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Mac;r omolecules f ﬁ Pol fjmuj

@ Lipids are a heterogeneous class of naturally occurring organic compounds
that share some properties based on structural similarities, mainly a
dominance of nonpolar groups.
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ney are Amphipathic. (hhocacbon croin)

ney are insoluble in water, but soluble in fat or organic solvents (ether,
hloroform, benzene, acetone).

ney are widely distributed in plants & animals.



Simple lipids (fats, oils, and waxes)

Complex lipids (glycerides , glycerophospholipids, sphingolipids, glycolipids,
lipoproteins)

Derived lipids (fatty acids, alcohols, eicosanoids)
Cyclic lipids (steroids)
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Lipid Functions

@ Lipids include:
@ Storage lipids for energy purpose

@ They are storable to unlimited amounts (vs. carbohydrates) X eneryy

@ They provide a considerable amount of energy to the body (25% of body needs) & compores
provide a high-energy value (more energy per gram vs. carbohydrates & proteins)
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@ Structural lipids in membranes Since. trex are
@ Signaling molecules, hormone precursors, cofactors, & pigments Sodrrated (have
. more Hydirogens Comparas|
@ Shock absorbers and thermal insulators ngw)
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Aliphatic mono-carboxylic acids

: Functions:

Formula: R-(CH;)n-COOH - Building blocks of other lipids
Lengths * Modification of many proteins

o : , i i elovant (lipoproteins)

| Physiological (12-24) 9@5)0[%@“7 e, * Important fuel molecules

@ Abundant (16 and 18) Hurd mest Commonly « Derivatives of important cellular
Degree of unsaturation - human I REL
Amphipathic molecules Hyeirocarbon cioin
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Types of fatty acids T Y
| | |
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® Saturated fatty acids are those with all of - . B C—m
the C-C bonds being single. R mecom e
e Unsaturated fatty acids are those with I
one or more double bonds between o S e
carbons: H“::‘H H“::. H“::.
® Monounsaturated fatty acid: a fatty acid HoeTH i~ T
containing one double bond. N S —
® Polyunsaturated fatty acids contain two or L L L
more double bonds. - . ——
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Cis vs. trans bonds
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I Frr N Stearic Acid Oleic Acid
HO-C-?(':?(l:(I:(l:(i:CCCCCCCCCCHaxis (one double bond)
HHHHHMHMH H H HHHHHH 0\\/0,., 0%/0'1
linoleic acid: trans configuration (frans isomer) ¢ c
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linoleic acid: cis configuration (cis isomer)
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cis- vs. trans-fatty acids
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trans-unsaturated fatty acid
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Vi Physiologically:
0 \ / N /c More. Kinks « cis isomer predominates
cis-unsaturated fatty acid C C (Buld\_'\?) ® trans iS rare



Properties of fatty acids
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@ The properties of fatty acids £ Y
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saturation.
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Properties of saturated fatty acids

Short chain F.A. (2-4) Medium-chain F.A. (6-10) Long chain F.A. (12-20) REESEEY

They are liquid in nature Solids at room Solids at room .
temperature 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

Rtharoe  butangic
(L Corbom) (& Cr»!bor\)




Greek number prefix

Mono-
Di-

Tri-
Tetra-
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Penta- 9
Hexa- 10
Hepta- 20
Octa-
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Nona-
Deca-
Eico-

Octa + Decane
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Naming of a fatty acid ST
AAACAANANA

& 3 COOH hexodecencic oy

Palmitoleic acid (©7, 16:1, A°)

@ QOctadecane (octa and deca) is octadecanoic acid ANAAAAAN

@ One double bond = octadecenoic acid 18 9 COOH
- J q 0 : : 4 9
@ Two double bonds = octadecadienoic acid Oleic acid (9, 18:1, &%)

@ Three double bonds = octadecatrienoic acid P L —— COOH
S e VAVAVARVARVAVAVAY,
esignation or caroons an onas «Linolelc acid (w6, 18:2, A%%)

©® 18:0 = a C18 fatty acid with no double bonds A NA_A_AAAN

@ stearic acid (18:0); palmitic acid (16:0)
@ 18:2 =two double bonds (linoleic acid) *a-Linolenic acid (3, 18:3, A%25)

