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in the previous lectures , we talked about cholesterol and cholesterol derivatives and 

their metabolism and we explained the plasma lipoproteins that are responsible for 

carrying and transporting the non-soluble compounds and lipids through the plasma , 

here in this lecture we will continue with the cholesterol and lipoproteins , but before 

we start , we have to have quick recap : 

QUICK RECAP : 

1-the word “ cholesterol” refers to : steroid alcohol that was isolated firstly from the 

gallbladder 

Chole: related to gallbladder ( cholesterol was first isolated from gallbladder) 

Ster : related to steroid  

Ol : related to alcohol  

And hence the definition. 

2-Plasma lipoproteins : spherical multimolecular complexes of lipids and proteins that 

serve as micelles which are important for solubilization , and there are several types of 

them that differ from each other depending on ( size , composition , the attached 

apolipoprotiens , density and the site of origin ) 

-remember , the larger the surface area , the smaller the particle size will be ( for 

further clarification : the surface always means the outer part of something so its 

the portion that’s found in contact with water so it contains the polar part of the 

amphipathic molecules ( cholesterol , phospholipids ) and since we classified the 

lipoproteins according to ( protein\lipid ) ratio so high density indicates a high 

amount of proteins and PL which form the hydrophilic shell and lower the core 

contents which is the hydrophobic portion. 

3-the cholesterol molecule consists of steroid nucleus and the hydrophobic tail and the 

hydroxyl group at the tip which is insufficient to make it soluble , even though its 

considered as an amphipathic molecule 

4-phosphatidyl choline = lecithin which acts as a emulsifying agent  
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Now , lets start our lecture : 

Familial hypercholesterolemia >> indicates high level of cholesterol in the blood in 

certain individuals and families : 

 Homozygote: 

 inherited from both parents . 

the cholesterol level is 680 mg/dl.  

characterized by absence of receptors ( No Receptors). 

 Heterozygote: 

 inherited from one parent , 

 and cholesterol level is 300 mg/dl 

they are able to synthesize ½ normal receptors 

This disease results from the absence or abnormality in LDL receptors that are 

responsible for recognition and binding to Apo-lipoprotein B100 which is found on LDL 

particle . 

Thus , accumulation of cholesterol inside the LDL particle , and more conversion of IDL 

to LDL . 

Eventually , deposition of cholesterol in the tissue and arteries which increases the risk 

of atherosclerosis and cardio-vascular disorders and death in childhood. 

HDL: 

Previously , we talked about lipoproteins ( chylomicrons (CM) , VLDL , IDL , LDL ) , now 

lets discuss the last one which is HDL : 

Quick recap 2: 

CM>> originated from the small intestine as nascent CM ( nascent= newly synthesized ) 

carrying the exogenous cholesterol and dietary lipids after digestion from the small 

intestine to the liver , while the endogenous cholesterol which is synthesized in the 

body is carried by VLDL into the liver and extra hepatic tissue   

Remember that apo a is found only in the HDL particle 



3 | P a g e  
 

HDL >> is originated from liver and small intestine , or the liver itself can synthesize Apo 

A1 and secrete it into the plasma , in the plasma it can bind to phospholipids , thus 

forming HDL particle . 

So the HDL particle can be : 1)secreted from the liver and small intestine . 

                                                  2) formed in the plasma . 

HDL >> can also be produced from other lipoprotein particles or as we said free Apo A1 

secreted into plasma and accept phospholipid to be converted to nascent HDL . 

The nascent HDL has a disc-shaped appearance and its highly elongated , which reflects 

the fact that’s formed mainly from phospholipids with some apolipoprotiens specifically 

A1. 

the function of HDL is reversing the transport of cholesterol  

(from cells to liver ) 

Or  

(foam cells in vascular tissues to liver) 

1-The first step in transport cholesterol is to take  

It from the interior leaflet of the membrane to  

The outer leaflet and this is done by a group of proteins known as (ABC1)= ATP Binding 

Cassete , which are responsible for making the flipflop of the cholesterol from interior 

to exterior . 

2-the second step is “ Esterification of cholesterol” 

Esterification means >> adding fatty acid to the cholesterol by attaching it to OH group 

at carbon 3 , thus forming ester bond hence the name esterification .  

