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Triacylglycerols ( The body fuel reserve )

Lipids constitute about 15- 20 % of the body weight in humans.
TG are the

most abundant lipids comprising 85-90 % of body lipids. Most TG
are stored in

the adipose tissue and serve as energy reserve of the body. This
is in contrast to

carbohydrates and proteins which cannot be stored to a
significant extent for

energy purposes.

Why should fat be the fuel reserve of the body ?

1. TG are highly concentrated form of energy yielding 9 cal/g in
contrast to

carbohydrate and proteins that produce only 4 cal/g.2. TG are
hydrophobic in nature, hence stored in pure form without any

association with water . Whereas, glycogen and protein are
polar. One gram of

glycogen combines with 2 g of water for storage.

For healthy adult ( weighing 70 Kg ) about 10-11 kg of fat is
stored in adipose

tissue which corresponds to a fuel reserve of 100,000 cals. If
this much of

energy were to be stored as glycogen ( instead of fat ) then the
weight of the

person would increase significantly.

Long chain fatty acids are the ideal storage fuel reserves of
the body. Fats can

support the body energy needs for long periods of food
deprivation. Humans

can fast and survive for 60-90 days and the obese persons can
survive even

longer 6 months without food.
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LipidsAre biomolecules which are soluble in organic solvents
lipids. Fats and lipids

are insoluble in water .

Lipid Function :

1. Fats and lipids are important because they serve as energy
source as well as astorage for energy in the form of fat cells.

2. Lipids have a major cellular function as structural
components in cell

membranes.

3. Hormones steroids and prostaglandin are chemical messengers
between bodytissues.

4. VitaminsA, D , E and K are lipid soluble.

5. Lipids act as a shock absorber to protect vital organs and
insulate the body

from temperature extremes.
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Digestion and Transport of Dietary Lipids :

Triacylglycerols are the major fat in human diet , consisting of
three fattyacids esterified to a glycerol backbone . Limited
digestion of these lipidsoccurs in the mouth ( lingual lipase ) and
stomach ( gastric lipase ) . In theintestine , the fats are
emulsified by bile salts that are released from thegallbladder.
This increases the available surface area of the lipids
forpancreatic lipase . Degradation products are free fatty acids
and 2-monoacylglycerol . When partially digested food enters the
intestine , thehormone cholecystokinin is secreted by the intestine
, which signals thegallbladder to contract and release bile acids,
and the pancreas to releasedigestive enzymes.

In addition to triacylglycerols , phospholipids , cholesterol
andcholesterol esters ( cholesterol esterified to fatty acids ) are
present in thefoods . Phospholipids are hydrolyzed in the
intestinal lumen by

phospholipase A2 and cholesterol esters are hydrolyzed by
cholesterolesterase. Both of these enzymes are secreted from the
pancreas.
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Digestion of Dietary Triacylglycerols

Occurs in duodenum

Facilitated by

Bile salts (emulsification)

Alkaline medium (pancreatic juice)

Pancreaticlipases

OH

OH

TAG MAG

Intestinal

lipases Glycerol

+

Fatty Acids
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The products of enzymatic digestion ( free fatty acids ,
glycerol ,cholesterol) form micelles with bile acids in the
intestinal lumen. Themicelles interact with the enterocyte membrane
and allow diffusion ofthe lipid soluble components across the
enterocyte membrane into thecell. The bile acids, do not enter the
enterocyte but they remain in theintestine , travel further down ,
and are then reabsorbed and sent backto the liver by the
enterohepatic circulation. This allows the bile salts tobe used
multiple times in fat digestion.

The intestinal epithelial cells will re synthesize
triacylglycerol from freefatty acids and 2- monoacylglycerol and
will package them with a

protein , apolipoprotein B-48, phospholipids and cholesterol
estersinto a soluble lipoprotein particle known as a chylomicron.
Thechylomicrons are secreted into the lymph and eventually end up
in thecirculation , where they can distribute dietary lipids to all
tissues of thebody.
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Fate of Glycerol

OH

OH

OH

Glycerol

In Liver:

