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Fatty Acids 101«




Or more simply




A Fatty acid nomenclature
ids can be identified by 3 important -

_“'umber of carbon  -carbon double bonds.
’"Iocation (starting from the methyl end)
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n-3 Fatty acid Formula Dietary source

Some vegetable oils

a-Linolenic acid CH3v=\/=v=W\/\/COOH (canola, soybean),
(C18:3n-3)

nuts (walnuts),
seeds (flaxseed)

Eicosapentaenoic acid CH3V=V—WV=WCOOH Fish and shellfish

(C20:5n-3)

Docosahexaenoic acid CHa\ /A A\ A\ A\ A\ Fish and shellfish
(C22:6n-3) COOH
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Liquid at room temp
cloudy In refrigerator

Liquid In refrigerator,
more double bonds,
more fluid, more
unstable, easily
oxidized
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into fatty acid chain —

ing hydrogen molecules\canw_"
side of the éh'ai_r@" | i

ysite sides of the chain (trans).

nd in a fatty acid causes the chain to
n itself.

o

,...v-ﬁ

A Actra bond IS rigid and properties more

4-"

-cTosely resemble those of saturated fatty acid.

-

A Like saturated fatty acids, trans fatty acids are
able to pack together more closely and so have
a higher temperature of melting.
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Jlhciease LD, D'eéreaée HDL
2 [17 [’-E:"“ TNF IL6, CRP
Sficrease Insulin Resistance
= Al rease CHD events
ﬁmcrease AMI risk up to 32%

A Mozaffarian D et al.  Health effects of trans  -fatty
acids: experimental and observational evidence.

Eur J Clin:Nutr . 2009 May;63 Supp | 2:S5 -21.




s e W _
aMonounsaturated fatty acids (MUFA)
ontain one carbon=carbon‘double

I

| extra -virgin olive oil
| _'*'almonds




nt (short chain) and marine (long

1ain) sources
" N-6 and n -3 series
=% Linolenic acid (18:3n -3







Derivation of the term
“Eicosanoid”™

Arachidonic Acid = Eicosatetraenoic Acid

mDH

Eicosa = 20 carbons

~ tetraen. .. = 4 double bonds
8 at C-5, C-8, C-11, C-14
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)hn Vane 'I' Nobel Prize
rin, aglandins, leucotrienes

hormones INn evolution

~; e hormones produced by every cell
he body

Ch @nlc Disease 1 Imbalance of eicosanoids

=1C0 OI1AS PIC

_ == T’ +Ieart disease, cancer, diabetes, arthritis,
' ~ depression
_Alnﬂammation I Imbalance of eicosanoids

A Corticosteroids
Inhibit release of fatty acids from cell membrane
Suppress favorable + unfavorable eicosanoids



*-'-ﬂ y’é’roxylated Fatty Acids
ﬁtﬁrﬁ -epi Lipoxins

~ A Prostamides

A Isoprostanoids



" Unfavorable
- Eicosanoid Effe

Increase inflammation

Promote cell division
Promote cancer

- - -

‘.’;:;';-:L—.—-J ..- |mmune function Depress immune function

—--—:ﬁpﬁ;ve cognltlve function Depress cognitive function
> Antiarrhythmic Proarrhythmic

Prevent atherosclerosis Promote atherosclerosis
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Ind DHA inversely associated with
nd CRP
not associated with inflammatory
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igher the intake of n -6 the more
—~ Important n -3 for anti -inflammation
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Pischon T et al. Habitual dietary intake of n -3 and
n-6 fatty acids in relation to infammatory |
markers among US men and women. Circulation .

2003 Jul 15:108(2):155  -60.



THE OMEGA-6 PATHWAY THE OMEGA-3 PATHWAY

D60 decreased
Age > 30

=X b months
viral infections
Trans fats
SYhort n-3
Long n-3
Cortisol

Good
Eicosinoids

SERIES 1
PROSTAGLANDI
TXA, PGE4
PGE PGD

1a 1

Linoleic acid (LA)
18:2n-6

(Sav, carn, coltonseed,

safflower oils)
Sunflower, peanut

Alpha-Linolenic acid
ALA (LNA) 18:3n-3

(Flax oil, grains,
green vegetables)

',Deltr-l-i':- Desaturase (D60) Delta-6 Desaturase | Dt‘:rD'J

Gamma-linolenic acid
(GLA) 18:3n-6

(Evening primrose, borage,
bhlack currant oils)

Octadecatetraenoic
acid 18:4n-3

ag|Breast milk
Elongase enzyme

Dihomo-gamma-linolenic
acid (DGLA) 20:3n-6

20:3n-

Delta-5 desaturase (D50

Delta-5 desaturase (D5D)

LA and
LNA
compete
for D6D

High carb
diets which
cause
increased
insulin
levels
increase AA

Insulin
Activates
D50

Glucagon

EPA
inhibits
1]1]

YN



SERIES 2

TXA, PGE, PG

leukotrienes &

Eicosinoig

Series 4
Leucotrienes
LB4, LC4
Very Bad
Eicosanoids

ROSTAGLANDIN

ped; peH, pelz

Delta-5 desaturase (D50)  Delta-5 desaturase iDSDJ.,

SERIES 3

Arachidonic acid (AA)
20:4n-6

(Butter, lard, animal fals,
brain, organ meats, egg
yolk, )

