CHAPTER 9
Lipids and Lipid Metabolism
Introduction
Lipids or commonly known as fats are  organic compounds composed of carbon and hydrogen those are fatty oily and waxy in nature and practically insoluble in water but dissolve freely in organic, non polar solvents like the chloroform, benzene, ether, hexane and light petroleum.
Functions of lipids

· Structural and functional elements of cell membranes

· Precursors to other essential substances like hormones
· Energy storage

· Thermal insulators
· Carry fat soluble vitamins, like vitamin A, D, K

· Surround and protect certain organ.

Classification of Lipids
Based on lipid composition

 1. Simple Lipids Normally it is found in vegetable oil and animal fat. They are esters of fatty acid and alcohol.
1.1  Fats: esters of fatty acid and glycerol
1.2 Waxes: esters of fatty acid and high molec. wt. monohydric alcohol
2. Compound lipids contain non lipids substance besides fatty acids and  

      glycerol.  These groups are and they can be protein, glucose, phosphate etc

2.1   Phospholipids


2.3   Glycolipids


2.3   Lipo proteins
3.  Derived lipids: are hydrolytic products of simple or compound lipids.
A.  Fatty Acids: short, medium long chain and  Prostaglandins 
B.  Glycerol esters: Triglycerides 
C. Sterol derivatives which includes cholesterol, bile acids and 
                                 steroid hormone

D. Fat soluble vitamins (A,D,E,K)
Clinical important lipids includes: Lipoproteins, Phospholipids, Fatty Acids, Triglyceride, Cholesterol
Digestion and absorption of lipids

Dietary fat is mostly triglyceride. It is partly hydrolyzed by pancreatic lipase to free fatty acid, monoglycerides and diglycerides.     These together with other dietary lipids (cholesterol) and fat soluble vitamins made water soluble by bile salt.      During absorption the intestinal mucosa cells resynthesize triglyceride (from monoglyceride and free fatty acid), esterify cholesterol to cholesterol ester        together with protein and phospholipid converted in to chylomicrons   pass into                                                   lymphatic system        enter blood circulation        Liver       converted to body fat         stored in adipose cells        
       Lipoproteins

Lipids bound to specific proteins to form lipoproteins which provide solubility and can be transported and metabolized. Lipoproteins have a spherical shape with non polar lipid (triglyceride and cholesterol esters) at the center and more polar lipids(phospholipids and free cholesterol) oriented near the surface and also contain one or more specific protein called apoliproteins.
Classification of lipoprotein  

On the basis of density, lipoprotein classified as 

· Very low density lipoproteins (VLDL)

· Low density lipoproteins (LDL)

· High density lipoproteins (HDL)

· Chylomicrons.

N.B. The major components of the VLDL are triglycerides while the major components of LDL and HDL are cholesterol, cholesterol esters and phospholipids

Chylomicrons are lipoproteins containing 1% protein and they are formed during digestion in small intestine and they are simple fat droplets coated with proteins
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Lipid transport and storage

Because lipids are not soluble in water, lipids can not circulate through the blood stream by themselves. Some sort of transport mechanism is required to assist these materials in their travels.

A number of proteins are synthesized by the liver or intestines which are specifically responsible for moving lipid classes through out the aqueous environment of the blood.  These are designated as lipoproteins. 

In each lipoprotein, protein provides a coat for the lipid mixture and making them water soluble.

· Triglyceride transport lies with the chylomicrons and VDLP fractions but are also present in LDL and HDL in small amount.
· Cholesterol is contained primarily in the LDL and HDL components.

N.B HDL help in removing excess free cholesterol from cell receptor, for example, HDL is thought to be the movement of cholesterol to the liver where it can be converted to bile acid and there excreted.

· HDL also appears to play  distribution role in moving cholesterol to cells where   it is needed.

A) Fatty Acids

· General formula CH3 (CH2) n COOH.

