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Body Constituents And Functional Biomolecules
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To Following Food Items
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Chicken

Any Guesses Of Todays Topic???
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LIPIDS
CHEMISTRY AND FUNCTIONS

SYNOPSIS/CONTENTS

* WHAT ARE LIPIDS?
 DEFINITION OF LIPIDS
* CLASSIFICATION OF LIPIDS
* STUDY Of BIOMEDICALLY IMPORTANT LIPIDS wrt:
—STRUCTURE
—DISTRIBUTION
—FUNCTIONS
—PROPERTIES
— RELATED DISORDERS
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INTRODUCTION

WHAT ARE LIPIDS?

www.FirstRanker.com
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Pattern To Study Biomolecules

* Name of Biomolecule
* Class and Subclass

e Structural Features

* Sources

* Distribution in Body
* Functional aspects

* |nterrelationships

* Derangements and Associated Disorders

Look At Structural Forms Of Lipids
Depicts Its Features
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* Lipids are:
* Organic Biomolecules
* Occurs in Plants and Animals
* Food Constituents/Nutrients
* Chemically Esters - has Ester Bonds(-COO)
* Heterogeneous
* Hydrophobic
* Secondary Source of Energy
e Structural Components of Biomembranes
* Signaling and Nerve Impulse Transduction

Names Of Various Lipids
Associated To Human Body

www.FirstRanker.com
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Biomedically Important Lipids

. Fatty Acids (FAs)

. Triacylglycerol (TAG)

. Phospholipids (PL)

. Lipoproteins (LP)

. Glycolipids

. Cholesterol (Free)

. Cholesterol-Ester (Esterified)

N O U A WIN =

Important Features Of Lipids

www.FirstRanker.com
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Heterogeneous Nature Of Lipids
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Heterogeneity Of Lipids

Alter Lipids

Structure

w o — 9 — r

Functions
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Solubility Of Lipids

Solubility Of Lipids

Lipids are relatively Insoluble in

Water/Polar Solvent

Since they have Unchargec

polar and Hydrophobic groups in
L their structures j

www.FirstRanker.com
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Lipids are soluble in Fat Solvents

—Lipids are readily soluble in
—Non polar Organic solvents /Fat Solvents

—Acetone
—Alcohol (Hot)
—Benzene
—Chloroform
—Ether

Size And Density Of Lipids

* Lipids are biomolecules relatively :

—Smaller in size

—Less dense
—(Buoyancy- Float in Water) .
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Complex Lipid structures
are not Bio-Polymers

U\;\ead group

= CH .

: aifaae * Unlike Complex
1= CH, CHa

=

& Carbohydrates
and Proteins

waonic * LIPID structure
. contains no
repeatedly linked
Monomeric units

hydrophobic
“tails”

hydrophobic tails

Chemical Nature Of Lipids

www.FirstRanker.com
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Chemically * Most Lipids are Esters of
Lipids are Esters Fatty acids(-COOH) with
Alcohol (-OH)
Ester Bonds
0 0
HE—Of Ho_l,l_R " _M_R * Lipids are relatively or
‘ﬁ |O potentially associated with
HC—OH HO——C—R HOF—p—C—R Fatty acids.
0 0
HyC—OH HO—(U—R H, =M=R
Glycerol + Fattyacids ~— ~—» Triglyceride
3H,0

DEFINITION OF LIPIDS

www.FirstRanker.com
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Bloor’s Definition Of Lipids

* Lipids are Organic, Heterogeneous Hydrophobic
Biomolecules

* Relatively insoluble in water and soluble in organic
solvents.

* Chemically Esters of Fatty acids with Alcohol.

» Utilized by body to produce energy ( ATP)

Sources Of Lipids To Human Body

« Exogenous Sources * Endogenous Sources
— Ingestion Dietary — Biosynthesis In Liver
— Intestine

Healthy High-Fat Foods

Glucose

ChREBP

: Acetyl-CoA
e s

& | 8.','::'};?:] g ﬁﬁh‘ i Ins}ulln——)- SREBP-1¢
Glucose =—————> ChREBP

Sunflower ‘ Edamame Diet
Seeds . ! ’ Soybeans %ﬁh‘

Ketone
bodies

Chylo B id TJ_> FFA

oL s T Ground
e~ Flaxsoed ApoB-48 FFA
<« TGl
Salmon - Almonds ";_‘_,_._J : V]
f -iﬁrl. VLDL
. ApoB-100
www.FirstRanker.com
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Occurrence /Distribution
Of Lipids In Human Body

= Bio Membranes
= Depot Fat

= Nervous System —
Brain

= Subcutaneous Layer
of Skin

= Padding of Internal
Soft Organs

www.FirstRanker.com www.FirstRanker.com
Glycoprateln: protein with Glycolipid: lipid wilh
cabohydrate attached V4 camohydrate
- ) 3 attached

Paripheral membrang Phéspholipid
pratein bilayer
Infegral membrane Cholesterol Channel protein
prodgin

lower body fat

Biological Functions Of Lipids
Calorific, Membrane Structural, Signaling

www.FirstRanker.com
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“ Lipid Form Biochemical Role

1 Triacylglycerol Predominant Lipid form of Diet
Calorific Value
Reservoir of Energy for long term
Insulator and Mechanical Shock
absorber

2 Fatty acids FAs Stored as TAG
Oxidize to generate ATP
Components of Phospholipids &
Glycolipids

3 Phospholipids Components of Biomembranes
Lung Surfactant
Clotting Mechanism

w Lipid Form Biochemical Role

4 Glycolipids Components of Biomembranes
Neurons, Myelin Sheaths

5 Cholesterol Components of Biomembranes
Nerve Impulse conduction
Precursors of Steroids

6 Cholesterol Transport ,Storage and excretory form
Ester of Cholesterol
7 Lipoproteins  Vehicles for transportation of various

forms of Lipids through aqueous phase
of blood and lymph

www.FirstRanker.com
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*Lipids of dietary and
Calorific value
—Triacylglycerol
—Fatty acids

Structural Role Of Lipids
Lipids Associated To Biomembranes

Glycolipid

Peripheral proteimn
FPhospholipid /_
- - -, — .f &

Sterol

Iimtegral proteim

1. Phospholipid bilayer

2. Glycosphingolipids

3- ChOlESterOl www.FirstRanker.com
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Lipids
Superior Than
Carbohydrates

Lipids are Superior Than Carbohydrates

— Lipids have Higher Calorific value (9Kcal/gm)

— High storage content, can be stored in unlimited
amount.

— They provide energy source for longer duration.
(During Marathon Races)

www.FirstRanker.com
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* Thus Lipids serve as major
reservoir of energy for long
term use in human beings.

Classification Of Lipids

With Examples of Biomedically Important
Lipids

www.FirstRanker.com
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Lipids are Classified
Into
Three Main Classes

* Three Main Classes of Lipids are:

i. Simple Lipids
ii. Compound /Complex Lipids
ili. Derived Lipids
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1. Simple Lipids/Neutral Lipids
* Chemically Simple Lipids are:

* Esters of Fatty acids with an
Alcohol

Sub Classes Of Simple Lipids
Based On Alcohol

Neutral fats or Oils Waxes

Alcohol other

than glycerol
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* Depending upon the type of Alcohol :

* Simple Lipids are of two sub types:
* Fats/Oils - Triacylglycerol
(Alcohol is Glycerol)
* Waxes
(Alcohol- Cholesterol/ Retinol)

Chemical name of Fat /QOil
IS
Triacylglycerol (TAG)

www.FirstRanker.com
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TAG- Simple Lipid /Neutral Lipid/ FATS or OILS

Esters of FA with the II
alcohol GLYCEROL _ipn

o O

Uncharged

S~ — Triacylglycerol = Fat

* Fats/Oils/TAG

!Triacylglycerols
* Esters of Fatty acids

with Glycerol In a triacylglycerol, glycerol forms ester bonds
(Trihydric Alcohol) - aglds.
” Ester bonds
CHZ—OH CH,—O—SW\ (Ii_Faﬁyacid
* Three Fatty acids | v
. CH—=0H  CH-0-C\ AAAAAA °—Faﬂy ald
linked to a Glycerol ! ;
by ester bonds. Al Srihosann |ty
yeero rlacyglycero

Timborlaka, Genaral, Organi, and Bilogical Chomistry. Copyright © Pedrson Education Inc., publishing as Banjamin Cummings

www.FirstRanker.com
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e Waxes :

 Waxes are Simple Lipids

* Waxes are chemically Esters of Fatty acids
with higher complex, monohydric ,Alcohols,
other than Glycerol.

Examples Of Human Body Waxes :

 Cholesterol Ester

e = ..l:.,.-‘—-—.._."
(Cholesteryl Palmitate) lyx\

H o

Cholesterol Ester

e e e S
OH

Retinol

.-
. a8
* Retinol Ester N
(Retinyl Palmitate) — L e e
www.Firi@lk}ruQm -

Retinyl ester
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Compound/Complex Lipids

* Compound Lipids is a class of Lipids

* Chemically composed of Fatty acids
Alcohol and an Additional group.

Depending upon the
Type of Additional group

Types of Compound Lipids are:

www.FirstRanker.com



:l > FlrstRanker com

www.FirstRanker.com www.FirstRanker.com

Three Main Compound Lipids

1. Phospholipids
2. Glycolipids
3. Lipoproteins

Type of Additional group
Compound |Present

Lipids

1  Phospholipids Phosphoric acid and
Nitrogen Base

2  Glycolipids Carbohydrate moieties

3  Lipoproteins Apoproteins

www.FirstRanker.com
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Types Of Phosphollplds
Based On Alcohol

»Glycerophospholipds
(Contains —Glycerol)

»Sphingophospholipids
(Contains —Sphingol)

Types Of Glycolipids/Glycosphingolipids

»Cerebrosides
»Gangliosides
»Globosides
»Sulfatides

* All Has Alcohol Sphingol/Sphingosine

www.FirstRanker.com
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Lipoproteins
Aggregation of Lipids and Apoproteins

* Chylomicrons
* Very Low Density Lipoprotein (VLDL)
* Low Density Lipoprotein (LDL)

* High Density Lipoprotein (HDL)

Derived Lipids

* Derived Lipids are Hydrolytic products of Simple or
Compound Lipids OR their derivatives.

OR

* Hydrolytic products released from Simple and
Compound Lipids ,who has potency to form them.

www.FirstRanker.com
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Examples of Derived Lipids:

Hydrolytic Products of Simple and Compound Lipids

s*Fatty Acids

s*Alcohols:
—Glycerol
—Sphingol
—Cholesterol

Other Examples Of Derived Lipids

* Lipid like compounds
* Derived from Fatty acids and Sterol/Cholesterol:

— Eicosanoids (Prostaglandins , Leukotrienes
,Thromboxanes)

— Steroidal Hormones: Derived from Cholesterol

— Fat Soluble Vitamins (A,D,E and K)

— Ketone Bodies (Partial Oxidized Products of Fatty
——acids)

www.FirstRanker.com
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Simple Lipids Compound Lipids

Phospholipids

Derived Lipids

Fatty acids

GcherophosphoIipid)

0

Sphingophospholipid)

Triacylglycerol: .( )
Fats/ Oils Cholesteryl-Ester — Glycerol
Retinyl Ester Glycolipids .
'C Sphingol )

r( Cerebroside ) p( Sterol )
{ Ganglioside )

Based dditional
ased on additional group .C Globosides ) Other fatty acid or sterol

Derived compound

Lipoproteins
DC Eicosanoids )

b cryomicon ) b carctenoes )
-( VLDL ) -( Squalene )
. o ) b ViaminAgK )
M L)

Bloor’s Classification Of Lipids

www.FirstRanker.com
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* Four Classes of Lipids By Bloor

Simple Lipids
Complex/Compound Lipids
Derived Lipids

OO0 w2»p

Miscellaneous Lipids

D.Miscellaneous Lipids

Substances with Lipid characters
Carotenoids: 3-Carotenoid
* Squalene:
* Vitamin E and K

e Eicosanoids

www.FirstRanker.com
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Types of Lipids
Depending Upon Polarity

* Neutral Lipids: (Non Polar Lipids)

(Contain No polar Groups/Charged groups)
» Triacylglycerol
» Cholesterol Ester (Cholesterol Palmitate)

 Amphipathic/Amphiphillic Lipids:
(Contain both Polar and Non polar Groups)
* Phospholipids
* Cholesterol

www.FirstRanker.com
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Types of Lipids
Depending Upon Functions

embrane lipids

Storage inolar)
lifricds

phospholipids | giyiaolipids

‘ triacylahycerols glycerophospholipids ‘ sphingolipids
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Types Of Lipids
Based On Alcohol

LIPIDS
Glycercl based Hon-glycerol based
waxes
cerebroaidén
steroids
terpenes
ayphinomyelina
i — I
Siiplt Compound
lk_u
Glycolipids thuphnllpidl
Fats and Oilm Glucolipids mluctulipidu Lecithins Cephalina

www.FirstRanker.com
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Types Of Lipids
Based Upon the
Main Components

w
- -
v
- A A
Phospho- : o
v
— -
SPIIngo- Glycolipids
myelins ¥SOVR
|
- A

A
Triglycerides

www.FirstRanker.com
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Types of Lipids
Depending On
Saponification Property

Saponifiable Lipids Undergo Alkaline
Hydrolysis

* A saponifiable lipid is one who undergo Saponification
reaction.

* Saponification is especially an Alkaline hydrolysis of
Ester bond of Fat or an Oil to form Soap.

* In saponification an Ester functional group get
hydrolyzed in presence of Alkaline conditions (NaOH)
producing a free alcohol and fatty acid salt (Soap)

www.FirstRanker.com
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Lipid Based On Saponification

Saponifiable

Simple Complex l
/ \ Sphlngollplds phosphoglycerldes l
Waxes Triglycerides

Study Of Various Classes Of Lipids

www.FirstRanker.com
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Study Of Derived Lipids

Study Of Fatty Acids

www.FirstRanker.com
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FATTY ACIDS( FAs)
Class- Derived Lipids

BASIC COMPONENT
OF LIPID FORMS

What are Fatty Acids?
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Fatty Acids Are Derived Lipids

* Fatty acids are of Class Derived Lipids:

—Since Fatty acids are Hydrolytic
products of Simple and Compound
Lipids.

Fatty Acids (FA)

* Fatty Acids (FA) are relatively or
potentially related to various Lipid
structures.

—Simple Lipids
—Compound Lipids
—Derivatives of Lipids

www.FirstRanker.com
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Structure And Chemical Nature
Of Fatty Acids

Chemical Structure Of Fatty Acids

Tl loml
1 H H H H
A ?\ (W:/?\ (|:/(|3\ clz/(f\ (|:/
Ho [ & ] ® 8 |
H H H H
H H H H H H
| 0 9 111 O
o TS TS
H 2t H—H DH H—H—H OH

www.FirstRanker.com

Acetic acid Propionic acid Butyric acid
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Fatty acid Structures Has
Varied Hydrocarbon Chains

* The Hydrocarbon chain of

each Fatty acid is of varying
chain length (C2 - C26).

Human Body Fatty Acid From C2-C26

Fatty Acid Name |Fatty Acid Structure has
Carbon atoms

1 Acetic Acid C2

2 Propionic Acid C3

3 Butyric Acid C4

4 Valeric Acid C5

5 Palmitic C16

6 Stearic C18

7 Oleic wwow G &er com
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“ Fatty Acid Name Fatty Acid Structure

8 Linoleic Acid C18

9 Arachidic Acid C20
10 Arachidonic Acid C20

11 Behenic acid C22
12 Lignoceric acid C24

13 Cerotic acid C26

* Fatty acid structure have two
ends:

— Carboxylic group(-COOH) at one end (Delta end
denoted as A/Alpha end a )

— Methyl group (-CH3) at another end (Omega
end denoted as w)

www.FirstRanker.com
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Carboxylic Acid Functional Group Of
Fatty Acid

HHHH HHHHH HH HHHUHH

IR EE NN |
H-CLC-C-C-C-C-C-C-C-C-C-C-C-C-C{+COOH |

i 1 3 F FE bk E 1 3 & FE

HHH H HH HHHMHHMHHUBHHH
Methyl PALMITIC ACID Carboxyl
il-Soluble 16 carbons Water-Soluble
OMEGA (D) END DELTA (A) END

HHHH HHHHH HH HHHHMHMHH
T ST I T T Y
H-CcLC-C-C-C-—C-C-C-C-C-C-C-C-C-C-C-C4CO0OH

e 1 0 E FRE a1 3 FFE a0
HIH H HHHHHHHHHUHMHIHH H

Methyl STEARIC ACID Carboxyl
Qil-Soluble 18 carbons Water-Soluble
OMEGA (D) END DELTA (A)Y END

Definition of Fatty acids

www.FirstRanker.com
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Fatty Acids are Defined as:

* Fatty acids are chemically Organic acids

* With Aliphatic Hydrocarbon chain (of varying
length C2 to C26) with Mono terminal
Carboxylic acid group as functional group.

Different Forms Of
Fatty acids In Body

www.FirstRanker.com
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Free Fatty acid /Unesterified Fatty acid

* Fatty acid who has free Carboxylic group

* Fatty acid not reacted and linked to an
Alcohol by an Ester bond.

Esterified Fatty acid/Bound form of Fatty Acid

*Fatty acid has no free Carboxylic
group

 Fatty acid is linked to an Alcohol
with an Ester bond.

www.FirstRanker.com
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Classification of Fatty acids
Biomedically Important Fatty Acids

Based On Six Different Modes:

* Classification of FAs Based on Six Modes:
1. Total number of Carbon atoms in a Fatty acid structure
2. Hydrocarbon chain length of Fatty acid
3. Bonds present in Fatty acid
4. Nutritional requirement of Fatty acid

5. Chemical Nature and Structure of Fatty acids

6. Geometric Isomerism.efdJEAS com
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Fatty acids Based on
Total Number of Carbon atoms

* Even numbered Carbon Atom Fatty
acids (2,4,6,8,16,18,20 etc)

* Odd numbered Carbon Atom Fatty
acids (3,5,7,---)

www.FirstRanker.com
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* Most naturally occurring /human body Fatty
acids are even carbon numbered FAs.

* Since biosynthesis of Fatty acids uses 2
Carbon units Acetyl-CoA (C2).

 Examples of Even Carbon Numbered

Fatty acids:

— Butyric Acid (C4)

— Palmitic Acid (C16)

— Stearic Acid (C18)

— Oleic Acid (C18) (Most Common)
— Linoleic acid (C18)

— Linolenic Acid (C18)

— Arachidic acid (C20)

— Arachidonic acid (C20)

www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice ) )
www.FirstRanker.com www.FirstRanker.com

* Odd Carbon numbered Fatty acids are less related to
human body

 Example of Odd carbon Fatty acid associated to
human body

—Propionic Acid ( 3C)

Fatty acids Based on
Nature and Number of Bonds present

www.FirstRanker.com
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Fatty Acids
Saturated Fatty Acids

O H H H H H H H
1 | I |, | | | |
H—o—CHeceH-cH-cHC-H HcH - H
TN TN TN T T T S
R AT AR LT
H H H H H H H H
Unsaturated Fatty Acids
O H H H H
1 i | j I
H—o—c H H H H H H H
sl Snlplon. T 1 T
CHECHTCHC HC=CL S0 S
H H H
JARAARAR
"
AR
Long-chain LAR
saturated fatty — =
O Al Je e e Kb Rl R B acids stack well (|
C CHp CH, CH, CH, CH, CH, CH, together to make \ssi==y
. e
Oy Ak CH LHo Ly /Double bond (b)
Gy oy o, o N
HO e A : o ARAR
2 CH
oH, |2 - af%ﬁ
CHy~ AT
0 CH2 CH2 CH;_) CH2 J “‘
N/ \CH/’ \CH/ \CH/ - =g Monounsaturated and- =
e e CH B polyunsaturated fatty
HO CH2 /\2 /e S8 acids do not stack well
CHy  Ch together because they

Double bonds

(@)

are bent. These fatty
acids are liquid at room

www.FirstRanker.com

temperature.
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e Saturated Fatty acids(SFAs)

* Fatty acids having single bonds in hydrocarbon
chain structure.
* Examples:
— Acetic acid (C2)
— Butyric acid (C4)
— Palmitic acid (C16)
— Stearic acid (C18)
— Arachidic acid(C20)

* Unsaturated Fatty acids (UFAs)
* Fatty acids having double bonds in its structure.

* Types of UFAs:
* Monounsaturated Fatty acids (MUFAs)

* Polyunsaturated Fatty acids (PUFAs)

www.FirstRanker.com
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Human body have no Enzyme system to introduce

double bond beyond Carbon atom 10 in the
hydrocarbon chain.

Hence PUFAs are not biosynthesized

in human beings.
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H| H H H
|1

. &
HlH H H
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H HH H HH HH H H|
| | % & & |
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I Pl |
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 Monounsaturated Fatty Acids(MUFAs):
* MUFAs have one double bond in a fatty acid structure

* Examples of MUFAs :
— Palmitoleic acid (C16:1;9) (w7)
— Oleic acid (C18:1;9)(w9)
— Erucic acid (€C22:1;9)(w9)

* Poly Unsaturated Fatty Acids (PUFAs):
e UFAs with two or more double bonds in

the structure are termed as PUFAs.
* Examples Of PUFAS:

* Linoleic(18:2;9,12) (w6)

* Linolenic(18:3;9,12,15) (w3)

* Arachidonic(20:4;5,8,11,14) (w6)
 Timnodonic (20:5;5,8,11,14,17) (w3)

* Cervonic/Docosa Hexaenoic
acid(DHA)(22:6;4,7,10,13,16,19) (w3)

www.FirstRanker.com
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* Remember Unsaturated Fatty acids

* Double bonds are:
—Weaker /unstable bonds.

— Get easily cleavable/metabolized

—More the degree of Unsaturation in Fatty
acids.

—More is the unstability of Fatty acids.

www.FirstRanker.com
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* Saturated Fatty acids structures are
Straight.

* Unsaturated Fatty acids structures are
bent (Kink).

Saturated Mixture of saturated and
fatty acids unsaturated fatty acids
(c) (d)

www.FirstRanker.com
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e Saturated FAs: with straight structures are
tightly packed together.

 Unsaturated FAs: with bent structures are
not compact and has no tight packing.

* More the degree of unsaturation in
FA/More double bonds in FA
structure

* More is the bent of Fatty acid
structure.

www.FirstRanker.com
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A 0

The mama-unsaturated fat olek scid

AN 18 carbon saturated My ackd-stearic acid Q2
¢ O

Linolenic acid (an omega-3 fat) Q

Fatty acids Based on the Nutritional
Requirement

www.FirstRanker.com
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Nutritionally Essential Fatty
acids

—Nutritionally Essential Fatty acids:

—Fatty acids not biosynthesized in
human body and indispensable
through nutrition/diet are termed as
Essential Fatty acids.

—PUFAS are nutritionally essential
Fatty acids.

www.FirstRanker.com
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Examples of Essential Fatty Acids/PUFAs:

—Linoleic
—Linolenic
—Arachidonic acids
—Timnodonic and
—Cervonic

Nutritionally Non Essential Fatty acids

www.FirstRanker.com
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* Nutritionally Non essential Fatty acids:

* Fatty acids which are biosynthesized in the body
and are nutritionally non essential Fatty acids.

— Saturated Fatty acids and MUFAs are non essential
Fatty acids.

Examples Of Non Essential Fatty Acids

e Palmitic
e Stearic
* Oleic acid

www.FirstRanker.com
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Based on Geometric Isomerism of
Unsaturated Fatty acids

* Cis Fatty Acids:

The Groups around double bond of Unsaturated FAs
are on same side.

