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Digestion Of Lipids

Action Of Specific
Lipid Digesting Enzymes
in Small Intestine
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*Digestion of Lipids is
cleavage of Ester
bonds present in their
structures.

* Dietary forms of Lipids are
digested:

—By action of specific Lipid
digesting enzymes of

—Pancreatic and intestinal juice
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Digestion Of Triacylglycerol
(TAG)
By Enzyme Pancreatic Lipase

* Dietary Fat/Oil which is chemically
TAG is predominant ingested Lipid
form.

* TAG is significantly digested in
small intestine

* After process of Emulsification.

www.FirstRanker.com
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Action of Pancreatic Lipase

* Pancreatic Lipase specifically
Digests Triacylglycerol by cleaving
ester bonds present in its structure.

Colipase Facilitates
Pancreatic Lipase Activity

www.FirstRanker.com
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Role Of Pancreatic Colipase

* Procolipase secreted from
Pancreas as

Triacylglycerol
Lipid Droplet

* Activated to Colipase by
Trypsin

* Colipase anchors Lipase to Triscyighycero
ipi rople
an Emulsion.

- One Colipase to one Lipase
(i.e., 1:1 ratio)

* Pancreatic Colipase

—Colipase interacts with Pancreatic
Lipase to:

* Displace Bile to allow recycling
*Improve activity of Pancreatic Lipase
*|nteract PL with Triacylglycerol

www.FirstRanker.com
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3- Pancreatic lipase
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* Pancreatic Lipase attack TAG at 1 and 3 positions of

Ester bonds.
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Triacylglycerol
Colipase Pancreatic Lipase
Optimum PH 8 Cleaves 1t and 3 rd ester

bond of TAG

Free Fatty acids + 2-Monoacylglycerol

(Fatty acid esterified at C2 of Glycerol)

* Pancreatic Lipase digest
TAG

* By specifically cleaving first
and third ester bonds of
TAG structure.
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‘ ‘ Lipase. 2-Monoacylglycerc
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Lipid emulsion

* The products of TAG digestion

* By Pancreatic Lipase activity
are:

—Free Fatty acids
—Monoacylglycerol (2-MAG)

www.FirstRanker.com
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Action of
Non Specific Lipid Esterases
Of Intestinal Juice

2-Monoacylglycerol

Non Specific Esterase
Cleaves Ester bond at C2

Free Fatty acid + Glycerol

www.FirstRanker.com
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4- Intestinal lipase

\

v Act within intestinal mucosal cells -
hydrolyse the absorbed primary (a)
monoglycerides forming glycerol and
FFA

* Non specific Lipid Esterases act
on 2-MAG /Retinol Ester.

* |t cleaves ester bonds and
releases Free Fatty acid and
Glycerol/Retinol respectively.

www.FirstRanker.com
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Digestion Of Phospholipids
by Pancreatic Enzymes

Action of Phospholipase A2
and
Lysophospholipase
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Phospholipid

Phospholipase A2

Cleaves Ester bond at C2 of PL

Lysophospholipid+ Free Fatty acid

Lysophospholipid

Lysophospholipase

Cleaves Ester bond at C1

Glycerophosphorylcholine+ Free Fatty
acid

www.FirstRanker.com
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* Pancreatic juice enzymes
Phospholipase A2 and
Lysophospholipase digests
dietary Phospholipids.

* Phospholipase A2 cleaves second
position ester bond of Phospholipid to
form Lysophospholipid and Free Fatty
acid.

* Lysophospholipid is then acted by
Lysophospholipase which cleaves ester
bond at C1 to generate:
Glycerophosphorylcholine and Free
Fatty acids.

www.FirstRanker.com
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Digestion Of Cholesterol Ester

By
Cholesterol Esterase

Cholesterol Ester

Cholesterol Esterase
Cleaves Ester bond at C3

Free Cholesterol+ Free Fatty acid

www.FirstRanker.com
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* 5 Simple Forms as End products of Lipid Digestion

Free Fatty acids
Glycerol

2-Monoacylglycerol (2-MAG)
Glycerophosphoryl-Choline

Free Cholesterol

www.FirstRanker.com
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Absorption
of
Dietary End Products
Of Lipid Digestion

Absorption of Dietary Lipids

* End products of Lipid digestion
simple and absorbable forms

e Get absorbed In small
intestine
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* Rate of absorption of different
types of Lipids differ.

—Pork fat is almost absorbed
completely.

—Castor oil is not at all absorbed.

Theories Of Lipid Absorption

* Absorption of Lipids is a complex
mechanism and various theories are
proposed to explain its mechanism.

—Lipolytic Theory
—Partition Theory
—Bergstorm Theory

(Most Recent and accepted one)

www.FirstRanker.com
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Important Role Of Bile Salts
In Both
Lipid Digestion and Absorption

* Bile Salts in intestine helps in
Emulsification of dietary Lipids to
form Emulsions and Facilitates Lipid
Digestion.

