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The major sites of heme biosynthesis are the liver, which synthesizes a number of heme proteins (particularly the CYP proteins), and the erythrocyte-producing cells of the bone marrow, which are active in hemoglobin synthesis. [Note: Over 85% of all heme synthesis occurs in erythroid tissue.] In the liver, the rate of heme synthesis is highly variable, responding to alterations in the cellular heme pool caused by fluctuating demands for heme proteins. In contrast, heme synthesis in erythroid cells is relatively constant and is matched to the rate of globin synthesis. The initial reaction and the last three steps in the formation of porphyrins occur in mitochondria, whereas the intermediate steps of the biosynthetic pathway occur in the cytosol. [Note: Mature red blood cells (RBCs) lack mitochondria and are unable to synthesize heme.]Read less
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Catabolism of Heme and jaundice by BNP.pdf

	1. Catabolism of Heme:  Hyperbilirubinemia
and Jaundice
Biosynthesis of heme
The major sites of heme biosynthesis are the liver, which synthesizes a number
of heme proteins (particularly the CYP proteins), and the erythrocyte-producing
cells of the bone marrow, which are active in hemoglobin synthesis. [Note: Over
85% of all heme synthesis occurs in erythroid tissue.] In the liver, the rate of heme
synthesis is highly variable, responding to alterations in the cellular heme pool
caused by fluctuating demands for heme proteins. In contrast, heme synthesis in
erythroid cells is relatively constant and is matched to the rate of globin synthesis.
The initial reaction and the last three steps in the formation of porphyrins occur
in mitochondria, whereas the intermediate steps of the biosynthetic pathway
occur in the cytosol (see Figure 21.8). [Note: Mature red blood cells (RBCs) lack
mitochondria and are unable to synthesize heme.]
Degradation of heme
After approximately 120 days in the circulation, red blood cells are taken up and
degraded by the reticuloendothelial system, particularly in the liver and spleen
(Figure 21.9). Approximately 85% of heme destined for degradation comes from
senescent RBCs. The remainder is from the degradation of heme proteins other
than hemoglobin.
1. Formation of bilirubin: The first step in the degradation
of heme is catalyzed by the microsomal heme oxygenase system
of the reticuloendothelial cells. In the presence of nicotinamide
adenine dinucleotide phosphate and O2, the enzyme catalyzes
three successive oxygenations that result in opening of the
porphyrin ring (converting cyclic heme to linear biliverdin),
production of carbon monoxide (CO), and release of Fe2+ (see
Figure 21.9). [Note: The CO has biologic function, acting as a
signaling molecule and anti-inflammatory.] Biliverdin, a green
pigment, is reduced, forming the red-orange bilirubin. Bilirubin
and its derivatives are collectively termed bile pigments. [Note:
The changing colors of a bruise reflect the varying pattern of
intermediates that occurs during heme degradation.
 


	2. Note-
Bilirubin, unique to  mammals, appears to function at low levels as an antioxidant. In
this role, it is oxidized to biliverdin, which is then reduced by biliverdin reductase,
regenerating bilirubin.
Figure 21.8
 


	3. Figure 21.9
  


	4. 2. Uptake of  bilirubin by the liver:
Bilirubin is only slightly soluble in plasma and, therefore, is
transported to the liver by binding noncovalently to albumin.
[Note: Certain anionic drugs, such as salicylates and
sulfonamides, can displace bilirubin from albumin, permitting
bilirubin to enter the central nervous system (CNS). This causes
the potential for neural damage in infants. Bilirubin dissociates
from the carrier albumin molecule; enters a hepatocyte via
facilitated diffusion; and binds to intracellular proteins,
particularly the protein ligandin.
Hyperbilirubinemia and Jaundice
Hyperbilirubinemia is a condition in which there is too much bilirubin
in your baby’s blood.
When red blood cells break down, a substance called bilirubin is
formed. Babies are not easily able to get rid of the bilirubin, and it can
build up in the blood and other tissues and fluids of your baby’s body.
This is called hyperbilirubinemia. Because bilirubin has a pigment or
coloring, it causes a yellowing of your baby’s skin and tissues. This is
called jaundice.
Depending on the cause of the hyperbilirubinemia, jaundice may
appear at birth or at any time afterward.
causes hyperbilirubinemia
During pregnancy, the placenta excretes bilirubin. When your baby is
born, your baby’s liver must take over this function. There are several
causes of hyperbilirubinemia and jaundice, including:
 physiologic jaundice: occurs as a “normal” response to your
baby’s limited ability to excrete bilirubin in the first days of life
 breast milk jaundice: about 2 percent of breastfed
babies develop jaundice after the first week
 breastfeeding jaundice: occurs in some baby’s in the first week
due to low intake or dehydration
 


