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 XE "Biliary Disease" BILIARY DISEASE

Bilirubin is a by-product of heme degradation. Initially it is water-insoluble and excreted in bile after its conversion (via conjugation in the hepatocyte) to water-soluble glucoronides in the liver. 

Hyperbilirubinemia: abnormal ( in serum bilirubin ( jaundice or icterus when the level > 2.5 - 3.0 mg/100 ml.  

Cholestasis, or defective bile secretion, may be due to the failure of the hepatocyte to secrete bile (intrahepatic cholestasis) or due to disease processes that involve the intrahepatic or extrahepatic bile ducts.

Bilirubin Formation

Heme + 02 (  Biliverdin, Fe, CO

Biliverdin (
Bilirubin + 2H

Bilirubin: Orange-colored tetrapyrrole. Principal degradation product of heme. The destruction of the heme moiety of hemoglobin in senescent RBC occurs in the reticulendothelial system (Bone marrow, spleen and liver) and accounts for 80% of the total bilirubin production. The remaining 20% of bilirubin comes from heme containing enzymes (primarily from the liver; cytochrome P-450, catalase). Red blood cells are degraded mostly in the spleen.

Heme: dissociated from its apoprotein (e.g. globin) ( converted to biliverdin by heme oxygenase in RE cells (hepatocytes, Kupifer cells and renal tubular cells). 

Biliverdin: green and water soluble pigment, is converted to bilirubin by cytosolic NADPH dependent enzyme biliverdin reductase in the RE cells. 

Sources of Bilirubin

1)
Bilirubin production is 250 - 350 mg daily in average adult.

2)
Destruction of senescent RBC.

3)
Turnover of hemoproteins (e.g., cytochrome P-450 and catalase).

4)
( rate of RBC breakdown from hemolysis and resorbing hematomas may ( unconjugated hyperbilirubinemia.

5)
Ineffective erythropoiesis: pernicious anemia, thalassemia, dyserthropoietic anemia, porphyria, lead poisoning ( ( heme release ( unconjugated hyperbilirubinemia.

Transport and Conjugation of Bilirubin

Unconjugated bilirubin is primarily bound to albumin.

There is a small amount of unbound bilirubin in the plasma and is presumed to be the fraction available for the transit across the blood-brain barrier. Kernicterus (neonatal brain damage) may occur when the unbound bilirubin level is increased by the displacement of albumin-bound bilirubin by drugs (e.g., sulfonamides, anagelsics, diuretics), free fatty acids or acidosis.

Bilirubin uptake from the plasma occurs through fenestrations in the hepatic sinusoids by a carrier-mediated mechanism. This permits the albumin-bound bilirubin direct access to the hepatocyte plasma membrane. The albumin to which the bilirubin is bound does not accompany the pigment into the hepatocytes. Uptake is not rate-limiting.  

Intracellular transport occurs by the cytosolic carrier proteins ligandin and fatty acid binding protein (glutathione-S-transferase B). These cytosolic macromolecules appear to limit the efflux of bilirubin from the hepatocytes back to the plasma.

Bilirubin conjugation occurs in the hepatocytes' endoplasmic reticulum (ER) by the enzyme system UDP-glucuronyltransferase. This makes the bilirubin soluble in water; bilirubin mono & diglucuronides (conjugated bilirubin). Secretion of bilirubin conjugates can then take place from the hepatocytes into the sinusoids.

1)
Bilirubin + UDP-glucoronic acid -* biilirubin monoglucoronide (BMG

2)
BMG + UDP-glucoronic acid -~ bilirubin diglucoronide (BDG)

Almost all bilirubin is excreted in bile in the conjugated form.. Normal bile contains about 80% BDG and 20% BMG. Less then 1 % of the bilirubin excreted in the bile is unconjugated.

Conjugated bilirubin transport from the liver cell to the canalicular space involves a carrier-mediated process. Membrane carriers appear to be involved (one of which is defective in Dubin-Johnson syndrome), the Multi-Organic-Anion-Transplanter (aMOAT).

Conjugated bilirubin is not reabsorbed by the gallbladder or intestine, and is secreted in bile and drained into the alimentary canal.

Enterohepatic circulation results from the reduction of bilirubin by intestinal bacteria mostly in the colon (some in the distal intestine). This results in the formation of urobilinogens. About 20% of urobilinogen is reabsorbed via the portal circulation, and is promptly re-excreted by the liver into the bile (i.e., enterohepatic circulation) A small fraction of the daily urobilinogen (-2%) is excreted in the urine.

Pathophysiology of Bilirubin Metabolism

Normal serum values are:

1.
Total bilirubin <1.0 mg/l00 ml (<17 umol/L)

2.
Direct reaction (conjugated fraction) is <0.3 mg/l00 ml (<5)
Increased Production

1.
Hemolysis: Excessive destruction of circulating RBC. May be intravascular (hemolytic anemias) or extravascular (hematomas-breakdown of extravasated RBC’s). Hemolysis is the most frequent mechanism for bilirubin overproduction. It is uncommon for the bilirubin to > 4 mg/dl w/hemolysis if hepatic clearance is Nl.

2.
Ineffective Erythropoiesis: RBC are not produced normally as in pernicious anemia, thalassemia and sideroblastic anemia ( excess heme production.

Impaired Hepatic Uptake

Drugs may compete with bilirubin for sinusoidal membrane transport or with binding to the cytosolic binding proteins. Examples include rifampin, probenicid, rifamycin, and some radioplaque dyes. These defects are rare and ill-defined.

Impaired Bilirubin Conjugation 

(Bilirubin UDP-glucoronosyl transferase activity)

1)
Crigler-Najjar disease, Type I: severe unconjugated hyperbilirubinemia due to lack of hepatic bilirubin-UDP-glucuronyltransferase activity. This is fatal in early youth.  Liver transplant. Unconjugated bilirubin > 20

2)
Crigler-Najjar disease, Type II: ( activity of hepatic bilirubin- UDP glucuronyltransferase activity; responsive to enzyme induction with phenobarbital; rare and less severe.

3)
Gilbert's syndrome: ( activity.  Benign condition, occurs in about 8% of the normal adult population; mild unconjugated hyperbilirubinemia (T bili of 2.5 with direct fraction of 0.1 mg/dl). Mild jaundice may occurs with stresses such as dehydration or infection. Later in life and asymptomatically.  

4)
Physiologic jaundice of infancy (Neonatal Jaundice): ( level of bilirubin-UDP glucuronyltransferase activity at birth which soon corrects itself. Thought to be due to the immaturity of the conjugating and possibly the hepatic transport steps (e.g. ligandin). When associated with hemolysis (e.g. erythroblastosis fetalis), ( in serum unconjugated bilirubin ( kernicterus (a syndrome of brain damage). Tx includes phototherapy and exchange transfusion.

Impaired Canalicular Biliary Secretion of Conjugated Bilirubin

1)
Dubin-Johnson syndrome: Inherited, autosomal recessive and benign defect in the transport of conjugated bilirubin across the canalicular membrane. This is an uncommon condition and is associated with a benign brown pigmentation in the hepatocyte. A mutated MOAT, an isoform of the resistance protein Mrp2, is a possible candidate for this defect

2)
Rotor syndrome: resembles D-J but without pigmentation. Presumably a separate but similar defect in bilirubin uptake and storage of bilirubin.