‘ Elongase enzyme

Adrenic acid 22:4n-6

Delta-4 desaturase (D40)

ocosapentaenoic
acid 22:5n-6

Eicosapentaenoic acid

(EPA) 20:5n-3
Fish Oil

Elongase enzyme

PROSTA-
GLANDINS
PGE,PGH,

PGI;TXA,

& leukotrienes
nti -tumor

bood

Docosapentaenoic
acid 22:5n-3

Delta-4 desaturase (D40

Eicosinoids

Docosahexaenoic acid
(DHA) 22:6n-3

Fish Oil
Breast Milk

NEEDED FOR
DEVELOPMENT
& FUNCTION

OF BRAIN



COX, LOX
are key
enzymes for
eicosanoid

5 Iaque%xnm\%ﬁﬁ

Prostacyclin, )n, Atherosc

Vaspdilation

Prostaglandins WomeosTasi ‘
Thromboxanes

12-LOX

dtrienes

INFLAMMATION - .
Atherosclerosis

VER,

Breast Cancer .
PAIN - INFLAMMATION

/‘ I

an%bm / — cancer
\  ALLERGY
Viral ASTHMA
replication
Lipoxins LTB4
Hydroxylated PGE?2

PGI2, PGAZ2 cytoprotecti Fatty acids
Blocked by COX24ANIBItIE Pain
Not al l p<d d . EI c o0s anoi dislammatione
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A Do you need GLA supplements?
I Slow cooked oatmeal 1 2 bowls per week

I One capsule of evening primrose or borage oil per
week
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atory
A J,—‘;‘E*' ' release of neurotransmitters
= Anti ‘depresswe action

“"'*dBcnne
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| Inhibits insulin secretion
-1 Increases cAMP synthesis

A Digestive
I Reduces acid secretion

A Respiratory
I Relaxes bronchial tissue
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‘Reduce arachidonic acid (AA) levels
AManl pul ate balance of 0goo
ALow glycemic diet plus high dose fish ol
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-\:w calorles from fat.
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AFish and fish -eating
. ,mammals are the main

sources of fat
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BNV 3 Sedentarv. 75%
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R ol

' —1 1 (Quebec women 11.1)
. glycerldes (Inverse ratio to n -3)
heart disease
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Z Cﬂte S etal. Very high concentrations of n -3 fatty
acids in peri - and postmenopausal Inuit women from
Greenland. Int J Circumpolar Health . 2004;63 Suppl
2:298 -301.
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Omega 3-,l. CV DiW
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Antiarr"i hmlc - Atrial and Ventricular

- Meya N0t be for patients
* Dad( f. se Trlglycerldes
"-E crease BP

ADeérease restenosis after angioplasty

“A Di Minno MN et al. Exploring newer cardioprotective
Strategies: omega -3 fatty acids in perspective
Thromb-Haemost . 2010 Aug 30;104
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VELS OF LONG - CHAIN.
b ni 3. FATTY A S
THE RISK OF SUDDEN DEATH

hainn -3 PUFA (Omega 3) have
r hythmlc properties

Iary suppl ements of (
f sudden death in MI survivors

— - ~..‘- =

_ ﬁ Omega 30s reduce sud«
== patlents without history of CV Disease?

E AAlpertC etal. N EnglJMed , Vol. 346, No.
15, April 11, 2002

e I




i T

-

| '“’4-2 -

i “’-
~ -4 P ’ -

) Ctlve study
000 0 male physicians
wed 17 years

atty acid content of blood of men
'Wlth sudden death as first
manifestation of cardiovascular
disease vs. matched controls
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s
ults (Alpert et al.). —

1seline blood

“The n—3 fatty acids
~to found in fish are
— — e ath. P =007 strongly associnted
’ 'A Comparing risk of with a rveduced risk

sudden death In .

: i » -!- ;1 x
highest to lowest of sunden Acaty
qguartile : 81%

reduction of risk
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-‘---.mcludlng saturated, monounsaturated,

-

Dlscussmn‘_j‘;..
ac:|ds ar?antlarrhythmlc
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s have no history ofc  -v disease

,..» was prospective, controlled
ind In men without hx of c -V disease

aa aII the fatty acids in the blood

and polyunsaturated only percentage
of long chain omega 3 predicted less
sudden death. P =0.01



TABLE 2. Base-LiINE BLoon FarTiy-Acip LEVELS or Stubpy PARTICIPANTS WO DIED
SUDDENLY FROM CARDIAC CAUSES WITHOUT EVIDENCE OF CARDIOVASCULAR DISEASE
AND CONTROLS MATCHED FOR AGE AND SMOKING STATUS. *

Farty Aco

Total saturated
Palmitic
Stearic

Total monounsaturated

Oleic

Total n—6 polvunsaturated
Linoleic
Arachidonic

Total long-chain n—3 polvunsaturated
Eicosapentaenoic
Docosahexaenoic
Docosapentaenoic

Short-chain n—3 polvunsaturated
a-Linolenic

Total trans unsaturated
18:1 trans 1somers
18:2 trans isomers

GROUP WITH SUDDEN DEATH
FROM CARDIAC CAUSES

(N=94)

ConTROL
Grour
(N=184)

percentage of total fatty acids

31.6+1.88
19.2+2.16
10.6+1.02

19.8+3.25
17.2+2.69

38.1+3.81
24.0+3.31
10.6+1.88

4 82+1.31
1.72+0.59
2.12+0.65
0.98+0.23

0.39+0.16

1.77+0.63
1.17+0.48
041+0.16

31.3+1.80
18.8+2.00
10.6+091

19.5+2.69
17.0+2.28

38.3+3.49
24.2+3.61
106+1.75

5.24+1.32
1.84+0.53
2.38+0.78
1.01+0.21

0.37+0.15

1.79+0.55
1.18+0.46
041+0.11

P VALUE

0.21
0.16
0.75

0.72
0.89

0.65
0.56
0.93

0.01
0.06
0.005
0.25

0.28

0.55
0.67
0.17



ain omega 3 fatty acids are
)0 Ible for the inverse
; “_;5“" ation between fish

. —
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———— ——

‘consumption and sudden death.