· It serves as building blocks for triglycerides   and phospholipids.

· It can be saturated or unsaturated

· Source of metabolic energy 

· There is normal level of free fatty acids in blood.
B) Glycerol

· It is a compound having 3 carbon atoms and hydroxol group on each   carbon atom

· It is a colorless, jelly liquid freely soluble in water.

The structural formula of glycerol is 


CH2- OH


CH - OH


CH2- OH

c) Triglyceride 
Triglycerides are the esterification product of fatty acids and glycerol   usually there are three fatty acids with one glycerol present in a molecule.
Triglycerides are used for long term storage of energy. Therefore metabolism is a key component which derives energy for many body functions including the heart.
Solid Triglyceride

· At ordinary temp, it is solid

· Has long fatty acid chain and saturated

                  E.g. Animal fat, Butter
Liquid Triglyceride
· At ordinary temp. these groups  of triglycerides are liquid 

· They contain short chain fatty acid

· Unsaturated

            E.g.:- Plant and vegetable oil

D) Cholesterol

· Cholesterol is a white crystalline substance usually soluble in organic solvent.

· In its molecule having one double bond between C5 and C6 and one hydroxyl group (alcohol) at C3 and most of the reaction of cholesterol is due to the presence of alcoholic group and the double bond.
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Fig. Diagrammatic representation of Cholesterol
Function of cholesterol
· Component of cell membrane structure.

· Precursor for synthesis of bile acids, steroid hormones(sex hormones, adrenal hormones like aldostrol) 

Cholesterol metabolism

· Cholesterol absorbed from intestine is esterified in the intestinal mucosa and incorporated into chylomicrons.  This is taken to the liver and incorporated along with that synthesized by liver in to lipoproteins and supplied to plasma.
· 25% is free cholesterol and 75% is ester cholesterol.
· Synthesis of bile acids is one of the mechanisms for excretion of excess cholesterol however it is insufficient to compensate excess dietary intake. 
Disease of fat metabolism

1. Hyperlipedemia 

· Type I: Accumulation of chylomicrons due to absence of lipoprotein or lipase
· Type II: Elevated LDL
· Type III: Elevated chylomicron and VLDL due to interference in uptake
· Type IV: Increased VLDL due to obesity alcohol, diabetes. It is most common
· Type V: Increased chylomicron and triglyceride
2. Hypercholestremia: Elevated  cholesterol due to reduced bilary excretion.
3. Atherosclerosis: Deposition of cholesterol, cholesterol esters on inner blood vessels. This leads to narrowing of the arteries clotting of blood over the ulcerated area (thrombosis) and dislodgment the clot which may obstruct the coronary blood vessels leading to coronary heart disease.
 The level of serum cholesterol reflects the level of lipoproteins or lipids in plasma because HDL and LDL are cholesterol rich lipoproteins. 
A. High levels of plasma Cholesterol:-
· Elevated level of plasma cholesterol which reflects high value of LDL can be due to: 

· Inherited defect in lipoprotein metabolism 

· Disturbances of endocrine physiology 

· Liver disease and early hepatitis

· Hypothyroidism.

· Diabetes mellitus

· Emotional stress
· Coronary artery disease( Atherosclerosis)
· In pregnancy and post menopausal women
· Elevated level of plasma cholesterol which reflects high value of HDL can be due to. 

· Heredity

· Diet, obesity

· Smoking, alcohol consumption

· Exercise

· Estrogen and related hormone

B  Low level of plasma Cholesterol is due to

· Estrogen therapy which decrease LDL

· Cirrhosis of the liver (decreased synthesis lipoprotein)

· Inherited defect of either LDL or HDL metabolism

· Hyperthyroidism

Laboratory diagnosis of lipid include 

· Determination of Cholesterol

· Determination of Lipoprotein

· Determination of total lipid 

· Determination of triglycerides  

· Determination of fatty acid etc…[image: image1.png]
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