an imal• Per kg body weight < 
Species (kg} (mg/day} (mg/day} (mg/dayl kg body weight} 

Rat 0.2 50 - 300 44-102 220-510 
Rabbit 1.5 465- 500 450 300 
Dog 10.0 1,100-1 ,600 70-1 ,000 70 - 100 
Man 70.0 300- 2,950 140-280 2-4 

• Representative values are shown for the amount of cholesterol absorbed from the diet in four different species. Data 
are presented in terms of the absolute milligram cholesterol absorbed per day in an animal of average weight " and ex­
pressed as the milligram sterol absorbed per kilogram body weight <. 

These data were adapted from a variety of studies 

of cholesterol that can be absorbed by man and by different experimental 
animals. A 70 kg man, for example, can absorb several hundred mg of cholesterol 
per man. A much smaller animal such as 0.2 kg rat or 1.5 kg rabbit may absorb 
nearly as such sterol. These differences are made more apparent when the rate 
of net cholesterol absorption is expressed per kg of body weight. On a 

I 
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relatively high cholesterol intake man absorbs only about 2 to 4 mg of 

cholesterol/day/kg body. In contrast, other species such as the rat, rabbit and 

dog can absorb from 35 to 50 times this amount. On the basis of such findings 

it has been postulated that this limited capac i ty to absorb cholesterol may be 

one of the major mechanisms that protects man against the detrimental effects of 

excessive dietary cholesterol intake. 

The second major source for cholesterol in the body pool is de novo 

synthesis of sterol by the major organ systems. The rate at which cholesterol 

is synthesized within . the body of man or the experimental animal has been 

measured by two different types of procedures. One method involves measuring 

sterol balance across the body. With this technique, the amount of cholesterol 

secreted from the body in the feces as neutral (cholesterol and its bacterial 

degradation products) and acidic (bile acids) sterols is quantitated in the 

steady state. After taking into account · the amounts of cholesterol that are 

eaten in the diet and lost from the skin or converted to sterol hormones, and 

after correcting for any sterol that may be completely degraded by intestinal 

bacteria, it is possible to calculate the rate of total cholesterol synthesis 

per day in the experimental subject. 

The rate of whole body sterol synthesis can also be measured in vivo by 

assaying the rate at which [ 3 H]water is incorporated into sterols. Furthermore, 

by assuming that 1.45 ~g atoms of carbon are incorporated into cholesterol for 

every ~g atom of 3 H, it is possible to convert such incorporation data into 

absolute rates of cholesterol synthesis. 

Using these methods, rates of who 1 e-body cho 1 estero 1 synthesis have been 

measured in man and in a variety of animals under conditions where dietary 

cholesterol intake was low. These values are summarized in Table 2 . As is 

apparent, the absolute amount of cholesterol synthesized varies markedly from 

animal to animal and even differs between animals of similar weight, e.g., rat 

and hamster or guinea pig and squirrel monkey. As was the case with species 

differences in cholesterol absorption, these variations in rates of sterol 

synthesis are emphasized by expressing the data as the amount of cholesterol 

synthesized per kg body weight. Thus, man can synthesize about 9 mg of 

cholesterol/day/kg body weight, while the rat is capable of making over 13 times 

more sterol, or about 118 mg/day/kg body weight. In general, there is an 

inverse, although imperfect, relationship between the rate of whole animal 
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TABLE 2. Comparison of rates of whole animal cholesterol synthesis in eight different animal species • 

Species 

Rat 
Hamster 
Squirrel monkey 
Rabbit 
Gu inea pig 
Baboon 
Dog 
Man 

Representative 
body 

weight 
(kg) 

0.2 
0.15 
0.6 
1.5 
0.5 

25.0 
10.0 
70.0 

Rates of cholesterol synthesis 

Per animal 0 

(mg/day) 

23.6 
5.8 

20.6 
46.1 
11 .2 

525.0 
120.0 
630.0 

Per kg body weight ' 
(mg/day/kg body weight ) 

118 
39 
34 
31 
22 
21 
12 
9 

• Representative values are shown for the amount of cholesterol synthesized in the whole body of eight different 
species. Data are presented in terms of the absolute amount of cholesterol synthesized per day in an animal of average 
weight 0 and expressed as the milligram choleste rol synthesized per day per kilogram body weight '. 

This table was compiled from data determined either by external balance techniques and reported from a number of 
different laboratories or by determining the rate of incorporation of [3H]water into cholesterol in vivo and then calcu­
lating the absolute rate of cholesterol synthesis 

sterol synthesis and 
synthesize much less 
particularly the rat. 

body weight. The larger animals and man generally 
sterol per unit weight than the smaller animal s , 

From these data on the rates of cholesterol absorption (Table 1) and rates 
of cholesterol synthesis (Table 2), it is possible to begin to appreciate the 
quantitative importance of each of these input processes as sources for the body 
pool of cholesterol. Obviously, when man or an experimental animal is 
maintained on a cholesterol-free diet, 100% of the sterol in the body pool, 
circulating in the plasma and secreted into bile must ultimately be derived from 
cholesterol synthesized endogenously. As the amount of cholesterol in the diet 
is increased, the extent to which the body pool is derived from these 
exogenously sources will vary and, in a given species, will be largely 
determined by the amount of cholesterol that can be absorbed from the 
gastrointestinal tract relative to the amount that can be synthesized under a 
particular experimental circumstance. In man, for example, the low rate of 
cholesterol absorption (2 to 4 mg/day/kg body weight) relative to the capacity 
for endogenous sterol synthesis (9 mg/day/kg body weight) would suggest that 
even on a fairly high cholesterol intake, most of the body pool would still be 
derived from endogenous synthesis. This conclusion is supported by experiments 
in which human subjects were fed a diet high in radiolabeled cholesterol until 
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the isotopic steady state was achieved. It could then be calculated directly 
that approximately 60% of the plasma cholesterol pool was still derived from 
endogenous synthesis, despite the intake of relatively large amounts of dietary 
cholesterol. In contrast, when the rat is placed on a high cholesterol diet, it 
absorbed much more dietary cholesterol relative to the rate of endogenous 
synthesis so that less than 10% of plasma _cholesterol is derived from newly 
synthesized sterols. 

B) CHOLESTEROL SYNTHESIS IN THE LIVER 

Rates of cholesterol synthesis have been measured in liver specimens 
obtained from a variety of animals species that have been maintained on a low 
intake dietary cholesterol. As summarized in Fig. 2, large variations were seen 
among the different species when these rates of synthesis are expressed per gram 
of liver tissue. The rat again manifests an extremely high rate of cholesterol 
synthesis reflecting the high rate of whole-body sterol synthesis found in this 
same species (Table 2). Rates of sterol synthesis are much lower in other 
species, inc 1 udi ng man. Another point to be emphasized is that there is no 
general correlation between the rate of hepatic cholesterol synthesis and the 
relative amounts of cholesterol secreted into the bile of each of these species 
or of their respective propensities to develop cholesterol gallstones. 

Fig. 2 
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Fig. 3 
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These comparisons, although interesting, do not answer the fundamentally 
important question about the quantitative importance of the liver to whole body 
sterol synthesis in each of these species, particularly under in vivo 
conditions. Such data are now, however, available. The data in Fig. 3 shows 
the rates of cholesterol synthesis in two species, the rat and monkey, when such 
data are expressed per g of tissue. As is ap~arent, all organs in the body have 
at least some sterol synthetic capacity. When these values are multiplied by 
the respective organ weights, then the data shown in Fig. 4 are obtained. In 
this figure the amount of cholesterol synthesis occurring in each organ is 
expressed as a percentage of total body cholesterol synthetic activity. As i s 
apparent, in these two species the major sites for cholesterol synthesis in the 
body are the liver, small intestine, skin, and muscle tissue of the carcass. 

Based on this type of analysis, the quantitative importance of the liver to 
total body sterol synthesis in different animal species under the condition of 
low dietary cholesterol intake has been measured in a number of different 
species, as shown in Fig. 5. As is apparent, the liver accounts for 

approximately half of total body sterol synthesis in species like the rat and 
squirrel monkey but much lower percentages in other species, including probabl y 

man. 
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In external balance studies performed in normal man, cholesterol feeding 
has been reported to have an inconstant effect on total body synthesis. Several 
investigators have reported studies in which cholesterol feeding had either no 
effect or only a modest effect on endogenous cholesterol synthesis rates. Such 
a result also implies that in man hepatic cholesterol synthesis is 
quantitatively less important to total body sterol synthesis than in some other 
animal species. 

C) CHOLESTEROL TRANSPORT THROUGH THE PLASMA 

The liver remains the key organ for the regulation of cholesterol balance 
within the intact animal: it (a) largely compensates for changes in 
cholesterol input into the body from the diet, (b) synthesizes various 
lipoprotein particles which deliver sterol to certain peripheral tissues, (c) 
takes up other 1 ipoprotein particles carrying cholesterol from the extrahepatic 
tissues back to the liver, and (d) secretes cholesterol and bile acids from the 
body. The movement of cholesterol through the plasma and its targeted uptake by 
specific tissues is articulated by special classes of lipoproteins interacting 
with specific cell surface receptors present on the parenchymal cells of many 
organs. The major pathways for the transport of cholesterol among the various 
tissue compartments of the body are outlined in Fig. 6. The amounts of 
cholesterol seen entering and leaving the body pool through the various input 
and output pathways are representative for normal man. 