Dihydroxyacetone

Phosphate

Pyruvate

Glucose

Glycolysis

Gluconeogenesis
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Control of lipid digestion Panceatic secretion of enzymes that
degrade dietary lipids in the

small intestine is hormonally controlled. Cells in the mucosa of
lowerduodenum produce cholecystokinin in response to the presence
oflipids and partially digested proteins entering these regions
CKKacts on the gallbladder ( causing them to release bile) , and
onpancreas to release digestive enzymes. It also decrease
gastricmotility , resulting in a slower release of gastric contents
into the

small intestine. Other intestinal cells produce another hormone
,secretin in response to the low pH of the chyme entering into
thesmall intestine. Secretin causes the pancreas and the liver to
releasea watery solution rich in bicarbonate that helps to
neutralize the pHof the intestinal contents , bringing them to the
appropriate pH forenzymes digestive activity by pancreatic
enzymes.
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Fatty Acid Synthesis

The pathway for fatty acid synthesis occurs in thecytoplasm,
whereas, oxidation occurs in the mitochondria.

The other major difference is the use of nucleotide co-

factors. Oxidation of fats involves the reduction ofFAD+

and NAD+. Synthesis of fats involves the oxidation of

NADPH. The synthesis of malonyl-CoA is the first committed step
of

fatty acid synthesis and the enzyme that catalyzes this

reaction, acetyl-CoA carboxylase (ACC), is the major site of

regulation of fatty acid synthesis.
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The synthesis of fatty acids from acetyl-CoA and malonyl-

CoA is carried out by fatty acid synthase, FAS.

All of the reactions of fatty acid synthesis are carried out by
themultiple enzymatic activities ofFAS. The two reduction
reactions

require NADPH oxidation to NADP+.

The primary fatty acid synthesized by FAS is palmitate.
Palmitate

is then released from the enzyme and can then undergo
separate

elongation and/or unsaturation to yield other fatty
acidmolecules.
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Physiologically Relevant FattyAcids

Numerical Symbol Common Name Structure Comments

14:0 Myristic acid CH3(CH2)12COOHOften found attached to the
N-

term. of plasma membrane-

associated cytoplasmic

proteins

16:0 Palmitic acid CH3(CH2)14COOHEnd product of mammalian
fatty

acid synthesis

16:1(9 Palmitoleic acid CH3

(CH2

)5

C=C(CH2

)7

COOH

18:0 Stearic acid CH3(CH2)16COOH

18:1(9 Oleic acid CH3(CH2)7C=C(CH2)7COOH

18:2(9,12 Linoleic acid CH3(CH2)4C=CCH2C=C(CH2)7COOH Essential
fatty acid

18:3(9,12,15 Linolenic acid CH3CH2C=CCH2C=CCH2C=C(CH2)7COOH
Essential fatty acid

20:4(5,8,11,14 Arachidonic acid CH3(CH2)3(CH2C=C)4(CH2)3COOH
Precursor foreicosanoidsynthesis
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Origin ofCytoplasmicAcetyl-CoA

Acetyl-CoA is generated in the mitochondria primarily from
two

sources :

the pyruvate dehydrogenase (PDH) reaction

fatty acid oxidation.

In order for these acetyl units to be utilized for fatty
acidsynthesis they must be present in the cytoplasm.

Acetyl-CoA enters the cytoplasm in the form of citrate via
the

tricarboxylate transport system. In the cytoplasm, citrate
is

converted to oxaloacetate and acetyl-CoA by the ATP driven

ATP-citrate lyase reaction. The resultant oxaloacetate is

converted to malate by malate dehydrogenase (MDH).


	
8/6/2019 Lipid Metabolism Update

17/104


	
8/6/2019 Lipid Metabolism Update

18/104

Majorsources of the NADPH requiredfor fatty acidsynthesis

1. Pentose phosphate pathway : this pathway is the major

supplier of NADPH for fatty acid synthesis. Two NADPH are

produced for each molecule of glucose that enters this

pathway.

2. Cytoplasmic conversion of malate to pyruvate : Malate is

oxidized and decarboxylated by malate dehydrogenase

enzyme to form pyruvate.
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Fatty Acid Biosynthesis:

Sources of NADPH

Pentose Phosphate Pathway:

CHO

OH

OHOHOP

HO

CO2-

OH

OHOHOP

HONADP

+NADPH

+ H+

NADP+

NADPH

+ H+

CO2

OH

OHOHOP

O

Ribulose-5-

phosphate6-Phospho-

gluconateGlucose-6-

phosphate

Malic Enzyme:

HO-CH-CO2-

CH2CO2-Malate

CO2

NADP+NADPH

+ H+

Malic

Enzyme

CH3CCO2-

O

Pyruvate
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Elongation andDesaturation The fatty acid product released from
FAS is palmitate which is a 16:0

fatty acid, i.e. 16 carbons and no sites of unsaturation.