 Examples:
— Cis Oleic acid (rich in Olive oil)
— Palmitoleic acid

www.FirstRanker.com
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* Trans Fatty Acids :

* The groups around double bond of UFAs are on
opposite side

 Example:

— Elaidic acid /Trans Oleic acid (Hydrogenated
Fats )

CHCHyJeCH,  CH,[CH,],COOH H\ /CHQ[CHQ] COOH

N/

b= c=C
g £ N
Ho O H CHCHyJCH,  H

Oleic acid Elaidic acid

www.FirstRanker.com
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Types Of Fatty acids Based on
Hydrocarbon chain length

* Short Chain Fatty acids (2-6 Hydrocarbon Chain length)

* Examples:
— Acetic acid (C2)
— Propionic acid (C3)
— Butyric acid (C4)
— Valeric acid (C5)
— Caproic acid (C6)

www.FirstRanker.com
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 Medium Chain Fatty acids (8-14 Carbon length)
 Examples:

— Caprylic acid (C8)

— Capric acid (C10)

—Lauric acid (C12)

— Myristic acid (C14)

* Long Chain Fatty acids ( 16-20 Carbon length)

* Examples:
— Palmitic acid (C16)
— Palmitoleic acid (C16)
— Stearic acid (C18)
— Oleic acid (C18)
— Linoleic acid (C18)
— Linolenic acid (C18)
— Arichidic acid (C20)
— Arachidonic acid /ETA(C20)
— Timnodonic acid/EPA (C20)

www.FirstRanker.com
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* Very Long Chain Fatty Acids (C22 onwards )

 Examples:
— Behenic acid/Docosanoic (C22)

— Erucic acid/Docosa 13 Enoic (C22)

— Clupanodonic/Docosapentaenoic acid (DPA) (C22)

— Cervonic acid/DocosaHexaenoic (DHA) (C22)

— Lignoceric acid /Tetracosanoic (C24)
— Nervonic /Tetracosaenoic (C24)
— Cerotic acid/Hexacosanoic (C26)

Fatty acids Based on
Chemical Nature and Structure

www.FirstRanker.com
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—Aliphatic Fatty acids:
Straight Hydrocarbon chain
* Examples:
— Palmitic acid (C16)
—Stearic acid (C18)

* Branched Chain Fatty acids:

e Possess Branched chains
* Examples:

—Phytanic acid (Butter , dairy products)

www.FirstRanker.com
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* Cyclic Fatty acids :
* Contains Ring structure
 Examples:
— Chaulmoogric acid

(Used for Leprosy treatment in olden days)

— Hydnocarpic acid

CHICH =) >

__-F‘”’F-r
CH—CH

Hydmnocarpilic acic (m=30)
Chaulmoogric acid {(Nn=12)

 Hydroxy Fatty acids:
e Contain Hydroxyl Groups
 Examples:
— Cerebronic acid (C24)/

2-HydroxyTetracosanoic acid
O

A

OH

— Ricinoleic acid(C18) (Castor oil)

OH

CH3I{(CHZ))YSCHCHZ — CH{(CHZ2)yryCOOH

RICINOLEIC ACID

www.FirstRanker.com
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Naming And Numbering
Of Fatty Acids

* Every Fatty acids has a:
— Common Name
— Systematic Name

www.FirstRanker.com
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* Most of the Fatty acids are known by their
common names.(Since easy to use)

e Systematic names of Fatty acids are limited
in use. (Since not easy to use)

Remember

* Long chain Fatty acids are
also termed as Acyl chains.

www.FirstRanker.com
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**The systematic names of Saturated Fatty
acids are named by adding suffix ‘anoic’.

** Example : Palmitic acid- C16/ Hexadecanoic
acid

* The systematic names of Unsaturated Fatty
acids are named by suffix ‘enoic’.

* Example: Oleic acid- C18/ Octadecaenoic
acid

www.FirstRanker.com
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ﬂ e

1 Palmitic Acid Hexadecanoic Acid

2 Stearic Acid Octadecanoic Acid

3 Oleic acid Octadecaenoic acid

4 Linoleic Acid Octadecadienoic acid
5 Linolenic Acid  Octadecatrienoic acid
6 Arachidonic acid Eicosatetraenoic acid

Numbering Of Fatty Acids

www.FirstRanker.com
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* Numbering of Carbon atoms of
Fatty acids is done from :

—Both ends of Fatty acids-
A end/a end
*w end

Numbering Of Fatty acid From
Carboxyl/ A end (o end)

* From Carboxyl Group end(A end ) :

e Carboxylic acid group of Fatty acid is
numbered as C1

* C2is next adjacent Carbon atom
* C3 andsoonn..........

www.FirstRanker.com
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o Carbon atom is next to the functional
group —COOH of a Fatty acid.

* Next to a Carbon is B, v,6 ,€ and so onn.

HHHHHHHHHHHHHHHHH 0
||||||IIIIIIIIIII_.-"__.-':"
H-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C-C

| el i) e M, T et |

H HHHHHMHH H H H H H H H H H DH
ax ]‘ y [3 oo
w - A

Use of Greek letters to designate carbons

e Carbon atoms from Methyl(—CH3)
group /non polar end(w) of a fatty
acid are numbered as wl,w2,w3

and so onn.
=l rmings | | 7 carboxy lerminus
CHy-CH:=CH»~CHy =CH»=CHs=CH»~CH»-CH»~-COOH
10 9 5 7 e 4 4 3 2 1
w w wl wl E -,- B =

An w3 Tafty acid

www.FirstRanker.com
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Nomenclature Of Fatty
acids

* FA Nomenclature is Based On

* Chain length/Total Number of Carbon atoms in a FA.
— Count Number of Carbon atoms in FA

* Number and Position of Double bonds
— Position of double bond from Carboxyl/Delta end

— Position of double bond from Methyl/Omega

www.FirstRanker.com
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Short Hand Representations
of Fatty acids

* Short Hand Representations
of Fatty acids:
— Palmitic Acid (16:0)
— Palmitoleic acid (16:1;9)
-\
* First digit stands for total number of carbon atoms

in the fatty acid.
* Second digit designates number of double bonds.

* Third digit onwards indicates the position of
double bonds.

www.FirstRanker.com
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Fatty-acid Nomenclature

* Named according to chain length

— C18
H 9 H 9 H y H 9 H 9 H H y H 9
Hal /E\E/E\E/E\E/E\E/E\E/B\E/E\E/E\E)
H 7 H 7 H H 7 H 2 H H 7 H 7 I

Fatty-acid Nomenclature

* Named according to the number of
double bonds

— C18:0

H g H g H g H g H 9 H 9 H 9 H 9

HEE\E/E\E/E\E/E\E/E\E/E\E/E\ b < /E\E/)]

H g H o H o H g H 2 H 7 H 7 H 7 \[IH

Common name;
Stearic acid

www.FirstRanker.com
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Fatty-acid Nomenclature

* Named according to the number of
double bonds

— C18:1

Hy H oy H oy H H oy H oy H oy H oy
HEE\E/E\E/E\E/E\E/E§E/E\ /E\ /[:\ /[:\ /)]

C
Hy  Hy Hy  Hy H Hy  Hy  Hy o

Common name;
Oleic acid

Fatty-acid Nomenclature

* Named according to the number of
double bonds

— C18:2

7 H 7 H 7 H 7
W S S A

C C
H g H H H H 3 o

Common name;
Linoleic acid

www.FirstRanker.com
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Fatty-acid Nomenclature

* Named according to the number of
double bonds

— C18:3

H 9 7 HZ H2 H2
Hal /E'\\E/ \E?’f \E/% -, LI ~, L <« /E\/)I
H H

C C
H 9 H H 7 H 7 H 7 M

Common name;
Linolenic acid

Omega System Nomenclature

* Named according to the
location of the first double bond from the non-carboxyl Methyl
end (count from the Methyl end /Omega end )

2 H 9 H 9 H 9
~ b~ ~f ~ P

C C
H g H H g H g H 7 M

www.FirstRanker.com
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Omega Fatty-acid Nomenclature

H g H 2 H 7 H 2 H 7 H 7 H 2

H
HEE\E/E\ /E\ /E\[:/E'§[:/[:\ /E\ /[:\E/[:\ /)]

K C C C C
Hy Hy Hy  Hy M Hy  Hy  Hy M
Omega 9 or n-9 fatty acid
H H oy H H H oy H oy H oy H oy
Hal < /E\ /E\ ffc\ /E% /E\ /E\ ~L < /E\/)]
C C C C C C C C C
H g H g H 9 H H H H o

2 H y H 9 H 9
\E/E\ /E\E/E\)

C C
H Hey  Hy  Hy M
Omega 3 or n-3 fatty acid

—Stearic acid (18:0)

—Oleic acid (18:1;9)

—Linoleic acid (18:2;9,12)
—Linolenic acid (18:3;9,12,15)
—Arachidonic acid (20:4;5,8,11,14)

www.FirstRanker.com
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* A Fatty acid may also be designated as :
* Linoleic acid (18C;A>1?)

* Linolenic acid (18C;A>1%1>)

* Aindicates from COOH end.

* 912,15 are double bond positions from delta
end.

Short Hand Presentation of FA

14:0 Myristic acid

16:0 Palmitic acid

18:0 Stearic acid

18:1 cis A° Oleic acid (w9)

18:2 cisA°>*? Linoleic acid (w6)

18:3 cisA>'%1> qa-Linolenic acid (w3)

20:4 cisA>®111% Arachidonic acid (w6)

20:5 cisA>®11L1417 Eicosapentaenoic acid (w3 )
22:5 CisA’:10.13,16,19 Docosapentaenoic acid (w3 )

www.FirstRanker.com
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Important Properties Of Fatty Acids

Properties Of Fatty Acids

* Physical Properties

* Chemical Reactions

www.FirstRanker.com
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Physical Properties Of Fatty Acids

1. Solubility
2. Melting Point

Solubility Of Fatty Acids Depends
Upon
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Factors Responsible For Solubility Of
Fatty Acids

1. Hydrocarbon chain length
2. Degree of Unsaturation- Number of Double Bonds
3. Hydrophobicity/Polarity of Fatty acids

4. Polarity of Solvents

* Small hydrocarbon chain length are less
hydrophobic and more soluble

* Long Chain FA and VLCFA more hydrophobic are
very less soluble

* Solubility of Fatty acids decreases with increase in
Fatty acid hydrocarbon chain length.

* Double bonds increases solubility

www.FirstRanker.com
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Melting Point of Fatty Acids

Factors Responsible For
Melting Points Of Fatty Acids

1. Hydrocarbon chain length
2. Nature of Bonds

3. Degree of Unsaturation/Number of double bonds

www.FirstRanker.com
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Fatty Acids With
Decreased Melting Points

* Short and Unsaturated Fatty
acids has low melting point

* More degree of unsaturation low
is melting point of FAS

Melting Points

* Affected by chain length
—Longer chain = higher melting temp

Fatty acid: C12:0 C14:0 C16:0 C18:0 C20:0
Melting point: 44°C 58°C 63°C 72°C 77°C

www.FirstRanker.com
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Melting Points

* Affected by number of double bonds
—More saturated = higher melting temp

Fatty acid: C18:0 C18:1 C18:2 C18:3
Melting point: 72°C 16°C -5°C -11°C

Melting
Number point
of carbons Common name Systematic name Structure {2
Saturated
12 lauric acid dodecanoic acid COOH 44
/\/\/\/\/\/
14 myristic acid tetradecanoic acid COOH 58
A S R O T O A
16 palmitic acid hexadecanoic acid COOH 63
/\/\/\/\/\/\\/\\/
18 stearic acid octadecanoic acid COOH 69
/\/\/\/\/\/\/\/\/
20 arachidic acid eicosanoic acid /\/\/\/\/\/\/\/\/\/COOH 77
Unsaturated
16 palmitoleic acid (9Z)-hexadecenoic acid COOH 0
/\/\)/\/\/W
18 oleic acid (9Z)-octadecenoic acid /\/\/\f\/\/\/\/COOH 13
18 linoleic acid (97,127 )-octadecadienoic acid COOH -5
x
18 linolenic acid (9Z,12Z,15Z)-octadecatrienoic acid _ _ COOH -11
20 arachidonic acid (5Z.8Z.11Z.14Z)-eicosatetraenoic acid COOH -50

20 EPA (5Z.8Z.11Z,14Z1 TPY M EUSIRATKENER M cid . COOH —50
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Fatty Acids With
Increased Melting Points

* Long and Saturated Fatty acids are
has high melting point.

* Less degree of Unsaturation more is
melting point of Fatty acids

* Thus melting point of Fatty acids(FAs):

—Increases with increase in chain
length of FAs.

—Decreases with decrease in chain
length of FAs.

—Increases with low unsaturation of
FAs

—Decreases with more unsaturation of
Fatty acids

www.FirstRanker.com
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Structures and Melting Points of Saturated Fatty Acids

Table 18.1 Structures and Melting Foints of Common Fatty Acids

Carbon Melting
Mame Atoms Structure Point (*C} Souree

Saturated Fatty Acids

(8
|
Capric acid 10 Wﬂ[}lﬂ A iy paliTe
O
Il
Lauric acid 12 M%WMUH 43 Coconut
(]
{
Myristic acid 14 e e W WEHH 34 Nuimeg
(]
I
Palmitic acid 16 fW’W’“VMUH G2 Palm
O
I
Stearic acid iR WrxfWAvfﬂmDH (o] Animal la
0
|
Arachidic acid 20 B i i i 76 Peanut oil,
OH vegetable and
fish nils

Timbadake, Gansral, Orgame, and Biotogical Chamistry. Copyright @ Pearson Education Ine., publishing as Banjzamin Cummings

AN L iquid at

- room temp

Q
Q
Q
==
)

r

semisolid at
room temp

PV e e e e N -
solid at

PP U U U U U U Wiy I room temp

Ll T
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Chemical Reactions Of Fatty Acids

Types Of Chemical Reactions
Of Fatty acids

Reactions due to
Carboxyl group of Fatty acids:

* Esterification/Esterified forms of Lipids

* Saponification/Soap Formation

www.FirstRanker.com
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Reactions Associated to
Double bonds of Fatty acids:

— Halogenation/Addition of Halogens around double
bond

— Hydrogenation/Transform to UFAs to SFAs

Significance Of Halogenation

*Halogenation of fatty
acids is an index of
assessing the degree of
unsaturation

www.FirstRanker.com
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* lodine Number is a process of
Halogenation which checks the
content of SFA and PUFAs of Fats
and Oils.

* SFA has zero lodine number.
* PUFAs has high lodine number.

Hydrogenation Of Fatty acids

Alters Geometric Isomerism Of
Unsaturated Fatty acids

Transforms Natural Cis Form to Trans Form

Increases Shelf life of PUFAs

www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice ) )
www.FirstRanker.com www.FirstRanker.com

All-Cis Fatty acids
Good for Health

* Human body contain Enzyme system to
metabolize Cis form of Fatty acids.

* Cis forms when ingested through food are
easily metabolized and does not retain in the

body.

* Hence All —Cis forms are good for health and no
risk of Atherosclerosis and CVD.

* All Cis form of fatty acids are unstable and
easily metabolizable.

* More content of Trans Fatty acids are found
in processed/Refined foods viz:

—Hydrogenated Oils (Vanaspati Dalda)
—Ghee

—Margarine

—Bakery products /Fast foods

—Deeply Fried recipes in Oils which are
prepared in repeatedly heated oils.

www.FirstRanker.com
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* Trans fatty acids increases risk of

—Atherosclerosis
—Cardio Vascular disorders:

*Ischemia
* Myocardial Infarction

—Stroke(Brain attack)

Message
Learnt, Understood And To Be Implemented

For Good Fatty acid metabolism and Significant Health

* Eat natural Cis forms of Fatty acids

* Avoid Hydrogenated Trans Fatty
acids

e Eat home made food
* Avoid Processed/Junk Foods

www.FirstRanker.com
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PUFAs And Omega Fatty Acids

Types Of Omega Fatty acids

°In Nutrition and Clinical
practice

»w3 Fatty acids
»w6 Fatty acids
»w7 Fatty acids
»w9 Fatty acids

www.FirstRanker.com
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Omega Fatty Acids

Omega 3 Fas Omega 6 Fas Omega 7 Fas Omega 9 Fas
PUFAs PUFAs MUFAs MUFAs

Linolenic Linoleic Palmitoleic Oleic —
C18-(ODTA) C18- (ODDA) C16-(HDA) (C18(ODA)
Timnodonic Erucic -
C20-(EPA) Arachidonic C22(DA)
Cervonic C20-(ETA) Nervonic
C22-(DHA) C24-(TA)
Clupanodonic

C22-(DPA)

Examples of w3 Fatty acids
* Linolenic (18:3;9,12,15) (w3)

* Timnodonic/Ecosapentaenoic Acid /EPA
(20:5;5,8,11,14,17)(w3)

* Clupanodonic acid/(Docosa Pentaenoic Acid): (DPA)
(€22:5;7,10,13,16,19 )(w3)

* Cervonic/Docosa Hexaenoic Acid

[ ] [ ]
Ty vy¥) f ’ ’
www.FirstRanker.com
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Rich sources of dietary Omega and nutritional
essential PUFAS are:

—Vegetable Oils

—Green Leaves, Algae
—Fish and Fish oils
—Flax Seeds

Sources,Distribution,Composition Of
Fatty Acids In Human Body

www.FirstRanker.com
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Sources Of Fatty Acids To Human Body

* Exogenous Sources- Dietary Food ltems

* Endogenous Biosynthesis- From Free Excess
Glucose in Liver

Forms of Dietary Fatty Acids To Be Ingested
Natural Forms Of Fatty Acids

e Fatty acids in nature mostly presently in
* Esterified form of FAs— (TAG,PL,CE)
* Even Numbered Carbon
* Unsaturated- PUFAs/Omega 3 and 6
* Cis forms

www.FirstRanker.com



:l », FirstRanker.com

A Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

Contents Of Fatty acids |Sources Of Oils

Highest Content of MUFA Olive Oil , Mustard Oil

Highest content of PUFA Safflower, Sunflower,
Flax seed Oil

Highest content of SFA  Coconut Oil

Oils Rich In Oils richin
SFAs PUFAs

Coconut Oil Olive Oil (75%) Flax seeds/
Linseed Oil
Palm Qil Sunflower Oil (85%) Soya /Safflower Oil
Butter Ground nut / Almond Oil
Pea nut Oil

Animal Fat Almond Oil Rice Bran
Sesame Oil Walnuts Oil

Beef Fat (Tallow Fat) 50% Corn Oil

Lard (Pork Fat) 40% T S

www.FirstRanker.com
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Butter

Milk, whole

Beef,
ground

Egg

Chicken,
breast

Turkey

Tuna, water
packed

Salmon,
Chinook

Cashews
Olive oil
Sesame oil
Corn oil
Walnuts
Safflower oil

Canola oil

© 2011 Pearson Education, Inc.

DIETARY FAT

www.FirstRanker.com

www.FirstRanker.com

Canala oil

Safflower oil

Flaxseed o

Sunflower ol

Corn oil

Olive oil

Saybean ol

Peanut il

Cotonseed ol

Lord

Palm ol

Butter

(oconut ol

Comparison of Dietary Fats

SATURATED FAT

Percentage (%) of total fat kcals

o=

Key:

B MUFA
W PUFA

POLYUNSATURATED FAT

MONOUNSATURATED FAT

B linoleic ocid

{an omege-6 fafty ocid)

W alpha-linolenic acid

(an omege-3 farty ocd)

oleic acid

(on omega-? fatty ocd)

www.FirstRanker.com
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Carbons Double bonds Abbreviation Source
Fatty Acids
Acetic 2 0 2:0 bacterial metabolism
Propionic 3 0 3:0 bacterial metabolism
Butyric 4 0 4:0 butterfat
Caproic 6 0 6:0 butterfat
Caprylic 8 0 8:0 coconut oil
Capric 10 0 10:0 coconut oil
Lauric 12 0 12:0 coconut oil
Myristic 14 0 14:0 palm kernel oil
Palmitic 16 0 16:0 palm oil
Palmitoleic 16 1 16:1 animal fats
Stearic 18 0 18:0 animal fats
Oleic 18 1 18:1 olive oil
Linoleic 18 2 18:2 grape seed oil
Linolenic 18 3 18:3 flaxseed (linseed) oil
Arachidonic 20 4 20:4 peanut oil, fish oil

Determination of fatty acid profile

Fatty acid Relative
content (%) | Fatty acids (from highest to least as a %)
Myristic C14:0 0.08
Palmitic C16:0 19.12 % |z
Palmitoleic ~ C16:1 0.08| |® ™
Margaric C17:0 0.21 § o
: o ,
Stearic C18:0 2450 (8 * o
2 ;
Oleic C18:1 4831 |z ” L
Linoleic C18:2 5.11 g = w i H 1,6 0,36 0,36 0,22 0,21 0,08 0,08 0,05
, : _ , 0 , -
Nonadecy!lc C19:0 1.60 R R
cis-Gondoic C20:1 0.36 c §Ec 328828 Eg g
Behenic C22:0 0.22 “§536 5885 EC
Lignoceric C24:0 0.36 2 ° &
Cerotic C26:0 0.05 Fatty acid type
Total saturated fatty acids =46.14% 53.86%
= 0
:":a: ':Ul‘::FAA 42'3}//" }— total unsaturated
Otal = 417/
S/U wWww EPSTRanker.com
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Fatty acid Composition
of Human Body

Oleic acid 50% (MUFA)
Palmitic acid 35% (SFA)
Lionleic acid 10% (PUFA)
Stearic acid 5% (SFA)

* Thus most abundant Fatty acids
present in human Lipids are:

—Oleic acid (50%)
—Palmitic acid(35%)

www.FirstRanker.com
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Ideal Requirement
Of Fatty Acids To Human Body

* |tis ideal to consume ratio of:
]l :1 :1

* SFA MUFA PUFAs

* respectively from the diet to maintain good
health.

www.FirstRanker.com
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* Naturally there is no single oil which has
all 3 types of fatty acids in ideal
proportion.

* Hence it is always advisable to mix a
combination of oils and consume.

Transportation Of Fatty Acids In
Human Body

www.FirstRanker.com
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* Bound form /Esterified
Forms Of Fatty acids are
Transported through
various Lipoproteins.

Fatty acids Transportation In body

* More than 90% of the fatty acids found in
plasma are in the form of Fatty acid esters.

— Fatty acids Esters/Esterifed form of Fatty
acids exist as:

— Triacylglycerol
— Cholesteryl esters
— Phospholipids

www.FirstRanker.com
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* Unesterified/Free Fatty acids (FFA)
are very less amount in body.

* Long Chain FFA are transported in
the blood circulation in association
with Albumin.

Functions Of Fatty Acids

1. Secondary Source Of Energy
2. Components Of Biomembranes

3. PUFA (Arachidonic Acid) Precursor for Eicosanoid
Biosynthesis

4. Esterification of Cholesterol and its Excretion
5. PUFAs build and protect Brain and Heart

6. PUFAs prevents early ageing, prolongs Clotting
tl m e . www.FirstRanker.com
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* PUFAs of membrane play role
in:(Less compact)

—Membrane fluidity
—Selective permeability

Functions Of
PUFAS /Omega 3, and 6 FAs

* Components of cell biomembranes
e More associated to Human brain and Heart

* Involve in Growth ,development and
functioning of Brain

www.FirstRanker.com
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* Omega Fatty acids Reduces risk of Heart disease:

—Reduces Platelet aggregation by stimulating
Prostaglandins and Prostacyclin's .

—Reduces blood clotting and Thrombus
formation by Lowering the production of
Thromboxane .

* Omega 3 Fatty acids have pleiotropic effects
(more than on effect):

—Cardio protective effect
* Lowers Blood pressure
* Anti-Inflammatory
* Anti-Atherogenic
* Anti-Thrombotic

www.FirstRanker.com
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e PUFAs Lowers Risk Of Atherosclerosis

 Since double bonds of PUFAs are unstable and
easily cleavable.

* PUFAs get easily metabolized and do not get
accumulated in the blood arteries and capillaries.

e Thus PUFAs have low risk of Atherosclerosis and
Cardio vascular disorders.

* Fish (rich in Omega 3 Fatty acids) Eaters has
Healthy Brain and Heart

* Brain development with an efficient
nervous function.

 Protected from Heart attacks.

www.FirstRanker.com
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* Deficiency of Essential Fatty acids :
* Affects every cell ,organ and system
—Growth retardation
—Problems with reproduction
—Skin lesions
—Kidney and Liver disorders
—Brain disorders/Behavioral disorders.

Deficiency Of PUFAs/ Omega 3,6
Fatty acids

* Deficit of omega fatty acids affect the normal
growth ,development and functioning of brain.