Dietary cholesterol, along with endogenous . cholesterol that has been 
secreted into the intestinal lumen in bile and other secretions, is taken up by 
absorptive cells located predominantly in the proximal portion of the small 
intestine. There it mixes with an additional pool of cholesterol that has been 
synthesized locally and, after being largely esterified, is incorporated into 
the nascent chylomicron (CM) particle. Thus, while most exogenous or dietary 
cholesterol enters the body carried in the CM, a significant portion of 
cholesterol present in this particle may be of endogenous origin, since the 
amount of biliary cholesterol entering the bowel lumen or synthesized within the 
intestinal wall may be large compared to the amount of cholesterol available for 
absorption from the diet. 

The nascent particle contains predominantly apoproteins A-1 (apo A-1) and B 
(apo B). Once it enters the lymph, however, the CM acquires apoproteins E 
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(apo E) and C (apo C) through interaction with other lipoproteins, such as high 

density lipoproteins. This family of C apoproteins serves two important 

functions . First, the presence of large amounts of apo C, relative to apo E, 

appea rs to prevent the uptake of the parti c 1 e by the 1 i ver. Second, one 

component of this family, apo C-II, activates the enzyme lipoprotein lipase. 

This enzyme is situated · on the 1 umi na 1 surface of ca pi 11 aries found 

pr edominantly in muscle and adipose tissue and rapidly hydrolyzes much of the 

triglyceride present in the core of the CM. · This 1 iberates large amounts of 

free - fatty acid that are then taken up and stored or metabolized in adjacent 

tissues. As the triglyceride in the core of the chylomicron is removed, the 

part i cle becomes smaller in size and loses some of its surface components, 

including unesterified cholesterol, phospholipid and apoproteins A-I and C. 

Presumably, because of the decrease in the ratio of apo C to apo E, the 

partially metabolized CM or CM remnant, is recognized by the hepatocyte and is 
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rapidly and essentially quantitatively cleared by the liver. This uptake occurs 
by way of a hi gh-ve 1 oci ty, saturab 1 e transport system that depends upon the 
presence of receptors on the liver parenchymal cells (the chylomicron remnants 
receptor). Thus, much of the cholesterol from the diet or bile that is absorbed 
across the intestine or synthesized within the bowel wall is delivered directly 
to the liver by this mechanism. Just as the CM serves to transport triglyceride 
and cholesterol out of the intestine, the very low density lipoprotein particle 
(VLDL) serves a similar function in transporting triglyceride and cholesterol 
out of the liver. These particles also contain apo B (although of higher 
molecular weigh~ than the apo B in the CM), apo C and apo E. The triglyceride 
carried in VLDL is largely disposed of in peripheral tissues. As this non-polar 
lipid in the core of the lipoprotein is hydrolyzed by LPL, a remnant particle is 
formed. This remnant, 1 ike that formed by the action of LPL on the CM, i s 
rapidly and quantitatively taken up by the liver. 

An alternative pathway exists for VLDL in that this particle 
metabolized through an intermediate density lipoprotein fraction to low 
lipoprotein (LDL), which contains essentially only the B apoprotein. 

may be 
density 

It is 

unclear where this transformation takes place, although the liver may be 
involved. In some species, such as the rat, the majority of VLDL produced by 
the liver is metabolized through the remnant pathway whereas in man, a much 
larger proportion of the VLDL is metabolized to LDL. 

Many tissues of the body, including the liver, possess specific cell 
surface receptors that recognize and bind lipoproteins containing the B and/or E 
apoproteins. These binding sites are referred to as LDL receptors. 

As is apparent in Fig. 7, most tissues possess LDL receptors although the 
highest rates of LDL uptake are seen in the liver, endocrine glands and 
intestine. Such data are now available in a number of different species and 
similar findings have been observed. When such rates of uptake are again 
multiplied by organ weight, it has been found in all species in which data are 

available that the liver accounts for the uptake of 55-75% of the circulating 
LDL. Thus, while a small portion of the cholesterol acquired by peripheral 
organs (Fig. 6) comes from the uptake of LDL, most tissues synthesize the 

majority of sterol that they require for maintenance of cell membrane 

structures. 
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Since these peripheral tissues do acquire more cholesterol through 
synthesis and LDL uptake than they require, this excess cholesterol must, 
ultimately, be returned to the liver fo r excretion. Presumably, high density 
lipoproteins play a key role in this process although the actual transport 
processes res pons i b 1 e for the movement of cho l.estero 1 from these peri phera 1 
tissues back to the liver remain very poorly understood. 

Thus, from these considerations, it is apparent that the liver receives net 
contributions of cholesterol from the diet, from local synthesis and from 
cholesterol synthesized in the peripheral tissues and carried back to the liver 
(? in HDL). It is this net contribution of cholesterol to the liver (equaling 
about 1,000 mg/day in man) that ultimately must be excreted in the bile. 

Fig. 7 
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Obviously, since the input of dietary cholesterol into the body may vary 
over a wide range, the amount of cholesterol reaching the liver in chylomicrons 
may vary dramatically on a day-to-day basis. Mechanisms exist, however, that 
adapt for such changing loads of dietary cholesterol and so maintain relative 
homeostasis within the intact animal. When large amounts of cholesterol are 
ingested in the diet, there is suppression of the rate of cholesterol 
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synthesis in the intestinal epithelial cells and, in particular, in the liver. 
If these decreases in rates of cholesterol synthesis just balance the increased 
load of cholesterol absorbed from the diet then the net input of sterol to the 
liver is maintained at a constant value. Under these circumstances, the rates 
of VLDL production and circulating LDL-cholesterol levels remain constant and 
the amount of sterol that must be secreted in the bile remains unchanged. 
Conversely, if there is an increased demand in the body for cholesterol, the 
rate of cholesterol synthesis in the intestine and liver can also increase to 
meet this demand. Again, if this adaptive response in synthesis is adequate to 
meet the new demand then the circulating levels of cholesterol in the plasma 
again remain unchanged, as does the rate of biliary cholesterol secretion. The 
important point to emphasize is that the rate of biliary cholesterol secretion 
cannot, in some simplistic sense, be directly related to the rate of dietary 
cholesterol absorption or to the rate of cholesterol synthesis within the body. 
As will be described later, the physiological disorders that result in 
cholesterol gallstone formation are probably far more complex than a simple 
disruption in cholesterol balance across the liver. 

E. SOLUBILIZATION OF CHOLESTEROL IN BILE 

From these considerations it is apparent that every animal, including man, 
must excrete a significant amount of cholesterol each day in order to prevent 
the rapid accumulation of cholesterol in the body. In the case of man, except 
for the small amounts of cholesterol sloughed with the skin (about 85 mg/day) or 
converted to sterol hormones (about 50 mg/day), the great majority of the 
cholesterol that must be removed from the body is secreted by the liver into the 
bile. In man, this amounts to approximately 1,000 mg/day. However, cholesterol 
is a very hydrophobic molecule that possesses only a single hydroxyl group that 
is capable of hydrogen bonding with water. Hence, it is very insoluble in an 
aqueous environment. If 1,000 mg of cholesterol were secreted directly into the 
aqueous environment of normal hepatic bile the cholesterol molecules would 
associate through hydrophobic bonding and immediately form crystals that would 
precipitate within the small biliary radicals. 

For this reason, special mechanisms have evolved for solubilizing 
cholesterol, at least temporarily, in bile. To accomplish this solubilization, 
a portion of the cholesterol destined for export out of the liver cell is first 
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converted to bile acids. This biochemical conversion involves four specific 
biochemical transformations, the function of which is to convert the very 
hydrophobic cholesterol molecule into a far more hydrophilic one that can 
interact readily with water molecules through hydrogen bonding. These 
biochemical transformations are illustrated in Fig. 8. First, the size of the 
sterol molecule is reduced. Cholesterol contains 27 carbon atoms. During the 
formation of bile acids the terminal three carbon atoms are cleaved from the 
molecule and the C-24 carbon is oxidized to an acid group. Second, the 
double-bond that exists in cholesterol between the 5th and 6th carbon atom is 
saturated and the hydrogen atom at this location is turned upward into the beta 
position. Third, a varying number of hydroxyl groups are then added to the 
sterol ring structure at various locations. These are commonly in the alpha 
confi guration although in some animals hydroxyl groups also are present in the 
beta configuration. Finally, before the newly synthesized bile acid molecule is 
excreted from the liver cell, it is conjugated at the C-24 position with either 
taurine or glycine. This reduces the pKa for the acid from approximately 6.5 in 
the unconjugated bile acid to 3.5 and 1.5, respectively, in glycine and taurine 
conjugated bile acids. The net effect of these biochemical transformations is 
to convert cholesterol, a molecule that is essentially totally insoluble in 
water, into a strong amphipathic bile acid molecule. As illustrated in Fig. 9, 
such amphipathic molecules have polar and nonpolar regions asymmetrically 
distributed over the surface of the molecule. When placed in water, the hydro­
phobic surface is forced out of solution and will associate through hydrophobic 

Fig. 8 
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Fig. 9 

bonding with the hydrophobic surface of adjacent molecules. The hydrophilic 

groups (the acid group and hydroxyl groups) stick outward into the aqueous 

environment where they tightly bond to water. Hence, this "association colloid" 

or simple micelle gains solubility in water. Since the energy state of the 

molecules in the simple micelle is lower than when these molecules are disbursed 

in monomolecular form, such micelles form spontaneously in aqueous solution 

(i.e., this is a negative free-energy process). Another property of these 

micelles is also illustrated in the right side of Fig. 9. Under certain 

circumstances, very insoluble, hydrophobic molecules may be inserted into the 

interior of the simple micelle. Since the hydrophobic surfaces of such an 

insoluble molecule can readily interact with the hydrophobic, interior surfaces 

of the bile acid molecules, such a structure is again thermodynamically stable 

and will form spontaneously under appropriate conditions. This process of 

bringing into solution an insoluble molecule through interaction with simple 

micelles is called micellar solubilization. 