Elongation and unsaturation of fatty acids occurs in both
the

mitochondria and endoplasmic reticulum.

The predominant site of these processes is in the ER
membranes.

Elongation involves condensation of acyl-CoA groups with
malonyl-CoA. The resultant product is two carbons longer yielding
a

saturated fatty acid. Mitochondrial elongation involves
acetyl-CoA

units.
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Desaturation occurs in the ER membranes in mammalian cells
involves 4broad specificity fatty acyl-CoA desaturases. These
enzymes introduceunsaturation at C4, C5, C6 or C9.

Since these enzymes cannot introduce sites of unsaturation
beyond C9they cannot synthesize either linoleate (18:2D9, 12) or
linolenate(18:3D9, 12, 15).

These fatty acids must be acquired from the diet and are,
therefore,referred to as essential fatty acids.

Linoleic is especially important for the synthesis of
arachidonic acid.

Arachindonate is a precursor for the eicosanoids (prostaglandins
and

thromboxanes).It is this role of fatty acids in eicosanoid
synthesis thatleads to poor growth, wound healing and dermatitis in
persons on fatfree diets. Also, linoleic acid is a constituent of
epidermal cellsphingolipids that function as the skins water
permeability barrier.
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Essential fattyacids :

The benefits of omega-3sinclude

1. Reducingthe riskof heartdiseaseandstroke.

2. Reducesymptoms of hypertensionanddepression.

3. Deficiency results of joint painand other rheumatoid
problems

4. Omega-3scan boosttheimmunesystem

5. Help protect ofillnessesincluding Alzheimer'sdisease.

6. Encouragesthe production of bodychemicalsthat help
controlinflammation-- inthe joints,the
bloodstream,andthetissues.

Essentialtype of fattyacid : knownas omega-6s. Foundin foodssuch
aseggs, poultry,cereals, vegetable oils, and margarine,
omega-6sarealso consideredessential.

1. Theysupportskin health,

2. lowercholesterol

3. and help make our blood "sticky" so itisableto clot.

But when omega-6saren't balanced with sufficientamounts of
omega-3s,problemscanensue. Research indicatesthat high omega-6
fattyacidsshiftthephysiologicstateto pro-inflammatory.
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Activation of fatty acids andtheir transport to the

mitochondria

Fatty acids do not exist in free form in the body .In blood
fatty

acids are bound to albumin which is present at a
concentration

35mg/ml in plasma. Each molecule of albumin can bind six to

eight fatty acid molecules. As the priming step for their

catabolism, the fatty acids are activated to their CoA
derivativeusing ATP as the energy source.
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Synthesis of Triglycerides

Fatty acids are stored for future use as tri acylglycerol in all
cells, but

primarily in adipose tissue. Tri acylglycerol constitute
molecules of glycerolto which three fatty acids have been
esterified.

The fatty acids present in tri acylglycerol are predominantly
saturated.

The major building block for the synthesis of tri acylglycerols,
in tissuesother than adipose tissue, is glycerol.Adipocytes
lackglycerolkinase,

therefore, dihydroxyacetone phosphate (DHAP), produced
duringglycolysis, is the precursor for tri acylglycerol synthesis
in adipose tissue.This means that adipoctes must have glucose to
oxidize in order to storefatty acids in the form of tri
acylglycerol.
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The length of the fatty aciddictates where itis

activatedto CoA

Short and medium chain fatty acids can cross the
mitochondrialmembrane by passive diffusion and are activated to
their CoA

derivative within the mitochondria.

Very long chain fatty acids are shortened to long chain fatty
acids in

peroxisomes. Peroxisomes are part of the process of cell
metabolism, which

keeps cells running smoothly to ensure that they have enough
energy to

perform their functions. People can develop disorders related to
a buildup of

lipids and other toxins in their bodies. This can manifest in
the form of a

variety of conditions, including the neurological disorder known
as Zellweger

Syndrome.

Long chain fatty acids 16 4 carbons are the major components
of

storage triglycerides and dietary fats. They are activated to
their CoAderivative in the cytoplasm and are transported into the
mitochondria

via the carnitine shuttle.
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The carnitine shuttle

For the transport of long chain fatty acids, the fatty acid is
first

transferred to the small molecule, carnitine by carnitine
palmitoyltransferase 1 located in the outer mitochondrial
membrane.