CH-FA ( cholesterol with attached fA ) = CE ( cholesterol ester) 

Remember when we talked about esterification which is the addition of fatty acid and 

this FA was obtained from 2 different sources according to the location of the process: 

1)in the  cell (  from acetyl COA) 

2)in the plasma ( from lecithin which is from the recap is PC ) 
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And here we do it in the plasma , so the source is lecithin and the esterification 

here is catalyzed by the enzyme ( LCAT = lecithin cholesterol acyl transferase ) 

which is activated by Apo A1 that’s found in HDL . 

Remember that cholesterol is an amphipathic molecule (refer to recap) that can 

be found on the surface of HDL , once its converted to CE after esterification , it 

becomes totally nonpolar , therefore it is trapped inside ( in the core of) HDL . 

 

 

 

 

 

  

 

 

 

In this figure , this newely synthesized HDL with Apo A1 , 

 takes the CE after esterification to be in the core of it , 

 notes the change in the shape from nascent HDL 

 ( disc shaped appearance ) to become 

  mature HDL ( spherical in shape ). 

 

CE that’s found inside the HDL , if it remains , it will inhibit the cholesterol esterification 

by feedback inhibition , so we need to release the( product of inhibition ) from HDL to  

VLDL as a modification step  

QUICK RECAP 3 : 

As we discussed earlier , the VLDL worked on the endogenous cholesterol and 

TAG , as they pass through the capillaries , the TAG is degraded by 

lipoproteinlipases that’s  activated by Apo C II  , causing the VLDL to decrease in 

its size and become denser ( IDL THEN LDL ) and its surface component including  
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( E and C ) are returned to HDL , and the B 100 are kept as ligand for binding to 

cell surface receptor on liver and extra hepatic tissue , additionally some of the 

TAG are transferred from VLDL to HDL in an exchange reaction that concomitantly 

transfers cholesteryl ester from HDL to VLDL , and  this exchange catalyzed by 

CETP (   cholesterol ester transfer protein ) 

Now , what is the fate of HDL ? 

The HDL particle can be taken by the liver after binding to  

Specific receptors on hepatocytes , or cholesterol as such 

 can be transferred by binding to scavenger receptors  

SR-B1 ( differ from the one that’s found on the 

 macrophages ) . 

these SR-B1 found in many cell types including liver cells . 

only cholesterol and CE can be transferred from HDL  

 particle . 

this receptor can be upregulated if cholesterol is needed but it cant undergo 

downregulation . 

*HDL can interact with other particles ( exchange of components ) as in the case of HDL 

& VLDL. 

✓  This figure summarizes what happened to HDL that is produced from the liver and 

small intestine . 

✓ Notes the disc-shaped of nascent HDL , if there is excess cholesterol in the 

peripheral tissue or cholesterol from dead cells , the cholesterol will be transferred 

from the cells into the core of HDL by binding to ABCA1 ( ATP Binding Cassete 

)which is responsible for flipping the cholesterol from interior to exterior . 

✓ If the condition continues , the HDL which is small in size and it is referred to as 

(HDL3) , becomes larger in size and contains more CE ( cholesterol after 

esterification by LCAT  )  

✓  QUICK RECAP 4 notes in the figure the source of fatty acid is lecithin 

(phosphatidyl choline ) that gets converted to lysolecithin after the removal of 

the fatty acid at position 2 (carbon 2 of the glycerol by the action of 

phospholipase A2 ) and the HDL3 BECOMES HDL2 . 
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✓ Now , once we have HDL2 , the exchange that we discussed earlier between HDL 

and VLDL takes place and its accomplished by CETP. 

✓ The VLDL is ultimately converted to IDL and then to LDL . 

✓ the cholesterol and CE uptake by the liver is mediated by the cell-surface receptor 

SR-B1 = Scavenger Receptor class B type 1 , that binds HDL particle ( THE HDL 

particle as such is not taken up , its just a selective uptake of the C , CE from it .        

( remember always that this SR-B1 differs than that found on the macrophages ) , 

after that , and the HDL returns back to its smaller size which is HDL3. 

 

 

Eicosanoids  

• Eicosa = refer to 20 , so eicosanoids ( a group of compounds formed from 20 carbon 

atoms ) 

• It include several classes of signal molecules : ( prostaglandins , thromboxanes and 

leukotrienes ) . 

