Bilirubin Metabolism

Excretory function of bile

> Bile is a medium for excretion of many substances as bile pigments,
cholesterol, many drugs, toxins and various organic substances as
copper and zinc. These substances are then eliminated in the feces.

» One of these substances excreted in bile is the greenish yellow pigment
bilirubin. This is a major end product of hemoglobin degradation.

» It’s highly soluble in all cell membranes & is also very toxic.
Therefore, its excretion in the bile is one of the very important
functions of the liver.

FATE OF RED BLOOD CELLS

» Life span of RBCs in blood stream is 60-120 days.

» Senescent RBCs become too fragile to exist longer in the circulatory
system, their cell membranes rupture and they are phagocytosed and/or
lysed.

» Normally, lysis occurs extravascularly in the reticuloendothelial
system subseguent to RBC phagocytosis.

» Lysis can also occur intravascularly (in blood stream).

» The hemoglobin is first split into globin & heme.

» The AA formed from breakdown of globin are stored in the body.

Metabolism of bilirubin

The heme ring is opened to give:

1. Free iron that is transported in the blood by transferrin and stored in the
body as a reservoir for erythropoiesis.

2. Bile pigments:

< The 1* pigment is biliverdin but it is rapidly reduced by biliverdin
reductase to free bilirubin which is gradually released into the
plasma.

s The free bilirubin is hydrophobic, immediately combines with
plasma proteins (mainly albumin and globulin) forming a water
soluble compound called hemobilirubin (unconjugated bilirubin)
which is rapidly transported to hepatocytes for further metabolism.
Even when bound to albumin it’s called free bilirubin.
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+¢ Bilirubin is absorbed through the hepatic cell membrane, mediated
by a carrier protein (receptor) & combined with Y & Z proteins that
trap the bilirubin inside the cells.

¢ Thereafter, in the liver cells hemobilirubin dissociates into protein
and free bilirubin.

¢ About 80% of bilirubin conjugates with glucuronic acid catalyzed
by the enzyme glucuronyl transferase. This enzyme is located
primarily in the smooth endoplasmic reticulum.

+¢+ Each bilirubin molecule reacts with 2 uridine diphospho-glucuronic
acid (UDPGA) molecules to form bilirubin diglucuronide
(cholebilirubin, conjugated bilirubin) which is more water soluble
than the free bilirubin.

%+ 10% conjugate with sulphate to form bilirubin sulphate,

s The final 10% conjugate with other substances.

s+ These forms of bilirubin are actively secreted by the liver cells by
an active transport process into the bile canaliculi.

%+ The color of bile is due to bilirubin.

« In normal adults this results in a daily load of 250-300 mg of
bilirubin.

% Normal plasma concentrations are less then 1 mg / dL.

Fate of conjugated bilirubin

» A small portion of the conjugated bilirubin returns to the plasma either
directly into the liver sinusoids or indirectly by absorption into the blood
from the bile ducts or lymphatics.

» This causes a small portion of the bilirubin in the extracellular fluid
always to be of the conjugated type rather than of the free type.

» Some of conjugated bilirubin escapes into the blood where it is bound
less tightly to aloumin & is excreted in the urine.

» Small amount of bilirubin glucuronide is deconjugated and absorbed
by the small intestine into the portal blood to the liver where it is
extracted by the liver cells and conjugate again and excreted in the bile
(enterohepatic circulation of bile pigments).

» The intestinal mucosa is relatively impermeable to conjugated bilirubin
but permeable to unconjugated bilirubin.
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» The majority of cholebilirubin passes via the bile ducts to the intestine
where it is transformed through bacterial action into urobilinogen which
is highly soluble.

Fate of urobilinogen

v Most of urobilinogen (70%) in the intestine is converted into
stercobilinogen, which is oxidized and excreted in the feces in the form of
stercobilin that causes dark brown color of the feces.

v Some of urobilinogen (20 %) of urobilinogen is reabsorbed through the
intestinal mucosa into the portal vein and passes to he liver and re-
excreted by the hepatic cells in the bile (enterohepatic circulation of
urobilinogen).

v/ Small amount of urobilinogen escapes to the general circulation and
excreted by the kidneys in the urine where it is oxidized to urobilin when
the urine is exposed to air.