An acyl carnitine transporter or translocase in the inner
mitochondrial

membrane then facilates transfer of the fatty acid into the
mitochondria

, where CPT-11 regenerates the acyl CoA releasing free
carnitine.

The carntine shuttle operates by an antiport mechanism in which
free

carnitine and acyl carnitine derivative move in opposite
direction

across the inner mitochondrial membrane.

The carnitine shuttle is inhibited by malonyl CoA after the
ingestion of

carbohydrate rich meals preventing the catabolism of newly

synthesized fatty acids and favoring their export from the liver
for

storage in adipose tissue.
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Carnitine is a nutrient that helps the body turn fat into
energy. It is produced

by the body in the liver and kidneys and stored in the skeletal
muscles,

heart, brain, and sperm.

Usually, the body can make all the carnitine it needs. Some
people,

however, may be deficient in carnitine because their bodies
cannot makeenough carnitine or transport it into tissues so it can
be used.

Biosynthesized from the amino acids lysine and methionine.
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Carnitine shuttle
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Oxidation of fatty acids.

Fatty acyl CoAs are oxidized in a cycle of reactions involving
oxidation

of the carbon. The oxidation is followed by cleavage between
the

and carbons by thiolase reaction.

One mole each of acetyl CoA , FADH2 and NADH+H+ is formed
during

each cycle along with fatty acyl CoA two fewer carbon atoms.

For 16 carbon fatty acid such as palmitate , the cycle is
repeated seventimes, yielding eight moles of acetyl CoA plus seven
moles ofFADH2

and seven moles of NADH+H+.

This process occurs in the mitochondria and the reduced
nucleotides

are used directly for synthesis of ATP by oxidative
phosphorylation.
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SIDS : A disorder due to blockade in Beta- Oxidation :

SIDS is unexpected death of healthy infants usually overnight.
The real

cause of SIDS is not known. But at least 10% is due to deficency
of medium

chain acyl CoA dehydrogenase. The occurrence of SIDS is
explained that

the glucose is the principal source of energy soon after eating
or feedingbabies. After a few hours, the glucose level decreases
and the rate of fatty

acid oxidation must increase to meet the energy needs. The
sudden death in

infants is due to a blockade in beta- oxidation caused by a
deficiency in

medium chain acyl CoA dehydrogenase (MCAD).

Zellweger syndrome : This is rare disorder characterized by the
absence ofperoxisomes in almost all the tissue. AS a result , the
long chain fatty acids

are not oxidized . They accumulate in tissues, particularly in
brain, liver and

kidney.

Oxidation of fatty acids and metabolic water :

Fatty acid oxidation is accompanied by the production of water.
For instance when one molecule of palmitic acid is oxidized , it
releases 16

molecules of water. This metabolic water has great significance
in some

animals. Camel can store lipids in its hump which is good source
of water

besides energy supply. For this reason camel can travel in
deserts for long

periods even without food and water supply.
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Alternative pathways of oxidation of fatty acids.

Unsaturated fatty acids yield less FADH2 when they are
oxidized.

Unsaturated fatty acids are partially oxidized so less FADH2
is

produced by their oxidation. The double bonds in
polyunsaturated

fatty acids occurs at three carbon intervals, whereas the
intermediates

in oxidation proceed in two carbon steps.
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Ketone bodies

Ketone bodies: During fasting or

carbohydrate starvation,

oxaloacetate is depleted in liver

because it is used for

gluconeogenesis. This impedes

entry of acetyl-CoA into Krebs

cycle. Acetyl-CoA then is

converted in liver mitochondria

to ketone bodies, acetoacetate

and Beta-hydroxybutyrate.
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Clinical Significance of KetogenesisThe production of ketone
bodies occurs at a relatively low rate during normal

feeding and under conditions of normal physiological status.
Normal

physiological responses to carbohydrate shortages cause the
liver to

increase the production of ketone bodies from the acetyl-CoA
generated

from fatty acid oxidation. This allows the heart and skeletal
muscles primarily

to use ketone bodies for energy, thereby preserving the limited
glucose for

use by the brain.

The most significant disruption in the level of ketosis, leading
to profoundclinical manifestations, occurs in untreated
insulin-dependent diabetes

mellitus. This physiological state, diabetic ketoacidosis (DKA)
results from a

reduced supply of glucose (due to a significant decline in
circulating insulin)

and increase in fatty acid oxidation (due to increase in
circulating glucagon).

