2076 for canalicular bicarbonate secretion. For most of these transporters,
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genetic defects have been identified that are associated with various
forms of cholestasis or defects of biliary excretion. F1C1 is defective
in progressive familial intrahepatic cholestasis type 1 (PFIC1) and
benign recurrent intrahepatic cholestasis type 1 (BRIC1) and results
in ablation of all other ATP-dependent transporter functions. BSEP is
defective in PFIC2 and BRIC2. Mutations of MRP2 (ABCC2) cause the
Dubin-Johnson syndrome, an inherited form of conjugated hyperbilirubinemia (Chap. 359). A defective MDR3 (ABCB4) results in PFIC3.
ABCG5/G8, the canalicular half transporters for cholesterol and other
neutral sterols, are defective in sitosterolemia. The cystic fibrosis transmembrane regulator (CFTR, ABCC7) located on bile duct epithelial
cells but not on canalicular membranes is defective in cystic fibrosis,
which is associated with impaired cholangiocellular pH regulation
during ductular bile formation and chronic cholestatic liver disease,
occasionally resulting in biliary cirrhosis.

Disorders of the Gastrointestinal System

THE BILE ACIDS
The primary bile acids, cholic acid and chenodeoxycholic acid (CDCA),
are synthesized from cholesterol in the liver, conjugated with glycine
or taurine, and secreted into the bile. Secondary bile acids, including
deoxycholate and lithocholate, are formed in the colon as bacterial
metabolites of the primary bile acids. However, lithocholic acid is
much less efficiently absorbed from the colon than deoxycholic acid.
Another secondary bile acid, found in low concentration, is ursodeoxycholic acid (UDCA), a stereoisomer of CDCA. In healthy subjects,
the ratio of glycine to taurine conjugates in bile is ∼3:1.
Bile acids are detergent-like molecules that in aqueous solutions and
above a critical concentration of about 2 mM form molecular aggregates called micelles. Cholesterol alone is sparingly soluble in aqueous
environments, and its solubility in bile depends on both the total lipid
concentration and the relative molar percentages of bile acids and lecithin. Normal ratios of these constituents favor the formation of solubilizing mixed micelles, while abnormal ratios promote the precipitation
of cholesterol crystals in bile via an intermediate liquid crystal phase.
In addition to facilitating the biliary excretion of cholesterol, bile
acids facilitate the normal intestinal absorption of dietary fats, mainly
cholesterol and fat-soluble vitamins, via a micellar transport mechanism (Chap. 349). Bile acids also serve as a major physiologic driving
force for hepatic bile flow and aid in water and electrolyte transport in
the small bowel and colon.
ENTEROHEPATIC CIRCULATION
Bile acids are efficiently conserved under normal conditions.
Unconjugated, and to a lesser degree also conjugated, bile acids are
absorbed by passive diffusion along the entire gut. Quantitatively
much more important for bile salt recirculation, however, is the active
transport mechanism for conjugated bile acids in the distal ileum
(Chap. 349). The reabsorbed bile acids enter the portal bloodstream
and are taken up rapidly by hepatocytes, reconjugated, and resecreted
into bile (enterohepatic circulation).
The normal bile acid pool size is approximately 2–4 g. During
digestion of a meal, the bile acid pool undergoes at least one or more
enterohepatic cycles, depending on the size and composition of
the meal. Normally, the bile acid pool circulates ∼5–10 times daily.
Intestinal reabsorption of the pool is about 95% efficient; therefore,
fecal loss of bile acids is in the range of 0.2–0.4 g/d. In the steady state,
this fecal loss is compensated by an equal daily synthesis of bile acids
by the liver, and, thus, the size of the bile acid pool is maintained. Bile
acids in the intestine release fibroblast growth factor 19 (FGF19) into
the circulation, which is transported to the liver where it suppresses
synthesis of bile acids from cholesterol by inhibiting the rate-limiting
enzyme cytochrome P450 7A1 (CYP7A1) and also promotes gallbladder relaxation. While the loss of bile salts in stool is usually matched by
increased hepatic synthesis, the maximum rate of synthesis is ∼5 g/d,
which may be insufficient to replete the bile acid pool size when there
is pronounced impairment of intestinal bile salt reabsorption.
The expression of ABC transporters in the enterohepatic circulation
and of the rate-limiting enzymes of bile acid and cholesterol synthesis
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are regulated in a coordinated fashion by nuclear receptors, which are
ligand-activated transcription factors. The hepatic BSEP (ABCB11) is
upregulated by the farnesoid X receptor (FXR), a bile acid sensor that
also represses bile acid synthesis. The expression of the cholesterol
transporter, ABCG5/G8, is upregulated by the liver X receptor (LXR),
which is an oxysterol sensor.
GALLBLADDER AND SPHINCTERIC FUNCTIONS
In the fasting state, the sphincter of Oddi offers a high-pressure zone
of resistance to bile flow from the CBD into the duodenum. Its tonic
contraction serves to (1) prevent reflux of duodenal contents into the
pancreatic and bile ducts and (2) promote filling of the gallbladder.
The major factor controlling the evacuation of the gallbladder is the
peptide hormone cholecystokinin (CCK), which is released from
the duodenal mucosa in response to the ingestion of fats and amino
acids. CCK produces (1) powerful contraction of the gallbladder, (2)
decreased resistance of the sphincter of Oddi, and (3) enhanced flow
of biliary contents into the duodenum.
Hepatic bile is “concentrated” within the gallbladder by energydependent transmucosal absorption of water and electrolytes. Almost
the entire bile acid pool may be sequestered in the gallbladder following an overnight fast for delivery into the duodenum with the first meal
of the day. The normal capacity of the gallbladder is ∼30 mL of bile.