Thus, the problem of excreting 1,000 mg of cholesterol into the bile is 

partially solved as illustrated in Fig. 10, by transforming approximately 400 mg 

of the cholesterol to bile acids. Thus, cholesterol homeostasis in man is 

actually achieved by the hepatic secretion of approximately 400 mg of bile acid 

and 600 mg of cholesterol. Unfortunately, this alone does not solve the problem 

of cholesterol solubilization in bile since 400 mg of bile acid will not nearly 

solubilize 600 mg of cholesterol in aqueous solution. In fact, from 50 to 100 

times more bile acid would be required than is actually synthesized each day to 
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fully solubilize 600 mg of cholesterol through the process of micellar 

solubilization. Two additional processes are required. First, mechanisms were 

evolved to reutilize the relatively small amount of bile acid that is 

synthesized each day. This was accomplished by the development of reabsorptive 

processes located principally in the ileum, that reclaim essentially all bile 

acid that reaches the gastrointestinal tract. Thus, as shown in Fig. 10, the 

total bile acid pool present in normal man equals approximately 3,000 mg. Since 

this pool is reabsorbed and reutilized 6-7 times each day, the actual amount of 

bile acid secreted across the cannalicular membrane of the liver cell equals 

approximately 20,000 mg/day. This intestinal absorption and resecretion process 

is referred to as th~ enterohepatic circulation of bile acid. Thus, even though 

only 400 mg of bile acid is actually synthesized in the liver cell each day, 

fully 20,000 mg may actually be secreted. This process, it should be 

emphasized, is critically dependent upon the active transport sites in the 

gastrointestinal tract that are capable of reabsorbing nearly all bile acid 

reaching the te ; minal ileum. Any disease process or surgical procedure that 

alters ileum function leads to rapid loss of bile acids from the body and to 

rapid depletion of the circulating bile acid pool. Even though synthesis in the 

liver may increase 3- to 4-fold this compensatory increase in synthesis can 

still only supply approximately one tenth the amount of bile acid normally 

flu xing through the enterohepatic circulation. While the enterohepatic 
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I circulation effectively amplifies the effectiveness of bile acid s i n 
solubilizing cholesterol in bile, even these quantities of bile acid are not 
sufficient to fully solubilize cholesterol by themselves. This is due to the 
fact that bile acids alone are relatively ineffective detergents, part i cul ar ly 
when it comes to solubilizing a very hydrophobic ~olecule like cholesterol. The 
bile acid micelle is relatively small and it may require from 50 to 400 
molecules of bile acid (depending upon the type) to solubilize a single molecule 
of cholesterol. 

Consequently, a third component is added to the bile by the liver cel l. 
Phospholipid, principally lecithin, is synthesized in the liver and al so 
secreted into the bile. The phospholipid is also capable of interacting with 
the bile acid micelle to form a complex mixed micelle having a · fa r greater 
volume and, therefore, a far greater hydrophobic region in which to solubil ize 
cholesterol. As shown in Fig. 11 (B), for example, a simple bile acid micell e 

Fig. 11 
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may consist of only 20-30 bile acid molecules : such a structure is barely able 
to solubil i ze one molecule of cholesterol. With the addition of phospholipi d, 
however, (C) a far larger structure is formed. The fatty acid chains of t he 
phospholipid molecules adhere together through hydrophobic bonding and fo rm a 

double layer with their hydrophilic groups projecting outward into the aqueou s 
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environment. - The exposed hydrophobic surfaces of this cylinder are coated by 
interaction with the hydrophobic surfaces of the bile acids. Since the 
hydrophi 1 ic groups of the bile .acids project outward into the water this very 
large mixed micelle is stable in an aqueous environment. Such a mixed micelle 
is capable of solubilizing much more cholesterol than the bile acid micelle 
alone. 

Thus, the problem of excreting 1,000 mg of cholesterol each day is 
accomplished through the interaction of three separate processes. These include 
the conversion of approximately 400 mg of cholesterol to bile acid, the 
amplification of the physiological effect of this small amount of bile acid 
through the enterohepatic circulation and the enhancement of the solubilizing 
effect of bile acids by the addition of phospholipids to the bile. In this 
manner, the cholesterol can be transported in a thermodynamically stable, 
soluble form through the hepatobiliary tree until it reaches the intestinal 

lumen. 

F. QUANTITATIVE FEATURES OF ENTEROHEPATIC CIRCULATION 

The foregoing discussion described the function of the enterohepatic 
circulation of bile acids and the solubilization of cholesterol in the mixed 
micelle in qualitative terms. An understanding of how this system can be 
manipulated pharmacologically, however, requires more quantitative data on how 
this system functions. The chemical composition of human hepatic and 
gallbladder bile is summarized in Table 3. As is apparent, bile is essentially 
a watery solution of sodium chloride/bicarbonate. It contains major amounts of 
only four organic molecules. These include bilirubin and the three molecules 

Hepatic bile Gallbladder bile 

Specific gravity 1.008 • 1.016 1.008 • 1.059 
Bicarbonate 20 - 25 rnEq / liler 8 • 12 mEq/ liler 

Table 3 
Calcium 8 - 11 mg/ 100 ml 25 - 28 mEq / liler 
Chloride 90 • 100 mEq / liter 16 - 19 mEq/ liler 
Bilirubin 17 • 71 mg/100 ml 50 - 1000 mg/ 100 ml 
Water 97 • 98% 84% 
Mucins 1- 4% 
Bile acids 1.24 - 1.72 gm/100 ml 2.3 - 7.7gm/100 ml 
Cholesterol 86 - 176 mg/ 100 ml 100 • 900 mgllOO ml 
Fatty acids 101 • 438 mg /100 ml 80 - 1600 mg /100 ml 
Lecithins 250 mg/100 ml 350 mg/100 ml 

' 
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involved in cholesterol secretion (bile acids, phospholipid and cholesterol). 
The bile is concentrated in the gallbladder, but the relative concentrations of 
the major organic constituents do not change appreciably. 

The bile acids present in bile are a complicated mixture of different 
specific bile acids that have very different physical chemical characteristics. 
These characteristics profoundly influence the -ability of bile to solubilize 
cholesterol. As illustrated in Fig. 8, during the conversion of cholesterol to 
bile acids, one of the principle biochemical modifications is the addition of 
hydroxyl groups at various points on the steroid nucleus. These hydroxyl groups 
form, on average, two hydrogen bonds each with water and so greatly increase the 
hydrophil icity of the molecule. Si nee the hydroxyl groups may be added at 
nearly any position on the sterol molecule and in either the beta (up, out of 
the plane of the molecule) or alpha (downward) positions, many isomeric forms 
are possible. Fortunately, in man, there are only a relatively small number of 
bile acids of biological or pharmacological importance. The structure of these 
bile acids is summarized in Table 4. 

TABLE 4 

NUMBER SYSTEMATIC COMMON 
OH GROUPS NAME NAME 

1 3a OH cholanic acid Lithocholic acid 

2 3a, ?a diOH cholanic acid Chenic acid 

2 

2 

3 

3a, 12a diOH cholanic acid Deoxycholic acid 

3a, 7S diOH cholanic acid Ursodeoxycholic acid 

3a, ?a 12a triOH cholanic Cholic acid 
acid 

ABBREVIATION AFTER 
CONJUGATION TO 

GLYCINE OR TAURINE 

TLC, GLC 

TCD, GCD 

TDC, GDC 

TUDC, GUDC 

TC, GC 

There are four bile acids of particular importance to understanding the 
physiology of human bile. In man, for practical purposes, bile acids are 
modified by chang i ng the number of hydroxy groups at the 3, 7 and 12 positions. 
There is one monohydroxy bile acid where the hydroxyl group is added in the 3o 
position. This bile acid is called lithocholic acid. There are two dihydroxy 
bile acids found in man in which the hydroxyl groups are added in either 
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the 3a , ?a or 3o:, 12o: positions: these bile acids are called chenic acid and 
deoxycholic acid, respectively . There is only one trihydroxy bile acid in man 
and this compound has hydroxyl groups in the 3a, ?a and 12o: positions and is 
called cholic acid. While not present in any significant amounts in normal man, 
ursodeoxycholic acid has become important as an ijgent for dissolving gallstones 
and is an isomer of chenic acid having hydroxyl functions in the 3a and 78 
positions. Some ·of these bile acids are actually synthesized in the human liver 
while others represent the products of bacterial degradation of bile acid within 
the lower smaller intestine and colon of man. 

By definition, primary bile acids are those bile acids that are made in the 
liver cell directly from cholesterol. In man there are, for practical purposes, 
only two primary bile acids. These include chenic acid (CD) and cholic 
acid (C). Since each of these primary bile acids is conjugated to both glycine 
and taurine, the four primary bile acids appearing in human bile include TCD, 
GCD, TC, and GC. Once the primary bile ac ids are excreted into the 

PRIMARY BILE ACIDS 

Fig. 12 
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gastrointestinal tract, they come into contact with a variety of bacteria living 
in the lower small intestine and colon. These organisms, particularly the 
anaerobic organisms, possess two groups of enzymes that are capable of modifying 
the chemical structure of the bile acids. In particular, these organisms have 
enzymes that will deconjugate the bile acids and enzymes which will remove the 
hydroxyl group present in the ?a configuration. It should be noted that there 
are very few species of bacteria in the human intestine which can remove the 
hydroxyl group in the 78 position (as is present on ursodeoxycholic acid). As a 
result of contact with these bacteria the various conjugated primary bile acids 
will be metabolized to unconjugated C and CD. A portion of these unconjugated 
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Fig. 13 
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bile acids wi 11 be subjected to further degradation and, for example, the 7a. 

hydroxy group will be removed from C to form deoxycholic acid (DC) while CD 1~ill 

be dehydroxylated to form lithocholic acid (LC). Thus, by definition, the 

secondary bile acids are those bile acids that are formed by the metabolic 

degradation of the primary bile acids by bacteria present in the normal human 

intestine. In man, the principle secondary bile acids are deoxycholic acid (DC) 

and lithocholic acid (LC). Both of these secondary bile acids are very 

hydrophobic and potentially toxic. Lithocholic acid, in particular, will 

produce significant liver disease when fed to a variety of animal species. 