* Later Bile Salts form Mixed Micelles
and facilitates the absorption of
digestive end products Lipids.

www.FirstRanker.com
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Role Of Bile Salts In Lipid Absorption

_ How i

= Bile salts surround these component (by their
unpolar end while their polar endings
directing outward) «-» water soluble
micelles (0.1 —0.5 pin diameter)

{.H-.‘F.«-q Hydirophobic Hydro pihilic
" ey i

:. ok - _‘_i—“‘_{:';_:tl Sice p e £
£ SN 3

o Lipid }}—
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= Bile Acid
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* Micelles soluble in water, enter microvilli of
mucosal cells by endocytosis where fat
digestion may be completed through action

of intestinal lipase:

Lipid absorption

Lumen

A - ~ FA |[LSlY

LPh.L

Chol

j »
Baso-/ \ Chylomicrons : Micelle
lateral
horder b Enterocyte { 1
www.FirstR aMJr‘!gb“rrEd water Iayer —
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* The triglycerides, phospholipids & cholesterol
bind with a protein (Apolipoprotein B,;) forming
chylomicrons == lacteals & pass with lymphatic
drainage == the thoracic duct == systemic

circulation.

Mechanism Of Lipid Absorption

* Bile Salts play an important role
in absorption of digestive end
products of dietary Lipids.

* Bile salts help in formation of
Mixed micelles.

www.FirstRanker.com
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* Mixed Micelle is aggregation
of

e digestive end products of
dietary Lipids with a
peripheral layer of Bile Salts.

* An efficiency of Lipid
absorption depends upon:

—Quantity of Bile salts

—Which solubilizes and
_form Mixed Micelles.
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Mixed Micelle Formation

* Mixed Micelle is a complex of Lipid
materials and Bile salts soluble in water

—|t contains Bile salts, end products of
Phospholipids & Cholesterol at periphery
of a Mixed Micelles.

—2-Monoacylglycerol, Free fatty acids and
fat-soluble Vitamins in center of Mixed
Micelles.

= ;'”‘“"i:z{%

~Surfactant

BECTARES

“f:'. Cosurfactant

micelle assemblies of amphu:lhﬂes

Agueous
solution

\\Iif' Bile salts
‘,2,. Maonoglyceride
Fatty acids
Phosphalipids
Cholesterol
www.FirstRanker.com
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Mixed Micelle Formation

I Lumen of small intestine Bile

§ fr::rm liver
%ﬁ Pancrea hc
lipase be
2 fatt} acids Q
Triacy lgljr cerol \"E;QI £

C}?”'
% 2- monoacvlgl}!cerol
Phospholipid = Micelle
Cholesterol W@ AUAL
C % 3 fatty acids
+
= = )
Glycerol

* In Mixed Micelle non polar
long chain fatty acids are at
the center

* At periphery are Amphipathic
Lipid moieties and Bile salts.

www.FirstRanker.com
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* Bile salts and Amphipathic
Lipids of Mixed Micelle

* Exert a solubilizing effect on
non polar Lipid moieties and
help in their absorption.

* Mixed Micelles then get attached
to an Enterocytes cell membrane.

* This help Lipid end products to
slowly cross the mucosal
membrane and get internalized.

www.FirstRanker.com
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* Bile salts of Mixed Micelles do
not cross intestinal mucosal cell
membrane.

* They get retained in intestinal
lumen and later get recycled.

*Bile salts are reabsorbed
further down the
Gastrointestinal tract

( In ileum)
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* Bile salts are transported
back to the Liver through
enterohepatic circulation

* Finally recycled and secreted
back into the digestive tract

Re-Esterification of Simple Lipids
OR
Resynthesis Of Complex
Forms Of Lipids
In Intestinal Mucosal Cells
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* Once simpler forms of Lipids
enter the intestinal mucosal
cells/Enterocytes

* They are resynthesized into
complex forms of Lipids inside
intestinal mucosal cells.

Resynthesis Of Complex Lipids
In Enterocytes

* Free Fatty acid (FFA) + Glycero| smss==) Monoacylglycerol
e MAG +FFA =ssss) Diacylglycerol

* Diacylglycerol + FFA === Trizcylglycerol

* Glycerophosphorylcholine + FFAs msssssss) Phospholipid

e Cholesterol +FFA ™) Cholesterol Ester

www.FirstRanker.com
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* Note resynthesized
complex Lipids in intestinal
mucosal cells

* Are usually different from
those ingested through diet.

* Dietary absorbed Lipids in
intestinal mucosal
cells/Enterocytes are then
mobilized out as
Lipoproteins.
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Formation Of Lipoprotein
Chylomicrons

In Intestinal Mucosal Cells
For
Transportation Of
Dietary Lipids

*Lipids of dietary origin
present in intestinal
mucosal cells are mostly
non polar (TAG) and
hydrophobic in nature.
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* Transport of these dietary Lipids
through aqueous phase of lymph
and blood is

* Facilitated through formation of
a Lipoprotein -Chylomicron in
intestinal mucosal cells.

* Lipoprotein Chylomicron is
synthesized in intestinal
mucosal cells/Enterocytes by

* Aggregation of dietary
ingested, digested and
absorbed Lipids and

www.FirstRanker.com
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* Chylomicron structure has the
non polar Lipids aggregated at
center, the Amphipathic Lipids
and Apoproteins at periphery.

i
Chylomicrons —

« Synthesized in small intestine
(mucosal cells )

« 10 mobilize dietary lipids
Transport dietary lipids
» 98% lipid, large sized, lowest
density

« Apo B-48

« Receptor binding
« Apo C-1I

« Lipoprotein lipase activator
e ADDE

» Remnant receptor binding

Frotain

www.FirstRanker.com
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*Chylomicron has 98% of
TAG (dietary origin)

*1% other Lipids and
*1% Proteins.