* Persons may suffer from mental illness like:
—Depression
— Attention deficit
—Dementia=Alzheimer's Disease

www.FirstRanker.com
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* Deficiency of Omega 3 Fatty acids :
—Alters the cell membrane structure.
—Increases the risk of

* Heart attack

 Cancer
e Rheumatoid Arthritis

Phrynoderma /Toad Skin is due
to PUFA deficiency.

www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice ) )
www.FirstRanker.com www.FirstRanker.com

* Phrynoderma /Toad Skin Symptoms

* The skin becomes dry with lesions
(Scaly Dermatitis).

* Presence of horny erruptions on the posterior and lateral
parts of limbs, back and Buttock.

* Loss of hair
* Poor wound healing
* Acanthosis and Hyperkeratosis

* Deficiency of PUFAs lower:

—Oxidative Phosphorylation-ATP generation

—Fibrinolytic Activities

www.FirstRanker.com
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Fatty Acids At Glance

Name of Biomolecule | Fatty acids

Class Derived Lipids

Structural Features Organic acids ,Hydrocarbon Chain (C2-
26) Terminal Mono Carboxylic Acid

Sources of FAs to From Exogenous and Endogenous
body

Distribution in Body FAs mostly in esterified form,
Associated with Simple and
Compound Lipids. Distributed in all
tissues.

Functional aspects Energy, Biomembrane components

Interrelationships Eatty acids-associated to other form
of "Simplé ahd Compound Lipids
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Study Of Derived Lipids
Alcohols

Alcohols Involved In
Lipid Structures
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3 Alcohols Involved In
Various Forms Of Lipids

1. Glycerol
(C3-Trihydric Alcohol)

2. Sphingol/Sphingosine
(C18-Dihydric Alcohol)

3. Cholesterol
(C27-Monohydric Alcohol)

Alcohols Of Lipids
Are
Classified
As
Derived Lipids
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Glycerol is a
Derived Lipid

Obtained from Hydrolysis of
Simple and Compound Lipids

Figure 1. Structure of Glycerol
H

H—C—OH

H—C—OH

H—C—0OH

H

www.FirstRanker.com
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Glycerol/ Glycerin

* Glycerol [C3 ]is a POLYOL

* Glycerol is chemically Trihydric
Alcohol (3 —OH groups)

* Glycerol has potency to interact
with 3 same or different Fatty
acids .

**Glycerol is a backbone of
Glycerol based Lipids viz:

*** Triacylglycerol
*** Glycerophospholipids

www.FirstRanker.com
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Glycerol Sources To Human Body
Endogenous and Exogenous Sources

Glycerol

11

Glucose

Source Of Glycerol To Human
body

* Glucose is responsible for biosynthesis of Glycerol
in human body

* Glucose transforms to Glyceraldehyde,

* Glyceraldehyde on reduction forms Glycerol.

www.FirstRanker.com
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* Glycerol formed is then used for Biosynthesis
of Glycerol based Lipids.

* Glycerol released from hydrolysis of Glycerol
based Lipids is transformed to Glucose.

SPHINGOSINE/SPHINGOL

www.FirstRanker.com
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Sphingosine

CH.(CH,),,CH=CH-CH-OH

CH-NH,

CH;-OH

* Sphingosine is a derived
Lipid.

* Obtained from Hydrolysis of
Sphingolipids
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* Sphingosine is a C18, complex Dihydric,
Amino alcohol.

* Sphingosine is biosynthesized in human
body using amino acid Serine.

* Serine provides NH2 group of
Sphingosine.

* Sphingosine forms Sphingolipids
/Compound Lipids with Alcohol
Sphingol

 Examples of Sphingolipids:
*Sphingophospholipids
*Sphingoglycolipids

www.FirstRanker.com



:l » FirstRanker.com
A Firstranker's choice

www.FirstRanker.com www.FirstRanker.com

1 H 1 H
. |
H- x:l: TH
I
] - Hi=
| |
I__.;:
ceratrrde : H-

What Is a Ceramide?

'ITHEIHE

* A Fatty acid linked to an aminc

group of Sphingosine

* With an amide linkage form a

Ceramide.

www.FirstRanker.com
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* Ceramide if linked to Phosphate and
Nitrogenous groups forms
Sphingophospholipids.

* Ceramide linked to Carbohydrate
moieties form Sphingoglycolipids.

Sphingosine Based Lipids

Single sugar residue Oligosaccharide residue

/ / /

Sphingosine A Ceramide A Sphingomyelin

w¢w.FirstRanker.corg

A Sphingomyelin A Cerebroside A Ganglioside



:l » FirstRanker.com

A Firstranker's choice

www.FirstRanker.com

www.FirstRanker.com

Sterols

Common Sterol And Steroids

" Cholesterol

(a sterol)
OH

Testosterone

Vitamin D3
(cholecalciferol)

CHtinamactarnl
U‘-'gl TIAJUT VI

ﬂ-'rf- = ' (a SterQi)dw.FirstRanker.com

hormone)

(a phytosterol)
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* Sterols are chemically

complex, organic monohydric
Alcohols.

* Sterols has cyclic ring
structures

*Sterols have a parent ring

*Cyclo Pentano Perhydro
Phenantherene (CPPP)
nucleus.
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Examples Of Sterols

* Cholesterol (Animal sterol)

* 7 Dehydrocholesterol( provitamin D)
* Coprosterol (Excretory form Cholesterol
* Ergosterol (Plant Sterol)
* Sitosterol (Plant Sterol)

Cholesterol

Most abundant Sterol of Human body

www.FirstRanker.com
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Cholesterol

* Cholesterol is an Animal Sterol .

* Cholesterol means Solid Alcohol as it

was first obtained from gall stones of
bile.

 Cholesterol is excreted via bile hence
richly composed in bile ,Gall stones.

Cholesterol
Is A Derived Lipid

www.FirstRanker.com
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 Cholesterol is classified as
Derived Lipid.

* |t is derived from hydrolysis of
Cholesterol Ester (Human Body
Wax).

Chemical Structures Of
Cholesterol and Cholesterol Ester

www.FirstRanker.com
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Pentahydrophenantrene
(Sterane)

AN
1T o
D
k

CH,

C C

| | |
C C CW—C
chih -l
| | |
C

(a) Sterol ring structure (b) Cholesterol

(c) Cholesterol ester www.FirstRanker.com
© 2011 Pearson Education, Inc.
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Structure Of Cholesterol

* Cholesterol is complex, cyclic,
unsaturated, monohydric Alcohol.

* Molecular formula is C27H450H

* Cholesterol has parent nucleus as
Cyclo Pentano Per hydro
Phenantherene ring system(CPPP).

* The structure of CPPP has four
fused cyclic rings (A,B,C and D)

www.FirstRanker.com
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* Hexane ring A,B,C is a
Phenatrene nucleus.

*D ring is Cyclopentane ring.

e The Structure of Cholesterol Possess:

Hydroxyl group (-OH) at C3.
Double bond between C5 and C6.
5 Methyl (-CH3) groups.

8 Carbon side chain linked to C17 of
the structure.

W NR=

www.FirstRanker.com
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Forms Of Cholesterol In Human Body

 Cholesterol exists in two forms:
—Free Cholesterol - 30%

(Amphipathic form)

—Cholesterol Ester - 70%
(Non polar form)

[% —0O0CR
+ F{'CDD—L“T- 0

|| T
J\/: CHy—0—F—0—~CHCHANICH):
HO s chalesterol ; phosphatidylcholine

Jlezzithin cholesterol acyltransferase (LCAT]

H,—00CR

‘f
* HO-CH O )
/[\ CHy—0—P—0—CH.CHN(CHs
RICO0 5

A
EhD|ESTEFD| EStEf www.FirstRanker.com |'5JEEI|:IIhEIEph’[iE|}'1EhEI|iﬂE
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Properties Of Cholesterol

* Cholesterol is white or pale yellowish,
crystalline ,odorless compound.

* Insoluble in water and soluble in organic
solvents like Ether and Chloroform.

Crystals of Cholesterol Rhombic plates
with Notched edges.

--..___N_‘1‘-
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 Qualitative Tests For Cholesterol
detection are:

—Liebermann Burchard Reaction
—Salkowski Reaction
—Zak’s Reaction

Sources Of Cholesterol
To Human Body

www.FirstRanker.com
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* Exogenous Sources of Cholesterol:
—Animal Origin Food Items

 Endogenous Source Of Cholesterol:

—Obtained In well fed condition from
Excess Glucose

Dietary Sources Of Cholesterol

* Cholesterol is exclusively
present in animal foods.

www.FirstRanker.com
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* The dietary rich sources of Cholesterol
animal origin foods like:

—Egg Yolk Foods High in Cholesterol
—Meat Ry

—Milk
—Butter

—Ghee 3 &

—Cream ¥
Shrimps ~ Cheeseburger Chicken legs

Beefbrain  Chickenliver  Egg yc;m

Remember Cholesterol
is absent in plant origin
food items.

www.FirstRanker.com
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Endogenous Source Of Cholesterol

* Cholesterol Biosynthesized in
human body from Free Excess
Glucose in Liver.

Transportation Of Cholesterol

Cholesterol in blood is
transported by Lipoproteins:

Chylomicrons ( Dietary origin)
LDL (From Hepatocytes to Extra hepatocytes)

— HDL {FromExtra-hepatoeytesto-Hepatoeytes)

www.FirstRanker.com
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Occurrence and Distribution Of
Cholesterol in the Body

—70 % of Cholesterol associated
with cellular components

—30 % of Cholesterol is in the
Blood.

www.FirstRanker.com
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* Cholesterol is richly present in Nervous
tissue Brain.

* Other organs containing Cholesterol are:
—Liver
—Adrenal Cortex
—Gonads
—Intestinal Mucosal cells
—Skin

Functions Of Cholesterol

Depends Upon

Quality and Quantity

www.FirstRanker.com
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 Cholesterol is constituent of biomembranes
of cell

* |t give structure, shape and fluidity to them.

Cholesterol

* Embedded in membrane

* Helps stabilize and strengthen the cell
membrane

 Important in cell metabolism

* Hydroxyl (OH) group is oriented to the outside

Effects on Membrane without Cholesterol

In Cold Environment In Hot Environment

Rigid/ Not Flexible Too Flexible

Not Fluid Very Fluid

May Get damage Not hold Shape

www.FirstRanker.com
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* Cholesterol richly present in
nervous tissue and covers
Myelin sheaths.

* Cholesterol help in nerve
impulse conduction.

* Cholesterol helps in nerve
impulse transmission since:

—It has high dielectric constant.

—It is a poor conductor of heat
and electricity.

www.FirstRanker.com
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Cholesterol Serves Precursor for
Biosynthesis Of Many Steroids

Derivatives of Cholesterol

e Steroids are derivatives of Sterols.

* Chemical Compounds obtained
from Cholesterol are termed as
Steroidal compounds.

www.FirstRanker.com
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* Derivatives of Cholesterol

e Vitamin D (Cholecalciferol)
* Bile acids (Cholic and Chenodeoxycholic acid)
* Bile Salts are obtained from Bile acids.
e Steroidal Hormones

—ACTH

—Mineralocorticoids

— Glucocorticoids

—Sex Hormones: Androgens, Progesterone,
Estrogen and Testosterone

Bile Acids and Bile Salts

D
CH - . O
OH |
| CHs NH
e S I | Cilves
I ", - | alwcine
CH 5 | > CH- " portion
_f____ff __-\_‘-"'I-\____ E ’J_'__:d-—""'-n-\_____\ g = .q___-_——-f_,f | y
J’" ]j = OO Na |
HO = T TOH
Sodium glycocholate
)
CH5_ _C
COH . ~ |
| CH, | NH
" HI 3 f ‘__ f._,.-""‘ (l'_ H 2 L Taurine
i L - e | portion
l/ s ]/ CH-
— pr -—-"“——u____..'—- — -.____\_“_—’____—' - (-—:' - - 3 i L. L
HO www.FirstRanker.com
Sodiunm taurocholace



:l » FirstRanker.com
A Firstranker's choice

www.FirstRanker.com www.FirstRanker.com

Steroids Hormones

| o
v iy |

4

1C |
NN/

\/\/

Estradiol * Testosterone Progesteroné

-

Disorders Related To Cholesterol

www.FirstRanker.com
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*Serum Total
Cholesterol level of a
Healthy human body is
150-200 mg%

Hypercholesterolemia

* Causes for Hypercholesterolemia

* High intake of dietary Cholesterol(animal origin) is a
exogenous source of Cholesterol.

* Elevated endogenous Cholesterol biosynthesis
when a very rich Carbohydrates is ingested.

* Defect in Cholesterol transport by Lipoproteins in
blood—retains-Cholesterotinblood:

www.FirstRanker.com
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Conditions Of Hypercholesterolemia

* Diabetes mellitus

* Obstructive Jaundice
* Nephrotic Syndrome
* Hypothyroidism

ATHERDSCLEROSIS
* Hypercholesterolemia leads to:

— Deposits of excess of
Cholesterol in blood vessels.

— Atherosclerosis and atheroma
/plague formation.

—Increased risk of ischemia and
Myocardial infarction and
Stroke.

www.FirstRanker.com
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—Cholesterol Summary

—Cholesterol is exclusively found only in
animals.

—Exogeneous Cholesterol comes from diet

—Endogeneous Cholesterol is biosynthesized
by the Liver from Glucose product Acetyl-
CoA.

—Cholesterol is an important component of
biomembranes, steroidal hormones, bile
acids and Vitamin D

Study Of
Simple Lipids/Neutral Lipids

www.FirstRanker.com
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Triacylglycerols/Triglycerides

* Chemical name of Fat/Qil is Triacylglycerol
(TAG).

" TAG is a Simple, Glycerol based
,Neutral Lipid.

www.FirstRanker.com
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Chemical Structures Of
Triacylglycerol (TAG)

Triacylglycerol/Fats/Oils
* TAG/Fats/Oils are
* Chemically Esters of
* Three Fatty acids ( Same or Different)

* with one Glycerol (Trihydric Alcohol).
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Most Common Fatty Acids in Triacylglycerol

Fatty acid Carbon:Double bonds Double bonds
Myristic 14:0
Palmitic 16:0
Palmitoleic 16:1 Cis-9
Stearic 18:0
Oleic 18:1 Cis-9
Linoleic 18:2 Cis-9,12
Linolenic 18:3 Cis-9,12,15
Arachidonic 20:4 Cis-5,8,11,14
Eicosapentaenoic 20:5 Cis-5,8,11,14,17
Docosahexaenoic 22:6 Cis-4,7,10,13,16,19

CH,(CH)), €boH
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*TAG is Neutral or Non
polar lipid.

eSince TAG structure has
no charged/polar groups
INn 1ts structure.

Types Of Triacylglycerol

Based On Nature Of Fatty Acid
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*Simple TAG
*Mixed TAG

(ﬁ 0
HoC—0—C—Ch,(CHy)130 M3 H,C —0—C—CHy(CH,)141CH3

O 0

PO I
HC—Q—C—CH,(CH,)13CH3 HC—0=—C—CH,(CH,)15CH-

i i

HoC——0= C— CH(CHy)13CH, Hy,C—0— C— (CH,);CH=CH(CH,),CHs

Tristearin

* Simple TAG: Three same Fatty
acids are esterified to Glycerol to
form simple TAG.

 Examples of Simple TAG:
—TriPalmitin
—TriStearin
—TriOlein

www.FirstRanker.com
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* Mixed TAG:

* The 3 different Fatty acids

esterified to Glycerol to form a
mixed TAG.

* Mixed TAG's are more
predominant in nature.

 |In a Mixed TAG

* First Carbon C1 -has Saturated Fatty acid

* Second position C2-has Unsaturated
Fatty acid-PUFA

* The 3 ' position C3 Fatty acid in TAG has
- either Saturated/Unsaturated fatty
acid

www.FirstRanker.com
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Olive Oil Rich In Simple TAG

* Olive oil contains mostly TAG as Triolein, which has
three Oleic acids.

CH—O—C o~~~ o~
| e

Il L
Trioclein e

Sources OF Triacylglycerol
To
Human Body

www.FirstRanker.com
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—Exogenesis source of TAG :
*Dietary Fats/Oils
—Endogenous source of TAG :

Liver Lipogenesis in well fed
condition

*Using Glucose product Acetyl-
CoA.

Dietary Sources Of TAG

* Animal Fat (Solid)
*Plant Oils (Liquid)
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Fats (solid Triacylglycerol)
Oil (a liquid Triacylglycerol)

Occurrence/Distribution Of TAG

www.FirstRanker.com
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JTAG is a most widely
distributed abundant
natural lipid.

TAG Major Lipid Form Of Human Body

—Predominant Lipid ingested
in Human diet is TAG 98%.

—Abundant Lipid of human
body Lipid is TAG 95 %.
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Transportation Of TAG in
blood is By Lipoproteins

Chylomicrons :

Transports
exogenous dietary
TAG

VLDL:

Transports
endogenous TAG

Act as a source
of enerqgy

Protect internal organs §
from jarring trauma
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\ Distribution/Location Of TAG In | K :
Human Body

1 Predominant Dietary Form of Dietary and Calorific
Lipid Ingested in GIT Value- Secondary
Source of Energy
2 Adiposecytes/Depot Fat- Reservoir of Energy
Exclusively TAG
3 Subcutaneous layer /Below Skin Insuating Effect,
Regulates Body
Temperature
4 Fat Pad around Internal Soft Mechanical Shock
Visceral Organs absorbers

1.TAG Serves As Source Of Energy

www.FirstRanker.com



:l J FwstRanker com

www.FirstRanker.com www.FirstRanker.com

* TAG has high calorific value
(9Kcal/gram) more than
Carbohydrates (4 Kcal/gram ).

2.TAG Reservoir Of Energy

www.FirstRanker.com
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Storage form of Lipid in
human body is TAG.

Triacylglycerols In Its Structure

Links and Stores Fatty acids

www.FirstRanker.com
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* Fatty acids are not stored in free
form in living beings.

* Fatty acids are stored in bound
form as TAG.

* Thus TAG is a storage form of
Fatty acids .

Criteria's For TAG To Be Chosen As
Reservoir of Energy

* TAG is highly reduced and
anhydrous form.

* Hence chosen as energy

_reserve of the body.

www.FirstRanker.com
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* Because of insolubility of TAG in
aqueous phase:

* Body TAG are mostly found in
isolated compartments as
droplets.

* TAG in anhydrous form is packed
in Adipocytes —

(Depot Fat)

3.Store House Of TAG
is High
In Comparison To
Glycogen Stores

www.FirstRanker.com
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* More content of energy can be
stored by TAG in comparison to
Glycogen stores.

*]1 gm of anhydrous TAG
stores more than 6 times as
much as energy as 1 gm of
hydrated Glycogen.

www.FirstRanker.com
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* Hydrated molecules requires more space.

 TAG stored in anhydrous form
requires less space.

* |n contrast Glycogen being hydrated
requires more space.

(1 gm of Glycogen binds with 2gm of water)

* TAG When excess serves as
an energy reservoir stored in
Adipocytes as :

—Anhydrous form
—Concentrated
—Unlimited amount

www.FirstRanker.com
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e Stores of TAG are utilized in
between meals and
starvation phase.

* A good storage of depot
Fat can suffice for 2-3
months in starvation
condition.

* The stored TAG is used as long term
energy source for body activities.

* In long marathon race energy for
muscle activity is provided by the
hydrolysis of depot TAG.

www.FirstRanker.com
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4. TAG Regulates Body Temperature

* The subcutaneous Fat layer is a TAG

* TAG is a bad conductor of heat and
electricity and serves as a thermal
and electrical insulator.

* Which prevents loss of heat from the
body and plays important role in
regulating body temperature.

www.FirstRanker.com
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5.TAG Protects Internal Visceral
Organ and Systems

* A presence of Fatty (TAG) pad
around the soft delicate
internal visceral organs

e Protects from mechanical
trauma or injury by acting as
a shock absorber.
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*TAG provides shape to
body and

* Keep skin smooth and
supple.

& Use Eecential Oils

L R
! A
a- « 9
&

Remember TAG is
not associated to
biomembranes.

www.FirstRanker.com
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* MAG and DAG are derived Lipids.

* Monoacylglycerol and
Diacylglycerol are hydrolytic
products of Triacylglycerol.

* These are produced during TAG
metabolism in the body.

—Monoacylglycerol (MAG)
/(Monoglycerides): A Glycerol esterified
with one fatty acid.

—Diacylglycerol (DAG) (Diglycerides):
—A Glycerol esterified with two fatty acids.

FA

—L- —A> MAG —Z-> Glycerol

,ﬂi TGL HSL MGL

=l B

www.FirstRanker.com
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Healthy TAG In Human Body

* |Ingesting Natural Mixed Form — PUFAs and Short chain
FAS

* Avoiding Trans Fats
* Balanced/Moderate ingestion
* No excess or deficient TAG stores

* Normal serum TAG levels < 150 mg%

Disorders Associated To TAG
e

Iriglyceride Levels

Normal. Borderline, High, Very High

Interpretation Level mg/dL Level mmollL

Normal range, low risk <150 <169
Borderline high 150-199 170225
High 200-499 226565
Very high' high nsk =500 »5 65
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Bad About : TAG/ Fats and Oils

—Excess Fat leads to Obesity
—Increases risk for Diabetes Mellitus
—Leads to Coronary Artery disease
—Ml, Stroke

— Susceptible to Cancer

Disorders Related To TAG

www.FirstRanker.com
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* Normal Fat content of adult:
—Men 21%

—Women 26%

e If the Fat content of an adult

body goes above the normal
content the condition is termed
as Obesity.
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OBESITY IS NOW A
GLOBAL EPIDEMIC!

it t44e4

SOfapemmm, U°‘-"'9 helr.hmmum
room W = Sle home

1ol =~Gelevision-:: amcou

i =:§:uismeg .ﬁw .
lifestge

overw

JUNK FOOD & OBESITY INFOGRAPHIC

Q 360 000 AMERICANS

DIE EACH YEAR FROM DISEASES

x DIRECTLY RELATED T0 OBESITY
AND AN UNHEALTHY LIFESTYLE

CHILDREN WALKING TO SCHOOL BY FOOT

S =

1980 2000 201%

80% PEOPLE | N
EAT JUNK FOOD ON A DAILY BASIS ONLY 19% OF PEOVLE
OVERWEIGHT BY ETHNICITY/RACE ‘ CALORIES CUNSUMED PER DAV BY ADULTS
HISPANICS AND LATINOS 46_2% 6

AFRICAN AMERICANS

PACIFIC ISLANDERS 1990

WHITES “ 26.9%
ASIANS 23 1%

MAIN SOURCES OF EMPTY BALDBIES =

W -9

EVERY 5TH CHILD IN THE WORLD
SWEETEEDCANKS  FENGHFRES  REIMEAT  DESSERTS IS OVERWEIGHT OR OBESE
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Central Nervous System \
- Disturbed brain development Taste Receptor

Leptin-Melanocortin Pathway
- Impaired energy homeostasis
- Neural transmission

Impaired appetite regulation

- Food preference changes
el it =

Liver .

- ‘] insulin resistance
- Impaired lipid metabolism
- Pinflammation

- Impaired fatty acid sensing

Salivary Glands

- Amylase and carbohydrate
metabolism

Stomach
- Lactose digestion

Gut Microbiota
- Disruption in Proportion of
Bacteroidetes to Firmicutes

Pancreas
- I beta cell mass
- I beta cell function

population
Adipose Tissue
- I leptin, T or J adiponectin \ Musculoskeletal System
M browning of WAT q - Skeletal growth
- Impaired thermogenesis abnormalities
Impaired adipocyte - Impaired glucose transport in
homeostasis muscles & T lipid use in
- I insulin resistance muscles

- inflammation - P insulin resistance

* Obesity has excess fat
depots.

* Truncal/central obesity is a
risk factor for heart attack.
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* Obesity has abnormal Lipid
metabolism.

* Increased Blood Cholesterol and
Lipoproteins.

**Obese persons has high risk of
* Diabetes mellitus
s* Atherosclerosis and CVD

* Consequently lead to
Metabolic Syndrome

www.FirstRanker.com
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Pulmonary disease
abnormal funclion
cbstructive skeep apnea
hypoventilation syndrome

MNonalcoholic fatty liver

disea s

steatosis

steatohepatitis

cirmhosis

Gall bladder disease

Gynecologic abnormalities
abnormal menses

infertifity

pofycysbic ovanan syndrome

Ostecarthritis -
Skin -~

Gout

www.FirstRanker.com

Idiopathic imracranial

hypertension

Stroke
Cataracts
~———— Coronary heart dissase
- Diabetes
Cryslipidenea
Hypertension

Severa pancrealitis

breast, ulsnus oesrau
colon, esophagus, pancreas
ledney, prostate

Philebitis
vanous saws
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AVOID STRESS

Lorem ipsum dolor sit amet, consectetur
adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna allgua. Lt
enim ad minlm venlam, quis nostrud
exercitation ullamco Laboris nisi ut aliquip ex ea
commoda consequat.