The increased production of acetyl-CoA leads to ketone body
productionthat exceeds the ability of peripheral tissues to oxidize
them. Ketone bodies

are relatively strong acids and their increase lowers the pH of
the blood.

This acidification of the blood is dangerous chiefly because it
impairs the

ability of hemoglobin to bind oxygen.
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Biosynthesis of cholesterolin liver

C

holesterol is one of the most well recognized molecules in human
biology, inpart because of the direct relationship between its
concentrations in blood and

tissues and the development of atherosclerotic vascular disease.
Cholesterol

which is transported in the blood in lipoproteins because of its
absolute

insolubility in water, serves as a stabilizing component of cell
membranes and

as a precursor of the bile salts and steroids hormones.
Cholesterol is precursor

of cholecalciferol the active form of vitamin D in skin.

Cholesterol can appear in its free , unesterified form in the
outer shell of these

macromolecules and as cholesterol esters in the lipoprotein
core.
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Structure of cholesterol

It contains 27 carbon atoms ,of which 17 are incorporated into
four

fused rings (the perhydrocyclopentano-phenanthrene nucleus.

This structure gives cholesterol a low solubility in water (
about

5mol/L). Only about 30% of circulating cholesterol occurs in
the

free form , the majority is esterified through the hydroxyl
group to a

wide range of long chain fatty acids including oleic and
linoleic

acids.Cholesterol esters are less soluble in water than free
cholesterol

and the conc in plasma 5 mmole/L ( 200mg/dl).The
lipoproteins

which bind with cholesterol solubilize it. Within these
lipoproteins

the hydrophobic cholesterol esters are located in the core of
the

molecule, with free cholesterol in the outside layer.
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Bile acids

Quantitatively the most important metabolic products of
cholesterol are

the bile acids. In man there are four main bile acids .These
bile acids allhave 24 carbon atoms.

Biosynthesis occurs within the liver cells to produce cholic
and

chenodeoxycholic acids. The rate limiting step in the
biosynthesis is

the microsomal 7- hydroxylase enzyme. Prior to secretion
these

primary bile acids are conjugated with either glycine or
taurine.The

secreted products are thus principally glycoholic ,

glycochenodeoxycholic , taurocholic and
taurochenodeoxycholic

acids.

These compounds are secreted from the liver via bile ducts
either

directly into the duodenum or for storage in the gall bladder.
They are

an important component of bile , together with water ,
phospholipids ,cholesterol , salts and excretory products such as
bilirubin.

Deoxycholic and lithocholic acids are secondary bile acids
formed

within the intestine through the action of bacterial enzymes on
the

primary bile acids.
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Cholelithiasis :
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Cholelithiasis : Bile salts and phospholipids are responsible
for keeping the

cholesterol in bile in a soluble state. Due to their deficiency
in bile ,

cholesterol crystals precipitate in the gall bladder often
resulting in

cholelithiasis cholesterol gall stone disease.

Cholelithiasis may be due to defective absorption of bile salts
from the

intestine, impairment in liver function, obstruction of biliary
tract.
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Steroidhormones

Cholesterol is the precursor of all the steroid hormones. The
biosynthesis

of the steroid hormones occurs within the adrenal cortex , the
testis inman and the ovary in woman.
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Li id d li t i
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Lipids andlipoproteins

Lipoproteins :

Lipoproteins are important because the provide means for fat
transportbetween different organs and tissues. Their clinical
importance is the

role they play in the development of atherosclerosis; a
phenomenon

that underlies a range of disease of the cardiovascular system
such as

coronary heart disease and stroke.
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Plasma LipoproteinsThe lipoproteins particles include
chylomicrons,very- low density

lipoproteins (VLDL) , low density lipoproteins( LDL) and high
density(

HDL). They differ in lipid and protein composition , size and
density.Lipoproteins function :

1. Keep their component lipids soluble as they transport them in
theplasma.

2. To provide mechanisms for transporting their lipid to and
from thetissues.

Humans experience a gradual deposition of lipid especially
cholesterolin tissues. This is a life threatening occurrence when
the lipiddeposition contribute to plaque formation causing the
narrowing ofblood vessels (atherosclerosis).
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Apolipoproteins
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Apolipoproteins

Are associated with lipoprotein particles have a number of
functions :

1. Providing recognition sites for cell surface receptors.

2. Serving as activators or coenzymes for enzymes involved in
lipoprotein

metabolism.