	5.  jaundice from  hemolysis: a condition that results from the
breakdown of red blood cells due to hemolytic disease of the
newborn (Rh disease), polycythemia, or hemorrhage
 inadequate liver function: due to infection or other factors
Symptoms may include:
 yellow coloring of your baby’s skin (usually beginning on the
face and moving down the body)
 poor feeding or lethargy
Jaundice
Jaundice (also called icterus) refers to the yellow color of skin, nail
beds, and sclerae (whites of the eyes) caused by deposition of
bilirubin, secondary to increased bilirubin levels in the blood (hyper-
bilirubinemia) as shown in Figure 21.11. Although not a disease,
jaundice is usually a symptom of an underlying disorder.
[Note: Blood bilirubin levels are normally about 1 mg/dl. Jaundice is
seen at 2–3 mg/dl.]
Figure 21.11 Jaundiced patient, with the sclerae of his eyes appearing
yellow.
 


	6. Types of Jaundice
The  three main types of jaundice are prehepatic, hepatic, and
posthepatic:
1. Prehepatic (hemolytic) jaundice occurs when RBC lysis exceeds
the liver’s capacity to conjugate bilirubin. Causes include
transfusion reactions, sickle cell anemia, thalassemia, and
autoimmune disease. Large amounts of unconjugated bilirubin
accumulate in the blood.
2. Hepatic jaundice results from hepatocyte dysfunction which
limits the uptake and conjugation of bilirubin. This may occur due
to hepatitis, cancer, cirrhosis, congenital disorders, and drugs.
There is a rise in the levels of conjugated and unconjugated
bilirubin in the blood.
3. Posthepatic (obstructive) jaundice occurs when gallstones,
inflammation, scar tissue, or tumors block the flow of bile into
 


	7. the intestines. Water-soluble  conjugated bilirubin accumulates in
the blood.
Symptom
Common symptoms of jaundice include:
 a yellow tinge to the skin and the whites of the eyes, normally
starting at the head and spreading down the body
 pale stools
 dark urine
 itchiness
Accompanying symptoms of jaundice resulting from low bilirubin levels
include:
 fatigue
 abdominal pain
 weight loss
 vomiting
 fever
 pale stools
 dark urine
Newborns
Jaundice is a common health issue in newborn infants. Around 60 percent of
newborns experience jaundice, and this increases to 80 percent of premature
infants born before 37 weeks of pregnancy.
They will normally show signs within 72 hours of birth.
 


	8. Red blood cells  in the body of an infant are frequently broken down and replaced.
This causes the production of more bilirubin. Also, the livers of infants are less
developed and, therefore, less effective at filtering bilirubin from the body.
Symptoms will usually resolve without treatment within 2 weeks. However,
infants with extremely high bilirubin levels will require treatment with either a
blood transfusion or phototherapy.
In these cases, treatment is vital as jaundice in newborns can lead to kernicterus,
a very rare type of permanent brain damage.
Diagnosis
Doctors will most likely use the history of the patient and a physical exam to
diagnose jaundice and confirm bilirubin levels. They will pay close attention to
the abdomen, feel for tumors, and check the firmness of the liver.
 Bilirubin tests: A high level of unconjugated bilirubin compared to levels
of conjugated bilirubin suggest hemolytic jaundice.
 Full blood count (FBC), or complete blood count (CBC): This measures
levels of red blood cells, white blood cells, and platelets.
 Hepatitis A, B, and C tests: This tests for a range of liver infections.
Treatment
 Treatment may consist of expectant management (watchful waiting) at
home with rest.
 Medical treatment with intravenous fluids, medications, antibiotics, or
blood transfusions may be required.
 If a drug/toxin is the cause, these must be discontinued.
 


	9.  In certain  cases of newborn jaundice, exposing the baby to special colored
lights (phototherapy) or exchange blood transfusions may be required to
decrease elevated bilirubin levels.
 Surgical treatment may be required.
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