GET ENOUGH SLEEP

Lorem ipsum dolor sit amet, consectetur
adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore mogna aligua. Ut
enim ad minim veniam, quis nostrud
exercitation ullamco laboris risl ut aliquip ex ea
commoda consequat.

STOP EATING
FAST FOOD

Lorem ipsum dolor sit amet, consectetur
adipiscing elit, sed do eiusmod tempor
incididunt ut lobore et dolore magna aligua. Ut
enim ad minim veniam, guis nostrud
exercitation ullameo laboris mdsi ut allquip ex ea
commodo consequat,

DO PHYSICAL
EXERCISES

Lorem ipsum dolor sit amet, consectstur
adipiscing elit, sed do eiusmod tempar
incididunt ut labore et dolore magna aligua. Ut
enim ad minim veniam, quis nostrud
exercitation ullamco laboris nisi ut aligquip ex ea
commoda consequat.

www.FirstRanker.com

EAT MORE FRUITS
AND VEGETABLES

Lorem ipsum dolor sit amet, consectetur
adipiscing elit, sed do eiusmod tempor
ncididunt ut labare et dolore magna oligua, Ut
enim ad minim veniam, quis nostrud
exercitation ullamco leboris nisi ut aliquip ex ea
commodo consequat.

GET RID
OF BAD HABITS

Lerem Ipsum dolor sit amet, consectetur
adiplscing elit, sed do elusmead tempor
incididunt ut Llobore et dolore magne aligua. Ut
enim ad minim veniam, quis nostrud
exercitation ullameo laboris nisi ut aliquip ex ea
commodo consequat.

DRINK ENOUGH
WATER

Lorem Ipsum dolor sit amet, consectetur
adiplscing elit, sed do elusmod tempor
incididunt ut Llabare et dolore magna aliqua, Ut
enim ad minim veniam, quis nostrud
exercitation ullemco laboris nisi ut aliquip ex ea
commodo consequat.

LESS TV

Lorem ipsum dolor sit amet, consactetur
adipiscing elit, sed do eiusmaod tempor
incididunt ut Labore et dolore magra aliqua. W
enim ad minim veniam, quis nostrud
exercitation sllameo laboris nisi ut aliqulp ex ea
commedo consequat.

Properties Of Triacylglycerol

www.FirstRanker.com
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Lipid Peroxidation
(autoxidation)

Lipid Peroxidation
Is a source of Higher Free Radicals

* During Oxygen metabolism in body.

* Oxygen derived free radicals (RO.,OH.,RO0.)
with unpaired electrons are released.

* These Reactive Oxygen Species (ROS), Free
radicals interact and oxidize double bonds of
PUFAs leads to chain reactions of lipid
peroxidation. e FirstRanker.corn
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* Steps of Lipid peroxidation
reaction:

—Initiation
—Propagation
—Termination

* PUFAs are more prone for
peroxidation.

* Lipid peroxidation Provide
continuous Free radicals.

* Thus has potentially
| : i i the body.

www.FirstRanker.com
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* In vitro peroxidation of Lipids
deteriorates the quality of

Fats and Oils
 Makes the Fat/Qil rancid and in edible.

* Fat/oil has bad taste and odor

e Decreases the shelf life of Fats and Oils.

* In vivo peroxidation of
membrane Lipids damages cells & tissues

* Lipid peroxidation has devastating
effects on body Lipids.

* Increases risk of Inflammatory diseases
* Ageing
* Cancer

www.FirstRanker.com
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 Antioxidants control and reduces
In vivo and In vitro Lipid peroxidation.

* Naturally occurring antioxidants are :
—Vitamin E
—Vitamin C

—Beta Carotene

* Body Enzymes as Antioxidants:
—Catalase
—Glutathione Peroxidase
—Superoxide Dismutase

e Other Substances as Antioxidants:
—Urate
—Bilirubin

www.FirstRanker.com
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* Food Additives as Antioxidants:
—Alpha Naphtol
—Gallic Acid
—Butylated Hydroxy Anisole (BHA)
—Butylated Hydroxy Toluene (BHT)

 Preventive Antioxidants:

* Reduces rate of Chain initiation of
Lipid peroxidation

—Catalase
—Peroxidase
—EDTA
—DTPA

www.FirstRanker.com



:l > FwstRanker com

www.FirstRanker.com www.FirstRanker.com

* Chain Breaking Antioxidants:

* Interferes the chain propagation
of Lipid peroxidation.

—Vitamin E
—Urate

Rancidity Of Fats/Oils

www.FirstRanker.com
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Rancidity

* Rancidity is a physico chemical
phenomenon

 Which deteriorates Fats and Oils

* Resulting in an unpleasant taste
,odor and color of Fat/Oil
(Rancid Fat/oil)

Rancid Fat is inedible
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Factors Causing Rancidity

* Double bond containing /Unsaturated
Fatty acids are unstable and ready for
peroxidation and rancidity.

* Single bond containing/Saturated Fatty
acids are stable and less peroxidized
and made rancid.

www.FirstRanker.com
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PUFAs are more prone to
Rancidity
Since Double bonds are
more susceptible to Lipid
peroxidation

Causes Of Rancidity

* Fats and Oils get Rancid on Ageing.

e Various Factors aggravates rancidity of Oils
and Fats:

* Improper handling by an exposure to:
—Light
—Air (Oxygen)
—Moisture

—Mlicrobes
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Types and Mechanism
Of Rancidity

Types Of Rancidity

* Oxidative Rancidity
* Hydrolytic Rancidity
* Ketonic Rancidity




:l » FirstRanker.com
A Firstranker's choice

www.FirstRanker.com www.FirstRanker.com

* Oxidative Rancidity:

* PUFAs having double bonds are
easily oxidized to form its
peroxides.

* By the action of Oxygen Derived
Free radicals (ODFR).

* The cellular Lipids are also
likely to get peroxidized by
Free radical action causing
damage to biomembranes.

www.FirstRanker.com
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* Hydrolytic Rancidity:

* Long Chain Saturated fatty acids are
hydrolyzed by Bacterial Enzymes .

* To produce Dicarboxylic acids,
Aldehydes, Ketones etc which make
a Fat rancid.

Ketonic Rancidity

* |tis due to the contamination with
certain Fungi such as Asperigillus Niger
on Oils such as Coconut oil.

* Ketones, Fatty aldehydes, short chain
fatty acids and fatty alcohols are formed.

* Moisture accelerates Ketonic rancidity.

www.FirstRanker.com
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* Rancidity gives bad odor and
taste to rancid Fats/oils.

* Due to Dicarboxylic acids
,Ketones , Aldehydes Produced
during the process of

Prevention of Rancidity of Fat/Qil By :

Good storage conditions

Less Exposure to light

Low Oxygen, moisture

No very High temperatures

No Bacteria or fungalcontamination
Addition of Antioxidants

EpEpEyEpERE

www.FirstRanker.com
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Prevention Of Rancidity

* Rancidity can be prevented by
proper handling of oils

By keeping fats or oils in well
closed containers in cold,
dark and dry place.

Prevention Of Rancidity

—Avoid exposure to direct sunlight,
moisture and air.

—Avoid over and repeated heating of
oils and fats.

www.FirstRanker.com
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* Removal of catalysts such as Lead
and Copper from Fat/Qils that
catalyzes rancidity prevents
rancidity.

Antioxidants Prevent Rancidity

* Antioxidants are chemical
agents which prevent
peroxidation and
Hydrolysis of Fats/Oils.




:l > FwstRanker com

www.FirstRanker.com www.FirstRanker.com

* Examples Of Antioxidants:
* Tocopherol(Vitamin E)
* Vitamin C
* Propyl Gallate
* Alpha Napthol
* Phenols
* Tannins
* Hydroquinone's.
* Butylated Hydroxy Anisole(BHA)
e Butylated Hydroxy Toluene (BHT)

* The most common natural
antioxidant is vitamin E
that is important in vitro
and in vivo.

www.FirstRanker.com
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* Vegetable oils are associated with
high content of natural antioxidants
(Vitamin E),

* Hence oils do not undergo rancid
rapidly

* As compared to animal fats which
are poor in naturally associated
antioxidants .

* Rancidity of Fats and Oils is
prevented by adding Antioxidants.

* Thus addition of Antioxidants
increases shelf life of
commercially synthesized Fats
and Oils.

www.FirstRanker.com
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Hazards of Rancid Fats:

1. Rancidity destroys the content of
polyunsaturated essential fatty acids.

2. Rancidity causes economical loss because
rancid fat is inedible.

3. The products of rancidity are toxic, i.e.,
causes food poisoning and cancer.

4. Rancidity destroys the fat-soluble vitamins
(vitamins A, D, K and E associated with it.

Others Properties Of TAG
Depends On Nature Of Fatty Acids

www.FirstRanker.com
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Chain Length Of Fatty acids
Of TAG affects Melting Point

* “Hardness” of the Fat/TAG depends on chain
length.

—< 10 carbons in Fatty Acid = liquid
—>20 carbons in Fatty Acid = solid

AceticAcid (2 C) Vinegar Liquid

Stearic Acid (18 C) |Beef Tallow Solid

Arachidic Acid (20 C) | Butter Solid

www.FirstRanker.com
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Differences In Fat and Oil

* Fat and Oils are different in Physical
Characteristics

* Fat is solid at room temperature.
* Oil is liquid at room temperature.

* TAG of Fat is solid since chemically
composed of long and saturated
fatty acids.

 Source of Fat is Animal foods.

* TAG of Oil is liquid as composed of
short and unsaturated fatty acids.

. g ¢ Ol i< bl

www.FirstRanker.com
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Hydrogenation Of Fat/Qil

* Treatment of Oils(TAG) rich in PUFAs with
Hydrogen gas, (H,,

e Catalyst required (Nickel).

 Adding Hydrogen at double bonds of PUFAs.

* |tis also called “Hardening of Oils”

 Hydrogenation converts PUFAs with cis form
to trans form.

* Margarine

—Vanaspati Dalda Crisco, Spry, etc.

www.FirstRanker.com
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Advantages and Disadvantages Of
Hydrogenation Of Fat /Fatty acids

Advantages Of Fat Hydrogenation

www.FirstRanker.com
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* Hydrogenation transforms unstable
,unsaturated, liquid TAGs:

—To stable, saturated, solid TAGs
—Reduces risk of Rancidity
—Increases shelf life and business.
—Example : Vanaspati Dalda ,Margarine.

Disadvantages Of Hydrogenation Of
Fat/Fatty acids

www.FirstRanker.com
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Trans Fats increases the risk of
Atherosclerosis and CVD.

* Hydrogenated trans Fats are
more stable.

* Body has no enzyme system to
oxidize and metabolize trans
fatty acids.

www.FirstRanker.com
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‘Remember
Hydrogenated Fats
are Bad for Health.

 Summary Of Fat Hydrogenation:

* Hydrogen atoms are added to unsaturated
Fatty acids

—Make liquid oils more solid and more
saturated.

—Create trans fatty acids.

—Reduces peroxidation of Fatty acids.
—Resists rancidity

—Reduces metabolism

—Increases retention

—Increase risk of cardiovascular disease.

www.FirstRanker.com
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*Note
*Try eat more natural TAGs.
* Avoid Processed Fats.

Tests To Check Purity
Of
Fat and Oil
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* Several laboratory tests are
employed to:

—Check the purity
—Degree of adulteration

—Biological value of Fat and
Oils.

Tests to Check Purity of Oils and Fats

www.FirstRanker.com
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Tests To Check Purity of Oils | Importance/Significance

lodine Number Index of unsaturation and
content of unsaturated fatty
acids

Saponification Number To know Chain Lengths of
Fatty acids

Acid Number Checks purity of Refined oils

Reichert Meissl (RM) Useful in testing the purity of

Number butter

lodine Number

* lodine number is
Grams/Number of lodine
absorbed by 100 gram of Fat
/Oil .

* lodine Number is calculated by
method of lodometry.

www.FirstRanker.com
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Use Of lodine Number

* lodine number is useful to
know

* The index of unsaturation and
content of unsaturated fatty
acids present in the Fat/Qil.

* lodine number is directly
proportional to unsaturated
bonds of PUFAs in a Fat/Qil.

* High value of lodine number of
oil indicates more content of
Unsaturated Fatty acids in it.
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Name Of Oils lodine Number

Coconut Oil 7-10 (Least)

Butter 25-238

Ground Nut Oil 85-100

Sunflower Oil 125-145

Soya bean Ol 135-150

Linseed Oil /Flax seed 175-200 (Highest)
Oil

* Determination of lodine number helps
in knowing the degree of
adulteration of tested oil sample.

* |f Linseed oil is adulterated with an oil
whose content is high in saturated
fatty acids will give lower lodine
number than the reference values.

www.FirstRanker.com
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Saponification Number

e Saponification number is
milligram/number of KOH molecules
required to hydrolyze and saponify one
gram of Fat/Qil.

» Saponification number gives the
idea of molecular size/chain
length of Fatty acids presentin 1
gram of Fat.

* 1 gram of Fat/oil with long chain
fatty acids has lower
saponification number.

* 1 gram of oil containing short chain

fatty acids has high Saponification
-number.

www.FirstRanker.com
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* 1 gram Oil with short chain fatty
acids has higher saponification
number.

* Since it has more COOH groups for
KOH reaction.

* 1 gram Fat/Oil with long chain
fatty acids has low
saponification number.

* Since in 1 gram of Fat has few -
COOH groups of fatty acids to
react with KOH.
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_ Saponification Number

Coconut Oil 250-260
Butter 230-250
Jojoba Oil 69- 80

Olive QOil 135-142

Acid Number

* Acid number is milligram of KOH
required for complete
neutralization of free fatty acids
present in one gram of Fat/Oil.

* Acid number checks the purity of
Refined oils.

www.FirstRanker.com



:l » FirstRanker.com
A Firstranker's choice

www.FirstRanker.com www.FirstRanker.com

* Refined oils are free from free fatty
acids and has zero Acid number.

* Increased Acid number of refined
oil suggests bacterial/chemical
contamination and unsafe for
human consumption.

Reichert Meissl (RM)Number

* RM nhumberis 0.1 N KOH
required for complete
neutralization of soluble
volatile fatty acids distilled
from 5 gram of Fat.
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*R.M Number of Butter is
25-30.

*The R.M number of

other edible oils is less
than 1.

* R.M number is useful in testing
the purity of butter

* Since it contains good
concentration of free volatile
fatty acids viz: Butyric, Caproic
and Caprylic acid.
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e Adulteration of butter
reduces its R.M
number.

Differentiation Between
Fats And Oils

www.FirstRanker.com
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Fats are TAGs composed of Long
and Saturated Fatty acid.

Fats solid at room temperature
Fat has high melting point

Fats -animal In Origin
Example: Lard (pork Fat)

Fats has low antioxidant content
and get easily Rancid

Fats are more stable
Fats are less metabolizable in body.

High content of dietary Fats has
high risk for Atherosclerosis.

Oils are TAGs composed of short
and Unsaturated Fatty acids.

Oils liquid at room temperature
Oils have low melting point

Oils -Plant in Origin
Example: Safflower Oil

Oils have high antioxidant content
and do not get easily Rancid

Oils are less stable
Oils are readily metabolizable in thi
body.

Qils have low risk for
Atherosclerosis.

Study Of

Compound Lipids

www.FirstRanker.com
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Compound Lipids

* Compound lipids are class of
Lipids
* Chemically Esters of Fatty acids

with Alcohols attached with
Additional groups.

* Additional Groups in Compound Lipids may
be either of these:

—Phosphoric acid
—Nitrogenous Base
—Carbohydrate moieties
—Proteins

—Sulfate groups
W .FirstRanker.com




3 Main Compound Lipids

*Phospholipids
*Glycolipids
*Lipoproteins

Phospholipids
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HYDROPHILIC

Phospholipids

* Compound Lipids

O—WOITVOAUXTI

* Components:
— Alcohol- Glycerol/Sphingol
— Fatty Acids- PUFAs and SFAs

— Additional Group- Phosphoric acid and Nitrogenous
/Non Nitrogenous moiety

* Nature- Amphipathic

* Phospholipids (PL) Chemically Possess:

—Fatty acids esterified to Alcohol and

—Phosphoric acid attached with
Nitrogenous /non nitrogenous base.

www.FirstRanker.com



:l » FirstRanker.com
A Firstranker's choice

www.FirstRanker.com W irstRanker.com

Types Of
Phospholipds

Based upon Alcohol
Present in Phospholipid structure

* Two Types of Phospholipids are :

—Glycerophospholipids:
Glycerol containing Phospholipids

—Sphingophospholipids:

Sphingosine/ Sphingol containing
Phospholipids.

www.FirstRanker.com
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Glycerophospholipids/
Glycerophosphatides

Names & Structures
OF
7 Glycerophospholipids
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Simplest Glycerophospholipid
PHOSPHATIDIC ACID

Fatty acid ‘

Fatty acid ‘

Phosphate

* Depending upon Nitrogenous and Non

Nitrogenous moiety attached.

 Examples of 7 Glycerophospholipids are:

1.
. Phosphatidyl Choline (Lecithin)
. Phosphatidyl Ethanolamine (Cephalin)

Phosphatidic Acid (Simplest PL)

. Phosphatidyl Serine (Cephalin)
. Phosphatidyl Inositol/ Lipositol
. Phospatidal Ethanolamine/ Plasmalogen

NTOO 0 b WN

. DiPhosphatidyl Glyrérsi/Cardiolipin
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0
|
C

f H““-n
H,C—0O R,

Rz. _O—CH

i 1
& H,C— 0O T__D
0
Phosphatidic Acid

Phosphaticic Acid

Phosphatidic Acid

* Phosphatidic acid is a simplest
Glycerophospholipid.

* Phosphatidic acid has Glycerol esterified
with two Fatty acids at C1 and C2.

. 3 i od with Phosohoric acid.

www.FirstRanker.com
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* Phosphatidic acid serve as a
precursor for biosynthesis of
other Glycerophospholipids

* Either by linking of
—Nitrogenous or
—Non nitrogenous base

Phosphatidyl Choline/Lecithin

www.FirstRanker.com
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Phosphate

Chaoline

] (REEET e X T=tr T e I ST AR N e e |
W ORd i iE o il Ly L& wa i il i | -
| L] - | | - ' s - ne

Polar Glycerol Fatty
head group  backbone acid chains

Ll 2 Y

T

Glycerol Fatty acid

Cytoplasm
of cell

| www.FirstRanker.com |
Phospholipid Cell membrane
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* Phosphatidyl Choline (Lecithin) is
most commonest and abundant
Glycerophospholipid in body.

* Phosphatidyl Choline is commonly called
as Lecithin.

* Derived from word ‘Lecithos’ meaning
Egg Yolk.

* Phosphatidic acid is linked to a
Nitrogenous base Choline to form
Phosphatidyl Choline.

www.FirstRanker.com
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Cephalins

—Type of Glycerophospholipids

—Nitrogen base is Ethanolamine
or Serine.

—Phosphatidylethanolamine and
Phosphatidylserine are
Cephalins.

Phosphatidyl Ethanolamine
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Phosphatidylethanolamine
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Phosphatidyl Serine

www.FirstRanker.com
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* An Amino acid Serine
linked to Phosphatidic acid
forms Phosphatidyl Serine.

www.FirstRanker.com
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Phosphatidyl Inositol/ Lipositol

phosphatidyl

oeitol

E T T L
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Phosphatidyl Inositol Tri Phosphate

R, R.
(l_‘;zc;; fI:';:c; Cell Membrane
| |
o Q
L?HE—CH—CHE
Q
_O_II:,,EG
s H
| 1 G
OH.- OPO,=
>k H OH -
— o
o OPO, H -
EEI-I 4|
H OPO,2

* Inositol/Myo Inositol a Polyol
derived from Glucose

* Non Nitrogenous,
Carbohydrate Derivative.

* Inositol linked to Phosphatidic
acid forms Phosphatidylinositol.

www.FirstRanker.com
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* Phospahatidyl Inositol 3,4,5 Tri
Phosphate (PIP3) in presence of
enzyme Phospholipase C

* Generates Diacyl Glycerol and
Inositol Tri Phosphate.

Phosphatidalethanolamine/
Plasmalogen
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ether-linked alkene

0=P—0—CH,—CH,—N(CH)
*0

Plasmalogen

* Plasmalogen possess an Ether
linkage at C1.

* Fatty acid is linked to C1 of
Glycerol, by an Vinyl(CH=CH2)
Ether (C-O-C)linkage instead of
usual Ester bond.

* Nitrogen base linked are
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Diphosphatidylglycerol/
Cardiolipin

Di Phosphatidyl Glycerol

0 I-IZE—D—M—m

|
HZ—E—D—EH

H2$—n—p—cn—t|:Hz ”E'f‘“‘LH”
0" H—C—0H Q HC=0=L=Ry
|-|2&—D—|I-II—D—T!T-H2
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0
Hy-0-C-R b

R-C-0-C-H 0 HC-OH

he 0

H-C-0-C-R

0—CH  R-C-0-CH
CH, h e

:

* Cardiolipin was first isolated from
Cardiac Muscles of Calf and hence
the name derived.
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* Diphosphatidylglycerol/Cardiolipin is
chemically composed of

* Two molecules of Phosphatidic acid
linked to one Glycerol .

0 0 H l:_'—-I:I—rl:!— a
o | P J T
| ‘ Ry—L—0— t'_‘
R;—C—O0—CH 0 7 _,_I_ ! —o—ptl B
H rl'—ﬁ_nl'[_ _i:_t-' —hMH | I l 1 ‘
0 Phosphatidylinositel Phosphatidylglycerol
o . g P P glyc
Phosphatidylethanolamine o
o |
|| L] Ho——— = |
0 H.C—0—C—R, _
" | peee
Ry=—C=—0—CH a e A I H | A E—
P || . biow
H.C—O0—P—0—C —C —N—CHy H.0—0—P—o | e
o, | | dod o ¢
Phosphatidylchaline __,|_[ : F pgi s
a Phosphatidylinositol- | ‘ Diphos phatidylglycerol !
_ | - 4phosphate o |Cardicliping)
(|_|;| HoC— 00— L—H,
I
R,—C—0—CH ﬁ
Ha H ,
H . C—0—p—0— —— jH__ ,i-_] 'I_li -—ij!-—-i"—:'.—!iw_
[%]F] H (4] [ LM
Cod | '
Ji’i Hio O—0 R Ry=—C =D [li-lr -:.:I:- n"-'
PhﬂSphUtid}(lSBri ne | OH o 0
R 5 e 0 o ] B 3 .
R | | — Bis-monoacyl-glycerophosphate
HaC 0 P 0 ¢ “I: @ i

Phosphotidytimosio— = @
4, 5bisphosphateww . FirstRanker.com
Figure 3 Different classes of glycerophospholipids according to their polar head group.
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Diphosphatidyl glycerol (cardiolipin)

SphingoPhospholipids/
Sphingophosphatides
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C

)I\/ {EH.E}nGHS

MNH Ceramide

(CHa)2CHy

~(CHz)12CHs  Sphingosine

OH  Estimated pKa 6.7-8.4

Sphingomyelin: sphingosine, fatty acid, phosphate
and choline

A sphingomyelin.

s Sphingomyelins
P found in myelin
'i‘ sheath around
n | neurons
g Fatty acid i
: \

i
2 Phosphoric acid
A\

Choline
& 2001 Brookakele - Thomson Leaming m
- Ranker.com
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* Sphingomyelin is an example
of Sphingophospholipid.

www.FirstRanker.com
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* Sphingophospholipid is
Sphingosine based Lipid

* Which has Sphingosine linked
with Fatty acid-Phosphate
and Choline.

* Sphingosine is linked with a Fatty
acid by an amide linkage to form
Ceramide.

* Ceramide is then linked to
Phosphoric acid and Choline to
form Sphingomyelin.
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Properties Of Phospholipids

Amphipathic Nature Of PL

* Phospholipds are Amphipathic/
Amphiphillic in nature.