ﬁéossmle UEERTN S
- T Anti -arrhythmic
I Inhibition of thromboxane production

'-,,‘



)n Against Sudden Death by .
nsaturated Fatty Acids —

Myocarﬁaunfarctlon

a——

——

| mon VIl
3 PUFA 1g/day or Vitamin E 300
. _i% both or neither
harmacologlcal Rx + Lifestyle

= s' dlterranean Diet
;——'"

= ﬂ -3 PUFA but not vitamin E Improved survival

-

.;-vvo 0T recent

A Marchioli, R et al. Early Protection Against
Sudden Death by n -3 Polyunsaturated Fatty
Acids After Myocardial Infarction
Circulation. 2002;105:1897 -1903
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nonths i 41% decreasein «
| s 41% M‘b—

death

5 months 1T 28% decrease in
eaths

er 12 months 1T 30% decrease In
,Cardlovascular mortality

ADecrease in Triglycerides 5% but not
In Total Cholesterol or HDL or LDL



Total blood cholesterol LDL cholesterol

E- p=0-039 1 Pp=0-002 .
- - 1 .
101 .o A.9% | 2==
=8 7-1% : 2%
aE 4
4 )
R i
G.. 4
— =D ~
S
i |
=k HDL cholesterol Triglycerides
. E p=0-663 ] p=0-0001
O 104 aay 94% g0% 02% 4
gl !
54 i
4 2.9%
2] i
g.. 4
—41 1=
>y 1 —3a%

[ 13 PUFA vitamin E B n-3 PUFA plus vitamin E [l Contral



Plasma TAG
change
~ (%Baseline
~ concentration)

-10 -

-20 -

-40

0 -

8 Blonk et al (1990)

T =-7.6736 - 3.0475 (P)

¢ Saunders et al (1983)

B Schmidt et al (1990)

1 . I L 1 2 |

2 4 6 8
Dose of n-3 PUFA (g/d)



Funciiorl Effect of Omega 3
0 tor
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Vas'cﬁm’cti on, Decreases

’
~latAl A a¥e Fa aYa Ea ale () (Y ) (1)1

Vasodilator, prevent Increases
platelet aggregation formation

Promotes Decreases

| Inflammation formation
“Fibfinoge Blood clotting Decreases
—— factor formation
_Oxygen Free Cellular damage, Decreases
Radical | DL oxidation formation
Endothelial Reduces arterial Increases
Relaxation Factors vasoconstriction formation




mega 3 fatty acid intake
f Coronary Heart Disea - —
Hu Fetal. JAM 2:287:

2 ] L -

IOUS fish and CHD studies I men
emale nurses followed 16 years

st fish intake 34% less CHD p <

,::::’:': :E

“""T-Ilghest omega 3 intake 33% less CHD
p <.001

AHighest fish or omega 3 intake I 45%
less CHD deaths p < .001



'CHD independent of
d rlsk factors




se in Thromboxane A2
_d endothelial dysfunction
_::.-d platelet aggregation
\Vas Gdllatatlon
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ﬁEeduced Inflammation
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TABLE 1. Potential Mechanisms by Which Omega-3 Fatty
Acids May Reduce Risk for Cardiovascular Disease

Reduce susceptibility of the heart to ventricular arrhythmia
Antithrombogenic
Hypotriglyceridemic (fasting and postprandial)
Retard growth of atherosclerotic plaque
Reduce adhesion molecule expression
Reduce platelet-denved growth factor
Antiinflammatory
Promote nitric oxide-induced endothelial relaxation
Mildly hypotensive

Kris - Etherton PM et al. Fish consumption, fish oll,
omega - 3 fatty acids, and cardiovascular disease.

Circulation . 2002 Nov 19;106(21):2747 -57.



-
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rporate n -3 PUFASs from fish -aoil
plementation, inducing changes

t G an enhance stability of

1th ‘rosclerotlc plagues.

=AS ab|I|ty of plaques could explain

*reductlons In non -fatal and fatal

~ cardiovascular events associated
with increased n -3 PUFA Intake.

Thies F et al. Association of n -3 polyunsaturated
fatty acids with stability of atherosclerotic

plaques: a randomized controlled trial. Lancet.
2003 Feb 8;361(9356):477 -85.
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arterial wall

UFA decrease Inflammation
, rterlal wall and decrease
Ogene5|s and plague
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A 'Yaqoob P, Calder PC. N -3 polyunsaturated

fatty acids and inflammation in the arterial
wall. Eur J Med Res . 2003 Aug 20;8(8)



Omega 3 and

athert%&ieross

ase Cytokines IL -6, TNF etc
;ﬂCRP, Improve Endothelial

= De gase adhesion molecules VCAM ICAM
""5 screase LDL oxidation

A Decrease monocyte Iinfiltration

A Increase Plaque stability

A Reverse Endothelial Dysfunction
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iIssue Inhibitor of MM
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Liver
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. ‘Adhesion Activated
5 O molecule macrophage Endothelial cell
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S Foam cellsi beginning of
cells fatty streak

E2 CéMT —>2-Methoxy E2



C et al. Docosahexaenoic acid

tively attenuates induction of

CL Iar cell adhesion molecule -1

= and subsequent monocytic cell

,-.J..—-fadhesmn to human endothelial cells
—stimulated by tumor necrosis factor
alpha. Arterioscler Thromb Vasc Biol
1995 May;15(5).622  -8.



