
Second Part 





1. Carbohydrates: Conversion of galactose and fructose to 
glucose; Glycogenesis, glycogenolysis, gluconeogenesis 
(glucose buffer function) 

2. Fats: Fatty acid oxidation; Triglyceride; Cholesterol and bile 
salts synthesis;  

3. Proteins: Conversion of amino acids to fat; Synthesis of  
plasma proteins 

4. Detoxification: Extraction of waste material from portal and 
hepatic blood and biochemical reactions 

5. Immune defense: removal of bacteria by Kupffer cells 



Biochemical reactions:  
 Oxidation, reduction and conjugation 

Redox reactions:  
 Oxidation and reductions performed by cytochrome P450 

(CYP450) enzymes in hepatocytes 
 CYP450 converts xenobiotics and other toxins to inactive, 

less lipophilic metabolites and reducing their half-lives 
Metabolic phases 

1. Phase I : oxidation, hydroxylation and reduction are 
mediated by CYP450 

2. Phase II: conjugations (esterification) mediated by 
esterases and transferases 

Excretion of metabolites 
 Metabolites are ultimately secreted into the bile and then 

into the GIT 
 The metabolism involves drugs and natural hormones 

(steroids, amine and proteins) 
 Liver diseases results in over activity of hormonal 

system 



Bile 
 Composition: Bile acids, phosphatidylcholine ,  

cholesterol, bile pigments and others 
 Bile acids, the phosphatidylcholine and cholesterol in 

a ratio of 10:3:1 form micelles.  
 Deviations from this ratio may cause cholesterol to 

precipitate, leading to one type of gallstones 
 pH: alkaline electrolyte solution similar to pancreatic juice 
 Secretion rate: 500ml/ day 
 Enterohepatic circulation: some of bile components are 

reabsorbed in the intestine and then excreted again by the 
liver 

 Function: aid the fat digestion and absorption; excretion of 
lipid-soluble waste products 

 Bile pigments: bilirubin and biliverdin are excreted as 
glucuronides into the bile and responsible for the golden 
yellow color of bile 

 Tonicity: initially formed bile is hypertonic then water, 
glucose, calcium, glutathione, amino acids and urea 
passively enter the bile by osmosis 



Bilirubin 
 Formation: formed in the tissues by break down of Hb 
 Transport: most of bilirubin bound to albumin tightly and 

dissociate in the liver; the free bilirubin enters hepatocytes via 
OATP (organic anion transporting polypeptide) 

 Conjugation: each bilirubin molecule is conjugated to two 
glucuronic acids via glucuronyl transferase (UDP-glucuronosyl-
transferase; located in the smooth endoplasmic reticulum) to 
form bilirubin diglucuronides 

 Solubility: glucuronides are more water soluble than free 
bilirubin  

 Excretion: glucuronides are transported against conc. gradient by 
active transporter known as multidrug resistance protein-2 (MRP-
2) into bile canaliculi and then into intestine. Small amounts of 
the conjugates escape into the blood and bound less tightly to 
albumin than the free bilirubin and excreted in urine 

 Blood level: Total plasma bilirubin “0.1-1.2mg/dL”= free “indirect” 
bilirubin + conjugated “direct” bilirubin 

 Enterohepatic circulation:  
 Colonic bacteria breakdown conjugated bilirubin to free one 

and to a color derivative known as urobilinogen. 
 Intestinal mucosa is impermeable to conjugated bilirubin 

BUT permeable to free bilirubin and to urobilinogen 
 Some of the free bilirubin and urobilinogen are reabsorbed in 

the portal circulation  
 Some of circulating free bilirubin and urobilinogen are 

excreted in urine 



Jaundice “icterus” 
 Definition: High plasma bilirubin (Accumulation of free or 

conjugated bilirubin in blood. The skin, sclera and mucous 
membranes  turn yellow 

 Cutoff value: total bilirubin >2mg/dL (hyperbilirubinemia) 
 Causes:  

1. Excess production: hemolytic anemia 
2. Hepatic disturbances by liver diereses 
• Disturbed hepatic uptake; intracellular protein binding; 

conjugation; or secretion into the canaliculi 
3. Intra- or extrahepatic biliary obstruction by stones or tumor 
 
• Disturbed secretion into the canaliculi and biliary 

obstructions raise plasma conjugated bilirubin; WHILE 
others increase free bilirubin 



 Bile flow: between meals the sphincter of Oddi is closed and the 
bile flows into the gallbladder 

 Bile concentration: In the gallbladder, the bile is concentrated by 
absorption of water 
 Hepatic bile: 97% water 
 Gallbladder bile: 89% water 
 When water decrease, the micelles become larger and the bile 

remain isotonic 
 Bile obstruction:  
 When the bile duct and cystic duct are clamped, the 

intrabiliary pressure raises to ~ 320mm of bile in 30min 
and bile secretion stops 

 When the bile duct is clamped and the cystic duct is left 
open, water is reabsorbed in the gall bladder, and the 
intrabiliary pressure raises only to ~ 100mm of bile in 
several hours 



Bile ejection 
 Role of CCK:  
 Triggered by fatty acids and amino acids in the duodenum 
 Function: Contraction of gallbladder and relax the sphincter of 

Oddi allow bile flow into intestine 
Bile formation 
 Vagus nerve “Ach” stimulation : increases bile production 
 Secretin: increase water and bicarbonate contents of the bile 
 Choleretic agents: are substances that increase bile formations 

such as : Secretin, Ach and bile acids 