• Prostaglandins >> its given its name because it was discovered firstly in the prostate 

secretion , and it was thought originally that it is only produced by the prostate but 

later on its found that the prostaglandins produced by many cells in both males and 

females . 

• Thromboxanes>> its related structurally to PGs , and it was discovered in the 

platelets . 

• leukotrienes >> its related to leukocytes and produced by WBCs .  

• so they are produced in almost all tissues , and have wide range of responses, so 

they regulate the cell activities . 
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• They’re considered as local hormones because they are secreted by one cell and 

affect the neighboring cells so their action is locally like hormones , but its not 

secreted by specific glands like hormones . 

• They’re very potent because they act locally and don’t need to be transported and 

diluted in the blood , they are produced in small quantities (pico or nano moles ). 

• they are rapidly degraded (inactivated) so they have short half life . 

• they are not stored ( not considered as storage form ) once they are needed they will 

be produced and released directly. 

1- Arachidonic acid : an omega -6 fatty acid containing 20 carbons with four double 

bonds. 

2- Prostaglandins and thromboxanes , the prostaglandin contains five membered 

ring and the ring is formed by bonds between carbon #8 and #12 , while 

thromboxane’s six membered ring and the ring contain oxygen its hetero cyclic 

because one of the atom is oxygen . 

3- Leukotrienes >> leuco = from leukocytes , tri = three , enes= double bonds , notes 

that even it contains four double bonds  its called triene because it is 

characterized by the presence of the three conjugated double bonds that’s 

separated by single , usually the double bonds are not conjugated and are 

separated by CH2. 
➢ In the figure 2 ,all these are PGs , they differ by their functional groups 

like : ketone , hydroxyl ,,, , so given different types of PGs  

➢ You are not required to remember these classes and distinguish between 

them , just to know: 

✓ the differences between them are related  to the different 

functional groups . 
✓ the PGs contain five membered ring that contains two side chain     

( R7,R8) with 7 and 8 carbon atoms respectively ( you may ask that 

the last one which is PGI contains R4,R8 , by looking carefully you 

will find that R4 is not attached directly to the ring . 
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❖ the subscript number indicates the 

 number of double bonds in the linear  

portion of the molecule , for example  

( LTA4>> 4 double bonds in the linear 

 portion and remember that 3 of them 

 are conjugated ). 

 

❖ here just to know that they have  

many functions and affect the  

smooth muscles in the  

arteries , bronchus and  

uterus. 

You don’t need to  know which  

One increases and which one  

Decreases. 

 

 

 

 

 

➢ The synthesis of eicosanoids starts with the dietary linoleic acid that’s 

converted to arachidonic acid  

➢ Arachidonic acid is incorporated in the phospholipids of the membrane 

specifically phosphatidylinositol at the position #2 of the glycerol ( usually the 

type of FA at carbon 2 of glycerol is unsaturated fA ) and mostly in these cells 

is arachidonic acid. 

➢ The FA at position 2 is released by the action of phospholipase A2 , once it 

gets activated , it releases the arachidonic acid. 

➢ The previous step is considered as the rate limiting step in the synthesis of 

Arachidonic acid , and once its released it will be rapidly converted to PGH2. 

➢ PGH2 forms the other types of prostaglandins and thromboxanes so its 

considered as the parent compound of other types. 

➢ Arachidonic acid also can be converted to leukotrienes and HETE ( Hydroxy 

eicosa tetra enoic acid ) is an eicosanoid and a metabolite of 
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arachidonic acid that has hydroxyl group with 20 carbon atoms and four 

double bonds. 

 

 

 

 

 

The synthesis of Arachidonic acid : 

✓ The first step involves the cyclooxygenase enzyme that takes 2 oxygen atoms ( 2 O2) 

     and adds them to Arachidonic acid forming this “ peroxide bridge” ( bond between 

     carbon 8 and 12 ) and because of the formation of ring or cycle its known as 

cyclo and the oxygenase part because it incorporate oxygen and the oxygen is 
incorporated  here and at carbon 15 , and the compound is known as PGG2 ( which is 
transient and not released from cox , and its immediate precursor of PGH2  ). 

✓ By the action of peroxidase enzyme the peroxide get converted to hydroxyl 

group , and the enzyme requires the reduced glutathione ( 2GSH) for this 

reduction reaction. 

✓ The formed compound is known as PGH2 which is the parent compound for the 

formation of other eicosanoids . 