Furthermore, in these same animal species feeding chenic acid, the immediate 

precursor for lithocholic, leads to excessive lithocholic acid production and 

liver disease. It becomes of considerable importance, therefore, that 

lithocholic acid not be captured in the enterohepatic circulation, but 

essentially be quantitatively excreted once formed. This is accomplished by a 

third modification of the bile acid molecule. Once lithocholic acid is formed 

in the gastrointestinal tract, it is reabsorbed and carried back to the liver in 

the portal blood. There it is not only conjugated to glycine or taurine, but in 

addition, is sulfated. This makes the molecule very hydrophilic and prevents 

its subsequent reabsorption from the gastrointestinal tract once it has been 

reexcreted in the bile. Man, in particular, is relatively resistant to the 
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toxic effects of lithocholic acid feeding (or chenic acid feeding) because of a 
high capacity to carry out the sulfation reaction. 

Thus, as summarized in Fig. 14, the enterohepatic circulation of bile acids 
in man is relatively complex and contains a number of different bile acids that 
result from the metabolism of the steroid molecule by both enzymes in the liver 
cell and enzymes contained in intestinal bacterial. Cholesterol is metabolized 
to the primary bile acids C and CD. These appear in bile conjugated to both 
taurine and glycine. In the gastrointestinal tract the cholic acid is converted 
to the secondary bile acid, deoxycholic acid, a portion of which is excreted in 
the feces while some is reabsorbed into the enterohepatic circulation and 
conjugated to glycine and taurine in the liver cell. Thus, this conjugated 
secondary bile acid also appears normally in human bile. At the same time, the 
chenic acid is partially converted to lithocholic acid which is either excreted 
in the feces or partially reabsorbed into the enterohepatic circulation. The 
lithocholic acid that reaches the liver cell is conjugated to glycine or taurine 
and, in addition, is sulfated. This very polar, sulfated bile acid is then 
excreted essentially quantitatively, in the feces. As a result of these complex 
interactions, in the steady state, the bile acid pool in man is made up of 
approximately 45% cholic acid, 37% chenic acid, 15% deoxycholic acid, and only 

1-3% lithocholic acid. This composition can, of course, be radically changed by 
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feeding exogenous bile acids. In general, such treatments result in partial 
suppression of bile acid synthes i s in the liver and replacement of these various 
normal bile acids by the particular bile acid that was fed orally. 

G. QUANTITATION OF THE DEGREE OF BILIARY CHOLESTEROL SATURATION 

From these considerations it is apparent that bile is a very compl ex 
mixture of detergent molecules (the various bile acids), swelling amphipaths 
(phospholipids) and an insoluble amphipath (cholesterol). In some fashion, not 
wholly understood at this time, these three groups of molecules must be secreted 
across the hepatocyte and come together in a mixed micelle of very specifi c 
composition. As illustrated diagrammatically in Fig. 15, this mixed micelle i s 

Fig. 15 

essentially a cylinder consisting of two layers of phospholipid and cholesterol 
in the hydrophobic interior covered by an outer surface of bile acids. The 
outer surface of this cylinder is very hydrophi 1 ic and is made of the polar 
hydroxyl groups on the bile acids and cholesterol molecules and the polar head 
group of the phospholipids. The interior of the micelle is very hydrophobic and 
contains sufficient volume to solubilize significant amounts of cholesterol. In 
addition to this structure, more recent evidence also suggests that bile may 
contain unilaminar vesicles similar to unilaminar liposomes. Such structu res 
may form when bile is diluted at the cannalicular interface by the inflow of a 
large volume of fluid. Under these conditions, significant amounts of bile acid 
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must leave the mixed micelle to maintain the critical micelle concentration in 

the aqueous phase. The mixed micelle becomes "bile acid poor" and spontaneously 

forms unilaminar vesicles consisting principally of phospholipids and 

cholesterol. These vesicles are very large, of the order of 

400 angstroms, while mixed micelles are much . smaller, of the order of 50 

angstroms. 

In order to make such structures as the mixed micelle it is obviously 

necessary to have the right proportions of the three types of 1 ipid molecules 

present in bile. That is to say, it is critically important that the relative 

concentrations of bile acid, phospholipid and cholesterol be appropriate in 

order to bring about stable solubilization of the cholesterol molecules. One of 

the major advances in this field came with the recognition of this important 

quantitative relationship. 

In order to describe whether or not a given bile sample will solubilize 

cholesterol in a thermodynamically stable fashion, it is necessary to take into 

consideration the concentration of the three components of the system, bile 

acids, phospholipids and cholesterol. This is usually done by plotting the data 

in a triangular reference system such as that illustrated in Fig. 16. In such a 
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system the absolute concentration of the three components is determined and the 

relative concentration of each component is then expressed as a percentage of 

the total concentration. In the example shown in Fig. 16, for example, 10% of 

the molecules in the bile sample are cholesterol, 40% are phospholipid and 50% 

are bile acids. These va 1 ues represent the molar percentages of each of the 

three components. Since the sum of these molar percentages equals 100%, th e 

composition of this bile sample can be plotted as a single point in the 

triangular reference system. Conventionally, phospholipids are plotted on the 

right axis, bile acids on the lower axis and cholesterol on the left axis. 

Thus, the composition of any possible mixture of these three components can 

be represented as a single point within the triangle. However, it wa s 

recognized a number of years ago that stable, mixed micelles of the type 

illustrated in Fig. 15 were formed only when the composition of the bile sample 

fell within very narrow limits. These limits are shown as the shaded area in 

the left lower corner of the triangle illustrated in Fig. 17. Thus, for 
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( 
example, bile sample A would be found to contain a relatively uniform population 
of mixed micelles that were very stable and that would hold the cholesterol in 
solution without any crystallization taking place. In contrast, any bile sample 
whose composition falls outside this shaded zone invariably had two or more 
phases present. One of these phases was usually a microcrystaline phase of 
cholesterol monohydrate since these solutions contained relatively more 
cholesterol than could be effectively solubilized by the bile acid and 
phospholipid. 

More recent work has indicated that the situation is more complex than 
suggested by this simple model. There is clearly another region of bile 
compositions that lie just above and along the limiting line defining the 
micellar phase. This region defines an area of metastability that is not truly 
in thermodynamic equilibrium. There is an excess amount of cholesterol pres.ent 
in these samples that would crystalize out under appropriate conditions. 
However, these samples can remain stable for long periods of time and probably 
contain a mixture of mixed micelles and unilaminar vesicles. Many patients who 
secrete bile that is supersaturated with respect to the cholesterol will have 
bile compositions that fall into this metastable area. Such bile samples may 
have gross microcrystals of cholesterol present or may form such crystals when 
an appropriate "seeding" agent is added. 

When a bile sample from a given patient or animal species is plotted on 
such a triangular reference system, it is possible to define how saturated that 
sample is with respect to cholesterol by identifying how close it comes to the 
limiting line for the micellar phase. The biles, for example, for a number of 
animals species are plotted in Fig. 18. The dog and pig, for example, have very 
low molar percentages of cholesterol in their bile and such animals do not 
spontaneously form cholesterol gallstones. In fact, if human cholesterol 
gallstones are placed in the bile of the dog, the stone will slowly dissolve. 
On the other hand, the molar percentage of cholesterol in hamster and baboon 
bile is much higher and very close to the line defining the limit of the 
micellar phase. both the hamster and the baboon can be induced, experimentally, 
into developing cholesterol gallstones. 

There is also a correlation between the degree of saturation of the bile 
with respect to cholesterol and the incidence of spontaneously formed gallstones 
in human populations. As illustrated in Fig. 19, for example, Scandinavian 
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groups such as Swedes and Finns and some groups of Southwestern American Indians 
(the Pima) have a bile which is saturated or even supersaturated with respect to 
cholesterol. These populations have an exceedingly high prevalence of 

cholesterol gallstone disease. In contrast, the Japanese and certain African 
tribes have bile which is relatively undersaturated with respect to cholesterol 
and these populations have a correspondingly low estimated prevalence of 
cholesterol gallstones. 

When such measurements are extended to individual patients with gallstones 
in the United States and in Western Europe, a similar correlation has been found 
between the degree of biliary saturation with respect to cholesterol and the 
development of cholesterol gallstone disease. In the majority of normal 
individuals, without evidence of gallstone disease, samples of bile obtained 
from either the gallbladder or the liver have compositions that fall well within 
the micellar phase (Fig. 17). In contrast, the bile samples obtained from 
patients who do have cholesterol gallstones fall outside this range. As 
illustrated in Fig. 20, for example, in a large group of patients with 
cholesterol gallstones, the composition of the bile obtained from the gall­
bladder fell at or above the line illustrating maximal cholesterol solubility 

Fig . 20 

Bile Acid 

29 



The results obtained with the hepatic bile obtained from the same patients was 

even more striking and revealed that nearly twice as much cholesterol was 

present as could be effectively solubilized in a mixed micelle by the amounts of 

bile acid and phospholipid present in the samples, i.e., these hepatic bil es 

were very supersaturated with respect to cholesterol. 

