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Degradation of Cholesterol

The intact sterol nucleus is eliminated from the body by:
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                                                           Bile salts
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Conversion into                       +                             in feces

                                             Bile acids

2. Secretion of cholesterol  into the bile which transports it for elimination in Intestines.

Cholesterol will be secreted in the bile in 3 forms:
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Cholesterol.                                                                                                                          Making 
                                                                                                                                                neutral
2. Cholestenol                                                                                                                          fecal
                                       Reduced and modified by bacteria                                          sterols
3. Corpostanol                   
Bile acid and bile salt

· Bile

*the most important components of bile are:
    1) Phosphatidylcholine (lecithin).

    2) Bile salts (conjugated bile acid).

*produced by liver and stored in gallbladder.

       - Structure of bile acids:

               *bile acid contains 24 carbons + 2 or 3 OH group.

               *bile acids are amphipathic.

               *there is a carboxyl at side chain            it’s Pka=6
               *they act as an emulsifying agents in intestine.

· Synthesis of bile acids: 

*synthesized in the liver.
*the double bond at ring B at cholesterol nucleus is reduced.

*OH is inserted into the specific positions.

*Hydrocarbon chain is shortened by 3C.

*primary bile acids:

             Cholic acid (a triol [contain 3OH]).

             Chenodeoxycholic acid (a diol [contain 2OH])


*the rate limiting enzyme in bile acid synthesis is
 cholesterol -7-α-hydroxylase , 
which is found in liver, 
and it is inhibited by cholic acid, and stimulated by cholesterol. 

· Synthesis of bile salts:

*when glycine or taurine binds with the primary bile acid , the result is bile salt.

*so,

Cholic acid  + glycine                              glycocholic acid

Cholic acid  + taurine                              taurocholic acid

Chenodeoxycholic acid  + glycine                        glycochenodeoxycholic acid

Chenodeoxycholic acid  + taurine                        taurochenodeoxycholic acid

These are the bile salts (conjugated bile acids) which they are produced by amide linkage with glycine or taurine.
You should know:

· Produced by the liver.

· The bile acids cannot get out of the liver unless they are conjugated with glycine or taurine, so, the only way to get out of the liver is in the form of bile salts.

· Bile salts are more affective detergents than bile acids.

· There are no bile acids in the bile, only bile salts. 
·  Bile salts are important in cholesterol secretion:

1) As a metabolic product.

2) As a solubilizer for cholesterol in bile. 

· In case of genetic deficiencies in conversion of cholesterol to bile acids               treated by exogenous bile acid.
Bile salt

	Glyco/tauro-cholic acid
	Glyco/tauro-chenodeoxycholic acid



                                                       glycine                               By intestinal bactria
                                                taurine

Bile acid

	Cholic acid
	Chenodeoxycholic acid


                                                                                            By intestinal bactria
                                                       OH
Secondary bile acid

	Deoxycholic acid
	Lithocholic acid


Enterohepatic circulation: 

· 95% of secreted bile salts are re-used.

· bile is transported actively to portal blood.

· Albumin works as a carrier.

· The whole process of conversion and conjugation and transportation to duodenum then return to liver is called enterohepatic circulation.

· Cholestyramine , a drug which bind to bile acid in the gut and prevents reabsorption and promots excretion, its used as a treatment for hypercholesterolemia.

· Dietry fibers also increase bile acids excretion.
Bile salt deficiency ; cholelithiasis:

~cause:   bile salts in bile and it results from: 1) malabsorption in intestine.

                                                                                  2) biliary tract obstruction. 

                                                                                  3) Severe hepatic dysfunction.

                                                                                  4) Excessive feedback suppression in bile acid synthesis.

                Biliary cholesterol excretion.

~treatment: 1) surgical removal at part of gallbladder.
                            2) Bile acid replacement therapy. [With supplement of chenodeoxycholic acid].

Hypercholesterolemia:

~cause:   in cholesterol blood levels and could result from:1)familial

                                                                                                         2) Hypothyroidism.

                                                                                                         3) Nephrotic syndrome.

                                                                                                         4) Diabetes mellitus.
                                                                                                         5) Obstructive jaundice.

~treatment: 

1) Through diet (by daily ingestion of plant steroid esters [Trans fatty acids-free magarine])
2) Bile acids sequestrants (ex. cholestyramine).
3) Statin drugs (will decrease HMG reductase, and will result lower plasma levels of cholesterol).
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  6- Urea Cycle: 
· Urea is the major disposal form of amino groups from amino acids.