3. Some of the apos are required as essential structural
components of

the particles and whereas, others are transferred freely
between

lipoproteins.

Apolipoproteins: are divided by structure and function into
fivemajor classes.
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Modification of Nascent chylomicron particles

The particle released is called a nascent chylomicron. When it
reaches the

plasma, the particle receiving apoE( which is recognized by
hepatic

receptors ) and apo C. ApoC-11 activates lipoprotein lipase
that

degrades the TG contained in the chylomicron. The source of the
apos

is HDL.

Degradation of TG by lipoproteinLipase:

Lipoprotein lipase is an extracellular enzyme that is found in
the capillarywalls of most tissues, predominantly in adipose tissue
, cardiac and

skeletal muscle.

Lipoprotein lipase activated by apo C-11 , hydrolyzes the TG to
yield

fatty acids and glycerol. The fatty acids are stored by the
adipose or

used for energy by the muscle. The long chain fatty acids
aretransported by albumin until their uptake does occur. Glycerol
is used

by liver for lipid synthesis ,glycolysis and gluconeogenesis.
Patients

with a deficiency of lipoprotein lipase or apo C-11 show a
dramatic

accumulation of chylomicrons in the plasma .

Formation of chylomicron remnants
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Formation of chylomicron remnants

90% of the TG is degraded by lipoprotein lipase , the
particles

decreases in size and increase in density. Apo C is returned to
HDL.

The remaining particles are called remnants is rapidly removed
fromthe circulation by the liver, whose cell membranes receptors
recognize

apo E by endocytosis . Cholesteryl ester and other components of
the

remnant are hydrolytically degraded , releasing amino acids ,
free

cholesterol and fatty acids. The receptors are recycled.
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P d ti f LDL f VLDL i th l
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Production ofLDL from VLDLin the plasma

VLDL is converted in the plasma to LDL. An intermediate
density

lipoprotein (IDL) or VLDL remnant is observed during this
transition.

IDL can also taken up by cells through receptor through apo E
.

Note: apo E is normally present in the three isoforms , E2, E3,
and E4.Apo E2 binds poorly to receptors and patient deficient in
the clearance

of chylomicron remnants and IDL. The individuals have familial
type

111 hyperlipoproteinemia with hypercholesterolemia and
prematureatherosclerosis.

E4 isoform is increased with Alzheimer disease.
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The heterogeneity OFLDL

The major sub- fractions of LDL can be separated by
electrophoresis into

LDL1 ,LDL 2 and LDL 3.

LDL1 and LDL2 are large and light particles .

LDL3 are smaller and dense ,susceptible to oxidation , have
lower

affinity towards the LDL receptors and penetrate the arterial
intima

more easily than large LDL. Thus , a person may have a
normal

cholesterol conc in plasma but may develop atherosclerosis
becauselipoproteins are more atherogenic than usual.

Metabolism of Low Density Lipoproteins


	
8/6/2019 Lipid Metabolism Update

78/104

Metabolism ofLow DensityLipoproteins

LDL particles have a high concentration of cholesterol and
cholesteryl

ester.The primary function of LDL particles is to provide
cholesterol to the

peripheral tissues or return it to the liver by binding to cell
surface

membrane LDL receptors that recognize apo B-100.

The chylomicron remnant ,IDL and LDL derived cholesterol
affects

cellular cholesterol content in several ways.

1. HMG COA reductase is inhibited by high cholesterol as a
result

cholesterol synthesis decreases.

2. Synthesis of new LDL receptor protein is reduced by
decreasing the

expression of LDL receptor gene, thus limiting further entry of
LDL

cholesterol into cells.

3. If the cholesterol is not required for structural or
synthetic purpose. It
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is esterified by acyl CoA: cholesterol acyltransferase (
ACAT).

Cholesterol ester that can be stored in the cell.

Uptake of chemically modified LDL by macrophage scavenger

receptors : Macrophage possess high levels of scavenger
receptoractivity called scavenger receptor class A ( SR-A), can
bind chemically

modified LDL. Cholesterol esters accumulate in macrophages
and

cause their transformation into foam cells which participate in
the

formation of atherosclerosis plaque.

Friedewald formula for calculation of LDL concentration in
plasma.

LDL (mg/dL) = Total cholesterol- HDL- Triglyceride/ 5

LDL ( mmol/L ) = Total cholesterol- HDL- Triglyceride/2.22

Metabolism of High-density Lipoproteins HDL
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Metabolism of High-densityLipoproteins HDL

HDL particles are secreted directly into blood from the liver
andintestine.