The presence of such supersaturated bile now appears to be a prerequi s ite 

for the formation of cholesterol gallstones. However, not all individuals wi th 

such supersaturated bile will go on to develop stones. It is now clear that 

some bile samples that are supersaturated with respect to cholesterol are , 

nevertheless, relatively stable . Presumably, the cholesterol in these sampl es 

is carried in a metastable particle such as a unilaminar liposome. Furthermore , 

the gallbladder may contribute significantly to gallstone formation either by 

exuding substances (like mucin) that act as the seeding agent for promoti ng 

crystallization from the supersaturated bile or, alternatively, may even sec ret e 

substances that inhibit such crystallization. Thus, the current concept s 

concerning the formation of cholesterol gallstones are illustrated in Fig. 21. 

The primary defect appears to be the production of bile by the 1 iver whi c-h 

contains more cholesterol than can be solubilized in a thermodynamically s t abl e 

form. Some patients may produce such supersaturated bile most of thei r life and 

never develop stones; however, in the presence of an appropriate environment 

within the gallbladder, such supersaturated bile will lead to microcrystal 

formation and, over a period of time, stone growth . Such small stones or 

"gravel" may lead to irritation of the gallbladder lining and to exudation of 
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mucinous materials. These proteinaeous materials, along with free-fatty acids 
and calcium lead to aggregation of the small cholesterol stones into the larger, 
faceted aggregate stones typical of cholesterol gallstone disease. 

H. PHYSIOLOGICAL DEFECTS RESULTING IN SUPERSATURATED BILE AND CHOLESTEROL 
GALLSTONE FORMATION 

Since the fundamental defect in cholesterol gallstone disease is the 
production of bile by the liver which is supersaturated with respect to 
cholesterol, the next question of importance is what physiological defects lead 
to the production of such supersaturated bile. The three general possibilities 
are illustrated in Figs. 22, 23 and 24. The first possibility (Fig. 22) is that 
the daily secretion of bile acid is less than normal. If the rate of biliary 
cholesterol secretion remains normal then· the bile will necessarily become 
supersaturated with respect to cholesterol because of the relative decrease in 
the output of bile acid. As already discussed (Fig. 10) the rate of secretion 
of bile acid by the 1 iver cell is dependent on both the rate of bile acid 
synthesis and the integrity of the enterohepatic circulation. Thus, disruption 
of these processes invariably leads to the production of supersaturated bile. 
This is seen, for example, in certain groups of American Indians who have a 
defect in bile acid synthesis that leads to a smaller-than-normal bile acid pool 
and supersaturated bile. Any patient who has ileal dysfunction (and, hence, 
interruption of the enterohepatic circulation) is at risk for gallstone 
formation. This includes individuals who have a chronic disease of the terminal 
ileum (such as Crohn's disease or ileal tuberculosis) or patients who have had 
surgical a resection of significant portions of the ileum. Finally, any drugs 
that bind or precipitate bile acids within the intestinal lumen (such as 
cholestyramine) also interrupt the enterohepatic circulation and put the patient 
at risk for the development of cholesterol gallstones. The second major defect 
is illustrated in Fig. 23 where the secretion of bile acids by the liver may be 
normal but excessive amounts of cholesterol are secreted into the bile. Again, 
this leads to a relative increase in the cholesterol content of bile and 
cholesterol gallstone formation. The most important example of this defect is 
seen in obese patients. In general, the rate of cholesterol synthesis by the 
body increases with body weight and this appears to be reflected by an increase 
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in the rate of biliary cholesterol secretion. Certain drugs also lead to marked 

increases in biliary cholesterol secretion. These included compounds like 

clofibrate. Finally, it is possible that there are dietary effects on biliary 

cholesterol output, although these effects are not well established. Possibly, 

diets that are rich in cholesterol or that hav€ high contents of unsaturated 

fatty acids may lead to excessive cholesterol secretion. 

Finally, as illustrated in Fig. 24, it may be that the defect in bile 

formation is more subtle. In theory, it is possible that the rate of biliary 

secretion of bile acids and cholesterol is normal but the types of bile acids in 

the bile acid pool have changed in such a way that they solubilize cholesterol 

less well. Such a defect has not yet been clearly established in man although 

current work is underway to better define the hydrophobic/hydrophilic balance of 

the bile acids found in individual patients. 

Unfortunately, in a number of instances patients will manifest more than 

one of these defects and will be particularly susceptible to stone formation. 

For example, the American Indian woman is commonly grossly obese and, in 

addition, has the defect in bile acid synthesis. As a result, she under 

secretes bile acids and over secretes cholesterol. Thus, probably 60-80% of 

these women will develop cholesterol gallstones. Similarly, the obese 

individual who is fasted to promote weight reduction will interrupt his/her bile 

acid enterohepatic circulation while still overproducing cholesterol. Such 

individuals will again produce very saturated bile. It should be emphasized 

that these various physiological abnormalities are extremely common in Western 

populations so that a very large segment of the people is at risk with respect 

to gallstone production. 

I. AGENTS USED FOR DESATURATING BILE AND FOR DISSOLVING GALLSTONES IN SITU 

Very recently, two major therapeutic agents have become available for 

desaturating bile and for dissolving pre-existing gallstones. As shown in 

Fig. 25, these include chenic acid which has hydroxyl groups in the 3n, 7n 

positions and ursodeoxychol ic acid which has hydroxyl groups in the 3n and 713 

positions. These two bile acids appear to be essentially identical and differ 

only in the configuration of the 7 hydroxyl group. Yet this very subtle 

difference profoundly alters the biological characteristics of this steroid. In 

chenic acid the hydroxyl groups and the polar groups associated with the 
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Fig. 25 
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conjugated amino acid at the C-24 position all project on to one side of the 

planar molecule so that, as illustrated in Fig. 26, this compound has one 

surface which is very hydrophilic and readily interacts with water and another 

surface which is very hydrophobic and readily interacts with membranes and 

cholesterol. Thus, chenic acid is a very potent amphipathic detergent. In 

contrast, when the hydroxyl function in the 7 position rotates into a beta 

configuration, it totally disrupts the hydrophobic surface by allowing hydrogen 

bonding to take place on both sides of the molecule. As a result of this subtle 

Fig. 26 
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change there is a profound alteration in the hydrophobic/hydrophilic balance in 
this molecule and it behaves biologically very differently from chenic acid. 
This change is most dramatically illustrated using reversed-phase, 
high-performance liquid chromatography. As illustrated in Fig. 27, this 
procedure involves separation of different b~le acids according to their 
hydrophilic/hydrophobic balance. The bile acids are dissolved in a hydrophilic 
phase and allowed to move through a column coated with a hydrophobic phase. The 
more hydrophobic a bile acid, the longer it is retained within the column. As 
illustrated by the chromatogram, ursodeoxycholic acid behaves as a very hydro-

Fig. 27 
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philic molecule and comes out just after the solvent front. In contrast, 
chenodeoxycholic acid is retained for a much longer time because it readily 
interacts with the hydrophobic phase in the column. Thus, merely shifting the 
position of the 7 hydroxyl group alters entirely the capacity of ursodeoxycholic 
acid to interact with hydrophobic surfaces and makes the molecule behave as a 
very hydrophilic substance. When such a bile acid is placed in the 
enterohepatic circulation, it does not readily interact with cholesterol in the 
liver to mobilize it into the bile, it cannot interact with lipids and 
cholesterol in the intestine to promote their absorption and it cannot interact 
with membrane receptor sites to turn on intestinal secretion. 
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Finally, data also suggest that ursodeoxycholic acid cannot interact with the 
regulatory sites in the hepatocyte that control the rate of bile acid synthesis. 

In addition to these very marked differences in behavior, cheni c and 
ursodeoxycholic acid dissolve gallstones by different mechanisms and at 
different rates. These two mechanisms are illustrated diagrammatically in 
Fig. 28. When a gallstone is perfused with a solution containing mixed micelles 
of chenodeoxycholic acid, the mixed micelles diffuse up to the surface of the 
stone, interact with cholesterol molecules on the surface and then diffuse away. 

Fig. 28 

Chenodeoxycholic 
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Essentially, the rate at which this occurs is determined by the rate of 
diffusion of the mixed micelles through the aqueous bile surrounding the stone. 
In contrast, when the bile is made up predominantly of ursodeoxycholic acid 
micelles a second process seems to be quantitatively very important in stone 
dissolution. As the mixed micelle comes in contact with the stone the 
hydrophobic attraction between the phospholipids in the micelle and the 
cholesterol in the stone is greater than the attraction of the phospholipids for 
the ursodeoxychol ic acid: again, this is a manifestation of the hydrophi 1 ic 
character of UDC. As a consequence of this, the residency time of the micelle 
at the interface is prolonged and phospholipid molecules are transferred from 
the micelle structure to the surface of the stone. These phospholipid molecules 
intPract with the cholesterol to form liquid crys t~ls that rapidly penetrate and 
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disintegrate the stone and "bud off" as unilaminar vesicles. Thus, because of 
the very hydrophilic nature of the ursodeoxycholic acid micelles there is much 
less effective micellar solubilization from the stones, but there is rapid 
dissolution of the stones through the formation of liquid crystals. Hence, 
under in vitro conditions cholesterol is much · more rapidly solubilized by 
ursodeoxycholic acid than by chenodeoxycholic acid, and the same situation 
appears to also take place in vivo. 