er essmn with stress b;-
versed‘B*y»n -3P FA

patients had norma ST -
t during repeat stress echo
&months of 1 gmn -3 PUFA per

-

-

e
'.'-

AT S 'suggests reversal of coronary
.—-‘-"—J"‘
= endothellal dysfunction

-

Gaibazzi N, Ziacchi V. Reversibility of stress -echo
Induced ST -segment depression by long -termoraln -3
PUFA supplementation in subjects with chest pain

syndrome, normal wall motion at stress -echo and
normal coronary angiogram. BMC Cardiovasc Disord
2004 Mar 23;4(1):1.
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O o in some acute condltlons

e¢ e Inflammatory responses
,:-- | sensitivity to various stimuli

f}[ﬂve endothelial dysfunction
’AAﬂtl -arrhythmic

Carpentier YA et al. Intravenous lipid emulsions

to deliver omega 3 fatty acids. Prostaglandins
Leukot Essent Fatty Acids . 2006

Sep;75(3):145 -8

-
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€ acute In lammation
"f er acute corticosteroids are given
xacerbatlon of Asthma

€ : ~the risk of Cardiac Arrhythmias
— nverS|on of arrhythmias, V tach, A Fib

;‘ 'Preventlon of Ventricular Fibrillation

= ’ﬁﬁc'cute Ml
— "~ Prevent VF
'|' Improve endothelial dysfunction



JFA befggg;a after CABG

UFA/day X5 days before
| d scharge

AF ecreased 50%

— A ﬁbrter ICU stay

l Calo L. etal. N -3 Fatty acids for the
prevention of atrial fibrillation after
coronary artery bypass surgery: a
randomized, controlled trial. J Am Coll
Cardiol . 2005 May 17;45(10):1723 -8
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/ GFA,ggst CABG
sed AF 50%
r ICU Stay

100 mg/kg PUFA IV
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Heldt MC et al. Beneficial effects of intravenously
administered N -3 fatty acids for the prevention of
atrial fibrillation after coronary artery bypass

surgery: a prospective randomized study. Thorac
Cardiovasc Surg . 2009 Aug;57(5):276  -80.



Fish Intake and Risk of Incident Atrial Fibrillation

Darrush Mozaffarian, MD, MPH; Bruce M. Psaty, MD, PhD; Eric B. Rimm, ScD;
Rozenn N. Lemaitre, PhD, MPH: Gregory L. Burke, MD, MS; Mary F. Lyles, MD:
David Letkowitz, MD: David S. Siscovick, MD, MPH

Circulation . 2004:110:368 -373.
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Survival Free of Atrial Fibrillation

1.00+

= Tuna or Other Broiled or Baked Fish
.

0.90+
0.80- 5+/wk
" 1-4/wk
sl 1-3/mo

(log-rank test for equality
0.70- of sunvivor functions)

<1/mo

0.60+

D T T T T T
2 4 6 10 12




 AJ et al. Red meat from
. ffered a grass diet
" > plasma and platelet n -3
A m healthy consumers.

P

. et

’;S 3 I\Tutr 2010 Sep 1:1 -10.
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) of vitamin E
Reduc -‘-?’-* triglycerides 50%
-- D ‘ps $236.89 = $1.32/cap
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'Bays H. Clinical overview of Omacor: a
concentrated formulation of omega -3
polyunsaturated fatty acids. Am J Cardiol .
2006 Aug 21;98(4A):711 - 76I.
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omen Omega 3-5&#"

Juintile of intake of long -chain
polyunsaturated fatty acids

risk of total stroke
72 total stroke
== _,_,;.-- | 467 thrombotic stroke

ANO e 1ssociation between fish or omega -3 PUFA
- -1 take and hemorrhagic stroke.

-

Iso H. Intake of fish and omega -3 fatty acids
and risk of stroke in women. JAMA. 2001 Jan
17,285(3):304 -12.


http://www.ncbi.nlm.nih.gov/entrez/utils/fref.fcgi?itool=AbstractPlus-def&PrId=3051&uid=11176840&db=pubmed&url=http://jama.ama-assn.org/cgi/pmidlookup?view=long&pmid=11176840
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| mega 3 CV
sh Servmg W&ekly ASSOCI ed

IN Middle

_A_!-.

EB et aI Flsh consumption, marlne omega -3

| éae - based prospective study of mlddle -aged
=and el erly men. EurHeartJ 2009;30:1495 -1500

..4

AF gﬁer Dietary Omega -3 PUFAs Linked
'to Fewer Premature Ventricular Beats In

Acute Myocardial Infarction

Smith PJ et al. Association between n -3 fatty acid
consumption and ventricular ectopy after myocardial
iInfarction. Am J Clin Nutr 2009;89:1315 -1320
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A ‘Boutros Cetal. Omega -3 fatty acids: investigations
from cytokine regulation to pancreatic cancer gene
suppression . Arch Surg . 2010 Jun;145(6):515 -20.
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cids composmon IN b|opsy of
e tissue in breast carcinoma
1 |gn breast disease

e association between breast
- ca sk and n -3 fatty acid levels

A N-B and N -6 Fatty Acids in Breast Adipose
“Tissue and Relative Risk of Breast Cancer in a
Case Control Study in Tours, France.

Maillard, V. etal. IntJ. Cancer 08, 78 -83
(2002)
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and breas

N N -3 con3|stently |nh|b|t the
human breast cancer (BC) cells
ture and in grafts in
Suppressed mice

=rEr ;-;, land DHA Inhibit cyclooxygenase 2

— ._,—’ p
..4‘

which promotes mammary carcinogenesis

Stoll BA etal. N -3 fatty acids and lipid peroxidation
In breast cancer inhibition. Br J Nutr 2002
Mar;87(3):193 -8



|s 1 and Endometri
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imption of fatty fish, but not other
of fish, may decrease the risk of
\etrial cancer.
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Terry P et al. Fatty fish consumption

lowers the risk of endometrial cancer: a
nationwide case -control study in Sweden.
Cancer Epidemiol Biomarkers Prev 2002
Jan;11(1):143 -5
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= Murray NR et al. Protein kinase C betall and
- TGFbetaRll in omega -3 fatty acid -mediated inhibition
of colon carcinogenesis. J Cell Biol 2002 Jun
10;157(6):915 -20

A Sarotra P et al. Chemopreventive effect of different

ratios of fish oil and corn oil in experimental colon
carcinogenesis . Lipids . 2010 Sep;45(9):785 -98.
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vjl"\a e relative risk analysis:
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tate cancer

= Terry P.etal. Fatty fish consumption and
risk of prostate cancer The Lancet Volume
357 Issue 9270 June 2001 Page 1764



DHA In diet lowered risk
] é ased risk of advanced PC

Leltzmann MF et al. Dietary intake of n -
3 and n -6 fatty acids and the risk of
prostate cancer. Am J Clin Nutr . 2004
Jul;80(1):204 -16.
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ated with Iower BMD at the h|p In
exes.