* Chylomicrons from intestinal
mucosal cells are first released in
Lacteals (Lymph vessels) of
Lymphatic system

* Which then enters the systemic
blood circulation via Thoracic
duct (Lymphatic duct).
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* Thus Chylomicron serve as a
vehicle for transporting the
exogenous forms of dietary Lipids

* From Small intestine to Liver via
aqueous phase of Lymph and

Blood.

* Gallbladder
contracts due to
secretion of CCK and
secretin from the
duodenal mucosal
cells

* Gallbladder releases
bile into the small
intestine

* Bile from gallbladder
breaks fat into smaller
droplets

* Lipid-digesting
enzymes from the
pancreas break
triglycerides into
monoglycerides and
fatty acids

* Lipid-digesting
enzymes from
pancreas break dietary
cholesterol esters and
phospholipids into
their components

* Micelles transport lipid
digestion products to
the enterocytes of the

Salivary

glands T

s Ay dMouth |

Esophagus

“lGall-

bladderlm"fi - Hstomach

Pancreas
~! Small

_intestine|*

Large
intestine

* Salivary glands in
the mouth produce
an enzyme, lingual
lipase, that digests
some triglycerides

* Little lipid digestion
occurs here

* Most fat arrives
intact at the stomach,
where it is mixed and
broken into droplets

* Gastric lipase
digests some
triglycerides

smailintestine for
absorption

@ 2011 Pearson Education, Inc
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Lipid Digestion Absorption and

Transport

an
Fats ingested )

\

=R

o Bile salts

emulsify dietary
fatsin the small )
intestine, forming

mixed micelles.

Intestinal lipases

Intestinal
mucosa

Myocyte or adipocyte

_ Storage

Fatty acids are
oxidized as fuel

Cco, or reesterified
for storage.

ATP

Fatty acids enter cells.

Lipoprotein lipase

Lipoprotein lipase, activated
by apoC-Il in the capillary,
converts triacylglycerols to
fatty acids and glycerol.

|

iy Chylomicrons move through
gl)?c S y ch Ioicron the lymphatic system and
Fatty acids and other break- " bloodstream to tissues.
down products are taken up Triacylglycerols are incorporated,
by the intestinal mucosa and with cholesterol and apolipoproteins,
converted into triacylglycerols. into chylomicrons.
Figure 17-1
Fats ingested
in diet
Fatty acids are oxidized
as fuel or reesterified
/ for storage.
Gallbladder o Myocyte or
g adipocyte
e
!;-_ < CO2
; 3 ATP
>
y Small
intestine

@ Bile salts emulsify
dietary fats in the
small intestine, forming
mixed micelles.

@) Intestinal lipases
degrade triacylglycerols.

L P _;,-’;@ 1? ®
@ Fatty acids and other breakdown . . SV >
products are taken up by the 3 4 N

intestinal mucosa and converted

—into triacviglycerals.

ApoC-II

Lipoprotein lipase

(6 Lipoprotein lipase,
activated by
apoC-II in the capillary,

Capillary releases fatty acids and
glycerol.

Intestinal
mucosa ~ (5) Chylomicrons move

., through the lymphatic
. system and
bloodstream

to tissues.

o Chylomicron

P s

www.FirstRanker.com

&Triacyiglycerolsare incorporated,
with cholesterol and apoproteins,
into chylomicrons.
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Mechanism Of
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Lipid Absorption

Simple diffusion Exocyt05|s
hr En erocyte Short and
= ~medium
Fatty ar:1d5 " chain fatty
acids
1
E—munoacylglycerol
Triacylglycerol

system ldcteal

O
Glycerol

Protein Syntheais
\ Cholesterol
, Phospholipids
’ Chylomicron

Dietary fat
as large
triglyceride
droplet

= Q_

Lipid emulsion

Pancreatic lipase

e

&ﬁonog[ycarides -

Lumen

Micelles

Eu"!onoglycerides}

l: Fatty acids J

Epithelial
cell of villus

;-—-[ Triglycerides j—‘—-')
Aggregate and Short or
coated with medium
lipoprotein o chain

/ | Chylomicrons]

L PR P}
. = =3

Basement
membrane

» Blood
capillary

Overview
of Lipid
Digestion
and
Absorption

Central L & 3 = ey
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glucose»> —> —> o-glycefBl

cholest \
» cholesteeslter
cholesterol i

fatty acids>» FA-C

MAG » TAG—>

Chylomicre

lysolecithin > lecithin>

apoprote/:s

short chain
FAs/<C10 FA

o
albumen

Transportation Of
Chylomicrons

Through Blood Circulation

www.FirstRanker.com
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Fate of absorbed lipids
L o— s

@ Immediately after absorption of
lipids there is turbidity of plasma
due to circulating chylomicrons
(appear in plasma 2 hours after
meals)

@ This turbidity is soon cleared by
lipoprotein lipase enzyme
(clearing factor)

Action OF Enzyme Lipoprotein Lipase
On Lipoproteins
(Chylomicrons and VLDL)

www.FirstRanker.com
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Lipoprotein Chylomicrons

lipase (TG)

. .
4
g g GlycerOI

Plasma Lipid Clearance
OR
Role Of Clearing Factor

www.FirstRanker.com
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* Most of absorbed Lipids from
GIT mucosal cells do not
directly enter the blood
stream.

