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CHAPTER ONE
NORMAL METABOLISM

OF
BLOOD LIPIDS
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NORMAL METABOLISM OF BLOOD LIPIDS

Composition of Foods:

Since the guantaty and gquality of <osd con-ribute
tc the <concentration and distributior c¢f plood lirids
in various lipourotein fractions, it 1is appropriate to

aiscuss briefly the compcsition of the food we eat.
An average diet contains about 30U0 calorics, which
generally consists of about 40% fats, 483 carbohvdratss, and

12% of the total calories are proteins.

The composition of feood fat is mostly animnl fat,

which is mainly saturated fat.

Triglycerides constitute about 98: of fooa ats,

o0

of which 92% to 95 are fatty acids and the resairder

i1s glycerol. The minor fraction, about 2%, of fooa “‘ats
includes cholesterol, phospholipids, dighveoeriaes, moncarly—

cerides, fat soluble vitamins, and cther fats.

The individual glycerides molacule in most fats contains

both saturated and unsaturated fatty acias.
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Soveral polyunsaturated fatty acids cannot oe  synthe-
sizea 1n the human body and must be provided in diet.

Tnesce  have  peen  termed "essential fatty acids" (EFA).

The 1ntake ol essential fatty acids 1in human dicet

is mestly from vegetable sources. (Ganong 1983).

LZnother principle difference between animal and vege-
table ZazTs 1s the nature of the sterols present. Animal
fats' sterocl is almost exlusively cholesterol, which is
a normal constituent of every animal tissue and a major
componaent of brain, liver, and other tissues, rlant sterols
are mainly  phytosterols. The phytosterols are important

becausoe they compete with cholesterol for uptake by the

intestinal  awwcosal  cells. Thus, the more phytosterols
is abserbed by <*he mucosal cells of the gut. ({(Kaplan,
regdn .

Fat digestion, absorption and transport:

Digestive phase:

Most dicestion of food fat is carried on in the intes-
Tine taoreough the actieon of intestirol and pancreatic lipases

arce of 21le acids.
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Bile salts, produced by the liver and storoed i the
gall bladdar as bile are both strongly hycropnilic and
hydreobolic. Because of their surface active uprowerties,
the bile salts emulsify the dietary triuv.vceriacs into

enzymes.

The main path of fat digestion progresses from trigly-
cerides to 1, 2-diglycerides to Z-mcnoglyceriaes and fatty
acids . Only a small percentage of the fat is hvarolvzed
to free fatty acids and glycerol, psrhags alter iscmeriza-

tion to the T-monocglyceride.

In the intestirel 1lumen the acticn c¢f a pncreatic

iipase on 1ingested fat results 1in a ccmplex wmixture of

1
1

Tty

Al

triglycerides, diglycerdies, monoglvcerides and fres [z

acids. (Rommel 1976).

In the iIntestinal lumen the action of pancratic lipase
on ingested fat results in a complex mixture of ifrigilvocrides
diglycerides, monoglycerides, and free fatty zacids. Choles-
terol esters are hydrolysed to Ifree cholesrore]l ana ree
fatty acids, the reaction being catalvzea bv the enzyme

chnclesterol esterase.
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For solubilization of the 1lipids in the intestine,
two tlasscs of compounds are essential, namely bile salts
ysoiecitnin. They form & two phase system - an oil phass
certianing almost all the triglycerides and diglycerides
ana a water clear mnicellar solution of momoglycerides,

bilo salis, lvsolcocithin, and scaps. (Ganong 1983).

Filo salts compinatien with the monoglycerdies and

fatTy acics form a negatively polymalecular aggregates,
or "micelles" wilich are very small in size. Now micelles

has acrcess to thne intramicrovillus space of the intestinal
luwmer where peonetration into the intestinalmucosal cells

car take place. (Rommel 1376).

Abscrptive phase:-

(]

cnanism by which micelles are taken into

'he exacTt m

the mucosal cells 1s not yet clear. (Kaplan 1984).

atty acids enter

Fh

Fowevey, after monoglvcerdiss and

tne endcrlasmic reticulum of the mucesal alls, presumabdly

v ol usion, the meneglycerides and fatty acids are rooeste

rifisd irto ftrigiyve

erices.
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Ths enzime which is reguired for fatty acids utilization
1nte trielyveerides resynthesis has a preonounced specificizy
“or _ong chain fatty acids. Thus long chain fatty acids
“"eootnoracic guct lymph, and transported as trigluv-
cerices in the chylomincrons, whereas short and medsium
Caain fatty acids are trarnsported bound to albumin ang

in  the portal! czirculaticen. [Rommel 12767,

Transport phase:-

“ransport  oif  lipids in pliasma is accomplished v
the  feormation of supramclecular complexes calied lipo-

vecrteins,

Zhe nemenclazura of lipoprofeins is based on their
Yoorrive prerertions of lipids and protein. These classcs

& nct constitute absclute categories since within each

[oh

clasz <there 1is 7neterocenety with respect <to size, an

1izic and rprotein composition. The detailed metabolism

el tlis  comp.ioxes will be discussed later separately.

o Trivgliycerides nave  been  resynthesized witnin
Tre Intsstinal mucosal cgells, they are asserzlsed in the
Lo oo T e lrsnic reticulum and <he Golgi apparatus
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s ol

intc water sclublies macromolecules - chylemicrens arnd to
a4 skl oextent,  very  low  density  lipoproteins  (VLDLG,
anc -e=ave the mucosalcells by pinocytosis.