___ polyunsaturated fatty acids may
ya V|tal role in preserving skeletal

: grlty In older age.
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Weiss LA et al. Ratioofn -6 ton -3 fatty
acids and bone mineral density in older

adults: the Rancho Bernardo Study. Am J
Clin Nutr . 2005 Apr;81(4):934 - 8.
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PUFA USA diet=

Gramsiday
MeantSEM MediantSEM

LA (18:2 n-G) 13.020.1 12.0+0.1

Total n-3 FA 1.40+0.01 1.30+0.01
ALA (18:3n-3) 1.30+0.01 1.21+£0.01
EPA (20:5 n-3) 0.028 0.004
DPA (22:5n-3) 0.013 0.005
DHA (22:6 n-3) 0.057+0.018 0.046+0.013
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0- Paleolithic hunters 3
= R_ ablespoon cod liver oil 25
fulrrent American intake 0.12
: ’J&VAHA recommendation 0.25

I 2 servings of fish per week
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0.9
0.8
0.5
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0.4

| 0.3

AYeIIow fin tuna 0.3

ACatfish 0.1




‘Low or no Omega3~

 food fish
*%iches
sf h sticks

j-*#;- jtatlon crab (made
i“' from low fat Pollack )

-
..o
-~

—




feed cattle:
/ 0 fat mostly

)—"‘ -

"-EOmega 6/0mega3
-~ 201

iy Grass feet cattle

I Omega 3: 7% of fat

I Omega 6/0Omega 3
3:1

mega-3s as % of total fat

Dmegu -3s plumma*l' in the feedlot

-~ m

.| spent in the L.......:

| feedlot
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Days in feedlot

Duckat, 1593 "Wy Grassied is Best™ Page 14
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Tilefish

o 'ﬁ._,g_,{i;:_-.‘ o
. Thomas Batlen

Swordfish

King mackerel

Shark

Tuna (fresh and frozen)

Pollack

Tuna {canned)

Catfish

Salmon (fresh and canned)

Shrimp

Y

o MEAN

1.45

1.00
1.00

0.96
0.32

0.20

037

0.07
ND

ND

Methylmercury Concentration (ppm)

RANGE
0.65-3.73

0.65-3.73
010-1.67

0.05-4.54
ND-1.3

ND-0.78
ND-0.75

ND-0.31
ND-0.18

ND




d to methyl mercury in water

Jmulates in large fish at top of food
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:;b,-:,;. érhtcs reported

ﬁ’f'akes years for levels to drop in body
A Cardiovascular disease

A Neurobehavioral disorders in children



Mercury and CVD an
mﬁﬁ;allty ~

tent of mercury in hair
soronary event
—aII cause mortality

N_,,ﬂ:;e cury may also attenuate the
,fr,pretectlve effects of fish on
_cardiovascular health.

el
-,
"-

Virtanen JK et al. Mercury, fish oils, and risk of acute
coronary events and cardiovascular disease, coronary
heart disease, and all -cause mortality in men in

eastern Finland. Arterioscler Thromb Vasc Biol . 2005
Jan;25(1):228 -33.
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| 1creases n‘#gi»CV disease
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a 36

ean countries + Israel

enalls DHA In fat vs. risk of 1 st MI
g Ast vS. lowest quintile

""E': ghest Hg  2.16 x risk, p=.006

"""A Highest DHA 0.56 x risk, p=.02

Guallar E et al. Mercury, Fish Qils, and the
Risk of Myocardial Infarction. N Engl J Med
2002 Nov 28;347(22):1747 -1754
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ury and Heart Disease

"f’éonsumption
level in dentists
el was not significantly
—ass _ |ated with the risk of coronary
-..,,;: ‘éart disease

-

Yoshizawa K et al. Mercury and the
Risk of Coronary Heart Disease In
Men. N EnglJ Med 2002 Nov
28:347(22):1755 -1760
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er5|st INn fish and environment
= decades after banned



d in US since 1977
’“ pounds made in US before 1977
In lakes, rivers, wildlife
blqwtous iIn US and worldwide
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-:.’.5“4: inogen
— 'Neuro damage in children with exposed
~ mothers

Jacobson JL et al. Effects of in utero exposure to
polychlorinated biphenyls and related contaminants on
cognitive functioning in young children. J Pediatr . 1990
Jan;116(1):
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liver oil 1 contaminants

th Food Store

olecularly Distilled or Cholesterol
~fFree I minimum requirement |
== *'_|Some PCBO6s removed
-~ 1 Some Mercury removed

I Pharmaceutical grade 1T needed if
more than 2.5 -3.0 g/day




mg}: M;r

C TOYIN

Y =

B 10 ppt
N -< 2ppt

. Lead, Cadmium, Mercury < 10 -20 ppb
‘ GI S|de effects

;.J.;; :"= 0 x distillation of health food grade

~ A Total long chain omega 3 >60% of fatty acids
'AAA/EPA Ratio < 0.04

A Some health food grade fish oils have high
AVAN [SYV/ETES

A Liquid = about 8 grams EPA+DHA per
tablespoon



Selected Environmental Toxin Content of 5
Preparations of Fish Oil

Brand Name

Polychlorinated

Biphenyls, ppb

Organochlorine, ppb

CW5
Kirkland
Matrol
Cmega Brite
Sundown

Mone d
Mone d
Mone ©
Mone ©

Mone o

elecCted
eleCted
eleCied
eleCied

eleCied

Mone d
Mone d
Mone o
Mone c

Mone o

Melanson SF et al. Measurement of organochlorines in

commercial over

for dietary and therapeutic recommendations for omega

acids and a review of the literature.