· Urea accounts for about 90% of the nitrogen-containing components of urine.

· UREA contains 2 NITROGEN ATOMS:

· 1st nitrogen of the urea molecule is supplied by:

 free NH3 (ammonia)

· 2nd nitrogen of the urea molecule is supplied by:

 Aspartate

	· Note: Glutamate is the immediate precursor of:
( ammonia (through oxidative deamination by glutamate dehydrogenase)

(aspartate (through transamination of oxaloacetate by AST).



· The carbon and oxygen of urea are derived from CO2.

· Urea is produced in the liver then transported in the blood to the kidneys for excretion in the urine.
Reactions of the cycle: see Fig19.14
· First two reactions occur in the mitochondria (leading to synthesis urea)
· Remaining reactions occur in the cytosol

1-Formation of carbamoyl phosphate:

· by “carbamoyl phosphate synthetase I” :

( requires N-acetylglutamate as a positive allosteric activator and occur in the mitochondrial matrix.
· This is the rate-limiting step in the urea cycle.
	· Note: Carbamoyl phosphate synthetase II participates in the biosynthesis of pyrimidines:
( does not require N-acetylglutamate, and occurs in the cytosol.




· the Formation of carbamoyl phosphate is driven by cleavage of two molecules of ATP
· Ammonia that enters into carbamoyl phosphate is provided by the oxidative deamination of glutamate by mitochondrial glutamate dehydrogenase
· the nitrogen atom derived from the ammonia becomes one of the nitrogens of urea. and the carbon atom derived from CO2 become the carbon atom of urea.
2- Formation of citrulline:

· Ornithine & citrulline are diet basic amino acids that participates in urea cycle BUT, not incorporated in cellular proteins (as there is no codons for both of them).

· Ornithine is regenerated with each turn of the urea cycle.

· The release of the high-energy phosphate of carbamoyl phosphate as inorganic phosphate drives the reaction in the forward direction and produce citrulline.

· Citrulline then is transported out of the mitochondria to the cytosol.
	carbamoyl phosphate+ Ornithine       Ornithine transcarbomylase        Citrulline


Cytosol



3- Synthesis of argininosuccinate:

· Citrulline attaches with aspartate to form argininosuccinate (of course in the cytosol !!)

· α -amino group of aspartate provides the 2nd nitrogen of urea.

· Only one ATP is cleaved to AMP and  PPi.

4- Cleavage of argininosuccinate:

· Argininosuccinate is cleaved to arginine and fumarate.

· The arginine formed by this reaction serves as the immediate precursor of urea.

· Fumarate produced in the urea cycle is hydrated to malate, which is oxidized to oxaloacetate, which is transaminated to aspartate that can enter the urea cycle.

     5-Cleavage of arginine to ornithine and urea:

· Arginase cleaves arginine to ornithine and urea, and occurs only in the liver.

· In other tissues (as the kidney), argenine can be synthesized by the previous reaction but argenine can not be cleaved.

· Ornithine is transported to the mitochondria< enter the urea cycle again.
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6- Fate of urea:
· Urea diffuses from the liver, and is transported in the blood to:
( The kidneys, where it is filtered and excreted in the urine.

( The intestine and is cleaved by bacterial urease to CO2 and NH3.

· This ammonia is partly lost in the feces, and is partly reabsorbed into the blood.

( In Kidney (renal) failure:
-plasma urea levels are elevated

-Transfer of urea to intestine is increased

-Much amounts of Ammonia is formed by bacterial urease (Absorbed to blood ( Hyperammonemia.

B. Overall stoichiometry of the urea cycle:
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· Synthesis of urea is irreversible, with a large, negative ΔG.

· 4 high-energy phosphates are consumed for synthesis of one molecule of urea. 

C. Regulation of the urea cycle:

· N-Acetylglutamate is an essential activator for carbamoyl phosphate synthetase I—the rate-limiting step in the urea cycle.

· N-acetylglutamate is synthesized from acetyl CoA & glutamate in the presence of N-acetylglutamate synthase that is activated by arginine.

· After ingestion of a protein-rich meal:

glutamate & argenine are increased leading to increase N-acetylglutamate that  increase the rate of urea synthesis.

7- Metabolism of Ammonia:
· Ammonia is produced by all tissues during metabolism of a variety of

Compounds.