Function :1. HDL is a reservoir of apolipoproteins : Apo C-11
activator oflipoprotein lipase and apo E required for receptors of
IDL andchylomicron remnants.

2. HDL uptake of unesterified cholesterol : Nascent HDL are disc
shapedparticles containing phospholipid ( phosphatidylcholine) and
apo A, C

and E. They are rapidly converted to spherical particles as
theyaccumulate cholesterol.
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3 E t ifi ti f h l t l h h l t l i t k b HDL it
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3. Esterification of cholesterol : when cholesterol is taken up
by HDL, itis immediately esterified by the plasma enzyme
phosphatidylcholine :

cholesterol acyltransferase (LCAT). This enzyme is synthesised
by the

liver. LCAT binds to nascent HDL and is activated by
apoA1.Cholesteryl ester which is moved to the core of the HDL. As
the

nascent HDL accumulates cholesteryl esters, it becomes
classified

HDL3 and eventually becomes a round HDL2 .

Note- The cholesteryl ester transfer protein moves some of
cholesteryl

esters to VLDL in exchange for triacylglycerol.
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Disorders of plasma lipoproteins

Inherited disorders of lipoproteins in some individuals
resulting in

hyper or hypo lipoproteinemia. These are due to genetic defects
in

lipoprotein metabolism and transport. The secondary acquired

lipoprotein disorders are due to some other diseases ( D.M ,

hypothyrodism, atherosclerosis , nephrotic syndrome etc.

Hyperlipoproteinemias : Elevation in one or more of the
lipoprotein

fractions constitutes hyperlipoproteinemias. These disorders may
be

either primary or secondary. Fredericksons classification of

hyperlipoproteinemias based on the electrophoretic patterns of
plasma

lipoproteins.

1. Type 1 : This disorder due to familial lipoprotein lipase
deficiency.

The enzyme defect causes increase in plasma chylomicrons and
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The enzyme defect causes increase in plasma chylomicrons and

triacylglycerol levels.

2. Type 11 a : This is due to a defect in LDL receptors.
Secondary type

is observed in association with DM , hypothyroidism,
nephroticsyndrome . This disorder is characterized by
hypercholesterolemia.

3. Type 11 b : Both LDL and VLDL increase along with elevation
in

plasma cholesterol and triacylglycerol. This is due to
overproduction

of apo B.

4. Type 111 : This is commonly known as broad beta disease
andcharacterized by the appearance of the a broad Beta band

corresponding to IDL on electrophoresis.

5. Type 1V : This is due to overproduction of endogenous TG with
a

concomitant rise in VLDL. This disorder is associated with
obesity,

DM , alcoholism etc.

6. Type V : Both chylomicrons and VLDL are elevated . This is
mostly a

secondary condition due to disorders such as obesity, DM and

excessive alcohol consumption etc.

Hypolipoproteinemias :
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1. Familial hypobetalipoproteinemia : It is inherited disorder
due to animpairment in the synthesis of apoprotein B. The plasma
LDL conc in

the affected individuals is between 10 to 50 % of normal
values.

2. Abetalipoproteinemia : This is a rare disorder due to defect
in the

synthesis of apoprotein B . It is characterized by a total
absence of

beta lipoprotein ( LDL ) in plasma. TG are not found in plasma
but they

accumulate in liver and intestine. Serum cholesterol level is
low. This

disorder is associated with decreased absorption of fat and fat
soluble

vitamins. Impairment in physical growth and mental retardation
arecommonly observed.

3. Familial alpha lipoprotein deficiency ( Tangier disease ) :
The plasma

HDL particles are almost absent. Due to this , reverse transport
of

cholesterol is severely affected leading to the accumulation
of

cholesterol esters in tissues. An absence apoprotein C11
whichactivate lipoprotein lipase is also found. The plasma TG
levels are

elevated . The affected individuals are at increased risk
for

atherosclerosis.
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Atherosclerosis
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Atherosclerosis is a complex disease characterized by thickening
or

hardening of arteries due to accumulation of lipids (
particularly

cholesterol, free and esterified ) collagen, fibrous tissue, and
calcium

deposits etc, In the inner arterial wall.

Atherosclerosis is a progressive disorder that narrows and
ultimately

blocks the arteries.

