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Lipids

Lipids are a heterogeneous class of naturally occurring organic compounds 
that share some properties based on structural similarities, mainly a 
dominance of nonpolar groups.

They are Amphipathic.
They are insoluble in water, but soluble in fat or organic solvents (ether, 
chloroform, benzene, acetone).
They are widely distributed in plants & animals.



Classes

Simple lipids (fats, oils, and waxes)
Complex lipids (glycerides , glycerophospholipids, sphingolipids, glycolipids, 
lipoproteins)
Derived lipids (fatty acids, alcohols, eicosanoids)
Cyclic lipids (steroids)

R = Fatty acid



Lipid Functions

Lipids include:
Storage lipids for energy purpose

They are storable to unlimited amounts (vs. carbohydrates)
They provide a considerable amount of energy to the body (25% of body needs) & 
provide a high-energy value (more energy per gram vs. carbohydrates & proteins)

Structural lipids in membranes
Signaling molecules, hormone precursors, cofactors, & pigments
Shock absorbers and thermal insulators 



Fatty acids

Aliphatic mono-carboxylic acids
Formula: R-(CH2)n-COOH 
Lengths

Physiological (12-24)
Abundant (16 and 18)

Degree of unsaturation
Amphipathic molecules

Functions:
• Building blocks of other lipids
• Modification of many proteins 

(lipoproteins)
• Important fuel molecules
• Derivatives of important cellular 

molecules 

Polar Non-polar



Types of fatty acids
’ Saturated fatty acids are those with all of 

the C-C bonds being single.
’ Unsaturated fatty acids are those with 

one or more double bonds between 
carbons:
’ Monounsaturated fatty acid: a fatty acid 

containing one double bond.
’ Polyunsaturated fatty acids contain two or 

more double bonds.



Cis vs. trans bonds

Physiologically:
• cis isomer predominates
• trans is rare



Properties of fatty acids

The properties of fatty acids 
(melting point) are dependent on 
chain length and degree of 
saturation.



Properties of saturated fatty acids

Short chain F.A. (2-4) Medium-chain F.A. (6-10) Long chain F.A. (12-20)
They are liquid in nature Solids  at room  

temperature 
Solids  at room  
temperature 

Water-soluble Water-soluble Water-insoluble 
Volatile at RT Non-volatile at RT Non-volatile
Acetic, butyric, caproic acids Caprylic & capric acids Palmitic and stearic acids



Greek number prefix

Number prefix Number prefix Number prefix
1 Mono- 5 Penta- 9 Nona-
2 Di- 6 Hexa- 10 Deca-
3 Tri- 7 Hepta- 20 Eico-
4 Tetra- 8 Octa-



Naming of a fatty acid

Alkane to oic
Octadecane (octa and deca) is octadecanoic acid

One double bond = octadecenoic acid
Two double bonds = octadecadienoic acid
Three double bonds = octadecatrienoic acid

Designation of carbons and bonds
18:0 = a C18 fatty acid with no double bonds

stearic acid (18:0); palmitic acid (16:0)
18:2 = two double bonds (linoleic acid)

Designation of the location of bonds
Δn: The position of a double bond

cis-Δ9: a cis double bond between C 9 and 10
trans-Δ2: a trans double bond between C 2 and 3



Number 
of 

carbons

Number of 
double 
bonds

Common 
name

Systematic name Formula

14 0 Myristate n-Tetradecanoate CH3(CH2)12COO- 

16 0 Palmitate n-Hexadecanoate CH3 (CH2) 14COO- 

18 0 Stearate n-Octadecanoate CH3(CH2) 16COO- 

18 1 Oleate cis-Δ9-Octadecenoate CH3(CH2) 7CH=CH(CH2) 7COO- 

18 2 Linoleate cis,cis-Δ9,Δ12-
Octadecadienoate

CH3(CH2)4CH=CHCH2CH(CH2)7COO-

18 3 Linolenate all-cis-Δ9,Δ12,Δ15-
Octadecatrienoate

CH3CH2(CH=CHCH2)3(CH2)6COO-

20 4 Arachidonate all-cis-Δ5,Δ8,Δ11,Δ14-
Eicosatetraenoate

CH3(CH2)4 (CH=CHCH2)4(CH2)2 COO-



Another way of naming
(ω)-C: distal methyl C as #1

• Essential FAs:
• Linoleic acid: precursor of arachidonates
• Linolenic acid: precursor of EPA and DHA



Numerical Symbol Common Name and Structure Comments

18:1Δ9 Oleic acid Omega-9 monounsaturated

18:2Δ9,12 Linoleic acid Omega-6 polyunsaturated

18:3Δ9,12,15 α-Linolenic acid (ALA) Omega-3 polyunsaturated

20:4Δ5,8,11,14 Arachidonic acid Omega-6 polyunsaturated

20:5Δ5,8,11,14,17 Eicosapentaenoic acid (EPA) Omega-3 polyunsaturated (fish oils)

22:6Δ4,7,10,13,16,19 Docosahexaenoic acid (DHA) Omega-3 polyunsaturated (fish oils)



Derived fatty acids:
Eicosanoids



Arachidonate
all cis-Δ5,Δ8,Δ11,Δ14-eicosatetraenoate, CH3(CH2)4(CH=CHCH2)4(CH2)2COO-



Eicosanoids and their functions

Prostaglandins
Induction of inflammation
Inhibition of platelet aggregation

Inhibition of blood clotting
Leukotrienes

Constriction of smooth muscles
Asthma

Thromboxanes
Constriction of smooth muscles
Induction of platelet aggregation

Prostacyclins
An inhibitor of platelet aggregation
Induction of vasodilation

They control cellular function in response to injury

Neither memorize the 
specific functions nor 
the structures



Aspirin is good

COX: Cyclooxygenase



Targets of Aspirin

Cyclooxygenase is present in three 
forms in cells, COX-1, COX-2, and 
COX-3.  
Aspirin targets both, but COX-2 
should only be the target.



Aspirin can be bad
Cardiovascular disease vs. bleeding

Aspirin also causes excessive bleeding among the elderly.



Celebrex

A new generation drug, Celebrex, targets COX2, but is prescribed with a 
strong warning of side effects on the label.



Omega fatty acids

Omega-3 fatty acids
α-linolenic acid  eicosapentaenoic acid (EPA)   docosahexaenoic acid (DHA)

They reduce inflammatory reactions.
Omega-6 fatty acids:

Arachidonic acid
Omega-9 fatty acids

Oleic acid
It reduces cholesterol in the circulation.

Healthy
mediterranean

food
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