J. CLINICAL EFFECTS OF CHENODEOXYCHOLIC AND URSODEOXYCHOLIC ACID 

The clinical effectiveness of these two bile acids in altering the 
physiology of bile must be thought of in terms of two very different effects: 
one effect is the usefulness of these compounds in lowering the relative 
cholesterol content in hepatic bile and the second effect concerns the efficacy 
of these compounds in dissolving cholesterol gallstones in the gallbladder and, 
to some extent, in the common bile duct. These effects are summarized in Fig. 
29 and Table 5. In human studies, it has been shown that the composition of 
bile can be significantly altered by feeding either ursodeoxychol ic acid or 
chenodeoxycholic acid. The effects of these two drugs, however, are very 
different. When ursodeoxycholic acid becomes a major component of human bile, 
there is a significant decrease in the rate of cholesterol absorption (Table 5). 
There is 1 ittle or no decrease in the rate of bile acid synthesis and less 
cholesterol is recruited out of the liver during the movement of these bile 
acids from the sinusoidal to the cannalicular surface. As a consequence of all 

Fig. 29 

COLON 

LIVER 

Cholesterol- BA 

coc­
uoc-

~--G_u_r ____ _J 

'-.,_ CDC 
UDC 

37 

Common 
Bile 

Duct 



UDC CDC 

Cholesterol Absorption 

' .J; 
Bile Acid Synthesis + ' Table 5 Recruitment of Hepatic Cholesterol ' .J; 
Biliary Cholesterol Saturation ' ' Gallstone Dissolution 40-60% 10-20% 

Recurrence Rate 50% 50% 

of these effects, feeding UDC results in a significant decrease in the degree of 

cholesterol saturation in the bile. With the CDC feeding there is little or no 

change in the rate of cholesterol absorption. There is marked suppression of 

endogenous bile acid synthesis and there is 1 ittle change in the amount of 

cholesterol recruited from the 1 iver during passage of the bile acids through 

the enterohepatic circulation. Again, as a consequence of all of these effects , 

biliary cholesterol saturation is reduced although the effect is probabl y 

quantitatively less than the effect seen with UDC feeding. Thus, both UDC and 

CDC feeding lead to a decrease in the degree of saturation of bile with 

cholesterol. There is a striking difference, however, between these two bile 

acids in terms of their effectiveness in bringing about gallstone ·dissolution. 

The success rate with CDC feeding is probably no greater than 10-20% overall, 

while UDC feeding is successful in dissolving gallstones in a far greater 

percentage of the patients. Furthermore, the rate of dissolution is probably 

faster with UDC feeding than with CDC. 

It must be emphasized that while both bile acids may successfully result in 

gallstone dissolution, the fundamental defects that have lead to gallstone 

precipitation may still exist. Thus, if therapy with UDC or CDC is stopped 

after successfully dissolving gallstones, the composition of the patient's bile 

will immediately revert to its abnormal state (unless the metabolic defect has 

been corrected) and gallstone formation will immediately begin again. Thus, in 

most series, at the end of approximately two years after cessation of therapy, 
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at least 50% of the patients will manifest recurrent gallstones. This 
recurrence rate is probably the same in patients treated with UDC or CDC. 

The potential toxicity of these two agents is summarized in Table 6. As 
discussed earlier, CDC is a substrate for bacteria that have the ?a dehydroxy­
lase enzyme. Hence, when CDC is fed, large_ amounts of lithocholic acid 

UDC CDC 

Table 6 Liver Damage None (±) (?) 

Elevation of LDL None (±) 
Diarrhea None (±) 
Calcification of Stones 7-10% 7-1 Oo/o 

are formed. In experimental animals this leads to very serious liver damage. 
While the liver of man has a great capacity to detoxify lithocholic acid by 
sulfation, there is, nevertheless, significant liver function abnormalities seen 
in fully one third of the patients who are placed on CDC. In contrast, the 
human intestine contains few bacteria that are capable of removing the 713 
hydroxyl group from ursodeoxycholic acid; hence, feeding this bile acid does not 
generate large amounts of 1 ithochol ic acid and there is no evidence that it 
produces liver toxicity in either animals or man. Since UDC feeding does not 
inhibit bile acid synthesis and actually decreases the rate of cholesterol 
absorption, there is no elevation of LDL-cholesterol during therapy with this 
agent. In contrast, CDC feeding suppresses bile acid synthesis and has little 
effect on cholesterol absorption so that it is likely that after long-term 
feeding there will be a progressive rise in the circulating levels of plasma 
cholesterol, particularly in the LDL fraction. Since UDC is so hydrophilic, it 
does not interact with the colonic membrane and produce diarrhea, whereas CDC 
feeding commonly produces a bothersome diarrhea by increasing the rate of 
colonic electrolyte and water secretion. 

Thus, in summary, both UDC and CDC will desaturate bile but UDC is far more 
effective in bringing about dissolution of pre-existing gallstones. 
Furthermore, UDC apparently is not toxic to the liver, does not elevate 
circulating LDL levels and does not produce diarrhea. There seems to be little 
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question, therefore, that UDC is the superior agent for altering bile 

physiology. Unfortunately, at this time, only CDC is available in the United 

States even though UDC has been used extensively in Europe for a number of 
years. 
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APPENDIX 

THE FOLLOWING INFORMATION IS FOR THE CLINICAL USE OF CHENIX, A PREPARATION 

OF CHENIC ACID, WHICH IS THE ONLY BILE ACID CURRENTLY APPROVED IN THE UNITED 

STATES FOR THE DISSOLUTION OF GALLSTONES. 
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How and Why CHEN!~ Works: 
Bile Acid Metabolism/Mechanism 
of Action 

Bile is. among other things, the major pathway for 
the excretion of cholesterol . a water-insoluble sub­
stance normally held in solut1on within micelles of 
bile salts and lecithin. An excess of cholesterol or a 
deficiency of bile salts or lecithin causes bile to 
become super-saturated with cholesteroL When th1s 
occurs, microscopic crystals of undissolved choles­
terol can often be detected 1n fasting gallbladder 
bile samples. These crystals may stay suspended 
and cause no problem; however, when certain as­
yet-undefined conditions ex1st. the crystals precipi­
tate to Initiate cholesterol gallstone formation. 

The supersaturation of bile with cholesterol 
may occur under several conditions. It appears that 
abnormalities in hepatic enzyme systems may play 
an important role in cholesterol gallstone formation. 
If there IS an increase in HMG GoA-reductase ac­
tivity. cholesterol synthesis IS increased. A decrease 
in ?-alpha hydroxylase activ1ty can also result in 
higher concentrat1ons of cholesteroL Other disor­
ders thai may contribute to the supersaturation of 
cholesterol 1n bile include obesity. hyperlipidemia 
and diabetes mellitus. Drugs such as estrogen. oral 
contraceptives and clofibrate may induce increased 
cholesterol saturation. In advanced l1ver disease or 
disease of the term1nal ileum. b1le salt def1c1enc1es 
may result, leading lo lithogenic bile. 

Supersaturation of bile. alone. is not suff1cient to 
produce cholesterol stones. although it IS probably 
the most important factor. Changes within the gall­
bladder. such as development of a nidus for choles­
terol precipitation and pH alterations can contribute 
to the organic matrix necessa ry for gallstone 
formation. 

CHENIX~ at Work 
CHENIXl (chenod1ol) is a therapeutic agent com­
posed of chenodeoxycholic acid. a naturally 
occurring human bile acid . Administered in 
therapeutic doses. to carefully selected patients. 
CHENIX~ is capable of decreas1ng biliary choles­
terol saturation. Though cholic acid , a primary bile 
acid , can expand the bile acid pool, it is not capable 
of cholesterol desaturation. 

CHEN IX! · acts primarily through suppression of 
hepatic cholesterol synthesis and subsequent se­
cretion.' Chenodiol reverses the process of choles­
terol gallstone formation by reduc ing the molar 
ratio of cholesterol to bile acid and lecithin in bile. 
Cholesterol gallstones gradually dissolve in the 
daily flow of fresh unsaturated bile. Therefore. a well­
funct ioning gallbladder IS necessary for gallstone 
dissolution therapy with CHEN IX. 

I 
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CHEN IX® is well absorbed from the small Intes­
tine. and taken up by the liver. There. chenod1ol IS 
converted to its taurine and glyc1ne conJugates. 
becomes part of the bile acid pool and enters the 
enterohep(ltic circulation . At steady state . an 
amount of chenodiol (approximately equal to the 
daily dose) escapes to the colon and is converted to 
lithochol ic acid About 80% of the lithocholate IS 
excreted in the feces, and the remainder 1s con1u· 
gated in· the live r. Dur ing CHENIX th erapy_ 
lithocholic acid is increased from 1% to 4% of the 
bile acid pooL 

It is important to note that both desaturation of 
bile and clinical dissolution of cholesterol stones 
with chenodiol have been shown to be dose related 
This factor, plus proper patient selection and careful 
monitoring are essential to successful CHENIX'' 
therapy. 

Diagnosis: Radiography and 
Ultrasonography 
Many cases of gallstones are discovered COinciden­
tally when x-rays or other tests are conducted as 
part of a rout1ne medical examinat1on In other 
cases. though. the patient presents with obvious 
clinical problems. Intermittent mild pain or sudden 
terrifying pain in the stomach accompanied by 
vomiting may be the initial symptoms Often the 
patient has suffered for years with nagging symp­
toms or distention or discomfort following the Inges­
tion of meals, high in fat content. In more severe 
cases. if gallstones have obstructed the flow of bile. 
jaundice may be evident. 

When gallstones are suspected . the diagnosis 
can be confirmed either by x-ray or ultrasound tech­
nique. In many health centers. sonograms have 
replaced cholecystograms in the d1agnosis of gall­
stones. However. a cholecystogram IS necessary 
prior to CHEN IX therapy to determine the presence 
of a functioning gallbladder and radiolucent stones 
If the gallbladder fails to opacify on oral cholecysto­
gram. the patient is not a candidate for CHENIX 
therapy. A sonogram may be su1table for detect1ng 
the presence of gallstones. but an oral cholecysto­
gram (OCG). and perhaps a plain film of the abdo­
men to detect subtle calcification. IS needed to 
determine the prospect of successful gallstone diS­
solution. '' ·' An oral cholecystogram should include 
several films. including one view with the pat1en1 
upright, using a horizontal beam. to detect floatable 
stones. 