@ Alkane to oic

COOH

: | 2 essentiol
@ Designation of the location of bonds 0 — — — ~—° A COOH
o)
o = o # ANV VTV VY
An: The p05|t|on O O ocids *Arachidonic acid (06, 20:4, A®®'1:14)

@ cis-A9: a cis double bond between C9 and 10
@ trans-A2: a trans double bond between C 2 and 3 20/\‘ ;,/\ 1;/\ ‘;/\ é/\ 5/\/\

COOH

Doulde ‘vonds a\wai:: have 3 Cowbons blew them. (Acﬁm A Eﬂij"\es) Eicosapentaenoic acid (03, 20:5, A>%!11417)



Me,mor 1ze. whole table

Number [Number of Common Systematic name Formula
of double name
carbons | bonds
14 0 Myristate n-Tetradecanoate CH5(CH,),,CO0"
16 0 Palmitate n-Hexadecanoate CH; (CH,) ,,COO0-
18 0 Stearate n-Octadecanoate CH;(CH2) ,,COO-
18 1 Oleate cis-A°-Octadecenoate | CH;(CH,) ,CH=CH(CH,) ,COO-
18 2 Linoleate cis,cis-A%,A2- CH;(CH,),CH=CHCH,CH(CH,),COO-
Octadecadienoate
18 3 Linolenate  [all-cis-A%,AY2, AL>- CH;3CH,(CH=CHCH,)5(CH,),COO0-
Octadecatrienoate
20 4 Arachidonate all-cis-A>,A8 A A4~ |CH5(CH,), (CH=CHCH,),(CH,), COO-

Eicosatetraenoate




Another way of naming

Last lebter n Greek Mlphobet
@ (w)-C: distal methyl C as #1

Omega-3 fatty acids

HO _ . .
| w-Carbon 3
H 3 atU m Alpha-linclenic acld ALA
\ 2 Ho\r\/’\-:/"\:/’\\:/"\-:/"\:{\

H;

H @ Elcosapenl:aegolc acld
HO _ _ _ _ _ _3

| et
@blc bo nd BO:IIS g:'];?;'(‘f"l?"plfx [ Docosahexae(:uic acid

15t heart health
first

Sousie. bond Omega-6 fatty acids
C H 2 per sortgel
(5 [omd QU Organic Flaxseed Oil (Linseed Oil) 400mg HO _ .
j Pure Fish Oil 400mg 5
Starflower Oil (Borage Oil) 400mg Q
ot 3 Carbon (CHZ)R typically providing: Linoleic acid LA
Alpha Linolenic Acid (ALA) Omega-3 200mg HO
-P(om CH\B Cafpon I Docosahexaenoic Acid (DHA) Omega-3 48mg = — = — p
, . — Eicosapentaenoic Acid (EPA) Omega-3 79mg
Sﬁ’“’"“g pOU\t Coo Gamma Linolenic Acid (GLA) Omega-6 88mg i Od
Linoleic Acid (LA) Omega6  204mg AAChEDNE acc, Al
An 3 fauy ‘dd Oleic Acid Omega-9  168mg

« Essential FAs:

* Linoleic acid: precursor of arachidonates
» Linolenic acid: precursor of EPA and DHA




Numerical Symbol Common Name and Structure

Oleic acid

18:159 e e Bt Omega-9 monounsaturated
Il

18:249,12 Einoleieldel Omega-6 polyunsaturated

Cu)
R e ] e g g J2OH
® 6 9 =

a-Linolenic acid (ALA)

18:349,12,15 . b i Omega-3 polyunsaturated
m/%/\sﬁ/\b:/\\/\\/\/\i_m
Arachidonic acid
20:42>811,14 Omega-6 polyunsaturated

14 11 8 5 & OH
B o W B ol e W e L S T o WS
@ 6 9
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Eicosapentaenoic acid (EPA)

20:545,8,11,14,17
© AT Wz Womg Bomes B BB

3 6 9 i

0

Omega-3 polyunsaturated (fish oils)

D h [ id (DHA : .
PRE6 SCAESELBIEEEE | )O Omega-3 polyunsaturated (fish oils)

Il
3 6 9 i



Derived fatty acids:
Eicosanoids

QQ Corbong = derived Prom Arachidonate.

Iﬂp\.OIV\Ma‘li)l‘j Response.