* Instead, they are packaged
into Chylomicrons and first
released into the lymph.

 Lymph dumps into Aortic arch (via Thoracic
duct connection with left Sub Clavian vein

enter systemic blood circulation) .

Lymph Nodes of Thoracic Region

Heart Anatomy with Lymph Nodes

www.FirstRanker.com
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LPL Clears Chylomicrons from Blood

* Chylomicrons transported through
blood stream are cleared by LPL
activity and taken up by:

—Adipocytes (Store House Of TAG)
—Muscle

—Liver

Lipids are Not Carried through
Enterohepatic Circulation

eSince Liver is not the
store house of Lipids.

www.FirstRanker.com
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Liver is not a Storage house for TAG

* Unlike Carbohydrates (Glucose) and Protein
(Amino acids) who use enterohepatic circulation

to reach first to Liver.

* Most Lipids carried through lymphatic and
systemic circulatory system to reach Liver lastly.

* This allows Lipids to be cleared by the whole
body and avoids overwhelming of Lipids to Liver .

* Clearance of Lipoproteins
from circulation

* |s mediated by an enzyme
Lipoprotein Lipase (LPL)
acting upon TAG of
Lipoproteins.

www.FirstRanker.com
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* Nascent (New) Chylomicrons released
from intestinal mucosal cells are
circulated first through lymph and
then in systemic blood circulation.

* Nascent Chylomicrons in
blood circulation get matured

* After the receipt of Apo CII
and ApoE from HDL.

www.FirstRanker.com
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* Apo C Il of Mature Chylomicron then

stimulates an enzyme Lipoprotein Lipase
(LPL)

* LPL associated in endothelial lining of
Blood vessels, of Adipose, Heart, Skeletal

Muscles as well as in Lactating Mammary
glands.

* Stimulated Lipoprotein Lipase then
acts upon the TAG of Lipoproteins
(Chylomicron and VLDL).

* Lipoprotein Lipase hydrolyze the TAG
of Lipoproteins to Free Fatty acids and
Glycerol.

* Released Glycerol and Free Fatty acids
enter the adjacent Adiposecytes.

www.FirstRanker.com
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* Glycerol and FFAs entered
in Adipocytes are
transformed into TAG.

—TAG is storage form of Fatty
acids

—TAG serve as a reserve
source of energy.

Liver Internalizes
Only
Chylomicron Remnants

www.FirstRanker.com
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*LPL by its activity on
Chylomicrons reduces
its content of TAG.

* Chylomicrons with
Maximally reduced TAG
content and now termed as
Chylomicron Remnant.
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* Chylomicron remnant in
comparison to Nascent
Chylomicron is

* Smaller in size, and has very
less percentage of dietary
TAG, associated to it.

* Chylomicron remnants get fixed
to their specific receptors
present on Hepatocytes and get
internalized.

* The internalized Chylomicron
remnants inside the Liver gets
further metabolized.
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* Thus Lipoprotein Lipase is

also termed as Clearing
Factor

* Since Lipoprotein Lipase clears
Lipaemic sera(Chylomicrons)
in post absorptive phase.

LPL Activity On Chylomicrons

* |n Post absorptive phase most of the
blood Chylomicrons are transformed to
Chylomicron remnants

* By the Lipoprotein Lipase activity,

* The released moieties from Chylomicrons
are internalized by Adiposecytes and
Hepatocytes

" This clears the circulating Chylomicrons
—from-blood.

www.FirstRanker.com
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figure 19-3

‘_L Chylomicron Metabolism

s Nascent chylomicron
(B-48)

s Mature chylomicron
(+apo C & apo E)

= Lipoprotein lipase

= Chylomicron remnant ﬂ;}.w<

« Removed in liver

UUUUU

= Apo C removed

»* Defect In Lipoprotein Lipase
Do not clear blood
Lipoproteins

Accumulates Chylomicrons
and VLDL in blood circulation

www.FirstRanker.com
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Heparin Is a Coenzyme For
Lipoprotein Lipase

* Ml patients are administered
with Heparin injections

* Which may stimulate
Lipoprotein Lipase activity

 And clear blood with elevated
Chylomicrons and VLDL.

Ad,lpmﬂﬂ Hydrolysts of TG present n
L Striated muscles | .
Lipoprotein Lipase ; o = chylomicrons and very-low
Pancreatic slets RN
| density ipoproterns

Macrophages
Hydrolysis of TG and
phospholipids m very-low

density lipoprotems,
Hepatic Lipase > Hepatocytes ~ ——> remmant particles and HDL
Facilitates CE uptake from
HDL

Removal of remnants

www.FirstRanker.com
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@ Chylomicrons INSULIN
;g E LPL

Chylomicron
Remmnants

adipose tissue |
d2. g‘*-msuumﬁ LCAT] i
Lipase )
b HDLn
G
0
INSULIN s

GPIHBP1 ° . AT capillary
=3 : endothelial
: ASP 4 FA uptake cells
Heparan sulfate 4:_(’;' N {'/- -"ﬁ,

proteaglycans : ;

(HSPG) .
Y
TAG TAG synthesis || ADIPOCYTES

TAG TAG |
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Transport of Short Chain Fatty Acids
And
Medium Chain Fatty Acids
Is Different From