It is important to note that floatability of stones 
cannot be assessed by ultrasound in the absence of 
dye. Chemical analysis has shown floating stones to 
be essentially pure cholesteroL Pred1ct1on of gall­
stone type is essential to proper patient select1on for 
CHENIX therapy. The fol lowing examinat1ons w1ll 
help determine the CHENIX candidate· 



1 Oral cholecystogram - Th1s •S h•ghly accurate 
•n determn.ng the presence of gallstones and 
est•mat•ng stone s•ze. when the gallbladder •s 
sat •sfactortly out11ned ·' Most •mportant. it reveals 
whether or not the ga:tbladder is funct ioning It 
has been suggested •n order to avo•d the need 
for a repeated cholecystogram (due to poor 
opac•f•ca tion of the gallbladder). that pat•ents be 
g•ven s·ngle doses of the contrast agent on two 
corsecut•ve days. followed by the rad•ogram on 
the th.rd day · 

2 Ultrasonography- Sonograms. too. are h•ghly 
accurate in detect,ng gal lstones and with very 
sma:t stones may offer a better screentng 
method than the cholecystogram However. 
sonograms cannot determ•ne ga!lbladder func­
l•on or stone lucency Pat•ents shot..ld fast for at 
leasi 6 hours pr•or to the sonographic exam•na­
t,or Th1s •nst.. res o•stent.on of the gallbladder 
Sonography •s not ef1ect.ve 1n the pat ,ent whose 
ga•lbladder •S •n an urusual s•te or hidden by 
overly•ng structures · 

A maJOr advantage ot sonography •S that .t •s 
non1nvas•ve Also t.. itrasound waves have no 
known harmful ef1ects 

Patient Selection 
Rao•olucency and furct.on•ng gallbladder are the 
keys to proper pat•ent select•on CHENIX·• can diS­
solve gallstones that are pnmanly compnsed of 
cholesterol It 1S •nd•cated for the d •ssolut•on of 
rad•olucent stones .n well-opac,fy•ng gallbladders 
•n pat•ents expected to need surg•ca l •nlervent•on 
1e cholecystec tomy These pat •ents must be at r1sk 
of st..rg•cal morb,o•ty or morta ltty because of sys­
tem.c d•sease or age Pat•ents should have normal 
uver funct •on 

Proper pat•ent select•on •s an essent•al factor 1n 
the successful outcome of CHEN IX therapy. Below. 
the key cnter •a for the CHENIX cand •date are 
diSCLSSed 
• Rad1ograph1C features - Rad1olucent stones may 

have r1ms or centers of opac1ty represent•ng ca t­
c•f•cat1on P•gment stones and part •ally calctf1ed 
raoiolucent stones do not respond to chenod1ol 
Floatable stones are exclus •vely cholesterol 
stones Among nonfloatable rad•olucent stones. 
cholesterol stones are likely to be smooth sur­
faced . less than 0 6 em in diameter and to occur •n 
numbers tess than 10. CHENIX IS recommended 
for pat •ents whose stones measure less than 15 
mm •n d1ameter The likelihood of successful diS­
solut•on IS far greater if the stones are floatable 

• Surg•cal nsk-CHENIX is su•table therapy for the 
patient cons1dered a high surgical risk. Overall 
surgical morbidity and mortality 1ncrease w1th age. 
Other compl1catons that may make the patient a 
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surg•cal nsk •nclude card•opulmonary d•sease. d •· 
abetes. chron•c obstruct•ve lung d•sease and 
obes•ty · Relat•vely young pat •ents mght be better 
treated by surgery rather than CHEN IX. because 
treatment w1th chenod•ol. •f successful. •s assoc•­
ated w.th a high rate of recurrence The long-term 
consequences of repeated courses of chenod•ol 
•n terms of liver tox•city and elevated cholesterol 
levels are not known 

• Pat•ents must have a funct ioning gallbladder. 
• Female pat•ents must not be pregnant dunng 

treatment 
• Pat •ents must have normal liver funct •on. w•th no 

ev•dence of pr.or liver d•sease Refer to WARN­
INGS and ADVERSE REACTIONS •n of11c•al Direc­
tions for use 

Dosage and Duration of Therapy 
As ment.oned prev.ously. successful d•ssolut•on of 
gallstones •s dose related The fo llow;ng gu1de1•nes 
are recommended for proper dosage and durat.on 
of therapy 
• Dose range-CHEN IX~ should be adm•n•stered 'n 

doses of 13 to 16 mg kg •n two d•v•ded doses. 
morn•ng and n•ght. 

• ln•t•al therapy- Beg;n wth 500 mg,day for the t.rst 
two weeks 

• Step-up therapy- Increase by 250 mg,day unt I 
recommended or max• mum tolerated dose •s 
reached 

• Temporary dosage adjustment- If d•arrhea oc ­
curs dunng 1n111al therapy or through the course of 
treatment. '' can be centro led by temporary dos­
age adJUStment unt tl symptoms abate Aller tJ-o1s 
the prev•ous dose •s usually tolerated 

Durat1on of CHEN IX' therapy 1S based on pro­
gress oeterm•ned through clin•cal mon1lortng Oral 
cholecystograms or sonograms w il l ino •cate 
whether dissolut•on •s tak•ng place. Complete d•s­
solut•on should be conftrmed by a repeat test after 
one to three months of cort •nued CHENIX·• therapy 
Sonograms have not been evaluated for detect .ng 
part•al d•ssolut ion but are perhaps more sens•t•ve for 
conftrm•ng total d•ssolut•on 

Most pat •ents who eventually ach1eve complete 
d •ssolut •on will show part1al (or complete) d •s­
solutlon at the ftrst on-treatment cholecystogram. 
CHENIX~ should be d •scontinued 1f there •s no 
response by 18 months Safety of use beyond 24 
months has not been established 

Monitoring Therapeutic Progress 
• D•ssolut ion. 

- OCG or sonogram at 6-to 9-month Intervals 
- Complete dissolution should be conftrmed by a 

repeated cholecystogram 1 to 3 months later. 



while patient continues on CHEN IX® therapy. 
-If dissolution is not seen by 9 to 12 months. 

the likelihood of success is greatly reduced. 

• Enzyme levels: 
-Monitor SGOT and SGPT monthly for the first 

3 months 
-Monitor SGOT and SGPT at 3 month intervals 

thereafter. 
-Minor elevattons (1Y> to 3 times upper limtts of 

normal) will usually return to normal. but those 
persisting longer than 3 to 6 months require 
disconttnuation of CHENIX® until levels return 
to normal. At that time. CHENIX therapy can 
resume usually without incident. 

-Major elevations (over 3 times the normal) 
requtre discontinuation of therapy and usually 
reoccur on challenge 

• Serum cholesterol. 
- Monitor serum cholesterol at 6-month intervals. 
-It may be advisable to discontinue CHENIX® 

if cholesterol rises above the acceptable limit for 
a given patient. 

• Bile acid diarrhea· 
- Patients should be instructed to anticipate the 

possible occurrence of diarrhea. 
- It occurs ,n 30% or more of the patients 
- Tem por ar ily lower ing da ily dosag e of 

CHEN IX! by 250 mg will often resolve the 
problem ' 

- Higher doses are usually tolerated in a week 
or two 

- Diarrhea has required discontinuation of ther­
apy in about 3% of the pattents. 

• Biliary cholic/acute cholecystitis· 
- Patients should be instructed to report symp­

toms immediately. 
-In such cases. evaluate the need for surgery. 
- In all stud ies with chenodiol there has been 

no ind ication that part1al dissolution has led 
to these complications. 

• Recurrence: 
- May be expected within five years in 50% of the 

cases 
-After conftrmed dissolution. treatment is gen­

erally stopped. 
-Annual OCG or sonograms can be used to 

monitor the pat ient. Radiolucency and gal l­
bladder funct ion should be reestabl ished 
before start ing another course of treatment 
wtth CHENIX® 

-Prophylactic dose has not been establ ished. 
and reduced doses are not recommended. 

-Low cholesterol or carbohydrate diets have 
been reported to reduce biliary cholesterol in 
some cases 

-Weight control is recommended 
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Patient Compliance and Aids to 
Compliance 
Compliance is a critical fac tor in successfu l 
CHENIX® therapy. As d issolut ion of rad to lucent 
stones generally requires 6 to 24 months of treat ­
ment. patients must have a knowledgeable commtt­
ment to therapy. 

Mult ip le factors can influence pat tent ad­
herence to ' the prescnbed course of CHEN IX • 
treatment": 
• Simple dosing regimen-Compliance may be en­

hanced by simple dosage schedules 
• Duration of treatment-Compliance failure may in­

crease with long-term treatment. 
• Side effects-Compliance failure increases tn the 

presence of side effects. 

Who is The Non-Compliant Patient? 
Socio-demographic characteristics of the non-com­
pliant patient do not conclusively indicate a "patient 
type:· Some studies suggest that females (78% of 
gallstone pat ients) may be less compl iant than 
males. However. several other personal factors may 
contribute to compliance". 

• Patient satisfactton with medical care 
• Support from family and friends. 
• Stable living situation. 

Compliance Starts in The Office 
The physician-patten! relationship can play an im­
portant role in achieving compliance. Pattents must 
be informed and willing partners in treatment. Physt­
cians who question compliance in a nonrudgmen­
tal . nonthreatening manner are likely to recetve a 
more reliable response from patients. 

It should be remembered that long watttng 
times in the office are a deterrent to treatment. Also. 
the quantity and the quality of time that is spent with 
the patient during an office visit can influence com­
pliance. In discussions with patients. the issue of 
compliance deserves significant time. Other office 
personnel can reinforce this discussion . Futher­
more. it has been suggested that simply paytng 
more attention to patients 1ncreases compliance. 

