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Heme Biosynthesis=porphyrins+Fe

•Disorder: Porphyria

Heme Catabolism=Bile pigments+Fe

•Disorder: Hyperbilirubinemia
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Heme Synthesis



Site For Heme Biosynthesis

•Organs
•Bone Marrow-

Immature Erythrocytes – 85%

• Liver – 15 %

•Cellular Site
• Mitochondrial Matrix

• Cytosol



First and second step







Regulation of heme synthesis

• Allosteric regulation by heme

• Erythropoetin

• Iron
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Disorders of heme synthesis: Porphyrias

• Acquired or Genetic

• An example of an acquired defect is lead poisoning. 

• Lead can inactivate ferrochelatase and ALA dehydratase by combining

with essential thiol groups. 

• Signs include elevated levels of protoporphyrin in erythrocytes and 
elevated urinary levels of ALA and coproporphyrin.



Porphyrias

• Porphyrias are classified as erythropoietic or hepatic

• Hepatic porphyrias can be further classified as chronic or acute.

• enzyme defect prior to the synthesis of the tetrapyrroles manifest 
abdominal and neuropsychiatric signs

• enzyme defects leading to the accumulation of tetrapyrrole
intermediates show photosensitivity



Biochemical basis of Porphyrias



Porphyrias

All people in pub(AP PB)

U sing Cute(US C)

U Dance with Pace(UD P)

Put out variety

Feels enthusiastic





• Chronic hepatic porphyria: Porphyria cutanea tarda, the most 
common porphyria, is a chronic disease of the liver



• b. Acute hepatic porphyrias: ALA dehydratase deficiency porphyria, 
acute intermittent porphyria, hereditary coproporphyria, and 
variegate porphyria

• acute attacks of gastrointestinal (GI), neuropsychiatric, and motor 
symptoms that may be accompanied by photosensitivity

• Symptoms of the acute hepatic porphyrias are often precipitated by 
use of drugs, such as barbiturates and ethanol???



• Erythropoietic porphyrias: The chronic erythropoietic porphyrias
(congenital erythropoietic porphyria and erythropoietic
protoporphyria) 

• skin rashes and blisters that appear in early childhood. 



Porphyrins Excreted 
In Urine and Feces

•Uroporphyrin excreted in urine.

•ProtoPorphyrin excreted in 
feces.

•Coproporphyrin excreted either 
in urine /feces.



PORPHYRINS ARE
COLORED & FLUORESCE
• porphyrinogens are colorless, 

• Porphyrins are colored. 

• The sharp absorption band near 400 nm, a distinguishing feature shared by 
all porphyrins, is termed the Soret band 

• Porphyrins dissolved in strong mineral acids or in organic solvents and 
illuminated by ultraviolet light emit a strong red fluorescence

• Enzyme Assay- HPLC

• cancer phototherapy



Treatment: 

• During acute porphyria attacks, patients require medical support, 
particularly treatment for pain and vomiting. 

• The severity of acute symptoms of the porphyrias can be diminished 
by intravenous injection of hemin and glucose, which decreases the 
synthesis of ALAS1. 

• Protection from sunlight, 

• ingestion of β-carotene (a free-radical scavenger), 

• and phlebotomy are helpful in porphyrias with photosensitivity.



• Porphyrias are cruelly referred to as a Vampire’s disease.

• Thought to be a cause of the madness of King George III.

• Can be caused by lead poisoning: The fall of the Roman Empire!



Heme catabolism



Heme Catabolism







Structure of conjugated bilirubin







Normal Levels
Serum Bilirubin 

S.
No

Type Of Bilirubin Normal 
Ranges

1 Total Bilirubin
Direct+ Indirect

0.2- 1 mg %

2 Unconjugated/Indirect 
Bilirubin

0.2-0.8 mg%

3 Conjugated / Direct 
Bilirubin

0- 0.2 mg%

Hyperbilirubinemia(>1.0 mg/dL)



Jaundice/Icterus

• Jaundice is a pathological/Clinical condition/Symptom

• yellowish discoloration of tissue resulting from the 
deposition of bilirubin

• Sclera of eyes (>3mg/dL)
• Skin 
• Nails 
• Mucous membrane



Classification

• Anatomical
Prehepatic

Hepatic

Post-hepatic(obstructive)

• Based on type of hyperbilirubinemia
Unconjugated

Conjugated

Mixed









Alteration in metabolism of 
heme(Unconjugated hyperbilirubinemia)







Other causes

• Neonatal

• Breast feeding Jaundice

• Congenital

Unconjugated

Conjugated









Causes of pathological Jaundice





Kernicterus(chronic bilirubin encephalopathy)



Treatment
Phototherapy

Phenobarbital



Treatment

• Phototherapy

• Phenobarbital

• Exchange Transfusion



Breast milk Jaundice



Congenital Jaundice



Diagnosis



First step first

(1) whether the hyperbilirubinemia is predominantly conjugated or unconjugated 
in nature

?conjugated/unconjugated hyperbilirubinemia

(2) whether other biochemical liver tests are abnormal. 



Measurement of bilirubin



S.No Results of Vanden 
Bergh

Type of  Hyperbilirubinemia/
Jaundice

1 Direct Vanden
Bergh’s Reaction

Positive 

Conjugated Hyperbilirubinemia
Obstructive Jaundice

2 Indirect Vanden
Bergh’s Reaction

Positive 

Unconjugated 
Hyperbilirubinemia.
Hemolytic Jaundice

3 Both Direct and 
Indirect Vanden 
Bergh’s Reaction 

positive

Biphasic Hyperbilirubinemia 
means 

Both conjugated and 
Unconjugated Bilirubin increased.

Hepatic Jaundice.



Hemolytic anemia

excess 
hemolysis

 Unconjugated Bilirubin
(in blood)

 conjugated Bilirubin 
(released to bile duct)  

Hepatitis

 Unconjugated Bilirubin
(in blood)

 conjugated Bilirubin 
(in blood)  

Biliary duct stone

 conjugated Bilirubin 
(in blood)  

Causes of Hyperbilirubinemia 



δ bilirubin: delta fraction or biliprotein
• conjugated bilirubin that is covalently linked to albumin

• an important fraction in cholestasis and hepatobiliary disorders

• formed in serum when hepatic excretion of bilirubin glucuronides is impaired

• the clearance rate approximates the half-life of albumin, 12–14 days, rather than the 
short half-life of bilirubin, about 4 hours.



• that some patients with conjugated hyperbilirubinemia do not exhibit bilirubinuria
during the recovery phase

• that the elevated serum bilirubin level declines more slowly than expected in some 
patients who otherwise appear to be recovering satisfactorily.



Approach to the Patient: Hyperbilirubinemia
(1) overproduction of bilirubin

(2) impaired uptake, conjugation, or excretion of 
bilirubin; 

(3) regurgitation of unconjugated or conjugated 
bilirubin from damaged hepatocytes or bile ducts. 





Differentiate between types



Overview of approach to hyperbilirubinemia



Integrated

• Medicine-Adult Jaundice

• Pediatrics-neonatal, congenital,breast feeding jaundice