Long Chain Fatty Acids

Absorption of
lipids

* The end products of lipid digestion are :
monoglycerides, FA, glycerol, cholesterol

& lysophospholipids
1- Glycerol and short chain FA :

water soluble . carried through portal circulation

www.FirstRanker.com
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* Transport of Short and Medium chair
Fatty acids

—These enter portal blood directly
from enterocytes

—Transported after bound to Albumin
in blood

* Albumin—FFA complex

—FFA are then internalized in Liver

°Oxidized to liberate ATPs
OR

*Elongated and used for TAG
formation

www.FirstRanker.com
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* Long-chain Fatty acids
—Transported in form of Chylomicrons

—Drain into Lymphatics via Lacteals

—Enter blood stream at Thoracic duct

Defective Lipid
Digestion and Absorption

Leads To

Steatorrhoea

www.FirstRanker.com
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Steatorrhoea

* Steatorrhoea is a Lipid Malabsorption
condition

* Where there is no digestion and no
absorption of dietary Lipids from GIT

* Dietary ingested Lipids are excreted out
through feces as it is.

* Steatorrhoea leads to Fatty stools
* Characteristic whitish/greyish,greasy Stool

Causes Of Steatorrhoea

* The basic cause to suffer from
Steatorrhoea is:

—Absence of emulsifying
agents- Bile salts in small
intestine.

—Absence of specific Enzymes

for Linid dicect;

www.FirstRanker.com
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Any Condition Affecting,
Synthesis, Secretion and
Transport of Bile to Intestine

Biliary Insufficiency
leads to Steatorrhoea

* Extensive Liver damage
affects Bile Synthesis.

e Celiac Diseases:
—Sprue (Intestinal Disorder)

—Crohn’s Disease (Inflammatory
Bowl Disease)

e Surgical removal of intestine
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e Obstructive Jaundice

—Obstruction due to narrowing
of bile duct after surgeries

—Qbstruction of CBD due to Gall
Stones

* Chronic Pancreatic Diseases

Biochemical Alterations in
Steatorrhea

Excretes Lipids > 6gm/day

www.FirstRanker.com
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* No/Less Bile and Bile Salts in
small intestine

* No/Less Emulsification of
dietary Lipids
* No/Less Emulsions formed

* No/Less Contact of Lipids with
Lipases

* No/Less digestion of dietary Lipids

* No/Less formation of Mixed
Micelles

* No/Less absorption of dietary
Lipids

* More excretion of dietary Lipids
through feces.
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Consequences Of Steatorrhea

* [n Steatorrhoea person suffers from
deficiency of essential Fatty acids
and Fat Soluble Vitamins.

* Body lacks exogenous TAG as
secondary source of Energy.

* Body lacks from Exogenous source of
Phospholipids and-€holesterol.
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Diagnosis OF Steatorrhoea

e Determination Of Fecal Fat

* Microscopically (Fat Globules present)
* Quantitatively (Gravimetric Method)

www.FirstRanker.com
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Abnormalities of lipid digestion due to impaired lipolysis

Type of Defect Biochemical Disturbance Examplesof Disease
Rapid gastric emptying Reduction in the efficiency  Gastrectomy, as in
of lipid interaction with bile treatment of ulcer or in
and pancreatic secretions neoplasms of stomach
Acidic duodenal pH Inactivation of pancreatic Zollinger-Ellison’s
lipase and decreased syndrome

ionization of bile acids

Decreased CCK release Deficiency of bile and Disorders associated with
pancreatic secretions mucosal destruction;
regional enteritis, gluten
enteropathy
Congenital lipase or Defective lipolysis

colipase deficiency

Pancreatic insufficiency Defective lipolysis Chronic pancreatitis,
pancreatic duct obstruction
(e.g., cystic fibrosis)

Absence or decreased bile Decreased lipolysis due to (Next Table)
salts impaired micelle formation

o =

S = 'v_",_"'d‘&/

— =

- Abnormalities of maldigestion/malabsorption
# The main causes of malabsorption ( STEATORRHEA ) under 3 catagories:

1. Disorders of intraluminal digestion:

a) Altered gastric function Post gastrectomy syndrome
b) Pancreatic insufficiency Chronic pancreatitis
Cystic fibrosis
Pancreatic cancer
c¢) Bile acid deficiency Disease/resection of terminal ileum

Small bowel bacterial over growth.

2.Disorders of transport into mucosal cells:

a) Generalised disorders due to Celiac disease

reduction in absorptive surface area. Tropical sprue

b) Specific disorders Hypolactasia
B . :

www.FIrstRaperii? crodermatitis enteropathica
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Chyvluria

* Chylomicrons in Urine is termed as
Chyluria.

* Abnormal condition where
lymphatic drainage system opens
In urinary tract.

* Urine appears milky
* Chyluria occurs in Filariasis.

Chylothorax

* Chylomicrons in Pleural fluid
is termed as Chylothorax.

* Abnormally Thoracic duct
opens in pleural cavity.

www.FirstRanker.com
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Overview Of Lipid Metabolism

“**Lipid metabolism involves:
“*Lipolysis

“*Lipogenesis

www.FirstRanker.com
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“*Liver and Adipose tissue play a

central role in Lipid metabolism.

**Adipose tissue is main store house

of Triacylglycerol in the body.