Rewarding and reinforcing compliance has 
been shown to be effective. Recognition and pra tse 
from the physician are positive "reinforcers" that may 
help to sustain or enhance compliance. 

If the patient misses an appointment. contac t 
should be made to reschedule. Efforts toward in­
creasing compliance begin with inittal treatment . but 
should be continued throughout treatment Wtth 
each patient visit . compliance should be evaluated 
and discussed. 

Explain, Inform and Discuss 
A sample checklist descnbes methods the pllyst ­
cian can use to enhance compliance 



Compliance Checklist 

E.xpta.n garlstones 

IPiorm how CHE.Ntx~ works. 

Suggest ct .• ng dose admrnistrat.on to 
events or :rrr.es of the day. 

E.stab'·sh rrost simple dosage schedL.Ie 
poss•b'e (b i d 0r once daily- please see 
IL. ·I rreSCPbing rnlormation) 

Encourage pat !enllo keep a Vvrrllen 
record of progress. appointments and 
cJares for pe,.od•c laboratory tests 
orOCG 

Obesity and Diet 
Obese rar ·ents tend to have a lrigh rrevatence of 
gaitsrones In aoa:t·on they are r.kety to have b 'e 
secretory character rstrcs tavor -ng ct,otesterol sat ­
urar ·on The obese patrer rt ·s generally consrdered a 
sur g•cal r sk. 

As a rest. t ot these !ac to rs .t woL.Id seem 
that the obe~e pa· ent :s a st. taiJ!e canordate for 
CHEN tX·' :t1erapy However. rt shoL.Id be noted that 
these pat .ents rend to requ.re t:.yt:cr doses of che­
noo·ot Wc·yllt reduc t.on rs a suggested rtan tor 
these patrents rf ~~ve · gt : t toss occt.rs. dosage re­
Qu·rements are tower ard ct1ances for successlul 
d •SSOir..oloon rcrease ' For pat :ents wllo are cons•cJer­
rng we•gllt reduCt•on ·t may be helplul to substrtute 
h:yh Iober foods lor 11-(Jh calorrc rntake. wherever 
poss•bte 

In the case of the non-obese rat rent a change 
rn o.et may play a rote rn successful d•ssolt;t .on. 
although the eflects are probably mrnor Low choles­
terol ard hrgh frber d iets may enhance progress ,. 

The National Cooperative 
Gallstone Study 
The Unrted States Nat•onal Cooperatrve Gallstone 
Study (NCGS) was a doubte-blrnd study conducted 
to determ·ne the efl ·cacy and safety of randomly 
at located chenod•ol or placebo ., The study. adm:n­
istered over 2 years. involved 916 pat rents wrth radr­
o'ucent gallstones Srnce the r>t.blrcat ion of the 
study rn 1981 . there have been some quest ions 
about rts results. The drscussron that follows seeks to 
ctar •fy these rssues 

• Dosage - The NCGS dosage regimen was rnade­
quate in vrew of what now rs known about che­
nodrot · The NCGS "high" fi xed dose of 750 
mg, day provrded on average only 9 0 mgi kg /day 
for the men in the study. and only 10.6 mg i kg /day 
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for the women. accountrng for the tow drssotutron 
rates reported (13 5% total . 40.8% total plus par­
Ira!) In a subgroup of 29 pat rents less than 100% 
ideal body weight. hence receiving higher body 
weight doses. there were 36.1% total dissotutrons 
and 76.3% total plus partials. White these NCGS 
pat rents were mainly "lhrn women:· Rowell Labora­
tories· .analysis of NDA data has shown rnsignifr­
cant differences in responses of thin vs obese 
pat ients and men vs women. within groups receiv­
irg the same body weight doses of chenodiol. 
Doses in the range from 13 to 16 mg,kg i day have 
produced total dissolut ion rates of 28% to 38%. 
d isregarding stone srze or bouyancy. and 42% to 
60% in patrents with stones < 15 mm in diameter. 
Floatable stones have double the drssotut ion rate 
of small nonfloatabte stones (70% or more vs 
35%) 
Many Plusses of the NCGS- Desp.te the short­
comings of the NCGS. this wett-contro:ted trrat has 
grven a wealth of rnformation on cho'e lrlhrasrs and 
on cherod•ol The bropsy study wllrch preceded 
the maJOr c:,n.cal trra t was the most extensrve yet 
allempted. and showed that chotelrthras•s pat •ents 
have substantial subclrnrcal !rver pathology. re . 
63% of untreated patrents wrth electron-mrc ro­
scop :c evrdence of rn trahepatic chotestasrs 
Baset rne demographic and cl inrcat character­
istrcs collected on the 916 pat rents entered rnto tile 
NCGS grve a most complete picture of radrotucent 
gallstones on whrch to design future studres 

Despite the retatrvety tow doses. much was 
learned of the potent ial hepatotoxic effect of che­
noorol . put into proper perspect ive by •nctusron of 
the placebo group. re . whrte chenodrol produced 
dose-related serum amrnotransferase etevatrons. 
a sig!,1ifrcant number ol etevatrons occurred rn the 
placebo group. and the number ot majOr eteva­
t•ons were not srgn:frcanlly d ifferent in treated and 
placebo groups . Of partrcutar importance . 
placebo pat rents wrth floatable stones were found 
to have srgnifrcanlly more problems (br!rary pa.n 
and cholecystectomy) than patrents w ith non­
floatable stones over the two-year course of 
NCGS: treatment w•th chenodrol provrded a much 
higher d :ssotut ron rate for floatable stones than 
nonftoatabte stones. and reduced both bilrary pa•n 
and cholecystectomies rn the group with lloatabte 
stones · 

Benefit to Risk Assessment 
Treatment wrth CHEN IX should be determined wrth 
a full understanding of the potentral benefrts and 
rrsks of the drug compared to atternalrve courses of 
management. 
1. Surgery- Cholecystectomy. the su rgrcal re­
moval of the gallbladder (conta inrng gallstones). rs 
the customary and established treatment for gall-



stones when treatment IS 1nd1cated It IS generally 
agreed that symptomatic gal lstones or complica­
tions of gallstones. such as acute cholecyst •IIS or 
choledocholithiaSIS are best treated by surgery 

Benefits-Surgery IS an effect1ve treatment for 
gallstones . reliev1ng symptoms 1n the ma,onty of 
pat1ents The mortality for these surg,cal pro­
cedures in pat,ents free of other d1seases and 
under 70 years of age is under 1 0% 

Rrsks-When d1seases of other organ systems 
are presen t. the mortality w1th surgery 1s In­
creased. and should common duct exptorat1on 
be required in conjuction w1th cholecystectomy. 
the surg ical mortality has a fourfold increase · 
Nonfatal complications of th1s operation and of 
anesthesia occur 1n at least 7% of pat1ents 
These 1nclude wound tnfection . pneumon 1a 
phlebitiS . urinary tract infect1on. bile duct tnfury. 
reta1ned gallstones and pancreat1t1s · 

2 Observation - When symptoms are minor and 
nonspecific. some physicians recommend obser­
vation rather than surgery as the better and safer 
course 

Benefits-Although prec1se tnformal1on is not 
available. about 50% of patients w1th gallstones 
and minor symptoms observed for 10 to 20 
years do not develop cholecysttiiS or require 
cholecystectomy. 

Rrsks-About 50% of pat1ents with gallstones 
and minor symptoms observed for 10 to 20 years 
develop cholecystitiS and require cholecystec­
tomy Complicat1ons of gallstones increase w1th 
time. The compt,cations include obstruct1on o r 
infection of the b ile ducts. pancreat1c inftamma­
lton. f1stuta format ion or perforat1on and. remotely. 
malignancy of the gallbladder. Once complica­
tions of gallstones have occurred . the mortality 
and nonfatal complicat ions of operation are 
increased. 

3. Gallstone Dissolution with CHENIX­
Cholesterol gallstones may be successfully diS­
solved with chenodiol in pat tents who have a 
funct ioning gallbladder 

Benefits-Successful dissolution of gallstones 
will elimtnate the gallstones while avoidtng the 
risk of surgery and 1ts attendant compl1cat,ons 
and costs . The probability of success IS en­
hanced by careful pat ient select ton. correct dos­
age and act1ve programs des igned to 
encourage patient compliance 

Risks- Gallstone dissolut ion with CHEN! X may 
not prevent complicat ions of gallstones (1e. ac­
cute inflammation of the gallbladder. )aund1ce. or 
severe pain). and surgery may still be necessary 
These compt1cations. once they occur. have an 
increased mortality and nonfatal complicat1on of 
surgery. Persistent liver enzyme elevations dur-
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1ng CHEN! X therapy has been reported "' 3% of 
patients In these cases. CHEN IX therapy should 
be d 1scont1nued. Elevated CHENIX therapy 1s 
accompan1ed by dose-related d•arrhea 1n ap­
proximately 35% of the pat1ents. and d 1scon­
tinual10n of CHEN! X because of fa 1ture to control 
d1arrhea IS to be expected 1n aboc~t 3°'<. of the 
pat1ents treated 

Successful gallstone drSS01UI1on w1th CHEN iX 
IS h1ghly de.pendent on stone s1ze and number. 
co1nposii10n (cholestero:. noncalctl.ed cholesterol) 
and float1ng versus nonf1oat1ng stones For pat:ents 
w1th ltoating stones. d •ssolut•on rates of 70% or more 
can be expected. while nonftoat tng stones 1n some 
stud1es had a success rate of only 27%. The course 
of therapy may take up to two years for successful 
d •ssolul10n and there is a 50% recurrence of gall­
stones W1lh1n f1ve years of dissolut ,on 
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