Jan;129(1):

Arch Pathol Lab Med

elected
elected
Elected
Elecie
elecied

-the -counter fish oil preparations: implications
-3 fatty
. 2005



microgramsl/liter=pp b

Mercury Content of 5 Preparations of Fish Oil I

Fish Oi1l Brand Name Mercury Level, pg/L
CVS 10
Kirkland <6
Mordic Lltimate <
Omega Brite 12
Sundown <

Foran SE et al. Measurement of mercury levels
In concentrated over -the -counter fish oil

preparations: is fish olil healthier than fish?
Arch Pathol Lab Med . 2003 Dec;127(12):1603
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mng good health

= | ved CV health

?; *-' roved Brain function

= 'ﬁ Inflammatlon Reduction
“ A Optimal health

A Treating Neuro Disease

.

o

“g/day

2.4
2.4-4.8
4.8-9.6
4.8 -9.6
4.8-9.6
9.6+
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neat, high fat dairy
membranes more rigid

; .Ir' _

¥ *rt l ally hydrogenatede
.,/, In |b|t D6D and series 1 eicosanoids
NE mcreased heart disease
AOmega 6 PUFA®S
i Soybean oil, safflower oil, corn oil etc.
| Excess can be worst of all fats?

I Increase production of AA and bad
e|cosanoids
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aturated fats for food
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= JAlmonds, cashews, macadamia

= jcados
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i

— Do not effect eicosanoids

Al Long chain Omega 3 from fish oil as
a supplement
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Tuv ol me‘a§TJre 0
nj6 —'-’ ath-'r~

tlo In serum

nd Eskimos 0.7

5:" -; -

= ,:-.___; 'ﬁieS‘e 1.5
iié:”“ \mericans 10
IB;ADHD 20

AGoaI 1.5-3.0



PA Ratio correlates wi
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,,_.,.sf‘-f . ams PB et al. Arachidonic acid to

A‘

—_ eicosapentaenoic acid ratio in blood correlates
~__positively with clinical symptoms of depression.
Lipids 1996 Mar;31 Suppl:S157 -61
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n-6/n -3 AA/EPA

(Diet) (Plasma) @M
19.6 9.1 19
- ;_; lfl%(ﬁérimental 4.4 W 6
_——
~ de Lorgeril M et al. Mediterranean alpha -linolenic

acid -rich diet in secondary prevention of coronary
heart disease. Lancet. 1994 Jun 11;343(8911)
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vistatin Raises
tatin 40 mg/day x 24 weeks
A ratio increased from 15.5 to 18.8

-
—

—

-

_—

‘Harris Jl et al. Statin treatment alters
serumn -3 and n -6 fatty acids in
hypercholesterolemic patients.
Prostaglandins Leukot Essent Fatty Acids
2004 Oct;71(4):263  -09.






DHA Review |
ntial for the ‘growth and functional

nnment o 1Al n.l

iIred for maintenance of normal adult
uncﬂon

y intake improves learning ability

ken up by the brain in preference to other
f_, G y acids

== Becreases In DHA In the brain are associated
%’é- - with cognitive decline during aging and with
‘onset of Al zhei merdés de

A Decreases amyloid peptides

Horrocks LA et al. Health benefits of
docosahexaenoic acid (DHA) Pharmacol Res
1999 Sep;40(3):211 -25




3 and dementia

A Low omega 3 In plasma risk factor for all forms
~of dementia and cognitive impairment

Conquer JA et al. Fatty acid analysis of blood plasma of
patients with Alzheimer's disease, other types of
dementia, and cognitive impairment. Lipids 2000
Dec:35(12):1305 -12



‘inverse ratio

6.25
5.5
5.9
4.0
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2 rosectlve study >800 subjects
OUY0 IE AL

n _-3 pufa inverse and linear association
:ig - 70% reduction

inverse and linear association with AD I
/.reducuOn

A_,.. o difference with EPA, other dietary fats or

8-..-'

;ﬁlwmmmE

~AA large number of animal studies show that
n-3 pufa increase learning and memory

—

IV EECK

Morris MC et al. Consumption of fish and n -3 fatty
acids and risk of incident Alzheimer disease.
Arch Neurol . 2003 Jul:60(7):940 - 6.



.;J - et al. The effects of omega -
"cids monotherapy in
neimer's disease and mild
— Co n|t|ve Impairment: A preliminary
, frandomlzed double -blind placebo -
— controlled study. Prog
Neuropsychopharmacol Biol
Psychiatry 2008;32:1538 -1544




@ n-3LC-PUFA Placebo -

Clinical impression score
w

6 12 ' 18 24

Weeks of treatment
Figure. Change in mean (+SD) Global Clinical Impression
scores in Alzheimer and mildly cognitively impaired elderly
patients consuming n-3 LC-PUFAs or placebo for 24 weeks.
Lower scores signify less severe symptoms. Unadjusted
analysis based on patients completing the study. Changes
for each 6-week assessment were statistically significant, P=
0.008.
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Disorder

placebo - controlled
3 fatty acids (9.6 g/d) vs placebo

e
s

Jition to usual treatment

e;:.-,g..;, ents with bipolar disorder

-

'.“
-
—.