Major Tissues In Lipid Metabolism

* Adipocytes----- Lipolysis
* Liver------===seeeeeu-- Lipogenesis

www.FirstRanker.com
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**Fatty acids are highly reduced
compounds oxidized/catabolized
to Acetyl CoA

*»*Fatty acids are biosynthesized
using Acetyl CoA as a precursor.

Triacylglvcecerols

Glycolysis
o
gluconeo Zenesis
I—I}-dmlvsi Synthesis
[ ex -.:rb I =a (storage)
2'3 1

Fatty acids + lyeerol

Fatty acid
B Oxidation of 5}r:tltl'n:sis-
fa_tl.} acids (lipogenesis)
SectHon 25.5 Section 258
© Proteinn ™,
-'"H—‘E*}’] S‘-‘-_‘ﬂ'ﬁ_! . metabolism
Ketone Steroids
bodies T
{ketogenaesis) -

l:.' tric acid

L stRa fhker
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Lipid Metabolism

Triacylglycerol Steroids
(fat) i
uff®
LE g
=
S v
' e F‘E;:I
Diet - Fatly acids ;-:‘_:
& < L7
e e
s .
: =
< =
= S
ﬂ D Cholesterol
Carbohydrate Cholesterologenesis j
. i - Acetyl- Cnﬁ.

— -

Amino aclds

Ketogenesis 1

Ketone bodies

Citric
acid
cycle

2C0,

Lipid Ingestion

Lipids Stored as

Adipose Tissue e st
o Digestion and from
stored 25 W o 0/PHOT carbohydrates.
ENErgy and proteins

TESErVE

Insulation

support -
vital Lipids in Blood @-}gggfg;ﬂf
S as Lipoproteins
G ‘EDJ'_I?ETI_.“_’ED:__
i rain anc
Tt i T ﬂE‘FH".'"E
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What Is Lipolysis?
OR

Role Of Hormone Sensitive Lipase
(HSL)

Fat Storage in White Adipose Tissue

Figure 10-4a .
Lehninger Principles of Biochemistry, Sixth Edition www.FirstRanker.com
m
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*|n a well fed condition
TAG is stored as reserve
source of energy in
Adiposecytes.

* Lipolysis occurs in an
emergency conditions

—Fasting Phase

—Between Meals

—When Blood Glucose Lowers
—Low Insulin High Glucagon
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Lipolysis

* Lipolysis is break down of
Depot Fat-Triacylglycerol(TAG)

* Into Free Fatty acids and
Glycerol

* By enzyme activity of
Hormone sensitive Lipase

Triacylglycerol

In Adipocytes Bl Hormone Sensitive Lipase
Triacylglycerol Lipase
Cleaves Ester bonds

Glycerol+ Free Fatty acid

www.FirstRanker.com
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Q’ Hormone ~

Diagrammatic View Of Lipolysis
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Significance Of Lipolysis

* During Lipolysis secondary
source of energy TAG

* Stored as depot Fat gets
catabolized and utilized.

Conditions Of Lipolysis

* Lipolysis significantly and efficiently occurs :
—In emergency fasting condition
—In between long hours after meals

—When primary source of energy Glucose
go below normal range in blood

—Low Insulin and high Glucagon or
Epinephrine

—By activity of Hormaone Sensitive Lipase



EEEEEEEEEEEEEEEEE

* Enzyme Hormone Sensitive Lipase
of Adipocytes is stimulated By
Hormones:

— Glucagon and Epinephrine
mediated via cAMP cascade
activity of enzymes.

*On Lipolysis the Free Fatty
acids and Glycerol are
mobilized out of
adipocytes in blood
circulation.
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End Products Of Lipolysis

*Free Fatty Acids
*Glycerol

Fate Of Glycerol After Lipolysis
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* Glycerol (polar moiety)released in
emergency condition during
Lipolysis

* |s carried through blood and
enters in Liver and Muscles.

Fate Of Glycerol In Muscles

www.FirstRanker.com
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(In Muscles)

Glycerol Enter into
Glycolytic Pathway

Glycerol

Glycerol Kinase

Glycerol-3-Phosphate

|

www.FirstRanker.com
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CH->OH
HO—C—H Glycerol
CH->OH
glvcerol ATP
kinase ADP
(I:H_ZOH
L= '|:_H ‘ﬁ" L-Glycerol
P o— 3-phosphate
|
O—
glvcerol 3-phosphate NADYT
dehydrogenase NADH + H™
CHZOH
D=C Dihydroxyacetone

O

Il f
CHo - T o— rhosphate

O

triose phosphate )H'

isomerase
H O
=
\c/
i p—_— - o-Glyceraldehyde
I Il SB-phosphate
CH-> O O

|

Glycolysis

*Glycerol of Lipolysis is
metabolized via Glycolysis
in Muscles

www.FirstRanker.com
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* Glycerol in muscles is
Phosphorylated to Glycerol-3-PO4

* Glycerol-3-PO4 is further oxidized
to Glyceraldehyde-3-PO4

* Thus Glyceraldehyde-3-P0O4 in
Muscles make its entry in
Glycolysis

* Further gets metabolized to
generate energy (ATP) for
muscle activity.
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Fate Of Glycerol In Liver

(In Liver)

Glycerol Of Lipolysis
Is a Precursor For Gluconeogenesis

Glycerol Is Used For Glucose
Biosynthesis In Liver

www.FirstRanker.com
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* Glycerol of Lipolysis is metabolized
via Gluconeogenesis in Liver

* Glycerol in Liver is Phosphorylated
to Glycerol-3-PO4 by Glycerol
Kinase

* Glycerol-3-P0O4 is further oxidized to

* Glyceraldehyde-3-PO4 and isomerized
to DHAP

 This then is converted to Glucose.

www.FirstRanker.com
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* Thus Glyceraldehyde-3-P0O4
in Liver make its entry in
Gluconeogenesis and

* Further gets metabolized to
produce Glucose.