They first appear 1in the lympatlic vessels of the

audeminal o roglon and  late in the sytemic circulatien.
v roomel 1876 ).

Tne bleoed stream  transports chylomicrons and VLDL
o all tissues, including adipose tissue. Chylomicrons
anc VLCL are clgareda from the circulation in a matzer

o! mintTes ana a few hours respectively.

fheir Lriciveerides are hyvdrolyzed by an enzyme called

crot=in [or itriglyceride) lipase (LPL). This =2nzyne

nos o peer desenstrated 1n oa  variety of  tissues and its
site cof action 1s at the capililary endethelial cell surface

{Helsson T98¢).

Lracr normal conditiens, chylemicron catabolism proceeds
1n Twe <nown phases. I the Zirst, trig_ycerides are hydro-
ly.ooae et omuranepatic tissue sites under the influsnce

CT 2 Gipoprotelin lipase. This process results in a relativelsy

Triv voorid woor, cholestercl rich  remanant  particles. 1o
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(I

the seccead phase the remant particle is removed by th

Pivor. (Morriset 19750 .
Experiments with the perfused ocrgans has shown that
the iver does not significantly wetabolize native chylo-

cn or vWLoL. {Peter 1983).

Rolec of Lipoprotien Lipase enzyme:

Lipcrreoteln lipase 1s an enzyme (or group of closely

zymes) generally charcterized by salt inhibition,

relaTed ear

an m.oKaline pH optimum, and dependence con apo C II and
insulin for optimal catalytic activity. However, di<ference

In caemica: and enzymatic characteristics, in imnuneological

sotavior, and in heormonal and metapolic regulation raise

oo gqavaTtion wiethor LEL from various socurces are Gifferant
crcTeins? (Nelsson 19805 .

scrral blood does net contain appreciable quantities
o7 the onrzvme.  However, following injection of heparirn

livoprotein lZrase is released from the tisstes in*o circu-

ration and 1s accompanied oy the clearing of lipemi

4

LzL s alsc released from the liver by large guantities

Goeavin. But this enzyme nhas properties different from
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Lresc o0 ether LPL. in being independant on  apoprotecin

nsulin for activation, and it does 1ot react

[

c II ana

roeadlly owith cnvlomicrons. (Brown 1876).

sotin pnespholipids and apolipoprotein € II are reguried

actors for LPL activity. Both of <his cofactors

I

o)

8l
n

oopresent o in chyvlomicron and VLDL (Petar 1983).

The mechanism of hydrolysis of chvlomicron trigcerides

H

o
=

oy LfFL 1s not xawen. The hyarolyzed triglycerides a

thon progressiveiy  degraded into di, and monoglyceriaes

ana  fina’ly into Zfatty acids and glycercl. Some of the
toodsea tree latty acids return to circulation but tho

2a.< ars “ransported into thne tissues where they can be

storea, urtilizea Zor energy o©r other fucntions. (Brown

¢ Ta .
Reaction witn LPL results in the loss of approximately
gy cf  the <triglyceride of chylomicrea and in loss of

the apc-C polyvpeptide that return te dADL. The resualtant
caylenicren rernant will be c¢leared by the liver, while
ths VLD sosar=snat catapclism occur at an extracellur site

and results An tne fermatiern of LDL, a cholestersl »ich
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Rele of liver in Lipid metabolism: -

Chyltemicreon romnant are taken up by the liver and
the cholesteryl esters of the remnant are hydrolyzed and

tie triacviglveeral fatty acids metabolized (Sherrill 1980).

Lxcoss  dietary glucese, after repletion of hepatic

o+

lycocen stores, is converted to fatty . -ids. Newly synthe-

9]

sized fatty acids and those derived from diet by direct
portol Dblood transport system are esterified to form tri-
gliooriae. This tyriglycerdie is coupled with phospholipid,
cholesterol and protiens to form VLDL which are then released

into the circulation and transported to adipose tissue.

Jepatic  triglyceride synthesis is  accelerated when
tne diet is rich in carbohvdrate. This results in VILDL
oLverproduction, wnich may explain the occasional transient
hypertriglyceridemia observed in normal persons when they
consume  diets particularly rich in simple sugars. (Peter

1082).

Asnothor  1mportant  source of  VLDL triglycerides are
the [ree fatty acids released by adipose tissue. It is
net yet estanlished te what extent chylomicrons and VLDL

oI 1ntosticnal eorigin are take up by the liver which could

répresent  another source of hepatic triglyceride. (Salik
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During  fasting, periods of stress, and in certain
meTapolic conditions, like uncontroled diabetes, free
Loty aclds derived from adipose tissue are the principal

procurscr of hepatic VLDL.

Role of adipose +tissue in lipids metabolism: -

After a meal, chylomicrons and VLDL fatty acids enter
the intraccellalar free fatty acid pool. Glycereol, on the
ctner hand, is released into the circulatien, since adipose

tZissue lacks glycerckinase, the enzyme necessary to re-

Insulin, released in responce to diet, accelerates
glucose ontery into adipose cells where it is metabolized
te glycerophesphate and also to fatty acids, both are

rosubstrates for triglyceride re-synthesis.

t

High level of insulin accelerates this processes,

ana after a meal, adipose tissue operates as an effective

11

sterace  system  for alimentary lipids and carbohydrates.

Triclyoerides in adipose tissues are constantly subjected
0 Tne catabolic action of an intracellular enzvme (differert
Drais o sorum lipeurotein  lipase) stimulated by hormones

I ag catechalamines, thyroxin and gl@cagon.

“CI

n
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