Arachidonate PR -

all cis-A>,A8,A1,A*-eicosatetraenoate, CH5(CH,),(CH=CHCH,),(CH,),CO0O-

Arachidonic acid

leukotrienes
LinearpathwayTLipoxygmase )<

phospholipids —» arachidonate 4— diacylylycerol
Cyclic pathwaylPGHg Synthase

Prostacyclin Prostaglandin Hz Thramboxane
Synthase l \ Synthase

prostacyclins thromboxanes

other prostaglandins




Eicosanoids and theiffunctions

They control cellular function in response to injury

@ Prostaglandins
@ |Induction of inflammation

HO

oH
Prostaglandin E,

@ Inhibition of platelet aggregation

OH OH

@ Inhibition of blood clotting PN coo-
@ |eukotrienes N
@ Constriction of smooth muscles T
@ Asthma Neither memorize the o =N o0

specific functions nor
the structures

CH;

@ Thromboxanes
@ Constriction of smooth muscles

OH

ﬁ Jué'b |“row that) N eresl y Thromboxane A, (TXA;)
9@ |nduction of@latelet aggreg@ Jch?j MJQW' b J
® Prostacyclifis. )£ SRR g 3

r . ) . blOOd Cbtt\ .
9@ Aninhibitor of pIateIe¥ aggregation
@ |Induction of vasodilation

Prostacyclin (PGl;)




Aspirin is good

Arachidonic acid

COX1 X ¢ Aspirin» X COX2 Tnfmsin

A:Spl(m Qe,spoase,
also reduces
(isk of Heost

Abtack dndl Thromboxane Prostaglandins
Stroke . [ J
Inhibition of platelet Anti-inflammatory/
aggregation anti-pyretic

COX: Cyclooxygenase




Targets of Aspirin

@ Cyclooxygenase is present in three AT,
\__,/

forms in cells, COX-1, COX-2, and
COX-3. / \
@ Aspirin targets both, but COX-2
should only be the target.

Homeostatic functions Inflammation

Gastrointestinal tract
Renal tract
Platelet Function
Macrophage differentiation




Aspirin can be bad

Cardiovascular disease vs. bleeding

'¥er )
MR ,\fﬁ,@

@ Aspirin also causes excessive bleeding among the elderly.

8= -@- Bleed requiring medical attention
—- Bleed requiring hospital admission
. 7= 4 Bleed identified by hospital coding

D
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Age-specific risks, severity, time course, and outcome of 0 g , . l
bleeding on long-term antiplatelet treatment after vascular <65 65-74 75-84 =85
events: a population-based cohort study A ea)

Linxin Li*, Olivia C Geraghty*, Ziyah Mehta, Peter M Rothwell, on behalf of the Oxford Vascular Study

Interpretation In patients receiving aspirin-based antiplatelet treatment without routine PPI use, the long-term risk
of major bleeding is higher and more sustained in older patients in practice than in the younger patients in previous
trials, with a substantial risk of disabling or fatal upper gastrointestinal bleeding. Given that half of the major bleeds
in patients aged 75 years or older were upper gastrointestinal, the estimated NNT for routine PPI use to prevent such
bleeds is low, and co-prescription should be encouraged.




Celebrex

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

oN ONLY MEDICRISSSSSSSsee

g Tl
B pResSCRIP] PRESCR
] eep OUT OF RS KEEP OUY IP
F LD G nmI'oP!ff,lS?.ﬂ}-Y MEDICINE

ELEBREX . '
10O Mg oo™ 550 ::15 FSE’: ”

Cardiovascular Risk

e CELEBREX may cause an increased nisk of serious cardiovascular thrombotic events,
myocardial infarction, and stroke, which can be fatal. All NSAIDs may have a similar risk.
This risk may increase with duration of use. Patients with cardiovascular disease or nsk

factors for cardiovascular disease may be at greater risk. (See WARNINGS and
CLINICAL TRIALS).

CELEBREX is contraindicated for the treatment of pen-operative pain in the setting of
coronary artery bypass graft (CABG) surgery (see WARNINGS ).




Omega fatty acids .

@ Omega-3 fatty acids

@ a-linolenic acid — eicosapentaenoic acid (EPA) — docosahexaenoic acid (DHA)
@ They reduce inflammatory reactions.

@ Omega-6 fatty acids:
@ Arachidonic acid
@ Omega-9 fatty acids |
@ Oleic acid oy

@ |t reduces cholesterol in the circulation.

859?152:3 for good health

Healthy
mediterranean
food
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