* Since the structure of PL possess
both polar and nonpolar groups.

www.FirstRanker.com
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* Hydrophilic/Polar groups of
Phospholipids:

—Phosphoric acid
—Nitrogenous groups

* Hydrophobic/non polar groups
of Phospholipids :

—Fatty acid/Acyl chains
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Exogenous And Endogenous Sources
Of Phospholipids

Phospholipids in Foods

L ecithin (phosphatidylcholine)
« Major phospholipid

Found in:
Liver
Eggs
Soybeans
Feanuts

Liver produces
lecithin as well.

Viyheat germ

Occurrence And Distribution Of
Phospholipids

* Various types of Phospholipids
Associated to all over body cells.

* Most predominantly associated to
Biomembranes

* Myelin Sheath
* Alveoli in Lungs

www.FirstRanker.com
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Functions Of Phospholipids (PL)
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Biomembrane Components
Lung Surfactant

Lipid Digestion and Absorption

LCAT activity for Cholesterol Esterification and Excretion

Lipotropic Factor
Clotting Mechanism

Cardiolipin role

Coenzyme Role

O 0 NO U A WN PR

Choline from Lecithin Methyl Donor

10. Detoxification role of Lecithin

11. Eicosanoids biosynthesis

12. Nerve Impulse Conduction

13. Second Messenger of Hormone Regulation

Functions of Phospholipids

JComponents of cell membrane, mitochondrial membrane and
lipoproteins

AParticipate in lipid absorption and transportation from intestine
WPlay important role in blood coagulation

J Required for enzyme action- especially in mitochondrial electron
transport chain

UCholine acts as a lipotropic agent

dMembrane phospholipids acts as source of Arachidonic acid
JAct as reservoir of second messenger- Phosphatidyl Inositol
JAct as cofactor for the activity of Lipoprotein lipase
JPhospholipids of myelin sheath provide insulation around the nerve
fibers

A Dipalmitoyl lecithin acts as a surfactant

www.FirstRanker.com
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Glycerophospholipid Functions

Lecithin Is Most Functional Phospholipid

1. Phospholipids Components Of
Biomembranes

www.FirstRanker.com
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Phospholipid Bilayer of
Plasma membrane

— Qutside of cell

AP — Polar head )

PPN Nonpolar tails | Plasma
L || i R
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Polar head
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Saturated lipids only Saturated
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Mixed saturated and unsaturatgeranker.com
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Cholesterol intercalates among Phospholipids.

Cholesterol fills in the spaces left by the kinks of
PUFAs .

Cholesterol stiffens the bilayer and makes membrane
less fluid and less permeable.

phospholipid

g cholesterol
f.llll :
s
o ‘
i
j i

:Ipnlarlﬂead group G oy

rigid
planar
steroid 2 ;
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structure =1 = "
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 Role Of Lecithin

* The Glycerophospholipid Lecithin is
the major structural components of
biomembranes.

 An Amphipathic phospholipid bilayer
has polar head groups of PL directed
outwards.

* Membrane Phospholipid bilayer
,constituent of cell membranes
imparts:

—Membrane Structural Integrity
—Membrane Fluidity
—Membrane Flexibility
—Selective Permeability

www.FirstRanker.com
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* Phospholipids may have fatty
acids which are saturated or
unsaturated.

* This affects the properties of
the resulting bilayer/cell
membrane:

—Most membranes have
phospholipids derived from
unsaturated fatty acids.

—Unsaturated fatty acids add
fluidity to a bilayer since
‘kinked’ tails do not pack
tightly together.
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—Phospholipids (PL) derived from unsaturated
phospholipids allow faster transport of
nonpolar substances across the bilayer.

—Polar substances are restricted to cross
the membrane .

—PL bilayer in membranes protect the cell
from an entry of polar reactive and
interfering substances and serve as
security guards of cells.

* Membranes of Nerve cells, which
are stiffer contain a much higher
percentage of phospholipids
derived from saturated fatty acids.

* They also contain high levels of

Cholesterol which stiffens
membrane structure.

www.FirstRanker.com
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2.Phospholipid As Lung Surfactant

Pulmonary surfactant composition

80% phospholipids
Dipalmitoylphosphatidylcholine DPPC (60 %)
Phosphatidyl glycerol / ethanolamine / inositol (20%)

10% neutral lipids

Mostly cholesterol

10% Surfactant proteins
SP-A, SP-D: hydrophilic
SP-B SP-C: hvdrophobic
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* DiPalmitoyl Phosphatidyl Choline serve
as an Lung surfactant.

* |t Lowers surface tension and keeps
Alveoli of lungs blown. (prevent
adherence of alveoli)

* Enables effective exchange of gases
(Oxygen) in Lungs.

* After expiration of air the
alveoli gets deflated.

* The lung surfactant reduces
the surface tension and allow
the alveolar walls to
reinflate.

www.FirstRanker.com



:l », FirstRanker.com

A Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

Pulmonary Surfactant

-
=
= Surfactant contains
phospholipids, proteins and
glycosaminoglycans, reduces
the surface tension and prevents
collapse of the alveolus during
expiration.

" Therefore surfactant
stabilizes the alveolar
diameters, facilitates their
expansion and prevents
their collapse by
minimizing the collapsing
forces.

* The reduced surface tensionin _
the alveoli decreases the force
that is needed to inflate alveoli
during inspiration.

Surfactant also has
bactericidal properties

Functions of Surfactant

Diring inflation, the
- Caira i Casme e A 3 ; i i : ; ; ﬂ]ﬁ'i?llbmz'l‘hmk‘il
- . froen a radius of 100 wm
I. Lowers surface tension of alveoli & lung bl B0,
LTS i e
surface density of the
surfactant. Thus,
surface lension and

Increases compliance of lung Sl e,

Reduces work of breathing el | I

EXPAMSHL

2. Promotes stability of alveoli

300 million tiny alveoli have tendency to collapse
Surfactant reduces forces causing atelectasis
Assists lung parenchyma ‘interdependant’ support

of this alveolus has
expanded from 100
wm boomdy 120 e,
its surfactant i less
diluted, putting less
of & “brake” on

3. Prevents transudation of fluid into alveoli

Reduces surface hydrostatic pressure effects

Er%xirents surface tension forces from drawing fluid into alveoli from capillary;
aPlace

www.FirstRanker.com
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* Phospholipid as Lung
surfactant

*Prevent body to suffer
from Respiratory Distress
Syndrome (RDS).

3.Phospholipids
Help In Digestion And Absorption Of
Dietary Lipids




:l » FirstRanker.com

A Firstranker's choice

www.FirstRanker.com www.FirstRanker.com

* Phospholipids being amphipathic
in nature act as good emulsifying

agents.

* Along with Bile Salts they help in
digestion and absorption of non

polar dietary Lipids.

Phospholipids

* Emulsifiers (Lecithin)
— |In body

* Phospholipid with shecoisre
choline >
phosphotidylcholine S
— In food

* Blend of phospholipids
with different nitrogen-
containing components

* Used as emulsifiers
(e.g. salad dressing,
chili, sloppy-joe mixes,
and chewing gum).

Lecithin,

www.FirstRanker.com
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4.Phospholipid Lecithin
Helps In Cholesterol Excretion

Reaction catalyzed by LCAT

Phosphatidylcholine Cholesterol

Lysophosphatidylcholine Cholesterol ester

\ www.FirstRanker.com
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* Lecithin helps in Cholesterol
Esterification by LCAT activity.

 Cholesterol Ester is later
dissolved in Bile and further
excreted it out.

* Lecithin serve as a storage depot
of Choline.

* Choline is a store of labile Methyl
groups

* Hence Choline participate in
Transmethylation reactions .
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* Choline is used for generation of
neurotransmitter ‘Acetyl Choline”
which helps in nerve impulse
transmission.

* Choline serve as Lipotropic factor
hence helps in Lipoprotein formation in
Liver to mobilize out Lipids and prevent
from Fatty Liver.

6. Phospholipids Releases
Arachidonic Acid For Eicosanoid
Biosynthesis

www.FirstRanker.com
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* Lecithin at 2"? carbon has
Arachidonic acid (PUFA).

* |t donates Arachidonic acid which
IS a precursor for Eicosanoid
biosynthesis.

* Phosphatidyl Inositol also
provides Arachidonic acid for
Eicosanoids biosynthesis.

www.FirstRanker.com
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*Lecithin helps CYT450
system for drug
detoxification.

8. Phospholipids Has Role
In Blood Coagulation
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* Role Of Cephalin

* Phosphatidyl Ethanolamine has
role in blood coagulation.

* It converts clotting factor
Prothrombin to Thrombin by
factor X.

* Phosphatidyl Serine has role
in Apoptosis (Programmed
Cell death).
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10.Role Of Phospholipids In
Hormonal Action

Mediates Cell Signal Transduction

* Role Of Phosphatidylinositol

* Phosphatidyl Inositol
Triphosphate (PIP3) is a
constituent of cell membrane

* |t mediate hormone action /cell
signal transduction and maintain
intracellular Calcium.

www.FirstRanker.com
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Phospholipase C Eﬂ‘ o 0e $1mfﬂ_
s 0® .:/ ﬂﬁurah‘;ﬂ
e e ® channels
Exterior PP, DAG ®

: A\
|

l‘/\/ i ‘:'% ii-l:l
/ b AN
PKC Phosphorylation | %*i-
. of subsirates |
= LY f
a4 ] |
4 @‘.r"i j |I
ff e2s” \ g I.l
ﬂ‘ 8= l. : . o ) Signal from
o g ® : L e ! depleted
IPE, f;., «®® § Ca? stores
lPJ"Sﬂ'"ﬂ““E {;\!‘ I|;I /
Ca?" channel Y ,
\ ‘ . u- p
Endoplasmic — ) , ’
reticulum

* Inositol tri phosphate and Diacylglcerol
are released from PIP3 by membrane
bound Phospholipase C

* The Inositol triphosphate and DAG
serve as second messenger to hormones
Oxytocin and Vasopressin.

www.FirstRanker.com
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*Plasmalogen
associated to brain and
muscles helps in Neural
functions.

* Role Of Cardiolipin
e Cardiolipin is rich in inner
mitochondrial membrane and

supports Electron Transport
Chain and cellular respiration.
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* Cardiolipin exhibits
antigenic properties and
used in VDRL serological
tests for diagnosis Syphilis.

* Phospholipid serve as Coenzyme
for certain Enzymes :

—Lipoprotein Lipase
—Cytochrome Oxidase

www.FirstRanker.com
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Functions OF Sphingophospholipids

* Sphingomyelins are rich in
Myelin sheaths which surrounds
and insulate the axons of
heurons.

* Sphingomyelin helps in nerve
impulse transmission.

www.FirstRanker.com
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A Neuron

node of Ranvier :;' 4 _Cell body

>\
/ Myelin sheath |

L)

Myelin sheath

Axon Dendrites

Cw ‘C Bilayer membranes y J D Lipid
Extracellular \I/

\mm r; annsanen i %

'ﬂ # E s/
::ﬁ?%‘éﬁ A 3%% A 5

it

Disorders Related To Phospholipids

www.FirstRanker.com
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* Respiratory Distress Syndrome
(RDS)
* Suffered by premature born infants.

* Caused due to deficiency of Lung
surfactant DiPalmitoyl Phosphatidyl
Choline.

* Since Lung is last organ to mature.

* Premature babies has insufficient lung
surfactant lining in the alveoli walls.

* Which supports no normal respiration.

* Has respiration difficulties due to

EII i E : |E|| : : | E I: E wva.v.FirstRanker.com
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| What difference does it make....??2?? |

ormal Expiration bnormal Respiratio
With Surfactant | _Without Surfactant |

*Signs And Symptoms Of
RDS

* Low ATP production

* Weakness ,Lethargy

* Low Cellular Functions
* Poor Coordination
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Lecithin/Sphingomyelin (L/S) Ratio
of Amniotic Fluid

Assessment Of Fetal Lung Maturity
And
Diagnostic Criteria For RDS

* Lecithin /Sphingomyelin (L/S)
ratio of amniotic fluid, collected
by Amniocentesis is a good
indicator to evaluate fetal lung
maturity. G

.CO
Amnln:enteslﬁ
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* Prior to 34 weeks of gestation the
concentration of Lecithin and
Sphingomyelin in amniotic fluid is
equal.

* In Later weeks of gestation the
Lecithin levels are markedly increased.

* At full term L/S ratio is > 2/>5

* In pre term infants L/S ratio
is 1.5 or < 1 results to suffer
from RDS.

www.FirstRanker.com
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OTHER RDS Sufferers
Individual with Lung Damage and
Dysfunctions

* Old aged Persons

* Smokers

* Severely Infected Lungs

* Lungs toxicated and damaged by chemicals

* Old age persons and Adults with
Lung damage

(Due to Smoking/ Infections)

* Who unable to biosynthesize the

lung surfactant may also exhibit
RDS.

www.FirstRanker.com
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Lecithin—Sphingom;/elin
(L/S) Ratio

Considered the reference method

Lecithin is the primary component of the lung surfactants; increased
production occurs after the 35th week

Sphingomyelin is produced at a constant rate after the 26th week and
serves as a control for the rise in lecithin

L/S ratio is 1.6 prior to week 35 and rises to 2.0 or greater for alveolar
stability after week 35

Therefore, preterm delivery is considered safe with an L/S ratio of 2.0 or
higher

Test is performed using thin-layer chromatography

Many laboratories have replaced the L/S ratio with the quantitative
phosphatidyl glycerol immunoassays and lamellar body density
procedures

. ;
0. DAVIS

¢
}

Management of RDS:
A) General:

* Basic support including thermal
regulation and parentral nutrition and
medications (antibiotics).

* Oxygen administration, preferably
heated and humidified

B) Specific:
Surfactant replacement therapy through
ET tube.

www.FirstRanker.com
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Prevent And Manage RDS

* Pregnant Women Diet for biosynthesis of Land S
* Pregnant Women Activities and Positions

* Prevent Damaging Environment Exposures

Membrane Related Disorders
Due To Defective Phospholipds

www.FirstRanker.com
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Multiple Sclerosis Due to Defect In
Sphingomyelins and Myelin Sheaths

Further modifications to the hydroxyl group, leads to a
variety of other sphingolipids. One important example is
sphingomyelin. '

layers of healthy myelin sheath . ;
surrounding a nerve fiber
5 B

The coating that surrounds and insulates
nerve cells, the myelin sheath, is particularly
rich in sphingomyelins, and is vital for proper
nerve function. Deterioration of the myelin
sheath, as seen in multiple sclerosis, leads to
disabling neurological disorders.

HO—CH—CH=CH(CH,);,CH; -
ﬁ' nonpolar tails
CH—NH—C —(CHy)sCHs -
(0]

Il

Mulfiple sclerosis (MS) is a degenerative +
CH,—0— T—O—CHECHEN(CHsh

disease characterized by scaring of the

myelin sheath, the insulating layer that 5 The charged portion
surrounds a nerve fiber. Without the protective sphingomyelin molecule  makes up the polar head.

3 3 S : present in the myelin sheath
myelin sheath, normal nerve transmission is

disrupted and a variety of effects—numbness,
blindness, speech disorders, and fremors—can
result.

"~ exposed nerve fiber

- damaged myelin sheath present in
individuals with multiple sclerosis

Defect In Sphingomyelins
May Affect
Nerve Impulse Conduction

www.FirstRanker.com
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Membrane Carbs,Lipids and Proteins
Structurally Important For Functional Role

Tropomyosin »

Tropomodulin - F-actin
| | I | | | |
Ankyrin Complex Unbound Actin Junctional Complex
Band 3
480K Band 3 240-480K Band 3 240480K Band 3
(120K x 4) (120-240K x 2) (120-240K x 2)

* Deranged Cellular Environment
* Cell membrane Damage

* Tissue Necrosis s

* Cell Death -

#  Virus, IL-33, IL-13etc. ¢ \ Protease, LPSete. f

-------

s
......
'''''

Phagocyte

oot - www. anker.com :
Increased allergic (mast cell) i . o . Apopt03|s Autophagy NeCTOSls

responses Airway (eosinophilic) inflammation
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" Environmental Sources Cellular Sources
T - T L "~ Inflammatory cells

Smoking inﬁm ' oo rﬁu:mphil Macrophage

& m;!‘ < - Structural cells
Lirhorne pollution E-irt:lhﬂu!.ﬂl.rrne'_'. 4 Ep:igﬂlal Erid-ﬁ;ril!liﬂl

..-"-I-lr!.i
2" TISSUE DAMAGE (eg. lipid peroxidation)

¢
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N ‘ _
’ d
M Samags Carbonyl Stress .. Impaired stercid
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Signalling lNF -Elﬂﬂl

ﬁ&suE Ramaodalling

Emn:hlali Cell fate
hyp&muhnn damaga (growthideath)

%—J

COPD

Defects in Membrane Permeability

# The plasma membrane can be
damaged by

i T

vasmss e il o

| ]
]
*  kWic complamen| Componome
L]

[l el sl C il i Sl

®*  The most imporiant sites of
membrane damage during call Injury

drg.

*  MYociovaing rramtvany camane
* Plante meiirane damage
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Mitochondrial Electron Transport Chain
Defects
Due to Phospholipid Deficits

Membrane Damage

» ROS -2 lipid peroxidation

« | phospholipid synthesis

* " phospholipid degradation (Ca influx activates phospholipases)
* Cytoskeletal damage (Ca influx also activates proteases)

/“’f‘_‘—
f A 4 Cytosolic Ca®* EFFECTS:
'
| Mitochondrial membrane damage
Reactive ) s‘.
oxygen

causes increased cytosolic Ca™,

Phospholipase Protease oxidative stress, lipid peroxidation,
species activation activation phospholipase activity, loss of
membrane potential, leakage of
Lipid yPhospholipid 4Phospholipid Cytoskeletal Cytochromec
peroxidation reacylation/ degradation damage
synthesis I
] Plasma membrane damage causes
oh 'L g Lipid loss of osmotic balance, loss of
ospholipic ; | ST
loas breakdown | proteins, enzymes and nucleic acids.
products |
: | - Injury to lysosome membranes causes
“"“‘“"’"‘“—\_—\M leakage of enzymes with destruction
R L ng 1 y z
To— Ol CElNUlal LOTIPOTIETI.

Al ) 4 www.FirstRar’”kPr.com

MEMBRANE DAMAGE
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Cytoplasm ' .

Cell ROS Oxidative/s
b ali )  nitrosative
RINS 7 ama,
Carbonylation
Sulfoxidation .
Hydroxylation L proteins

Mitration
S-Thiolation

Mitochondria \ l
Cytoskeleton i
Metabolic
1 disturbance

Energy failure

protein Structural damage
functicon and signalling
alterations

Aldtered gene
o CXPression
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Fatty Liver
Due to Phospholipid Defects.

Glycolipids
OR
Glycosphingolipids
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What are Glycolipids?

* Glycolipids are type of compound
Lipids.

* Chemically Esters of Fatty acids with
Alcohol and contain additional group
as Carbohydrate moieties

Sphingosine unit
| |
CH 3(CH 2)]2CH=CHC‘|_OH

//O Fatty acid

CH—NH—C—R | unit

CH ,OH

HO 0 O _"CHz
OH

OH

l |
Sugar un|t www.FirstRanker.com
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Types Of Glycosphingolipids
Based Upon
* Alcohol

* Fatty acid

* Number and Type of Carbohydrate
moieties and there derivatives
linked to a Ceramide

Types OF Glycolipids
Based on Alcohol

1. Glycoglycerolipids
( More In Plants)
Glycerol as Alcohol

2. Glycosphingolipids
(Predominant in Animals and Human)
Sphingosine as Alcohol

www.FirstRanker.com
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Classification of glycolipids:
» (A). Glycero-glycolipids: Glycerole backbone with carbohydrates

a) Galactolipids

b) Sulfolipids

» (B). Sphingo-glycolipids: Sphingosine backbone with carbohydrates
a) Cerebrosides
b) Gangliosides
dlesc

¢) Globosides www.easybiologyclass.com

Glycosphingolipids
Predominant Animal Glycolipids

* Ceramide linked with one or
more sugar residues /there
derivatives

www.FirstRanker.com
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Human Glycosphingolipids
All has Ceramide in Their Str

1) Cerebrosides
2) Gangliosides
3) Globosides

Cerebrosides

Simplest GlycoSphingolipids

Monoglycosylceramide
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Cerebrosides

* Cerebrosides are type of
Glycosphingolipids

 Ceramide linked with one
sugar residue

Types of Cerebrosides

* Depending upon Carbohydrate moiety
Types of Cerebrosides are:

—Glucocerebrosides
(Occur In Extra neural/Other tissues)

—@Galactocerebrosides
(Present In Neural)

www.FirstRanker.com
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Structures Of Cerebrosides

0
Fatty acid unit |(1 . .
ugar unit
R1/ \N{I H
H3C(H2C)12\/7/C\c /0\ glu:rose
H; alactose
HO H 9
Cerebroside

(a glycolipid)
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Sphingosine

CHy(CH,);,CH=CH—CH—OH 0
— | |
CH,OH CH— NH— C— (CH,);,CH;

- Fatty acid
HO |, \. 0—CH, -
Galactose OH CH=—=CH(CH>)>CHj3
H e OH
Galactocerebroside, a glycosphingolipid (ﬁ

A Glucocerebroside
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Galactocerebroside

CH;—(CH,),,—CH=CH-—CH-{OH

D Sphingosine

H;—(CH2)6 C NH—-'CH*/

A

RGN o

Stearic acid Amide CHZT
linkage / U
Cilycosidic
hnkagc
Cralactose
Fatty Acid Composed In
Kerasin Lignoceric acid (C24)
SFA
Cerebron Cerebronic acid (C24)
Hydroxy SFA
Nervon Nervonic acid (C24)
MUFA
Oxynervon Oxynervonic acid (C24)

www.FirstRanker.com M U FA



:l » FirstRanker.com
A Firstranker's choice

www.FirstRanker.com www.FirstRanker.com

Gangliosides

Complex Glycosphingolipids

Gangliosides

* Gangliosides are Type of
Glycosphingolipids

*In comparison to Cerebrosides,
Gangliosides are more
comp lex., remaiercon
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NANA in Gangliosides

e Characteristic feature of
Gangliosides is

* Structure contains one or more
N-Acetyl Neuraminic Acid
(NANA)/Sialic acid residues

* NANA/Sialic acid is derived
from N-Acetyl Mannose
and Pyruvate.

www.FirstRanker.com
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* Gangliosides structure has
Carbohydrate moieties as

—Glucose
—Galactose
—N-Acetyl Galactosamine

—N-Acetyl Neuraminic Acid
(NANA)/Sialic acid.

Structure Of Gangliosides

www.FirstRanker.com
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Sphingosine

Polar Head . hactee
Group O galactose
GalNAc

’ sialic acid
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B4 Sialidase = TP4
. ﬁ

—» Cor ——————» Cor ——» Cor ——» Cer ———— Cer
LacCer GM3 GM2 GM1 GD1a

www.FirstRanker.com www.FirstRanker.com

@cc Qca [Joanac € sa Cer=Cermide

e GM3 is more common and
simplest Ganglioside.