atment group improved in every outcome
g— 04

Stoll AL et al. Omega 3 fatty acids in bipolar
disorder: a preliminary double -blind, placebo -

controlled trial.  Arch Gen Psychiatry 1999
May;56(5):407 -12
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mega 3.and ADHD"

ant improvements from baseline on 7
14 scales for active treatment,
red with none for placebo

. b -
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- Richardson AJ et al. A randomized double -blind,
placebo -controlled study of the effects of
supplementation with highly unsaturated fatty acids
on ADHD -related symptoms in children with specific
learning difficulties.  Prog Neuropsychopharmacol Biol
Psychiatry 2002 Feb:26(2):233 -9



etal Arandomlzed double
a ebo -controlled trial of
exaen0|c acid supplementation in
chi ‘n with attention -

cit/hyperactivity disorder. J Pediatr
'-2001 Aug;139(2):189 -96
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f.".,. SIO alnt re U 0] ne
ual exacerbation rate and the
panded Disability Status Scale
s compared to pre -study values.

'—NOTdV|k | et al. Effect of dietary advice and
- n-3 supplementation in newly diagnosed MS
patients. Acta Neurol Scand 2000
Sep;102(3):143 -9
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5«.:«, everus WE, Littman AB, Stoll AL. Omega
=2 "‘%fatty acids, homocystelne and the
-~ Increased risk of cardiovascular mortality
IN major depressive disorder. Harv Rev
Psychiatry 2001 Nov -Dec;9(6): 280 -93
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I ion of EPA led to a dramatic and
e d clinical improvement in all the
ms of depression
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”"" ,ﬂﬂ BKetal, Eicosapentaenoic acid in
-"Ireatment -resistant depression associated
~ with symptom remission, structural brain
changes and reduced neuronal
phospholipid turnover. Int J Clin Pract
2001 Oct;55(8)
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;_.,» 10 In patients with CRP <

e sed 16.4
Depressed 13.2 p =.007

= ::' + gher n -3 content increases
| -membrane fluidity and increases
- serotonin transport

\\.

Tiemeler H et al. Plasma fatty acid composition and
depression are associated in the elderly: the
Rotterdam Study. Am J Clin Nutr . 2003
Jul;78(1):40 -6.
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= < e Vriese SR et al. Lowered serum n -3
2 _pelyunsaturated fatty acid (PUFA) levels predict
~ the occurrence of postpartum depression: Further
evidence that lowered n  -PUFAs are related to
major depression. Life Sci . 2003 Nov
7,73(25):3181 -7.
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omega 3, depressm
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pressmn
19 Omega 3 VS. placebo
; weeks

— Hig Iy significant improvement

fall scales
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Nemets H, Nemets B,Apter A, Bracha Z,
Belmaker RH.Omega -3 treatment of childhood

depression: a controlled, doubleblind pilot study.
Am J Psychiatry 2006;163:1098 -1100.
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Depression Rating Scale
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omega-3 fatty acids (N=10)
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placebo (N=10)
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= — Peet M, Elcosapentaen0|c acld in the treatment of
= sehlzophrenla and depression: rationale and

- preliminary double -blind clinical trial results.
- Prostaglandins Leukot Essent Fatty Acids . 2003
Dec;69(6):477 -85.
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Omega 3 and mood .

dlﬁders

unlpolar and blpolar depressmn

43 3 found In acute coronary
e and depression

Expls ns the link between depression and
,= a { dlsease

o——
e e

Parker G et al. Omega -3 fatty acids and mood
disorders. Am J Psychiatry . 2006
Jun;163(6):969 -7/8.
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, double bTmtI placebo -controlled

»-3 PUFAs (6.6 g/day) W|th

op of the usual treatment

=28 p _tlents with major depressive

- disol rder

|gn|f|cantly decreased score on the 21 -
“item Hamilton Rating Scale for

Depression (P < 0.001).

Su KP Omega -3 fatty acids in major depressive

disorder. A preliminary double -blind, placebo -controlled
trial. Eur Neuropsychopharmacol. 2003

Aug;13(4):267 -71.
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http://www.ncbi.nlm.nih.gov/entrez/utils/fref.fcgi?itool=AbstractPlus-def&PrId=3048&uid=12888186&db=pubmed&url=http://linkinghub.elsevier.com/retrieve/pii/S0924977X03000324

neuronal
stem cells

~ Kawakita E et al. Docosahexaenoic acid
promotes neurogenesis in vitro and in vivo.
Neuroscience 2006:139:991 -997.



e|ls produce new neurons
life in dentate gyr
ampus and olfactory bulb

of DHA In neurogenesis?
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| o neuronal stem cells
—«'3‘—'-'_""“ =-.- | ed with and without DHA

*50% more neurons with DHA
Aln VIVO?

ARats fed DHA produced 1.6 X more
neurons in dentate gyrus p=.005




in Pregnancy and Lac -
"'wh;.. - =

T e
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ental processing tests in 4 year

<en of supplemented moms vs
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“ 1A upplement better than alpha -

FT"@ enic acid for improved health
outcomes
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Decsi T etal. N -3 fatty acids and
pregnancy outcomes.  Curr Opin Clin Nutr
Metab Care. 2005 Mar;8(2):161 -©.



ga 3 and child develop

tor indices corrélated positively

t at4 months of age (P=0.02).

e Cllnlcal Adaptive Test/Clinical
| UIStIC and Auditory Milestone Scale
* ',-.-—velopmental quotient correlated with

- the erythrocyte  phospholipid content

"of EPA(P< 0.01)