·    Ammonia is disposed of primarily by formation of urea in the liver

· The level of ammonia in blood must be kept very low

· Slightly elevated concentrations (hyperammonemia) are toxic to CNS

· There must be a mechanism by which Ammonia is moved from peripheral tissues to the liver for disposal as urea While at the same time Ammonia must be maintained at low levels in blood.
Sources of ammonia:

(Amino acids:

· The most important source of ammonia (by high protein diet which provides amino acids)

· Many tissues, but particularly the liver, form ammonia from amino acids by transdeamination(fig19.12)
(Glutamate:

( kidneys form ammonia from glutamine by the actions of renal glutaminase and glutamate dehydrogenase.

· Most of this ammonia is excreted in urine as NH4+, (important mechanism for maintaining acid-base balance)

· ( Intestinal mucosal cells, produces ammonia from glutamine by intestinal glutaminase

· The intestinal mucosal cells obtain glutamine either from the blood or from digestion of dietary protein.

(Bacterial action in the intestine:

· Urea formed in the liver is transferred from blood to intestine.

· In the intestinal lumen, bacterial urease cleaves urea into ammonia.

· This ammonia is absorbed via blood to the liver, where it is converted to urea.

( Amines:

· Amines obtained from the diet, and monoamines that serve as hormones or neurotransmitters, give rise to ammonia by the action of amine oxidase.

( Purines and Pyrimidines:

·  In the catabolism of purines and pyrimidines, amino groups attached to the rings are released as ammonia.
Transport of ammonia in the circulation:

· ammonia is produced in the tissues

· is present at very low levels in blood de to:

( Rapid removal of blood ammonia by the liver.

( many tissues, particularly muscle, release amino acid nitrogen in the form of glutamine or alanine, rather than as free ammonia.

(Urea:

· Formation of urea in the liver is quantitatively the most important disposal route for ammonia.

· Urea travels in the blood from the liver to the kidneys, where it passes into the glomerular filtrate

( Glutamine:

· This amide of glutamic acid provides a nontoxic storage and transport form of ammonia

· In muscles and liver, glutamate binds with ammonia by action of glutamine synthase to form Glutamine (ATP requiring process).

· Glutamine is also the major mechanism for the removal of ammonia in the brain.

· Glutamine is found in plasma at concentrations higher than other amino acids(because of its important transport function)

· glutamine is removed by the liver and the kidneys and deaminated by glutaminase.

Hyperammonemia:

(Blood levels rises above 1000 mmol/L when the liver function is compromised (failed) due to either: 

1- Genetic defects of the urea cycle

2- Liver disease

· Hyperammonemia is a medical emergency as ammonia has a direct neurotoxic effect on CNS.

· elevated concentrations of ammonia in the blood cause the symptoms of ammonia intoxication, such as: tremors, slurring of speech, somnolence, vomiting, cerebral edema, and blurring of vision

· At high concentrations, ammonia can cause coma and death.

( major types of hyperammonemia:

(Acquired hyperammonemia:

· Liver disease is a common cause of hyperammonemia in adults.

· It may be a result of:

a- acute causes: (e.g. viral hepatitis, ischemia, or hepatotoxins.)

b- liver Cirrhosis caused by alcoholism, hepatitis, or biliary obstruction

· may result in formation of collateral circulation around the liver.

· portal blood is shunted directly into the systemic circulation and does not have access to the liver.

· detoxication of ammonia to urea is markedly impaired leading to elevated levels of circulating ammonia.

( Hereditary Hyperammonemia:

· Genetic deficiencies can occur for each of the five enzymes of the urea cycle (overall prevalence 1:300,000 live births).

( Ornithine transcarbamoylase deficiency:

· X-linked 

· Most common deficiency among all 5 enzymes

· Males are predominantly affected 

· female carriers may become symptomatic (they are also affected)

( All other urea cycle disorders are autosomal recessive

· failure to synthesize urea leads to hyperammonemia during the first weeks following birth.

· All inherited disorders of the urea cycle enzymes result in mental retardation

( Treatment:

· limiting protein in diet

· Administration of compounds that bind covalently to amino acids producing nitrogen-containing molecules that are excreted in the urine.

· For example, phenylbutyrate given orally is converted to phenylacetate. This condenses with glutamine to form phenylacetylglutamine, which is excreted
(Revision Figures: 