* GM3 has single Sialic acid
and less carbohydrate
moieties.

www.FirstRanker.com
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* GM1 is a more complex
Ganglioside.

e GM1 is obtained from GMS3.

galactose  M-acetylgalactosamine

OH OH

E]__I:l,[] ?_i[l galactose

HO | g 1 glucose
CH D, ~MNH4

&
HOOC
HT]M U ceramide

lactosylceramide

%0 Ganglioside Gy

N-acetylneuraminic acid

www.FirstRanker.com
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OF OH

” HH-%CHE O JK/\NW/V\/\/\
GaliAe 10 m W o' ,

gt
T X\
07 Gt 10"

0 K 4Gkc-pf OH ceramide
H) OH

HM-%—CHE
0

2-sialic acid-ud

Types Of Gangliosides

* Depending upon the Chemical structure and
Chromatographic separations

 More than 30 Types of Gangliosides are
isolated:

www.FirstRanker.com
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Types Of Gangliosides

* Based on Number and Position of
NANAs in Ganglioside structure

* \Various types and subtypes of
Gangliosides are existing in human

body

Types of Gangliosides

—Gangliosides with one NANA residue
*GM1
*GM2
*GM3

—Gangliosides with two NANA residues
*GD

—Gangliosides with three NANA residues

* GT

www.FirstRanker.com
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GM3 CER GD3 CER |
a2,3 a2,3
a2,8 [
CER
GM2 s |
CER
GD2 ) |
CER > |
GM1a o |
GD1b — CER |
a2,
GM1b CER
az2,3 a2,8
CER
GD1a 02‘3 02,3 GD1C o CER
02,8 |
H
GA1” O—_L—1+-O—0O—cer |
GT1b CER
a2,3 a2,3
GA2* D_O_O_CER a2,8
GA3* O—@—cer |

QO galactose, [[] N-acetyl-galactosamine, © glucose, € sialic acid, CER = ceramide

Sources Of GlycoSphingolipids

* Dietary has no much role

e All forms of Glycolipids Endogenously
Biosynthesized

e Utilized for Structure and Functional Role

www.FirstRanker.com
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Glycolipid

Occurrence/Distribution "'E
Of Glycolipids  Lipia Resiue

Lipid Membrane

* Glycosphingolipids are widely distributed
* |In every cell and tissue of human body

* Occur particularly in outer leaflet of Cell
membrane/Glycocalyx /Cell Rafts

* They are richly present in nervous cells.

Fluid Mosaic Moqel
Glycoprotein_  Carbohydrate Gycolipid

Globular protein % Cholesterol

Hydrophilic— N Asd SPby

heads N Odadasitizss, Phospholipid
Hydrophobic ' | ' i
tails i |

Phospholipid

molecule [ Integral protein
Alpha-heli Peripheral protein

protein -Protein-channel BiologyWise.com
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*Glycolipids occur on the
outer surface of every
cell membrane as
component of
Glycocalyx /(Cell raft).

L FPhase

) *::' J‘ﬁlf-r }'E'__}?

pesaasaanad 111111
-

—3
ﬁ-iii--i--“ - '-“---

Lipid Rafts

N

Membrane & 8
orotein S
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Glycosynapse:
Type | | k Type 11 J Type Il
Exfmceﬂufarf (Cholesterol-rich
~ __matrix f _ lipid rafts)
Integrlns | ' Mucin
: ‘ ’ Selectins

F’rcatelipid .
tetraspanin Signalling

(PLtsp)

—==8 N-linked carbohydrate
- O-linked carbohydrate
o Glyco-sphingolipid (GSL)
0 Cholesterol
P Signal transducers
. Signalling
., Glycolipid association with glycoprotein

Membrane Structure

i @

Glycoproteins play an - - +

important role in cellular ‘ Glycolipids act as

recognition and immune 5 surface receptors and

respanses. They help stabilize stabilize the membrane.

the membrane Common in brain cells

structure(adhesion between and nerves.(CHRD and
found on outer layer-

cells) ipid)
.‘". :
linked to protruding- MI'

protein{glycopratein{ |

Carbohydrates-

"E:“"' ¥

i

Some proteins, called
peripheral proteins,
are stuck to the surface
of the membrane.

Some proteins completely penetrate
the phospholipid layer. These proteins
may control the movement of specific
www.FirstRankenealies into and out of the cell.
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—Cerebrosides: Richly present in
* White matter of brain
* Myelin sheath

—Gangliosides: Predominantly
present in

* Grey matter of brain
* Ganglions and Dendrites

Functions Of Glycolipids

www.FirstRanker.com
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* Glycolipids are richly present
in nervous tissue, they help in:

* Development and function of
brain.

* Nerve impulse conduction

* Glycolipids present in cell membranes
Serve as :

—Antigens
* Blood group Antigens
* Embryonic Antigen

—Receptor sites for Hormones.

www.FirstRanker.com
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* Glycolipids of cell membrane serve as:

* Markers for cellular recognition which
helps in:

—Cell Functioning
—Cell-Cell interaction
—Cell Signaling/Signal Transduction

—Anchoring sites for Antigens, Toxin and
Pathogens

—Cell Growth and Differentiation

* GM1 serve as receptor
/anchoring site to :

—Cholera toxin
—Tetanus toxin
—Influenza viruses

ATTACHMEMNT TO ADHESIOMN RECEFTOR BINDIMNG TO ENTRY RECEPTOR
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Microorganisms

Ganglioside o
receptor ' .
- i
LA (L

!
Coupled to
G-protein

Epithelial LAdenvlate cyclase mp CAMIP

cell production

* Influenza viruses bind through hemagglutinin
onto sialic acid sugars on the surfaces of
epithelial cells

Influenza Virus (A,B type) Influenza Virus (C type)

www.FirstRanker.com
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* The Cholera toxin on binding
to intestinal cells

e Stimulates secretion of
Chloride ions into gut lumen.

* Resulting in copious diarrhea
of Cholera.

*|n various malignancies
dramatic changes in
membrane Glycolipid
composition are noted.
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Normal epithelium
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VEGF, IL-8,
&, PGE,
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FASN, SREBP
in endothelial cells
(\/2:'} Loss of tissue architecture
Cell migration
Ke
y @ Epithelial cell <@ Normal fibroblast @ M2 macrophage <> Endothelial cell

ﬁ} Cancer cell <@ Cancer associated fibroblast (CAF) @Natural killer cell D Adipocyte

Globosides

* Globosides are type of
Glycolipids.

* Structurally Ceramide linked
with Oligosaccharide is
Globosides.

www.FirstRanker.com



:I » FirstRanker.com

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

sSphingosine

f\

H HO—CH
NMervonate (24:1 n-9)

AN TIANAANANA S COTHR=EE

Gal=-MNAc

H, G -0~ NH

-4 a1-4]
S F1-4)

Globoside

Ok

HCO kY k
GaVAc 10\ i“ L WWAANAAAAAN

00c., /\ 0

'J ; )/ 4Gal-|31 H0 N NN NS
0, 0 | IGk: 51 O ceramide
Hﬂﬁ}w

HN-C-CH

g

2'SIE|IE amd.ﬁﬁ www.FirstRanker.com



:l » FirstRanker.com
A Firstranker's choice

www.FirstRanker.com www.FirstRanker.com

Sulfatides/Sulfolipids

* Sulfolipids are compound
Lipids.
* Sulfolipids are Ceramide

linked to Sulfated sugar units/
Oligosaccharides.

e Structurally Sulfolipids may also
has Glycerolipids containing
Sulfate groups.

* Sulfolipids are component of
hervous tissue.

www.FirstRanker.com
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Lipidosis
Lipid Storage Disorders
Inborn Errors Of Lipid Metabolism

Lysosomal Storage Disorders

Rare Genetic
Lipid Associated Disorders

* Niemann Picks Disease
* Tay Sach’s Disease

* Gauchers Disease

* Farbers Disease

* Krabbes Disease

* Sandhoff’s Disease

www.FirstRanker.com
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SPHINGOLIPIDOSES

* Tay-Fachs disease AR Hexcsaminicdase -A
= Developmenisl regresson, Bhndness,
- Charnyed spot, Deafness

* Gaucher s disease AR Glucosyiceramide Type |
SoAnT and [k paine, Spiersmagak
B- Gluossdase Type i
- Sty Ths: cdeath

= Kiemann-Pick disedse AR Sphingomyelnase
— Falyee =20 bheree, Hapabomegpaky
- Lh#are? spal, Deedape=anlal

Lysosomal Storage Disorders

{1} Henosaminidase A
a-galaciosdass A _
o GM, ganglioside
| Glucocerebrozidase Tay-Sachs
| B-gliscosidige) T Y
Emwﬂ&mﬂ ,
{8 Galciocerebrosdase EMJ
{8 Sphingomyalinase 1
Fabry
Sulfatides Glucocerebroside 4—'—Geramide trihexoside
Metachromatic LV Gaucher
leukodystrophy OJ, ﬁ
Galactocerebroside — + Ceramide « — Sphingomyelin
Krabba 9 Nigmann-Pick
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Niemann-Pick disease

» Sphingomyelinase deficiency causes
sphingomyelin accumulation within
mononuclear phagocyte system (and
neurons and glial cells)

- Autosomal recessive

» cherry red spot similar to Tay-
Sachs disease.

Chromosome 18

Ty

— WA Manc alfeciese deorder 1

—

Miemann-Pick
Dizsease

|7III'IZZJ (oo d i P restic c anca
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Niemann Picks Disease
Autosomal Recessive Disorder

Is it Hereditary?

Carrier
unaffected father

Carrier

e

(m)r) (eXr)

*ﬂi

i

L

(r)(r)

f

Q0

Tuﬂ

il

Carrier Carrier
Unaffected uUnaffected Unaffected Affected
1in4 lin4 1in4 1in4
chance chance chance chance

Erwewrw. medindia.net

* The disease has an
autosomal recessive
pattern of inheritance.

- Both alleles of the gene
must be mutated in such a
way that function is impaired.

- If both parents are carriers,
there is a 25% chance for
an affected child with each
pregnancy.

Niemann-Pick disease

Heterogeneous group of disorders
Increased incidence in Jewish population

This disorderis divided into five main types

based on the genetic cause and the signs and

symptoms (A,B,C,D,E)
Clinical manifestation
+ Retardation

+ Hepatoslenomegaly

+ Lymphadenopathy

+ Pigmentation

+ Impaired neurologic function

+ Niemann-Pick cells - lipid-laden giant foam

cells found 1n affected tissues

www.FirstRanker.com
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TYPES OF NIEMANN-PICK DISEASES

.ﬂ"‘-h-

e
5,
-"'\-\.

}‘:’Jm__--" | . i "\-\.‘i‘u
b tas: TYFEB TYPE C

Most severe form,
occurs in early Involves an

infancy. enlarged liver and May appean; early in life
| or develop in the teen

characterized by an R e or adult years.

: by occurs in the pre-
enlarged liver and SN individuals have only
S leen years. o

spleen, swollen moderate enlargement

ymph nodes, and f the sf ind liv

grﬂf?:sund oe. AR of the spleen and liver,

damlage aicted brain damage

by six months of

age.

Signs and Symptoms
(related to the organs in which they accumulate)
Type A
v’ Large abdomen within 3-6 months
v Cherry red spot in the eye
v Feeding difficulties (dysphagia)
v' Loss of early motor skills (ataxia)
v’ Rapid decline in the child after 6 months

Type B

v Abdominal swelling may occur in early childhood
v No brain and nervous system involvement

v" Some may develop repeated respiratory infections and breathing problems

www.FirstRanker.com
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Diagnosis -y
Type C: ‘“‘9 (
* Skin biopsy : scientists closely examine how the skin cells _gn::um.r,hf'r"‘z1

keep track of how they move & store cholesterol. /

Type A and B:

* Measurement of ASM amount in WBC
- by using a blood/bone marrow sample.
- can detect patients, not carriers.

* DNA tests (to determine if carriers have type A or type B)

* DNA tests

Aspiration needle
.l

® Few centers offer tests for prenatal diagnosis.

= Dther tests might include:

* Bone marrow aspiration o
* Liver biopsy |
* , : Puncture site
* Slit-lamp eye exam ver iliac crest

L5 A DAaM

(Prcholine
Ceramide ;-» Sphingomyelin

(Cercholine)
degradation X Niemann-Pick A & B

(defect in sphingomyelinase)

\

ceranide.+ phosphorylcholine

www.FirstRanker.com
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Niemann-Fick Lisease

Clinscal Manifesttons

Meurologic ol Detonation
Cherry-red spot on Lthe retma the eve
Enlurged hver and spleen
Lapad-Eaden cells in bone marrow
Pulmonary disease

Liver dvsiuncoon

Introduction

Miemann=Fick disease refers 1o

- a fatal inhaated metabalic disorder

- Classitied in 3 SUbBENsup of IWSOsomal
starage disorders called sphingolipidoses
irmealves dysfunctsonal metabalism of

n n
sEhinEc P s
] | | n -
| -II | -

- picumulation of hasrmful geantitees &l
lpids in the spleen, bver, lungs, Donse

Moy, and Grain.
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Lipid Storage Disorders
Related To Glycosphingolipids
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Disorders Of GlycoSphingolipids

*Gaucher’s Disease
*Tay Sach’s Disease
*Farbers Disease
*Krabbes Disease

e Gaucher’s Disease:

* Defect: Deficiency of Cerebroside degrading
enzyme Glucocerebrosidase.

e Biochemical Alteration: Abnormal
accumulation of Cerebrosides in tissues.

* Consequences: Affect normal function of
tissues where it is accumulated.

www.FirstRanker.com
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Gaucher Disease: A Lysosomal Storage Disorder

Gaucher Disease:
* Mostcommon lysosomal storage disorder
* Autosomal recessive
Geneticdefecton chromosome 1
* Enzyme deficiency
Reticuloendothelial system

* Progressive, multisystemic, multiorgan dysfunction

Philippe Gaucher
1854 - 1918

Gaucher Disease: Overview

The most common lysosomal storage disease

= [ncidence: approximately 1 in 40,000 for non-
Jewish populations

Caused bga deficiency of the enzyme

glucocerebrosidase

The glycolipid glucocerebroside accumulates in

lysosomes of macrophages

Lipid-filled Gaucher cells displace normal cells in

= Bone marrow * |

= Spleen

= Liver

= Lungs

= CNS*
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Gaucher disease

 defect of glucocerebrosidase - 3 types (type
1 - survival, type 2 - lethal, type 3 -
intermediate)

* accumulation of glucocerebroside (Glc-
ceramide) - kerasin

» Gaucher cells - spleen (red pulp), liver
(sinuses), bone marrow

GAUCHER DISEASE (TYPE I1)

e Can diagnosed by
Gaucher cells in bone
marrow

e Neuropathology:
— Little lipid storage
— Neuron loss,
especially in
brainstem
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Gaucher Disease (this is a hereditary
disease)

* Symptoms
— Distended abdomen
— Bone pain

— Anemia

— Cognitive impairment

When to Suspect Gaucher Disease and
Establishing the Diagnosis

Observations

Splenomegaly in any age group Neurologic deterioration in a young
infant
Nosebleeds and unexplained bruising o ,
Congenital ichthyosis

Persistent anemia or thrombocytopenia : : :
P Horizontal gaze disorder or visual

Bone pain apraxia

Failure to thrive

After clinical suspicion has been raised, diagnosis can
be confirmed by

*Enzymatic analysis in white blood cell pellet in expert lab
*Mutation analysis

www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice ) )
www.FirstRanker.com www.FirstRanker.com

Gaucher disease Treatment

Glucosylceramide
synthase

| - Inhibitars of
Normal fnrmapnn of glucosylceramide synthase
glucocerebroside (_B_ = inhibition of the formation
of glucocerebroside

(Substrate reduction therapy)
Glucocerebroside

Infusion of
Reduced breakdown due | lack of glucocerebrosidase
T &+ _ x
to glucocerebrosidase -, = increased breakdown
deficiency Y glucocerebroside

Metabolic products (Enzyme replacement therapy)

* Tay Sach’s Disease:

* Defect: Deficiency of Ganglioside degrading
enzyme: Hexoseaminidase-A.

* Biochemical Alteration: Abnormal
accumulation of Gangliosides in the tissues.

* Consequences: Affect normal function of
tissues.

www.FirstRanker.com
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Tay Sach’s features:
TAY SACHS
* Testing recommended
* Autosomal recessive
* Young death (<4 yrs.)
* Spotin macula (cherry red spots)
* Ashkenazi Jews
* (NS degeneration
* Hex A deficiency
* Storage disease

Cells in healthy children

In a healthy child, a lipid, or fat, called GM2 ganglioside enters the nerve cell as a source of food.
Among the components of the cell are lysosomes, which might be thought of as the “stomachs’” of
the cell. They contain an enzyme called Hexosaminidase A, or Hex-A, that digests the GMZ.

GM2 enters the lysosome ... .. Where it is engulifed ... . and digested by the Hex-A.

[ Lysosome I

Cells in children with Tay-Sachs disease
Children with Tay-Sachs lack Hex-A, so the GM2 proliferates to such a degree that it eventually
kills the cell, gradually shutting down the central nervous system.

If Hex-A ermzyme is not present ... .. . GM2 accumulates ...

T —

-~ F ' A i k e
- s 1 1 T LA - - e 'K
oy : - 5\ S BY L R L T | e o

REID BROWHM | THE PLATM DEALER
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Brain damage

Cataracts
' _{Jaundice
. Enlarged liver

| : i T
. = |' ;} l{yclney damage
| T | If a galactnsemm
‘#1 ! infant is given milk,
: L unmetabolized milk
sugars build up and
damage the liver, eyes,

Kidneys and brain

Sl Inc

WHAT IS KRABBE’S DISEASE?

» Krabbe’s disease (globoid cell leukodystrophy) is a
degenerative disorder that affects the nervous system.

* It’s hereditary autosomal recessive disease.
* Occurrence of 11in 100,000 newborns.

o [t affects the myelin sheath of the nervous system.

* Knud Haraldsen Krabhe. . c.cer com



:l », FirstRanker.com

A Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

_.‘-_»;:1"——-_7 = 22 e ————

" HOW IS KRABBE DISEASE CAUSED?

* Mutations in the GALC gene, Structure of a Typical Neuron
causing deficiency of enzyme
galactosylceramidase. Dendrite

Axon terminal

* This effects the growth and
maintenance of myelin, which
causes severe degeneration of
motor skills.

Schwann cell
Myelin sheath

Fig. 1 —www!.

* Krabbe disease is a leukodystrophy.

Demyelination or
Loss of Myelin
Sheath in the

Brain. * - -, ‘ - Symptoms Of
L = ~ Krabbe Disease?

m Feeding difficulties

m Unexplained crying

m Extreme irritability

= Fever without any clear
eticlogy
Developmental delays
Muscle spasms
Poor head control

Frequent episodes of
vomiting

Developmental regression
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Farber Dlsease

Autosomal recessive disorder

Results from deficiency of lyzozomal enzyme ceramidase
& the accumulation of ceramide in various tissues
especially joints.

Symptoms begin as early as 1* year of life with painful jt.
swelling & nodule formation.

It's diagnosis should be suspected in patients who have
nodule formation over jt's. but no other finding of RA.

o ’ ‘1 : a1 s |
Farber’s Disease
Cause
*  Deficiency of the enzyme called ceramidase

*  Resulting in accumulation of ceramide in joints , tissues and central nervous system

Chnical teatures
*  Dyspnea

*  Dysphagmia
*  Vomiting

*  Arthntis

*  Horseness

* Xenthemas

Treatment
* no specific treatment for Farber's discase

*  Mostchildren with the disease die by age 2

*  Jomtcontractures www.FirstRanker.com
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Farber's Lipogranulomatosis

Hoarseness in voice. 4
Swollen jointsand lymph nodes.

Difficulty while swallowing.
Vomiting. |
Arthritis. - y

Enlargemefit of spleen and liver.

Lysosomal storage disease: ocular
features

Lysosomal lipid storage
disorders associated with
cherry red macula:
*Niemann-FPick A

M1 gangliosidosis

*Tay-Sachs disease
«SandhofT disease

*Farber lipogranulomatosis
«Sialidosis
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Sandhoff Disease

« Deficlency of both Hexosaminidase A and B,
« Clinical course is very similar to Tay-Sachs

Sialidosis
» AR

* Accumulation of a sialic acid oligosaccharide complex secondary to
a deficiency in the lysosomal enzyme neuraminidase

» Urinary excretion of sialicacid containing oligosaccharidesis increased

o)

¢ Cherryred spot-myoclonus syndrome
» Visual deterioration
* Myoclonus

Infantile

Juvenile

Cherry red spots, myoclonus, somatic involvement, coarse facial features
Lymphocytes show vacuoles in the cytoplasm

Liver biopsy

» Cytoplasmic vacuoles

www.FirstRanker.com
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CASE REPORT 1

A 19 months old child from Rajasthan came with a history of apparently normal growth and development upto 3 months of
age. There after the chuld developed gradual distension of abdomen, unable to hold neck and unable o recognized her parents.
On examination :
v Liverand spleen were enlarged by 10 and 12 cm respectively.
¢ Blood examination showed reduced haemoglobin,
v All the deep reflexes were diminished and there was hypotonia in all four limbs.
* Bone marrow examination showed infiltration of foamy cells in macrophages,
# Fundus examination revealed cherry red spot in the macula of both eyes. Hence, this characteristic is seen in many types
of storage diseases so this cannot simply confirm the presence of Niemann-Pick.
Expected Diseases according to above information- 1) Gaucher Disense
2} Tay Sachs Disease
3) Hurler’s syndrome
4iNiemann-pick disease

# Further Enzymatic and gene studies revealed the presence of Niemann-Fick Tvpe A disease. In gene study, pene
expression was studied.

CASE REPORT 2

An Afghan girl was growing normally till | year of age. Later on, hepatomegaly with
developmental delay was observed. Parents also noticed unexplained frequent falls without any
sign of seizure.
She was the 5th sibling with one elder sister dying of respiratory failure and hepatosplenomegaly
at the age of 5 years. Two elder brothers and one sister were normally growing till that date.
On examination: At the age of 4 yrs, she had
*  neurological regression
*  hypotonia
*  facial dyskinesia

*  Bone-marrow examination revealed presence of storage cells

Expected Diseases related to these symptoms- 1) Gaucher Disease

2y Neemann-Pick Disease

www.FirstRanker.com



:I . FirstRanker.com

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

Similarities and Dissimilarities
Of Cerebrosides and Gangliosides

Similarities Of
Cerebrosides and Gangliosides

* Both are Glycolipids containing
Carbohydrate moieties.

* Both contain Sphingosine/Ceramide
in their structures.

* Both are richly present in Nervous
tissue.

www.FirstRanker.com
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Dissimilarities Of
Cerebroside and Gangliosides.

_S.No | Cerebrosides Gangliosides

1 Structurally Simple Structurally complex
Ceramide linked with Ceramide linked to Glucose,
Glucose or Galactose. Galactose , NAGalactosamine ,and
NANA
2 Occur in White matter of Occur in Grey matter of brain and

brain and Myelin Sheaths. Ganglions.

3 Types : Types :
Glucocerebrosides GM1,GM2, GM3,GM4
Galactocerebrosides

4 Function : Conducts nerve Transfer Biogenic Amines
impulse
5 Related Disorder: Related Disorder:

Gauchers Disease . ...c.l3Y,3achs Disease
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Lipoproteins

Lipoproteins

* Lipoproteins are types of
Compound Lipids /Conjugated
Proteins.
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* Lipoproteins are macromolecules
formed by aggregation of :

* Lipids (Neutral and Amphipathic )

* Proteins( Apoprotein) in the
human body.

* Lipoproteins acquire polarity
(Hydrophilic Property)




EEEEEEEEEEEEEEEEE

* Lipoprotein serve as vehicles
for transportation of Neutral
and Amphipathic Lipids
through agueous media blood
and lymph.

*Lipoproteins are
biosynthesized within the
cells of tissues.

*By aggregation of various
forms of Lipids and

g l [ ]
.
www.FirstRanker.com
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Structure Of Lipoproteins

Apos

www.FirstRanker.com



:l », FirstRanker.com

A Firstranker's choice . )
www.FirstRanker.com www.FirstRanker.com

Cholaestaral
Ester

Free Cholesterol
. Phosphollpids

Triacylglycerol

Structure of Lipoproteins

* The non polar /hydrophobic Lipids TAG and
Cholesterol Ester are gathered centrally to
form the core of LipoProtein particle.

* At the periphery of Lipoprotein are
Apoprotein and Amphipathic Lipids viz
Phospholipids and Cholesterol.

www.FirstRanker.com
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* The Apoprotein and polar groups of
Amphipathic Lipids impart
hydrophilic property to Lipoprotein
molecules

* This helps in transportation of
Lipids

* From site of origin to site of
utilization through blood.

triacylglycerod

e

chaolesteryl asters
free (unesterifiad)

cholesters

WwwléilrstRan ker.com
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Discoidal HDL

Cholesterol Transported as Lipoprotein
Complex (LDL)

Cholesteryl ester ‘
Phospholipid

Unesterified cholesterol > iR, e
Apolipoprotein B-100 Al - e 1-.

Cegright 1999 John Wiley and Sons, Inc. All nghts reapssly . FirstRanker.com
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Functions Of Lipoproteins

* Lipoproteins serve as a vehicle in
transportation of non polar Lipids

* From the site of its biosynthesis to
the site of utilization through
aqueous media of blood or lymph.