✓ From the PGH2 , different PGs are synthesized because of the presence of corresponding 

synthase , like thromboxane synthase or PGE2 synthase  , if the enzyme expressed and it 

depends on the cell’s type , the product will be formed ( so different cells may have 

different types of PGs) 
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✓ The two reactions are catalyzed by  

Cyclooxygenase complex ( COX ) that  

Has two functional activity : 

1-cyclooxygenase ( it forms a ring or a cycle 

 by Using oxygen ) 

2-peroxidase (it converts the peroxide  

into hydroxide) . 

 

❖ The cyclooxygenase exists in two forms : 

• COX 1 : 

✓ Its constitutive >> which means that this enzyme found in the same conc 

throughout the life of the cell. 

✓ Its important for the maintenance healthy ( gastric mucosa , kidney , platelets ) 

• COX 2 : 

✓ Its inducible >> which means that the cell will not synthesize it unless its 

induced to do so , specifically in response to inflammation signals. 

✓ Its found in ( monocytes , macrophages , smooth muscle” relaxation >> increase 

the flow of the blood  ). 

❖ Eicosanoids can be synthesized from other polyunsaturated fatty acids 
provided that the fatty acid has 20 carbon atoms. 

❖ Here in the figure A , we have arachidonic acid gives PGE2 and PGF2. 
The 2>> refers to the number of double bonds in the linear portion at 5 and 14 , 
And the 8 , 11 double bonds responsible for formation of the ring structure. 
❖ In figure B , we have eicosapentaenoic acid ( eicosa = 20 , penta = 5 , ene = 

double bond ) and its omega -3 >> 20-17=3 , this can be precursor of 
eicosanoids , because it contains one more double bonds than arachidonic acid 
, it gives PGE3 and PGF3 . 

✓ The 3 >> the presence of 3 double bonds in the linear portion . 
✓ This is important because the presence of two or three double bonds give 

different PGs with different actions << for example Thromboxane A2 induces 
platelet aggregation, while thromoboxane A3 inhibits and prevents  platelet 
aggregation , so it protects against thrombosis 

✓ It was found that people from south east Asia have lower prevalence of 
myocardial infarction and coronary heart diseases , because their food contain 
large amounts of eicosapentaenoic acid that’s found in see food  

❖ In figure C , eicosatrienoic acid contains 3 double bonds at 8 , 11 ,14 , it gives 
PGE1 and PGF1 . 
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Figure A  

 
FIGURE B  

 

 

 

 

 

 

 

FIGURE C 
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Inhibition of prostaglandins synthesis : 

We care about the inhibition because they have an important role in inflammation like 

platelets aggregation , smooth muscle relaxation and increase blood flow . 

❖ Steroidal Anti Inflammatory >> they act by inhibiting the Phospholipase A2 >> 

no release of arachidonic acid >> no production of eicosanoids . 

❖ Nonsteroidal Anti Inflammatory >> like Aspirin>> inhibit cox by Acetylation of 

Cyclooxygenase or Irreversible Binding to the Enzyme . 

How aspirin works ? 

✓ the active cox contain serine that has OH at its side chain , that’s required for its 

activity . 

✓ the enzyme gets inhibited by acetylsalicylate (aspirin) by which the acetyl group is 

transferred to the enzyme and inhibiting it so it becomes acetylated cox . 

✓ another inhibitor is Ibuprofen , which binds irreversibly and strongly to the 

enzyme . 

 

The inactivation of PGs: 

✓ Its rapid  

✓ Its achieved by oxidation of hydroxyl group 

 at c15 to become a ketone so it becomes no longer active  

✓ Or by reduction of double bond at c 13 . 

Leukotrienes (LT) and Hydroxy eicosatetraenoic 

 Acid (HETE) : 

✓ Signal molecules  

✓ Produced from arachidonic acid  

✓ Linear molecules , there is no ring  

✓ LT contain 3 conjugated double bonds 

✓  hence the name triene . 

✓ Lipoxygenase catalyzes the first step 

 in converting the arachidonic acid 

 into HEPTE (HYDRO PEROXY TETRA  

EONIC ACID ) then to LTA4 . 

✓ LT have a role in allergy. 

✓ Inhibition of its production is done by inhibiting the enzyme ( lipoxygenase) 