* Glucose formed in Liver is
mobilized out into blood
and Correct Hypoglycemia.

* Glucose supplied to Brain
and Hepatocytes in fasting
condition.
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Fate Of Free Fatty Acids
After Lipolysis

* Non polar Long Chain Free Fatty
acids released in blood
circulation after Lipolysis are not
transported on its own.

* Needs the help of a polar moiety.
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Polar Moiety Albumin
Transports
Long Chain Free Fatty Acids

In Blood
Released After Lipolysis

* Long chain Free Fatty acids are
uncharged/nonpolar/hydrophobic

* They are linked with polar Protein
moiety Albumin

* FFA-Albumin complex get transported

I Y blood circulat

www.FirstRanker.com
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e Alboumin remain in the blood
circulation

* Free Fatty acids make its
entry in Muscle cells.

Fatty Acids In Muscles
Oxidized To Liberate Energy
(ATP)

www.FirstRanker.com
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* Free Fatty acids are highly reduced
compounds.

* Free Fatty acids entered in Muscles
during emergency condition

* After Lipolysis, are oxidized to
liberate chemical form of energy
ATP.

*Thus after Glucose Free
Fatty acid serve as
secondary source of
energy to body tissues.




:l » FirstRanker.com

l_ Firstranker's choice i )
www.FirstRanker.com www.FirstRanker.com

Adrenalin —»

}- adrenergic >
receptor

MAG lipase

glycer:;—- MAC;??—— DA‘G}?—-TAG

fatty acid fatty acid fatty acid

IEXEACF LAY

3
R

rratas i O s EFoatty sacids

.

trimoy gy carol

& gy»ansaas

F = ﬂ:ﬂﬂﬂﬂﬁ'nn.‘
i . del cywocla
www.FirstRanker.com®™* = % s
] My ocyta
(xxavasselas)




rrrrrrrrrrrrrrrrrr

Oxidation Of Fatty Acids

OR

Catabolism/Degradation
Of Fatty Acids

How Fatty Acid Oxidation
Serve As
Energy Source?
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» Fatty acids are an important

secondary source of energy to
body.

—As Fatty acids are reduced compounds

—Possess CH2-CH2 hydrocarbon bonds
with bond energy within it.

» Oxidation of Fatty acid /Catabolism or
breakdown of Fatty acid is by:

—Removal of Hydrogen from hydrocarbon
chain (CH2-CH2).

—Which are temporarily accepted by
oxidized form of Coenzymes

—With formation of reduced Coenzymes

—Reoxidation of these reduced Coenzymes
by entry in ETC /Oxidative Phosphorylation
generates ATP. wwrrswanker.com
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Oxidation of the Hydrocarbon
bonds of fatty acid chain makes
them weaker

Easy Cleavage of hydrocarbon
bonds of Fatty acid

Which helps in shortening of
the long Fatty acid chain.

Types Of
Fatty Acid Oxidation
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1. Oxidation Based On Type Of Carbon Atom

¢ Alpha(d) OXidatiOn(Phytanic acid —Branched Chain FA)

* Beta (B) Oxidation (Most Predominant)

¢ Omega(w) OXidatiOn (When defect in B Oxidation)

2.0xidation Based On Number Of Carbon
Atom

 Beta Oxidation of Even Carbon Chain
Fatty acid oxidation

* Beta Oxidation of Odd Chain Fatty
Acid Oxidation

* Very Log Chain Fatty Acid (VLCFA)

www.FirstRanker.com
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3.0xidation Based On Nature Of
Bonds

e Oxidation of Saturated
Fatty acids

e Oxidation of Unsaturated
Fatty acids

4.0xidation Based On Cellular Site
* Mitochondrial Fatty acid Oxidation

* Endoplasmic Reticulum Fatty acid
Oxidation
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How Palmitic Acid is
Completely Oxidized In Human Body?
Calculate Its Energetics

General Pattern To Study
Metabolic Pathways

www.FirstRanker.com
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» Synonyms/Different Names of Pathway.
» What is Pathway ? (In brief)

» What type Of Pathway?
(Catabolic/Anabolic)

» Where thus pathway occurs/Location?

(Organ/Cellular site)
» When pathway occurs/Condition?
(well fed/emergency/aerobic/anaerobic)

» Requirements for Pathway
(If Anabolic Pathway)
» How pathway Occurs/Stages/Steps?
(Type of Rxn , Enzymes ,Coenzymes)
» Why Pathway occurred?
(Significance of Pathway)

www.FirstRanker.com
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» Precursor, intermediates, byproducts and
end products of metabolic Pathway.

» Energetics of pathway/Net ATP Use and
Net Generation of ATPs

» Interrelation ships with other Pathways
» Regulation of Pathway :Modes of regulation.

» Regulatory Hormone/ Regulatory
Enzyme/Modulators.