Types Of Lipoproteins

www.FirstRanker.com
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* Depending upon the composition and other
properties following are the types of
Lipoproteins:

—Chylomicrons (CM)

—Very Low Density Lipoprotein (VLDL)
—Low Density Lipoproteins (LDL)
—High Density Lipoproteins (HDL)
—Free Fatty acid -Albumin

Phospholipid

s Cholesteryl ester

%I{Chﬁlestero! Llp OprOtelnS

Protein - sSrres [ s __Triglyceride
pire g 17.7.__. - -' b sy : ';_‘:;_'_-.;r._ "i__'_ R A
."Wﬁ_ i‘—,f A Key
T Triglyceride [ Phospholipid
I Cholesterol | Protein
EE R
] il N

(Wery Low Density Lipoprotein)

IDL
{Intermediate-Deansity Lipoprotain)

- | ] = I
LD
{Low-Deansity Lipoprotein)

@ [ ] ] ] 3
HED L
(High-Density LiDogimeEirstRanker.com

& 2007 Thomson Higher Education
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Lipoproteins
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20 40 60
Particle diameter, nm

Types of Lipoprotein

80

/ /-

300

(all contain characteristic amounts TAG, cholesterol, cholesterol esters,

lipids and A eins - R Spe y)
Diameter Major
Class (nm) Source and Function Apoliproteins
Chylomicrons 500 Intestine. Transport of A, B48,
(CM) Largesf dietaf'x TAG C(I,II,III) E
2 Very low density 43 Liver. Transport of B100,
e lipoproteins endogenously C(I II,III), E
4 (VLDL) synthesised TAG
o
% Low density 22 Formed in circulation by B100
o lipoproteins partial breakdown of IDL.
o (LDL) Delivers cholesterol to
L= peripheral tissues
High density 8 Liver. Removes "used” | A, C(I, II, III),
lipoproteins Smallest cholesterol from tissues D, E
\ and takes it to liver.
) (HOL) Donates apolipoprofeins fo
www.FirstRankem@M and VLDL
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Site of Small Hepatocytes Blood Nascent HDL
Synthesis Intestine Liver -80% Circulation Liver

Intestine -20% From VLDL
Lipids % 99% 92% 80% 50%
Protein % 1% 8% 20% 50%
Rich Lipid TAG TAG Cholester Phospholipids
Form Exogenous Endogenous ol
Associate Apo B48, Apo Apo B100,Apo Apo B100, Apo Al,Apo All
d Cll ,Apo E Cl,Apo Cll,Apo Apo Cl, Apo Cl, Apo Cli
Apoprote E Apo ClI ApoD & Apo E
in and Apo E
Transport Dietary Lipids Liver Liver Extrahepatic
From Intestine Tissues
Transport Liver Extrahepatic  Extrahepa Liver
To Tissues tic Tissues

HDL Has Scavenging Role
OR
Reverse Transport of
Cholesterol

www.FirstRanker.com
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HDL Is Associated
With Enzyme LCAT
Responsible For
Cholesterol
Esterification And Its
Excretion

Endogenous Pathwavy (LDL) Reverse Transport Pathway (HDL)

Ta Ty :;:”:}TS : Lt Delivers chalesterol to

= | g o — M & | mo

-;__Lave - Ll - tissues that reeed it or
o other lipoproteins

Fatity acids
=T
cleaved off
Ruptake wia
B remnant
W, recepror

Reuptake Symtheasis
wia LI¥L *
receptor

Pick=s up

cholesterc|

. in tissues
Lywnthecxcis of

' choles e ol (= 1
; ! : yrithesis
A residual fraction of -

‘ oy by T

LDLs bind low affimity e - ¥
SCaveEneger receptars on X : # :

j - Reuptake
macrophages and are ¥ i -

s i | 3 r Wid remmnank
phagocytized. ’ - e
# ET _ receptop”

Thease turn to foam cells il i Ch - =l FAMILLAL DYSBETA-
and deaposit in R S T TS LIPCPROTEIMEM 1A
atherosclerotic TN o
plagues.

j\ Exogenous Pathway (chylomicrons])
Dierary triglycerides, phos pi‘{vﬂ%ﬁ:irsﬁa@aaﬁiﬁ:,rt%%@teml
absorbed into enterocytes of the srmall boweel
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* HDL has scavenging role with
protective mechanism.

* HDL Transports Cholesterol from

Extrahepatic tissues back to Liver for
its excretion.

* HDL reduces risk of
Atherosclerosis.

* HDL clears the body Lipids and
do not allow accumulation of
Lipids in blood.

www.FirstRanker.com
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* Thus when the levels of
HDL are within normal
range

* Cholesterol associated
with HDL is termed as
Good Cholesterol

* Based on Electrophoretic pattern
the Lipoproteins are termed as:

—LDL: Beta Lipoproteins
—VLDL: Pre Beta Lipoproteins
—HDL: Alpha Lipoproteins
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Classification of plasma Lipoproteins
according to their electrophoretic
mobility

Electrophoretic Pattern of Serum Lipoproteins

- H ' +

c:-rigir"l(CM) beta prebeta alpha
(LOL) (LDl (HDL)

o-lipoprotein (HDL)
Pre-B-Lipoprotein (VLDL)
B-lipoprotein (LDL)

CM
Lipoprotein Density | Diameter Protein % | Phospholi TI"iacyll- o
class of dry wt ids % glycerols %
(g/mL) | (nm) Y pids % of dry wt
HDL 1.063- |5-15 50 29 8
1.21
LDL 1.019- (18 - 28 25 21 4
1.063
IDL 1.006- |25 - 50 18 22 31
1.019
VLDL 095- |30 - 80 10 18 50
1.006
Chylomicrons |< 0.95 |100 - 500 1-2 7 84
www.FirstRankgr.com
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Chylomicron

- Formed in the gut after a meal ‘

- Released into the lymph system
and then into the blood

- Largest of the lipoproteins, with
the lowest density

- Taken up by the liver once
triglycerides are removed

www.FirstRanker.com

5% Cholesterol
8% Phospholipid

2% Protein

85% Triglyceride

www.FirstRanker.com

Transports dietary fat
into the blood and to
the tissues of the body

VLDL (Very-low-density lipoprotein)
10% Protein

- 80% formed in the liver

- 20% formed in the intestine s

20% Cholesterol Triglyceride

Transports endogenous
lipids, especially
triglycerides, to the
various tissues of the
body

LDL (Low-density lipoprotein) 20% Phospholipid
8% Triglyceride
22% Protein
- Formed in blood from VLDL
(transformation from VLDL to
LDL occurs as the triglycerides

are removed from the VLDL)

Transports cholesterol
to the cells of the body

HDL (High-density lipoprotein) 30% Phospholipid

3% Triglyceride

- Synthesized in liver and released
into the blood

- Transported by the blood
throughout the body, picking up
free cholesterol

17% Cholesterol

Transports cholesterol
from tissues back to the
Iiver

© 2011 Pearson Education, Inc.

M .

Protein: 1%
TAG: 90%
Cholesterol: 5%
PL: 4%

Lipoprotein type: Chylomicron
Density: <0.950 g/mL

Diameter: 80-1000 nm

Major lipids: dietary triacylglycerols
Apolipoproteins: E428, A1, A2, C, E

Lipoprotein type: WVLDL

Density: 0.950-1.006 g/mL

Diameter: 30-80 nm

Major lipids: endogenous triacylglycerols
Apolipoproteins: 100, C, E

Lipoprotein type: IDL
Density: 1.006-1.019gd/mL
Diameter: 25-30nm

Major lipids: endogenous triacylglycerols
and cholesterol

Apolipoproteins: 2100, C, E

Lipoprotein type: LDL
fe" » Density: 1.019-1.063 g/mL
3 \} Diameter: 20-22 nm

Major lipids: cholesterol and cholesteryl
ester
Apolipoproteins: =100

Lipoprotein type: HDL
Density: 1.063-1.090 g/mL

Q Diameter: ©9-15 nm

Protein: —1%
Triglyceride: —90%
Cholesterol: ~5%
Phospholipids: ~4%9%

Protein: ~10%
Triglyceride: ~65%
Cholesterol: ~13%
Phospholipids: ~13%

Protein: ~18%
Triglyceride: —~34%
Cholesterol: ~22%
Phospholipids: —22%

Protein: ~20%
Triglyceride: ~10%
Cholesterol: ~45%
Phospholipids: —23%

Protein: ~50%
Triglyceride: ~20%
Cholesterol = 185,

Major lipids: cholesteryl ester and

PhogRvirdeRanker.com
Apolipoproteins: A1, AZ, C, E

Phospholipids: ~30%
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CM VLDL LDL HDL

Density (g/ml) <094 0.94-1.006 1.006-1.063 1.063-1.210

Diameter (A) 2888_ 600 250 70-120
Total lipid (wt%) * 99 91 380 50
Triacylglycerol 85 55 10 6
Cholesterol esters 3 18 50 40
Cholesterol 2 7 11 7
Phospholipid 8 20 29 46
Apoprotein % 1 9 20 50

Fatty acid compositions (wt% of the total) in the main lipids of human Lipoprotein

Cholesterol

Esters Phospholipids

Triacylglycerols

rFyacd VLDL LDL HDL VLDL LDL HDL VLDL LDL HDL

16:0 27 23 23 12 11 11 34 36 32
18:0 3 3 4 1 1 1 15 14 14
18:1 45 47 44 26 22 22 12 12 12
18:2 16 16 16 52 60 55 20 19 21

20:4 5 8 6 7 6 14 13 16
(n-6)

www.FirstRanker.com
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Apoprotein

Apo Al

Apo A2
Apo A4

Apo AV(5)

Apo B48

Apo B100
Apo C1
Apo C2
Apo C3

Apo D

Apo E

Apo(a)

www.FirstRanker.com

The main properties of the Apoproteins.*

Molecular weight

28,100

17,400
46,000
39,000

241,000

512,000
7,600
8,900
8,700

33,000

34,000

300,000-800,000

Lipoprotein

HDL

HDL
CHYLOMICRON(CM)

HDL

CHYLOMICRON

LDL, VLDL
VLDL, CM
VLDL, CM
VLDL, CM

HDL

HDL

LDL, Lp(a)

www.FirstRanker.com

Function

Lecithin:cholesterol
acyltransferase (LCAT)
activation. Main structural
protein.

Enhances hepatic lipase
activity

Enhances triacylglycerol
uptake

Derived from Apo B100 —
lacks the LDL receptor

Binds to LDL receptor
Activates LCAT

Activates lipoprotein lipase
Inhibits lipoprotein lipase
Associated with LCAT,
progesterone binding

At least 3 forms. Binds to
LDL receptor

Linked by disulfide bond to
apo B100 and similar to

nlacminnoen

Disorders Of Lipoproteins

www.FirstRanker.com
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1 [aomders assocated with Lapopsateam Metabohsm

H~ |'-;r-| IO PEObEITHES ITIRLS |-
Type-1: familial lipoprotein lipase deficiency,
Typee-11: Familial hypercholesteralacmia
Type-1LL fambial dys-heta Lapoprotemmaenia,
Type-1%; famabid hypeririglyeendaema.
Typee-%: Combined hyperlipidsemias.

Hy polipo-protcinasmes -
A T HHT I.|]:-::-;:r:'|l|'||:|:|-.:||1|.'|
Famihial alpha-Lipoprotem deficieney [ Tangier s

chasease)

| | l‘
I p—
i

Table | Lipid levels {mg/DL) in human beings with known heart disease
Test Desirable ~ Borderline  Undesirahl

Total cholesterol <200 200-240 >0
HDL cholesterol >15 35-45 <35

Triglycerides <200 200-400 >4(0
LDL cholesterol <130 130-160 >160
Cholesterol/HDL <45 4515 >55
LDL/HDL Gy Qmamercon 33 >50
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* Defect in Lipoprotein

www.FirstRanker.com

metabolism leads to

Lipoprotein disorders:

www.FirstRanker.com

— Hyperlipoproteinemias

— Hypolipoproteinemias

TOTAL LDL (bbacl) HDL {good)
CHOLESTEROL CHOLESTEROL CHOLESTEROL
2004|2006 |Z2008 2011 2004|2006 |2008 2011 2004 | 2006|2008 |2011
F9d 320

FED0 J10 130

FTF0 J00 125

F&0 290 120

F50 280 115

F4 0 27T0 110

F30 2610 105

F20 250 100

F10 Yery High 2440 a5

F00 230 a0

290 220 Yery High a5

2a0 210 So

270 200 F5

260 High 190 0 Protective
250 180 High ES

240 170 B0

230 160 55

220 150 <49

210 140 45 o 4 6 45
196 198 195 130 131 40

190 188 120 119 123 35 High Risk
150 Good 110 Good J0

170 100* 25

160 a0 20

150 Yery Good =l Yery Good 15

140 Fo* 10

130 60 5

‘!EI-I (=l | ﬂ

11I:| 4I:I wiany DivetDAanlrear o0 nm
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TRHRIGLYCERIDES

DD | 200G | Z2O00E | 2011
[
Bk Tellow i Bad
e T
>0 ery High
e Whike is BEordedine
SO0
s
510 iEreern IS Sood
G 25
£ 0
375
250 TOTAL S HADL
25 High Choaolesteracl Hatio
S0n0 F_i
=275
=250
225
=200
175
150 <N ormmeal
131 133
100 111 111k
T 5
e
=5
]

Yery High

R R R R 0 B —| O Ly =R,

High
=5 _ 5 4 _5
=% _ 1

i e e il

oo =nnwuNHnn® o

Lipoproteins Atherogenic Particles

MEASUREMENTS: Apolipoprotein B
Non-HDL-C

VIi)L VLDL, EDL DL  Small,

~N dense
TG-rich lipoproteins LDL

www.FirstRanker.com
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* Defect in the receptors of
Lipoproteins on specific
tissues

e Leads to retention of
specific Lipoproteins in the
blood circulation.

* Abnormal high levels of LDL in
blood is due to LDL receptor
defect on extrahepatocytes

bad to body.
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* The Cholesterol associated to
high LDL levels is said to be
bad Cholesterol.

* This increases the risk of
Atherosclerosis ,Ischemia, Mi
and Stroke.

* Recently evidenced high levels
of blood HDL are also bad to
body.

* This increases the risk of
Atherosclerosis ,Ischemia, Ml
and Stroke.
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Proteolipids/ Lipophilin

Proteolipids/ Lipophilin

* Proteolipids are compound lipids
which have more content of
Proteins than Lipids.

* Proteolipid is a transmembrane
domain protein bound with Lipids.
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Occurrence Of Proteolipids

* Proteolipids are structural
Lipids

 Present on the extracellular
side of the membrane.

* Proteolipids are also present in
Myelin Sheath.

+D0OCH
RICO0 —

%_m_f?‘ el

RICD —MH— DI—I E—F'TUTE!”'I

[:]
oacterial proteolipid

proteoglycans
T

www.FirstRanker.com
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s D

i
Eﬁ-EtEIﬂEI\ + CpA =S
0 I*lnl palmitoy-CoA
protein 4
protein
acylransterase | | pamitoyk-protein
thioesterase
CoA —SH4
0

| palmitoylated protein

protein

Miscellaneous Lipids

www.FirstRanker.com
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Miscellaneous Lipid
Eicosanoids

e Eicosanoids are
Classified under
Miscellaneous Lipids.
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*Eicosanoids is a generic
term collectively used
for

*Biologically active 20
carbon(Eicosa) Lipid like
compounds

Name Of Eicosanoids
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 Eicosanoids is a Generic term for the 20
Carbon related compounds like:

. Prostaglandins (PGs)
Il. Prostacyclins (PGI2)
lll. Thromboxanes (TX)
IV. Leukotrienes (LT)

V. Lipoxins (LX)

VI. Resolvins

VIl. Eoxins

Biosynthesis Of Eicosanoids

www.FirstRanker.com
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* Eicosanoids are derivatives
of Nutritional Essential
Fatty acid/PUFAs.

* Eicosanoids are biosynthesized in the body
from PUFAs:

1. Mostly from Arachidonic
acid/Eicosatetraenoic acid
(PUFA)/Omega 6 Fatty acid

2. Minorly from Timnodonic
acid/Eicosapentaenoic /Omega 3 Fatty
acid

www.FirstRanker.com
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* During Eicosanoid Biosynthesis
Mostly

* Arachidonic acid is released by
Phospholipids Viz: Lecithin/PIP3

* By Phospholipase A2 activity

PHOSPHOLIPIDS IN CELL MEMBRANE

Phospholipase S
R o
\
Arachidonic acid
.-'“'-.-J !
Hpoxygenase .~ . Cycloxygena:

| -~ . Kl gencse

i \(C0X) < X
-
g A
Leukotrienes Prostaglandins
PGE-e PG PGE PGETxA2

LT ,E.; .'llf-:ll.g; .'llD_..‘ -'I. E 4 www.FirstRa k com
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leukotrienes

Linear pathwayTLip oXyganase
phospholipids —p arachidonate €4—diacylglycerol

Two major ) Cyclic pathwaylPGHg Synthase
pathways of

elcosanqld Prostacyclin Prostaglandin Hz y,0mboxane
metabolism. Synthase / l \‘ Synthase
Cyclic prostacyclins thromboxanes
pathway: other prostaglandins

Prostaglandin H, Synthase catalyzes the committed step
in the “cyclic pathway™ that leads to production of
prostaglandins. prostacyclins. & thromboxanes.

Ditferent cell types convert PGH, to different compounds.

* Eicosanoids has very
short half life

* From seconds to few
minutes

www.FirstRanker.com
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Classification Of Eicosanoids

* Prostanoids : Obtained by
Cycloxygenase System :

* Prostaglandin
* Prostacyclins
*Thromboxanes

* Leukotrienes and Lipoxins are
obtained by Lipoxygenase System

www.FirstRanker.com
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Prostaglandins are Derivative of
Arachidonic acid

9 8§ 6 5 3 COOH

—— ]

SN NN
10{
1'& ~ ~ . M}
o~ A =
A | e xﬁ_,.-f"] [ _/’/
112 14 15 [/ iy

(a) Arachidonic acid

e

0 g "--\.H‘f;i_"'f - f__.-"' T o
[/ —= - COOH

(¢) F'hromboxane B,

D, B B 5 ™
) ™ "ﬂ_ -

J/ =" " "coon
. - .

Z "w.\___.-'__f';:: : E‘\._] _,r"f‘- \‘s.__v __.-“’f-x"\__ __,.-'"

OH

(h) Prostaglandin E,

OH OH
1] b .
DA A A~ COOH

o - "’- - .-- g
e N Sy Rt R W e

L

[5 s s ey

-~ T u, r

g g .‘H"'-

(d) Leukotriene B,

1. Prostaglandins (PGs)

www.FirstRanker.com
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* Prostaglandins are type of
Eicosanoids.

e PGs also termed as Prostanoids

 Since they are obtained from
parent compound Prostanoic
acid

Biosynthesis Of Prostaglandins

www.FirstRanker.com
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* Per day 1 mg of
Prostaglandins are
biosynthesized in human

body.

* Prostaglandins are derived
from Arachidonic acid by
Cycloxygenase system.

www.FirstRanker.com
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* Phospholipid Lecithin releases
Arachidonic acid

* Arachidonic acid is used for
Prostanoic acid synthesis.

* Prostanoic acid then
biosynthesizes Prostaglandin in
human body.

Structure and Types Of PGs

www.FirstRanker.com
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COOH

arachidonic acid

,s'W\/;C‘D{JH

HO H

a prostaglandin

* Prostaglandin structure is complex
and possess:

—Cyclopentane ring
—Double bond
—Carboxylic and Hydroxyl groups

www.FirstRanker.com
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*Prostaglandins contains
a

*Cyclopentane ring with
Hydroxyl groups at C11
and C15

* Prostaglandins (PG) are of
following Types:

—PG A
—PG B
—PG C
—PGD
—PGE
—PG F
—PG G

—PG H
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{ZZIH Prostaglandin F_
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Occurrence/Distribution Of PGs

Occurrence Of PGs

* Prostaglandin was first seen in
Prostatic secretion and Semen.

* Later it was found that
Prostaglandins are ubiquitous

* Present all over in human body
tissues.

www.FirstRanker.com
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Functions OF Prostaglandins

* Prostaglandins serve as Cell
Signaling Agents/Local
Hormones with.

—Paracrine in action (act on

sites closely where they are
produced/ neighboring cells).

—Autocrine in action that the
sites where they are produced.

www.FirstRanker.com
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* PGs exert their function
through G-Protein linked
membrane receptors.

Prostaglandins have
diverse functions on
many tissues
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; - Membrane phospholipides

Diverse physical, chemical, Phospholipase A,
inflammatory, and mitogenic stimuli

Arachidonic
l/, acid \I

Prostaglandin Gz | COX | Prostaglandin G;

Prostaglandin GiH

, | synthase 1
Prostaglandin H; | HOX | Prostaglandin H: (.cy,ﬂg:mygenasa-n

}

Prostaglandin G/IH
synthase 1
(cyclooxygenase-1)

Tissue specific iIsomerases

} | } l l

Prostanoids Prostacyclin Thromboxyane A; Prostaglandin D, Prostaglandin E; Prostaglandin Fz,

Receptors IP | TPﬂ DP4, DP2 EP4, EP5, EP;3, EPy4 FP,, FPﬂ
Endothelium, | | Platelets, Mast cells, Brain, kidney, Uterus, airways,
kidney, vascular smooth brain vascular smooth vascular
platelets, muscle cells, airways miuscle cells, smooth muscla
brain macrophages, platelets cells, eye

kidney

e Action of one PG is
different in different
tissues.

*Sometimes PGs bring out
opposing action in same
tissue.

www.FirstRanker.com
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1. 4.

Inhibits Gastic secretion

Regulate Blood

Pressure

2. 5.

FUNCTIONS OF Promotes Kidney
Prostaglandins Function

Help in Parturition

Produces pain,

Bronchodilation inflammation and Fever

1.Role Of PGs In Blood Vessels

www.FirstRanker.com
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PGs Regulate Blood Pressure

* PG A and PG E are Vasodilators.

* PGs lowers the blood pressure by:
—Increasing blood flow and

—Decreasing vascular resistance in
blood vessels.

* PGs are used Therapeutically
In treating Hypertension.

www.FirstRanker.com
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Prostaglandin occur at
Platelets
Inhibits Platelet
Aggregation
and
Thrombus formation

2. PGs Has Role in Uterus At The Time
Of Parturition
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* PG naturally increases
uterine contraction of
smooth muscles which
induces the delivery of baby.

* PGs can be therapeutically used as
Abortificients during Medical
Termination of Pregnancies (MTPs

* PGs also arrests postpartum
hemorrhage.

www.FirstRanker.com
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Prostanoids Therapeutic Uses

Uterine Stimulation

Carboprost (15-methyl PGF, )

Used by IM route for induction of abortion between
12t 20t gestational weeks

Used at a dose of 250 pg every 1-3 hrs

Dinoprost (PGF, )

Injection form for intra-amniotic administration
Used to induce labour or abortion

3. Role Of Prostaglandins In Lungs

www.FirstRanker.com
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* PGs in Lungs serve as
Bronchodilators and
Bronchoconstrictor of Lungs.

—PG E-Bronchodilator
—PG F- Bronchoconstrictor

PG Eisusedin
treatment of Bronchial

Asthma.
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4. Role Of Prostaglandin In GIT

* Prostaglandin in stomach
increases its motility and inhibits
gastric secretion of HCL.

* PG is used in treatment of gastric
ulcers.

www.FirstRanker.com
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5. Role Of Prostaglandins in Kidneys

* PGs in Kidneys increases GFR
and promotes urine formation
and urine out put.

* Thus helps in removing waste
out of the body.

www.FirstRanker.com
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PGs Regulate Sleep and Wake Process

* Use of PG D2 promotes Sleep

6.Effect Of PGs on Metabolism

www.FirstRanker.com
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* PGs Decreases Lipolysis (breakdown of
TAG).

* PGs increases Glycogenesis.

* PGs promotes Steroidogenesis
(Biosynthesis of Steroid hormones)

* PGs promotes mobilization of ionic
Calcium from bones.