DISEASES OF THE GALLBLADDER
CONGENITAL ANOMALIES
Anomalies of the biliary tract are not uncommon and include abnormalities in number, size, and shape (e.g., agenesis of the gallbladder,
duplications, rudimentary or oversized “giant” gallbladders, and diverticula). Phrygian cap is a clinically innocuous entity in which a partial
or complete septum (or fold) separates the fundus from the body.
Anomalies of position or suspension are not uncommon and include
left-sided gallbladder, intrahepatic gallbladder, retrodisplacement of
the gallbladder, and “floating” gallbladder. The latter condition predisposes to acute torsion, volvulus, or herniation of the gallbladder.
GALLSTONES
Epidemiology and Pathogenesis Gallstones are quite prevalent in most
Western countries. Gallstone formation increases after age 50. In the
United States, the third National Health and Nutrition Examination
Survey (NHANES III) has revealed an overall prevalence of gallstones
of 7.9% in men and 16.6% in women. The prevalence was high in
Mexican Americans (8.9% in men, 26.7% in women), intermediate
for non-Hispanic whites (8.6% in men, 16.6% in women), and low for
African Americans (5.3% in men, 13.9% in women).
Gallstones are formed because of abnormal bile composition. They
are divided into two major types: cholesterol stones and pigment
stones. Cholesterol stones account for more than 90% of all gallstones
in Western industrialized countries. Cholesterol gallstones usually
contain >50% cholesterol monohydrate plus an admixture of calcium
salts, bile pigments, proteins, and fatty acids. Pigment stones are composed primarily of calcium bilirubinate; they contain <20% cholesterol
and are classified into “black” and “brown” types, the latter forming
secondary to chronic biliary infection.
Cholesterol stones and biliary sludge Cholesterol is essentially water
insoluble and requires aqueous dispersion into either micelles or vesicles, both of which require the presence of a second lipid to solubilize
the cholesterol. Cholesterol and phospholipids are secreted into bile as
unilamellar bilayered vesicles, which are converted into mixed micelles
consisting of bile acids, phospholipids, and cholesterol by the action of
bile acids. If there is an excess of cholesterol in relation to phospholipids and bile acids, unstable, cholesterol-rich vesicles remain, which
aggregate into large multilamellar vesicles from which cholesterol
crystals precipitate (Fig. 369-1).
There are several important mechanisms in the formation of lithogenic (stone-forming) bile. The most important is increased biliary
secretion of cholesterol. This may occur in association with obesity,
the metabolic syndrome, high-caloric and cholesterol-rich diets,

2/9/15 5:07 PM