» Inborn Error of the Metabolic Pathway

Beta Oxidation
Of

Even Carbon

Saturated Fatty Acid

At Mitochondrial Matrix

www.FirstRanker.com
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Historical Aspects Of
Beta Oxidation of Fatty Acids

* Albert Lehninger showed that

* B Oxidation of Fatty acids
occurred in the Mitochondria.
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* Knoop showed that Fatty
acid is oxidized and
degraded by removal of 2-C
units

*F. Lynen and E. Reichart
showed that 2-C unit
released is Acetyl-CoA, but
not free Acetate.
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Beta Oxidation Of Palmitate (C16)

What Is Beta Oxidation
Of Fatty Acid ?




EEEEEEEEEEEEEEEEE

Definition Of B Oxidation
of Fatty acid

* Oxidation of a Fatty acid at
Beta Carbon atom/C3 (-CH2)




dl firstRanker.com |
* Beta Oxidation of Fatty Acid is

most predominant type of
Fatty acid oxidation.

* Most of Fatty acids in cells get
oxidized and catabolized via
Beta Oxidation of Fatty Acid

B-Oxidation OF Fatty Acid

* B-oxidation of Fatty acids is
catabolic/ degradative , energy
generating metabolic pathway of
Fatty acids

* It is referred as B-oxidation
pathway, because oxidation occurs

www.Firs

tRanker.com
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b 5 4 3 2 1
R—CH2—CH2—CH2—CH!—CH2--COOH
= A H oo

Fatty acid with a cis-A~
double bond

* During Beta oxidation of
Fatty acid (-CH2) of Beta
position is oxidized and

* Transformed to Carbonyl
atom (-C=0)

www.FirstRanker.com
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* Oxidized and transformed Beta
positioned -C-H2 to -C=0 during
steps of Beta Oxidation Proper.

* Makes bond between Alpha
and Beta Carbon atom weaker
and cleavable to release
2Carbon unit Acetyl-CoA.

The Weak bond between Alpha and Beta

Carbon Atom is Cleaved to release
2Carbon Unit Acetyl-CoA

3 O

Pl VA e o

o

OH

www.FirstRanker.com
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e With a removal of 2-C units
there is shortening of Fatty
acid chain.

* The 2-C units released after
steps of Beta Oxidation is

Acetyl-CoA (active Acetate)
which enters TCA for its
complete oxidation.

%
GE

B-Oxiclaion
¥ aetaE
0

18 carbon faty acic .
/\/\/\/\./\/\/\/u\g JLB
0 CH™ 0

www.FirstRanker.com
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B-Oxidation OF Fatty Acid
Is a Catabolic
Energy Producing Pathway

Organs Involved with
Beta Oxidation Of Fatty Acid

*Skeletal Muscles
*Heart

* Hepatocytes
*Kidney

www.FirstRanker.com
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Cellular Site For
Beta Oxidation Of Fatty Acid

*Cytosol
(Activation of Fatty acid)

*Mitochondrial Matrix
(Beta Oxidation Proper)

Mitochondrion

[ p-Oxidation

pathway in
matrix

YA

Fatty acyl-CoA formed in cytosol by enzymes
of outer mitochondrial membrane & ER

B-Oxidation pathway:

Fatty acids are degraded in the Mitochondrial Matrix via
the [3-Oxidation Pathway.

www.FirstRanker.com
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Organs Which Do Not Operate
Beta Oxidation Of Fatty Acid

Remember In
Brain and Erythrocytes
Fatty Acids
Do Not Serve
As A Source Of Energy
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*Free Fatty acids cannot
cross the blood brain
barrier

*Hence Fatty acids do
not enter Brain to get
oxidized.

* Beta Oxidation proper of Fatty
acid takes place in
Mitochondrial matrix

e Since mature RBC’s has no
Mitochondria

* Hence no oxidation of Fatty

acids occurs in Erythrocytes.
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* In emergency conditions

—Since Brain and Erythrocytes
cannot oxidize Fatty acids and
use as energy source.

—These organs has to depend
only on Glucose for getting
energy for their vitality.

Type Of Metabolic Pathway

* Beta Oxidation Of a Fatty acid is a:
—Catabolic Pathway
—Degradative Pathway

—Energy generating metabolic
pathway in emergency phase

www.FirstRanker.com
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Condition Of Its Occurrence

* Usually Beta Oxidation of Fatty acids
efficiently occurs after Lipolysis.

° W
ce

nen there is low use of Glucose by body
s

n Fasting condition
n between Meals
During Severe Exercises and Marathon Races

n Patients of Diabetes mellitus

Stages And Reaction Steps
Of Beta Oxidation Of Fatty Acids

www.FirstRanker.com
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Three Stages Of Beta Oxidation
For
Fatty acid Palmitate

Stage |
Activation of Fatty acid (Acyl Chain) to
Acyl-CoA In Cytosol

— Palmitate to Palmitoyl-CoA
In Cytosol

www.FirstRanker.com
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Stage i
Translocation of Activated Fatty acid

From Cytosol into Mitochondrial
Matrix

Through The Role of Carnitine
(Carnitine Shuttle)

Stage lli
Steps of Beta Oxidation Proper
In Mitochondrial Matrix

* Oxidation Reaction
*Hydration Reaction
* Oxidation Reaction
*Cleavage Reaction

www.FirstRanker.com