Differentiation between conjugated & unconjugated bilirubin

By van den Bergh reaction:

1- If the bilirubin is of the conjugated type:

An immediate reaction occurs with van den Bergh reagent (which gives a
colorimetric change), and the reaction is called a direct van den Bergh
reaction.

* Conjugated bilirubin + Diazo reagent |:> Purple color

2- If the bilirubin is of the unconjugated (free) type:

One must add ethanol to the plasma. This precipitates the protein and
frees albumin from its protein complex so that it can combine with van
den Bergh reagent. This causes the colorimetric changes to be much
stronger, and the additional result is called the indirect van den Bergh
reaction.

* Unconjugated bilirubin + Ethanol |:> Free bilirubin

* Free bilirubin + Diazo reagent |:> Purple color.

3- Biphasic van den Bergh reaction:

It occurs when blood contains both conjugated and unconjugated
bilirubin.

In this case purple color appears without adding alcohol and is intensified
after adding it.
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It should be noted that:

Transport of bilirubin in plasma occurs in two forms:
1- Unconjugated bilirubin

* It is indirect reacting bilirubin-hemobilirubin.

* It is the chief form of bilirubin in the blood.

* It bound to albumin.

* It is not filtered through renal glomeruli and hence not present in urine.
2- Conjugated bilirubin

« It is direct reacting bilirubin-cholebilirubin.

* It is present in low conc. in the blood.

* It bound to glucuronic acid.

« It is filtered through renal glomeruli & excreted in urine.

Other Substances Conjugated by Glucuronyl Transferase

% The glucuronyl transferase system in the smooth endoplasmic
reticulum catalyzes the formation of the glucuronides of a variety of
substances in addition to bilirubin.

¢+ The list includes steroids & various drugs. These other compounds can
compete with bilirubin for the enzyme system when they are present in
appreciable amounts.

+ In addition several barbiturates, antihistamines, anticonvulsants and
other compounds can cause marked proliferation of the smooth
endoplasmic reticulum in the hepatic cells, with a concurrent increase in
hepatic glucuronyl transferase activity.

¢+ Phenobarbital has been used successfully for the treatment of a
congenital disease in which there is a relative deficiency of glucuronyl
transferase (type 2 UDP-glucuronyl transferase deficiency).

Other Substances Excreted in the Bile

¢+ Cholesterol & alkaline phosphatase are excreted in the bile.
* In patients with jaundice due to intra or extra hepatic obstruction of
the bile duct, the blood levels of these 2 substances usually rise.
* A much smaller rise is generally seen when the jaundice is due to
non obstructive hepatocellular disease.
+¢+ Adrenocortical, other steroid hormones & a number of drugs are
excreted in the bile and subsequently reabsorbed (enterohepatic
circulation).
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Causes and Pathogenesis of Jaundice

Hyperbilirubinemia (Jaundice, I cterus)

@ It is the yellow coloration of the skin, sclera, mucous membranes and
deep tissues.

€ The usual cause is large quantities of bilirubin in the ECF, either free
or conjugated bilirubin.

€ The normal plasma concentration of total bilirubin is 0.5 mg/d|.

& However, in certain abnormal conditions this can rise up to 40 mg/dl.

@ The skin usually begins to appear jaundiced when the concentration of
total bilirubin in the plasma is greater than 2 mg/dl (34 pmol/l).

@ Bilirubin level from 0.5 to 2 mg/dl is called subclinical jaundice.