Production of PGs
Promote
Fever , Pain , Nausea
Vomiting and Inflammation

www.FirstRanker.com
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Role Of PGs
In Immunity And Inflammation

* Prostaglandins are produced in more
amounts at the time of :

—Fever
—Pain
—Nausea and Vomiting
—Inflammation
* Provide non specific immunity to body

*PGs are more produced ir
inflammatory disorders
like Rheumatoid Arthritis

www.FirstRanker.com
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* Drugs like NSAIDs Aspirin used in
treating inflammatory disorders.

* Inhibits the Enzyme of
Cycloxygenase system

* Which in turn inhibits the
biosynthesis of Prostaglandins.

FIGURE 7. Effects of NSAIDs on platelets and endothelium.

Platelel Endothelial Call
f Nompecific —— $8 COX-1°
L0k} L*— NSAIDs/ASA ™
Conibs > o ;{}}E-E:
Thromboxane (TxA) Prostacyclin (PGI,
Vasaconstrictor Vasodilator
Premotes Ejﬁi’rﬂ&tnrnggr'&g{iﬁﬂn Inhibitor of platelet aggragtion
rﬁ ﬂﬂ.ﬁ"‘u

Hamastasis Thrambesis
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:l » FirstRanker.com

A Firstranker's choice

www.FirstRanker.com www.FirstRanker.com
Drug Preparation Use
Dinoprostone Vaginal tab/gel Induction labour
Mid term abortion
Dinoprost Intra amniotic inj Mid term abortion
Carboprost IM, Intra amniotic inj Mid term abortion
Control of PPH
Gemeprost Vaginal pessary Cervical priming in early
preghancy
Alprostadil IV infusion, IV inj Maintenance of a patent ductus

arteriosus in neonates
Intra cavernosal inj  Erectile dysfunction

Misoprostol Oral Abortion & Peptic ulcer
Enoprostil Peptic ulcer
Epoprostenol IV infusion Pulmonary hypertension
Latanoprostol Topical Glaucoma
iloprost IM Dec. infact size, when given IM
after MI
TBLETL / Prostaglandns

Prostaglandin Locations Effacts

[, Airways, brain, mast cells v Bronchoconstriztion

E, Brain, Kidneys, vascular smooth muscle cels, platelets v Bronchodiletion

v Gastmoprotection
v Increased actiity of Gl smooth muscle
v Increased sensitivity to pain
v Increased body temperatur
v Yasodilation
F; Aitways, &pes, Uterus, vascular smooth muscle v Bronchoconstmetion
v Increased actity of Gl smaoth muscle
v Increased utenine coniraction (ed, menetnial cramps)

o (Prostacyclinl — Brain, endothelium, Kidneys, pletelets + Decreased patelet ageregetion
v Gastraprotection
¢ Vasodiabon

www.FirstRanker.com
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PHYSIOLOGICAL EFFECT

Inflammation

* PGs are natural
mediators of
inflammation

« PGE2 & PGEI
induce signs of
inflammation-
redness, heat (
vasodilation),
swelling, edema, etc

* Pyrogen stimulates PG
synthesis & release of
PGE2 in the
Hypothalamus region
of brain where temp is
regulated.

* PGE2 can enhance the
intensity & duration of
pain caused by
bradykinin &

histamine.

*» PGE2 and PGF2 have
been used to induce
parturition as well as
to terminate
pregnancy.

« Cytotec

* PGE series of PG may
play a role in male
infertility

PHYSIOLOGICAL EFFECTS

Peptie Uleer

 Synthetic PGs have
been useful in
inhibiting gastric
secretions in
patients with
gastric ulcers.

Regdulation of
Blood Prgssurg

PGE, PGA & PGI2
being vasodilators
lower the systemic
arterial pressure;
increase local
blood flow.

Might help in
treating
Hypertension

*» PGE2 maintains the
patency of DA prior
to birth.

* If DA remains open
after birth COO
inhibitor like
indomethacin can be
given

» Infants with
congenital
abnormalities are
administered PG to
maintain blood flow,

www.FirstRanker.com
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2. Prostacyclins (PGl,)

Prostacyclins (PGl,)

* Prostacyclins are type of Eicosanoids/
Prostanoids.

* Principally formed in vascular
endothelium

* They are Platelet Aggregation
Inhibition Factors

* Biosynthesized by enzyme Prostacyclin

[ ]
i www.FirstRanker.com
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Prostaglandin

Prostacyclin

3 3 i 19

Roles of Prostacyclins

* Prostacyclins are Vasodilators.

* Prostacyclins like Prostaglandins
inhibit platelet aggregation.

* Prostacyclins prevent Thrombus/clot
_formation.

www.FirstRanker.com
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3. Thromboxanes (TX)

Thromboxanes (TX)

* Thromboxanes are also termed as
Platelet Aggregating Factor (PAF).

www.FirstRanker.com
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* Thromboxanes are
Prostanoids produced by
Thrombocytes (platelets)

* By Enzyme Thromboxy
Synthase.

Structure Of Thromboxanes

*Thromboxanes possess a
cyclic Ether in their
structures.
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0H
Thromboxane A

UH

-““E%EDDH
___.-"" CH+
HO™ ™ ,

OH
Thromboxane B-

Types Of Thromboxanes

*TX A and TX B are types of
Thromboxanes.

*TXA2 is more prominent in
human body.

www.FirstRanker.com
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Functions Of Thromboxanes

* Thromboxanes are vasoconstrictors.

* Thromboxanes enhances platelet
aggregation.

* Thromboxanes favors blood clot
formation during blood coagulation.

* Thromboxanes and Prostacyclins
are antagonistic to each other
balancing their activities.

* Increased Thromboxane activity
results in Thrombosis.

www.FirstRanker.com
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4. Leukotrienes

Leukotrienes

* Leukotrienes are type of
Eicosanoids

* Biosynthesized through
Lipoxygenase system in
Leukocytes.

www.FirstRanker.com
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* Leukotrienes are a family
of Eicosanoid

* They are Inflammatory
mediators produced
in leukocytes.

Occurrence Of Leukotrienes

www.FirstRanker.com
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* Early discovery of
Leukotrienes was in
Leukocytes.

e Leukotrienes are also
produced and present in.

—Mast cells
—Lung
—Heart
—Spleen

www.FirstRanker.com
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Structure And Types Of Leukotrienes

LERTIHIENE By HWJ\N M ~N._-COCH
i

LE'..I"’E':FTHIE.‘ www.FirstRanker.com LELIKOTRIENE D4
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Leukotrienes Structure and Types

* Leukotrines are Hydroxy derivatives
possessing conjugated Trienes .

* Types of Leukotrienes:
 LTB4, LTC4, LTD4 and LTEA4

Effect Of Leukotrienes

* Leukotrienes are components of
Slow Reacting Substances (SRS-A).

* SRS-A are released during Allergic
reactions/Anaphylaxis.

www.FirstRanker.com
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*Leukotrienes are 100-
1000 times more
potent than Histamine
during allergic
reactions.

*LTB, Is a potent
chemotactic agent.

(chemical substance which
mediates movement of

cells).
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* Leukotrienes by action are:
—Bronchoconstrictors
—Vasoconstrictors

* LTC,, LTD, and LTE, are Slow -
Releasing Substance of
anaphylaxis (SRS-A),

* SRS-A causes fluid leakage from
blood vessels to an inflamed area.

www.FirstRanker.com
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* Overproduction of
Leukotrienes causes

Asthmatic attacks
/Anaphylactic shocks.

*An Antiasthmatic drug
Prednisone inhibits
Leukotriene
biosynthesis.
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5.Lipoxins

Lipoxins

* Lipoxins are Eicosanoids produced
in Leukocytes of human body.

* Lipoxins are:
—\Vasoactive/Vasodilators

—Anti-inflammatory
—Immunoregulatory

—Chemotactic sustances
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Omega 6 and Omega 3 Derived
Eicosanoids
Are Opposite in Action

* Omega 6 Derived Eicosanoids
* Prostaglandins:
—Promotes Inflammation
* Omega 3 Derived Eicosanoids
Resolvins and Eoxins are:
—Anti Inflammatory
—Anti Allergy
—Anti Hypertensive
—Anti Cancer

—Anti At

www.FirstRanker.com
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Effects of Eicosanoids

Stimuli:
Fhysical PGs
Chemical — and — INFLAMMATION
Bacterial LTs 7
Immunological
PAIN
PGE, and I,
Sensitise afferent nerve endings OEDEMA
Aamplification of pain LTs

Increased vascular permeabllity
FProteins leave blood vessels

ERYTHEMA
LTS and PGS
vasadilation = Redness
Congestion of Blood vessels

www.FirstRanker.com
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* Local pain and irritation

* Bronchospasm

e Gastrointestinal disturbances:
nhausea, vomiting, cramping,
and diarrhea.

NSAID: ASPIRIN

Acetyl salicylic acid (Aspirin} is an effective anti-platelet aggregator.

It irreversibly acetylates the platelets COO system and inhibits it thus hampering in
formation of Thromboxane A2

At time same time it opposes the formation of PGI2 in the endothelial cells, which is
a vasodilator.

COOH
CLINICAL USES: ==}
~ Management of angina & M o ,CH,
Prevention of stroke & cerebral ischemic attacks \— ol
ARACHIDOMNIC ACID LAY (l_}

f; frnfitsdory

Cyclo-oxygeanass 2
fCox 2)

minducibie ™

Cyclo-oxygenass 1 b vamll
{Cox 1} ‘I

"oconEstftudne T

[probacl Zastne

{ i Ealer EyEan.
S enin WAV i sERaNKerGom
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Mechanism of Action of
Anti-inflammatory Agents

o9nis - aLis

agents Il |y ST -

Prostaglanding Thromboxane Prostaglandins

| ! !

Supports Mediate

Protect

gastroduodenal platelet inflammation,

function pain, and fever

mucosa

Biological Actions of Selected
Eicosanoid Molecules

Arachidonic acid QO\}\
—Vﬂ'\/\\/
C All
tissues
ii :f,- z ;fj .{i ‘ 2 j
Leukctrieneil PG, TXA, |
| | B B S——
ST e Dl i . ‘t""‘ —— ] I
‘ i tricti Antiplatelet Vasodilation Platelet Vasoconstriction :
AmEn B:.?:scohc%cr?sr}(f’igéglrﬁn' aggregation aggregation s T‘SSE;?
capillary permeability Speciiic

Smooth www . Fir¥e3aridaieom Smooth Vasoconstriction J
muscle muscle

contraction contraction
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Cell membrane phospholipids

R CTREE SR - ¢ - - Steroids inhibit

Cther

HETEs ——HPETEs % ARACHIDONIC ACID

lipoxygenases

COX-1 and COX-2 inhibitors,
Cyoloaxyganass <= XK~ aspirin, indomethacin inhibit

Prostaglandin Gz (PGG2)

S5-HETE % 5-HPETE
I
Chemotaxis l
[ Y
Leukotriene B, <— Leukotriene Ay (LTAL) Prostaglandin Hz (PGHz)
[ Leukotriene C4 (LTCj) } 1}
Vasoconstriction * Prostacyclin Thromboxane Aa
E}T&‘;’;ﬁpasm —  Leukotriene D, (LTD4) PGt TAA
permeability Causes Causas
| . vasodilation, vasoconstriction,
| Leukotriene E, {(LTE,) inhibits platelet promotes platelet
aggregation aggragation
Lipoxin Ag Lipoxin By ¢ l
(LA ) (LXB,) Y
. PGDy PGE; PGFa,
Vasodilation
Vasodilation

Inhikit neutrophil chemotaxis

Stimulate monocyte adhesion FPotentiate edema

Amphipathic Lipids

www.FirstRanker.com
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Examples Of
Amphipathic Body Lipids

* Phospholipids

* Glycolipids

* Free Fatty acids
* Free Cholesterol

Features Of Amphipathic Lipids

e Structure has both polar and non polar groups
* Partially soluble

* Orientation of groups:

—Polar group directed towards
water phase

—Non polar group directed in oil
phase/away from water.

www.FirstRanker.com
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Role Of Amphipathic Lipids

 Amphipathic Lipids have following biological
Significances in forming:

—Biomembranes:

(Phospholipid bilayer, Glycolipids and Cholesterol)
—Emulsions:

— In intestine PL help in Lipids Digestion

— Micelles:

—In intestine help in Lipids Absorption

— Lipoproteins:

—For transport of nonpolar/neutral Lipids
—Liposomes:

ww.FirstRanker.com

— Agents for Drug /Gene carrier
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Emulsions

Theory of emulsification
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Emulsions

* Emulsions are small droplets of
oils miscible in aqueous phase.

* Emulsions are usually formed by
Nonpolar and Amphipathic Lipids
along with Bile Salts in aqueous
phase.

In Human GIT

* Emulsions are formed as
small, miscible dietary Lipid
droplets in aqueous phase of
intestinal juice in intestinal
lumen.

www.FirstRanker.com
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*Emulsions are formed
during the process of
Emulsification in GIT.

Requirements For Emulsification

* Emulsifying agents :
—Bile salts (Major)
—Amphipathic Lipids (Minor)
* Mechanical force aids

I (] [. l ]
www.FirstRanker.com
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* Emulsifying agents reduces
surface tension.

* Emulsifying agents form a
surface layer of separating
main bulk of nonpolar Lipids
from aqueous phase.

*Emulsions are stabilized
by detergent action of
emulsifying agents.
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Emulsification Process

 Emulsification process takes place in an
aqueous phase of intestinal juice in intestinal
lumen and forms Emulsions.

* During Emulsification Hydrophobic or
nonpolar dietary Lipids (TAG) are mixed with
an emulsifying agents:

—Bile salts
—Lecithin( Amphipathic Lipids)

* Mechanical force(provided by
intestinal peristaltic
movement) facilitates the
process of Emulsification.

www.FirstRanker.com
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Types Of Emulsions

. Oil In Water
II. Water In Oil

Emulgion QW (Ol | Waber) Emiulsion Wi (Watar | Qi)

© Water ] O

'. ity par s Lpryfdla p® -' Byt pat L gy pfale’ yar!
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Significance Of Emulsions

* Emulsions formed in the intestinal
lumen help in the digestion of dietary
Lipids.

* The dietary large droplets of Fat/Oil

are transformed to small ,miscible
droplets as Emulsions.

* Emulsions bring the dietary
Lipids in contact with Lipid
digesting Enzymes present in
aqueous phase of intestinal
juice.

www.FirstRanker.com
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Micelles

* Micelles have a disc like shape .

* Critical concentration of Amphipathic

Lipids in aqueous medium form
Micelles(-200 nm).

* Bile salts help in forming Mixed
Micelles.

* Mixed Micelles are
formed in Intestine after
digestion of Lipids.

*By an aggregation of
various forms of dietary
digested Lipids with Bile
salts.
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* Aggregation of various
digestive end products of
dietary Lipids covered with a
peripheral layer of Bile salts
form Mixed Micelles in
intestinal lumen.

* Mixed Micelles contain the
non polar Lipids in the
interior portions and polar
Bile salts on the exterior.

www.FirstRanker.com
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Significance Of Mixed Micelles

* Mixed Micelles helps in
absorption of dietary Lipids

* From intestinal lumen into
intestinal mucosal cells.

O
Yiiwie i
% B ER
W

micelle assemblies of amphiphiles

\\Iif' Bile salts
‘,2,. Managlyceride
Phasphalipids
Cholesteral

\. Fatty acids

www.FirstRanker.com
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Liposomes

* Amphipathic Lipids when exposed to
high frequency sound waves (Ultra
Sonication) in agueous medium to
agitate particles and form Liposomes.

* Liposomes can be prepared by disrupting
biological membranes by ultra
sonication(>20 KHz )

Structures Of Liposomes

* Liposomes are composite structures made
of largely phospholipids and small amounts
of other molecules

* Liposomes has spheres of one/ many Lipid
bilayers.

* Liposomes contain aqueous regions(polar
phase) and intermittently lipid bilayer (non
pOIar phase). www.FirstRanker.com
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Types Of Liposomes

* Unilamellar Liposome
* Multilamellar Liposome

Structures Of
Liposomes

www.FirstRanker.com
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a:

Unilamellar liposomes Multilamellar liposomes

Lipo=ome
Aqueous
solution
Lipid
bilayer

Enclosed
agqueous
ol e J-l—’
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Uses Of Liposomes

* Liposomes are vehicles for
administration of drug through blood,
targeted to specific organs.

* Topical transdermal delivery of drugs.

* Transfer of Gene into vascular cells

www.FirstRanker.com
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* Water insoluble drugs are carried
in Hydrophobic region of
Liposome.

* Water soluble drugs are carried in
Hydrophilic region of Liposomes.

www.FirstRanker.com
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Biomedical Importances
Of Body Lipids

* The Role of various Body Lipids:
—Triacylglycerol
—Free Fatty acids
—Phospholipids
—Glycolipids
—Lipoproteins
—Cholesterol and Cholesterol Ester
—Eicosanoids

www.FirstRanker.com
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Body Lipids Functions

Secondary Source of Energy

Energy Storage Lipids- Long term use

Thermal and Electrical Insulators

Cushioning Effect and Shock absorber

Shape and Contour to body

Structural Lipids- Biomembrane components

Cell antigens, receptors, anchoring sites

Signal Transduction and Nerve Impulse conduction
Lung Surfactant helps in normal respiration

10. Emulsifiers helps in Lipid digestion and absorption
11. Transport Lipids

12. Metabolic regulatory Lipids

O o00NOUEWDNE

1. 4.

Builds Membranes

Sources Of Energy, PUFAs

,Fat soluble Vitamins Signal Transmission

2. 5.

Restores Abundant FUNCTIONS OF LIPIDS
Energy

LUBRICATE

Cushioning Effect

Nervous Function Electrical and Thermal

Lung Surfactant, Insulators

HuHES
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' Phospholipids (cell |
wall &
mltﬂc:hnndrinn

Padding &
protection of
. Internal organs |

Fatty acids of TAG is a
Source of Energy

H H H 7 H H H H

HsC L C C L C i C E /
E\E/ \[:/ \[:/ \E/ \E/ \[:/ \E/\/ /D

H g H g H 7 H g H g H H H g o

Energy-Containing Nutrients (C and H)

Electron
Transport
Chain
CO, €.
N
%
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Good About Body Lipids

* Liberate 9 kcal per . Regulates cell
gram of TAG. function
* Major fuel at rest * Maintains membrane

e Endurance Exercise structure

* Improve nerve
* Stores Energy P

function
* Source of :  Provides flavors and
—Essential fatty acids textures of foods

—Fat-soluble vitamins * Helps us feel satiated

100
Muscle triglycerides
90

80
70
Fatty acids from adipose triglycerides
60
50
Blood glucose
40
30

20
Muscle glycogen

Percent (%) contribution to the amount
of energy expended during exercise

10

0 | | |
0 1 2 3

wwieptigedinee (hours)
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Disorders Associated To Lipids

e Obesity

* Atherosclerosis

* Respiratory Distress Syndrome
* Fatty Liver

* Hyperlipoproteinemias

* Hypolipoproteinemias

* Necrosis ,Oxidative damage of biomembranes due
to Lipid peroxidation

* Lipid Storage Disorders

Common
Lipids Associated Disorders

* Obesity
* Metabolic Syndrome
—Atherosclerosis

—Coronary Heart Disease

—Hypertension
_Dial Mell;

www.FirstRanker.com
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Lipid Storage Disorders
Inborn Errors Of Lipid Metabolism

* Congenital Defects where
deficient of Enzymes

* Affects an Abnormal
accumulation of Lipid forms

* In cells and tissues affecting

there functionality.
Table | Lipid levels (mg/DL) in human beings with known heart disease

Test Desirable Borderline Undesirabl

Total cholesterol <200 200-240 > 240
HDL cholesterol > 45 35-45 <35

Triglycerides <200 200-400 > 400
LDL cholesterol <130 130-160 > 160
Cholesterol/HDL <45 4.5-7.5 >55
LDL/HDL <3.0 3.5 >5.0

Source: Medical Essay (1993)

www.FirstRanker.com
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Lipid Storage Disorder |Enzyme Defect and
Abnormal Accumulation of

1 Niemann Picks Disease = Sphingomyelinase
Sphingomyelins

2 Gaucher's Disease Beta Glucocerebrosidase
Glucocerebrosides

3 Krabbe's Disease Beta Galactosidase
Galactocerebrosides

4 Tay Sach’s Disease Hexoseaminidase-A
Gangliosides

5 Farber's Disease Ceramidase
Ceramides

Questions

www.FirstRanker.com
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* Long Answer Questions

* Define Lipids (Bloor’s Definition).
Classify Lipids with suitable
examples.

* Define Fatty acids. Classify them
with different modes and suitable

examples.

* What are Compound lipids?
Describe Phospholipids wrt
Chemistry, Types,Nature,SourcesDi
stribution,Functions and
associated disorders of.

* What are Sterols? Describe the
structure, dietary sources,
properties & functions of

Cholesterol. wwrsmmeeon
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* Write Short Notes.

* Biomedical importance of various
forms of body Lipids

* Enlist various disorders associated to
Lipid forms with biochemical defect
and alterations.

* Essential fatty acids (PUFAs) & their
role in the body.

* Triacylglycerol/Neutral Fats- Structure
& Function.

* Rancidity- Causes & Prevention.
* Gycolipids/Cerebrosides/Gangliosides

* Lipoproteins- Chemistry, types &
functions

* Eicosanoids/Prostaglandins

www.FirstRanker.com
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* Therapeutic uses of Prostaglandins

* Distinguish between Fats & Waxes

* Nomenclature & Isomerism of fatty acids

* Omega 3 fatty acids and their importance

* Amphipathic nature of lipids and their roles
* Distinguish between Fats & Oils

* Enumerate biomedical important lipids with
their classes

* Properties of Fatty acids.

* Simple Lipids with their examples

* Enumerate Compound Lipids & one
function of each

* Name Derived lipids & their functions
* Trans Fats and their harmful effects

* Tests to check the purity of fats &
oils/Characteristic number of Fats

www.FirstRanker.com
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Revision Questions

* Define Lipids

* Number and Names of Lipid Classes
* Define Derived Lipids

* Examples of Derived Lipids

* Define Fatty acids

* What is Delta and Omega end of FAs
 What is Beta Carbon of a Fatty acid

* 6 Modes of Classification of Fatty

a C i d S www.FirstRanker.com
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* Fatty acids with one double bond is:--------------
* Name most predominant Fatty acid of human

* Most easily metabolized fatty acids are :----------
-, - and

e Fatty acid with odd and even number carbon
atoms are:

* PUFAs are Fatty acids with---------------—-----
* Name PUFAs of Omega 3 and 6 types
* Enumerate Lipidosis with enzyme defects

* Are Nutritionally Essential Fatty acids and
PUFAs same

* Name branched Chain and Odd Number
Fatty acids

* Name Cyclic and Hydroxy Fatty acids
* What are Cis and Trans Fatty acids

* Enlist Omega 3 Fatty acids and 3 Main
Roles

www.FirstRanker.com
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* Criteria for Sub classification of Simple
Lipids

* Define Simple lipids

* Examples/Subtypes of Simple Lipids

 What is a Class of Fat/Qil and its chemical
name

* Define Waxes
* Name human body Wax

e Differences of Fats and Oils

* Differentiate between
Cerebrosides and Gangliosides

* Occurrence and Role of TAG

* Definition of Compound Lipids
* Types of Compound lipids

* Sphingophospholipid Example
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* Number and Names Of
Glycerophospholipids

* Hormonal role of Phospholipds

* Chemical composition of Lung
Surfactant

* Which Compound Lipid is classified
under classes of Lipid and Protein?

* Enzyme defect in Niemann Picks Disease

* Red Spot Macula is noted in which all
conditions

* In which disorder Ceramides get accumulated
In joints

* Emulsions and Liposomes results due to which
Lipid formes.

e On what criteria's TAG is selected as reservoir
of energy for long term use

* Enumerate various Lipid Storage disorders with

niochemical defect and abnormal accumulated
ipid form
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* What value of L/S ratio shows lung maturity and
immaturity?

* What are components of Lung Surfactant?
* What are roles of Lung surfactant?

* What form of energy source helps in endurance of
exercises of body?

* Which Lipids are associated to biomembranes?
* What are applications of Amphipathic Lipids?

* What clinical conditions shows
Hypercholesterolemia?

* Enzymes associated for Eicosanoids biosynthesis.
* Therapeutic roles of Prostaglandins

Biochemistry Department
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