Infarction means stoppage of blood follow resulting in the death
of

affected tissue. Coronary arteries that supplying blood to the
heart are

the most commonly affected leading to myocardial infarction or
heart

attacks.

Causes of atherosclerosis and CHD : The development of

atherosclerosis and the risk for CHD is directly correlated with
plasma

cholesterol and LDL. ON the other hand , plasma HDL is
inversely

correlated with CHD. Certain diseases are associated with
atherosclerosis. These include

D.M , hyperlipoproteinemia, nephrotic syndrome, hypothyroidism
etc.

Many other factors like obesity, high consumption of saturated
fat,

excessive smoking, lack of physical exercise, hypertension,
stress etc

are the probable causes of atherosclerosis.

Relation between HDL and CHD :

The increased levels of plasma HDL are correlated with a low
incidence
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The increased levels of plasma HDL are correlated with a low
incidence

of cardiovascular disorders. Women have higher HDL and are less
free

Prone to heart diseases compared to men. This is attributed
to

estrogens in women. Strenuous physical exercise, moderate
alcoholintake, consumption of unsaturated fatty acids, reduction in
body

weight all tend to increase HDL levels and reduce the risk
of

cardiovascular diseases.

Antioxidants and atherosclerosis :

Antioxidants decrease the oxidation of LDL. There is some
evidence,

that taking of vitamins E and C or beta- carotene reduce the
risk of

atherosclerosis and thereby, CHD
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Atherosclerosis is an Inflammatory Disease
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Atherosclerosis is an Inflammatory Disease

EndotheliumEndothelium

Vessel LumenVessel Lumen

IntimaIntimaFoam CellFoam Cell

MonocyteMonocyte

CytokinesCytokines

Growth FactorsGrowth
FactorsMetalloproteinasesMetalloproteinases

Cell ProliferationCell ProliferationMatrix DegradationMatrix
Degradation MacrophageMacrophage

PhospholipidStructures
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p pPhospholipids or phosphatides are natural surfactants and
emulsifiers

of an alcohol such as glycerol ,one or two molecules of fatty
acid and

a phosphoric acid compound. They are found in animals
whichinclude lecithin, and sphingomyelin. Lecithin also called

phosphotidylcholine, is the main constituent of brain and
nervous

tissue. Dipalmitoyl lecithin is a phosphatides found in the
brain ,lung

and spleen. Cell walls and other biological membranes consist of
two

layers of phospholipids where the fatty acid tails of
phospholipids are

oriented towards each other and the phosphate groups form the
outersurfaces of the membrane. These bilipid layers are
semipermeable ,

allowing some molecules to pass freely while blocking others.
The

most common phospholipids are lecithin ,
phosphatidylethanolamine,

phosphatidylserine and phosphatidylinositol.

Plasmalogens
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Plasmalogens

Plasmalogens are glycerol ether phospholipids. Three major

classes of plasmalogens have been identified:
choline,ethanolamine and serine plasmalogens. Ethanolamine

plasmalogen is prevalent in myelin. Choline plasmalogen is

abundant in cardiac tissue. One particular choline has been

identified as an extremely powerful biological mediator,This

molecule is called platelet activating factor, PAF.

Metabolism of the Sphingolipids
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f p g p The sphingolipids, like the phospholipids, the core
of

sphingolipids is the long-chain amino alcohol, sphingosine.Amino
acylation, with a long chain fatty acid, at carbon 2 of

sphingosine yields a ceramide.

Sphingosine

Ceramide
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Deficiencies in lysosomal en ymes :
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Deficienciesin lysosomalenzymes :

are responsible for the degradation of the carbohydrate
portionsof various gangliosides, the symptoms observed in rare

inherited diseases termed lipid storage diseases,


	
8/6/2019 Lipid Metabolism Update

100/104

Tay-Sachs Disease

Ceramide - O - Glucose - Galactose - N-Acetylgalactose

Hexoseaminidase A

catalyzes cleavage of thisglycoside linkage

GM2 (a ganglioside):

Autosomal recessive disorder characterized by deficiency

of hexoseaminidase A; accumulation of gangliosides in brain

Most prevalent in Jews from Eastern Europe
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Other Gangliosidoses

Gauchers disease:

Fabrys disease:

Nieman-Pick disease:

Ceramide - O - Glucose

Ceramide - O - Glucose - O - Galactose - O - Galactose

Ceramide - Phosphate - Choline

F-glucosidase

E-galactosidase

sphingomyelinase
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