AVoigt RG et al. Relationship between omega3 long
chain polyunsaturated fatty acid status during early
iInfancy and neurodevelopmental status at 1 year of
age. J Hum Nutr Diet 2002 Apr;15(2):111 -20



dDmega 3 and Autisme

lized, double blind placebo controlled

lally ot Omega -
/.7 DHA
‘oved with omega 36s
Jperactivity

— = Aggression

~ i Selfinjury

A_Amminger, GP etal. Omega -3 fatty acids

~ supplementation in children with autism: a
double -blind randomized, placebo -controlled
pilot study. Biol Psychiatry . 2008 Jan
15;63(2).el3.
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ﬁBent S "A Pilot Randomized
Controlled Trial Of Omega -3 Fatty

Acil ds For Auti sm Spec
J Autism Dev Disord . 2010 Aug 4
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i a DHA concentrations
prenatal DHA avallability
with motor function age 7

Bakker E et al. Relationship between
~ long -chain polyunsaturated fatty
acids at birth and motor function at 7
years of age. Eur J Clin Nutr
2009;63:499 -504
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b egg 3 and bod

~composition

ease In fat mass and increase in

dy mass when long chain

la 3 substituted for saturated fat
n o Wlth diet

= st t .9 kg vs .3 kg
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ACouet C et al. Effect of dietary fish oll
on body fat mass and basal fat

oxidation in healthy adults Int J
Obesity 1997;21.637 -43
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' postoperative p!!%l’_\ riods in the intensive

ates of severe infections

er "ive administration of n - 3 fatty acids
a favorable effect on outcome in patients
vere surgical interventions

> '*;4:;5 wer the magnitude of inflammatory

’J-

~ response and by modulating the immune
~-response.

Weiss G et al. Immunomodulation by perioperative
administration of n -3 fatty acids. Br J Nutr 2002
Jan;87 Suppl
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" excess of bleedi ng ¢

outed to the use of fish oll, given in
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Eritsland J et al. Long -term effectsofn -3
polyunsaturated fatty acids on haemostatic

variables and bleeding episodes in patients with
coronary artery disease. Blood Coagul Fibrinolysis
1995 Feb;6(1):17 -22
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PA same [ eemg tlme
as single 320 mg ASA

Knapp HR, Rellly IA, Alessandrini P,
FitzGerald GA. In vivo indexes of
platelet and vascular function during
fish -oill administration in patients
with atherosclerosis. N Engl J Med
1986 Apr 10;314(15):937 -42
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Vl et al. Effects of ethyl -
entaenmc acid omega -3 fatty
g pplementatlon on hot flashes
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Hot flashes, nofday
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Baseling B weeks Change

Figure 2. Change in daily hot flashes in perimenopausal
women who consumed 1 g/d EFA or placebo for 8
WEOKS.
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_* onths of treatment with fish

re was a marked reduction in the
enstrual Symptom Scale from a
------- ﬁne mean value of 69.9 t0 44.0 (p
— -O 0004)

-Harel Z et al. Supplementation with
omega -3 polyunsaturated fatty acids In
the management of dysmenorrhea in
adolescents. Am J Obstet Gynecol 1996
Apr;174(4):1335 -8
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— - usens Petal. Long -term effect of
—,.:1-.-:,= on ega -3 fatty acid supplementation in
’f’ “"-actlve rheumatoid arthritis. A 12 - month,
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Kull | et al. Fish consumption during the first year of
life and development of allergic diseases during
childhood. Allergy 2006;61:1009 -1015.
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. Table. Odds ratios for significant risk factors for
eczema at 12 months of age in Swedish infants
in multivariate analysis

Variable Odds ratio P
(95% CI)
Maternal eczems 15(13—- =0.0071
1.8]

Sibling with 19(15— <0001

< =2 eczema 2 3]
Bird in the home 04{02 - 0.007

Eating fish before 05 (06— 0.009
9 months of age 0.9
Cow's milk allerdy 36 (24— < 0.001
a.6]
A Alm B et al. Early introduction of fish
decreases the risk of eczema in infants. Arch Dis

Child 2009;94:11 -15
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Mickleborough TD et al. Fish Oil Supplementation
Reduces Severity of Exercise  -Induced
Bronchoconstriction in Elite Athletes. Am J Respir
Crit Care Med . 2003 Aug 6



A\Western Diets 1 Omega 6 main PUFA .
d AA compete T If AAwins
m tory cytoklrres predomlna e

A1) \/ . —

jv_'e to stress and depression

sed omega6/omega 3 contribute
4@ diovascular disease and
mmatory disorders

; / Jtc)lmmune diseases such as RA, SLE,
MS, | BD usually respor
by decreasing Inflammatory cytokines
ASimopoqus, A. Omega -3 Fatty Acids In
Inflammation and Autoimmune Diseases.

Journal of the American College of Nutrition :
Vol. 21. No. 6, 495 T 505 (2002)
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Markers Lower in Healthy

onsuming Omega -3 PUFAsand
~ Non-fried FiShja

Table. Beta-coefficients with P values for the multivariate analysis of the
relationships between the consumption of n-3 LC-PUFAs or fish and
biomarkers of inflammation and endothelial activation in healthy US adults
without cardiovascular disease

Biomarker® n-3 LC-PUFAs Non-fried fish Fried fish

Log CRP, mgil 024, P=031 017,P=003 0.16,F=035
Log IL-6, pavmL 037, P=001 016, P=<001 -007,FP=046

= ,:'.i Lag MMP-3, ngdml 069, F=-003 -01&8, F=012 -005, F=081

: - LogslCAM-T, ng/mL 016, F=00a  -0.071, F=059k 017, F =001
™= *CRP, C-reactive protein; IL-6, interleukin-6; MMP-3, matrix metalloproteinasa-3; sICAM,

= soluble intercellular adhesicn molecula

A He K. et al. Associations of dietary long -chainn -3
polyunsaturated fatty acids and fish with
biomarkers of inflammation and endothelial
activation (from the Multi - Ethnic Study of
Atherosclerosis [MESA]). Am J Cardiol
2009:103:1238 -1243
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