Classification of jaundice

& Prehepatic (hemolytic) jaundice
& Hepatic (hepatocellular) jaundice
& Poshepatic jaundice

Prehepatic (hemolytic) jaundice

& In hemolytic jaundice, the excretory function of the liver is not
impaired.
# It results from excess production of bilirubin (beyond the livers ability
to conjugate it) following hemolysis.
& Excess RBC lysis is commonly the result of:
» Autoimmune disease;
» Hemolytic disease of the newborn
» Rh- or ABO- incompatibility;
» Structurally abnormal RBCs (Sickle cell disease);
» Breakdown of extravasated blood

& Therefore the plasma concentrations of free bilirubin (hemobilirubin)
rises to levels much above normal but it is not filtered through the
Kidney.

& The urine is free from bilirubin (acholuric jaundice).

& Van der Bergh reaction is indirect.

& The stools appear darker than the normal color due to excessive
stercobilin formation.
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Hepatic (hepatocellular) jaundice

Hyperbilirubinemia may be due to:
@ Impaired uptake of bilirubin into hepatic cells.
@ Disturbed intra cellular protein binding or conjugation.
@ Disturbed active secretion of bilirubin into bile canliculi.
The causes may be due to:
* Damage of liver cells e.qg., viral hepatitis, drugs, chemical,
alcohol, or toxins.

* Genetic errors in bilirubin metabolism.
* Genetic errors in specific proteins.
* Autoimmune hepatitis.

&= T he diseased liver cells are unable to take all the unconjugated
hemobilirubin formed, increasing its concentration in the blood.

&Also, there is intrahepatic biliary duct obstruction that leads to
regurgitation of conjugated bilirubin to blood.

&Both types of bilirubin (conjugated & unconjugated) are present in
blood in high concentration.

&\Van den Bergh reaction is biphasic.

&=Stools appear pale grayish in color due to deficiency of stercobilin.

&Urine appears dark brown due to filtration of excess conjugated
bilirubin through the kidney.

&=In this case, hyperbilirubinemia is usually accompanied by other
abnormalities in biochemical markers of liver function.

Posthepatic jaundice

Caused by an obstruction of the biliary tree:
1- Intrahepatic bile duct obstruction e.g.

* Drugs

* Primary biliary cirrhosis

* Cholangitis.
2- Extrahepatic bile duct obstruction e.g.

* Gall stones.

* Cancer head pancreas.

* Cholangiocarcinoma.

& The rate of bilirubin formation is normal, bilirubin enters the liver cells
and become conjugated in the usual way.
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&= T he conjugated bilirubin formed simply cannot pass into small

intestine and it returns back into blood.

&\Van den Bergh reaction is direct.
&=In this type of jaundice, conjugated bilirubin is filtered through the

kidney and appears in urine giving it dark brown (liquorice) color.
&Urine is free from urobilinogen.
&= Stools are clay color due to absence of stercobilin.

Differential Diagnosis of Jaundice

Prehepatic Hepatic Posthepatic
Unconjugated ﬁ ﬁ Normal
Conjugated Absent ﬁ‘ ﬁ
VDB Indirect Biphasic Direct
AST & ALT Normal ﬁ Normal
ALP Normal Normal ﬁ
. e Present Present
Urine bilirubin Absent (dark brown) (liquorice)
Urine urobilinogen Present Present Absent
- ﬁ Absent
Stercobilin Darker Pale grayish (Clay Color)
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Neonatal Jaundice

s Common, particularly in premature infants

+¢ Transient (resolves in the first 10 days)

¢ Due to immaturity of the enzymes involved in bilirubin conjugation

+ High levels of unconjugated bilirubin are toxic to the newborn — due to
its hydrophabicity it can cross the blood-brain barrier and cause a type
of mental retardation known as kernicterus

+¢ If bilirubin levels are judged to be too high, then phototherapy with UV
light is used to convert it to a water soluble, non-toxic form.

¢ If necessary, exchange blood transfusion is used to remove excess
bilirubin.

¢+ Phenobarbital can be administered to the mother prior to an induced
labor of a premature infant — crosses the placenta and induces the
synthesis of UDP glucuronyl transferase.

+¢+ Jaundice within the first 24 hrs of life or which takes longer then 10
days to resolve is usually pathological, needs to be investigated
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