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Key Reference
Unless otherwise indicated the key reference for most slides is derived from
the 2014 review paper on essential fatty acids and health, entitled,
“Essential fatty acids as functional components of food”
J Food Sci Technology (2014)
Kaur N, Chugh V and Gupta AK. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4190204/
Students and practitioners interested in EFA physiology and health influences
should read this paper in its entirety.

Overview and Basic Physiology
Omega-3 Fats: Journal Nutrients (2019)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6566772/

• “Bang and Dyerberg investigated the Greenland Eskimo diet in the 1970s in
order to determine the reason for why this population had a low prevalence of
cardiovascular diseases.
• The Eskimo diet was composed of seal and whale blubber, containing high
protein and low carbohydrate levels, as well as the same amount of fat, when
compared to the regular Danish diet [1,2].

• The leading cause of the low prevalence of cardiovascular diseases had been
attributed to the high dietary contents of omega-3 polyunsaturated fatty
acids PUFAs) [3].”

• “Omega-3 PUFAs are classified as essential because they cannot be
synthesized by the organism; hence, the consumption of food rich in
omega-3, such as fish from cold waters, nuts, and seed oils, is
mandatory [4].
• The beneficial effects of omega-3 PUFA consumption are likely related to
its anti-inflammatory and pro-resolution effects, mainly due to the
inhibition of nuclear factor kappa B (NF-κB) and the production of proresolution mediators, such as resolvins, protectins, and maresins [5,6].

• More recently, two G protein-coupled receptors, called Free Fatty Acid
Receptor 1 (FFA1) and Free Fatty Acid Receptor 4 (FFA4), were
identified as molecular targets for omega-3 PUFAs [7,8]. When activated,
these receptors can promote a number of effects, such as improving the
insulin sensibility, inducing adipose tissue browning, promoting
analgesia by the release of β-endorphin, controlling energy
homeostasis, and diminishing food intake [9,10,11,12].”

Nutritional Biochemistry of Inflammation (Essential Fatty Acids)
Principles to Know:
1. Dietary Polyunsaturated fats (PUFA) get incorporated into the
phospholipid structure with all cell membranes in the body
2. Phospholipase A2 releases PUFA from phospholipids and converts them
into eicosanoids (prostaglandins)- every 15 minutes
3. Different PUFA’s form different Eicosanoids, which have profound effects
on Inflammation
4. The concentration of individual PUFA’s found in cell membrane are a mirror
image of dietary PUFA intake.
5. Changing PUFA intake can reduce production or inflammatory and platelet
sticking prostaglandins and thromboxane A2, reducing inflammation and
CVD risk
6. Half life of PUFA in body structures is 300 days.

Inflammation and Nutritional Medicine:
Polyunsaturated Fats (PUFA) and Prostaglandins
1. Some of fats you eat are incorporated into cell membrane – esterifying
phospholipids
2. Every 5-15 mins phospholipase A2 releases PUFA’s from cell membrane
phospholipids, which then form various prostaglandin hormones.
3. Prostaglandin PG-2 is Pro-inflammatory and derived from the n-6 PUFA,
Arachidonic Acid. PG-2 also activates NF-kb, a very pro-inflammatory
cytokine.
4. Prostaglandins PG-1 and PG-3 are Anti-inflammatory and derived from the
n-6 PUFA DHGL Acid (Borage Seed Oil), and the n-3 PUFA EPA (Fish Oil,
Flaxseed Oils).
5. Thus, the foods you eat and essential fatty acids you ingest as supplements
influence the state of inflammation in the body, including joint inflammation.

6. Arachidonic acid and PG-2 Increases inflammation, up-regulates NFKappa beta inflammatory cytokine pathway (in autoimmune disease and
cancer), speeds up rate of cell division (increasing cancer risk), increases
stickiness of platelets in some people (due to increases Thromboxane A2
synthesis in platelets), is linked to increased dementia and Alzheimer’s
risk, depression and brain inflammation
7. EPA and PG-3 – Decrease inflammation, down-regulates NF-Kb, slows
cell division rate (decreasing cancer risk and shortening of telomeres –
may actually lengthen telomeres), are linked to improved memory in
aging, decrease Alzheimer’s disease, depression (also therapeutic for
depression as adjunct drugs or sole intervention in post-partum
depression), decrease platelet adhesive index, may reduce arrhythmia
development and has blood pressure lowering effects.

8. GLA (Borage Seed Oil) and PG-1 – have antiinflammatory properties, helpful in various skin
conditions (eczema), diabetic neuropathy, and may
have anti-cancer properties by slowing cell division and
reducing inflammation.

EFA’s and Inflammation

Cell Membrane Structure- phospholipid bilayer and receptors

Phospholipid Structure: Note choline and fatty acids attached to glycerol
backbone: The more DHA the better for brain function, development and
Acetylcholine synthesis in presence of Choline. EPA becomes PG-3, which is antiinflammatory whereas AA becomes PG-2, which is pro-inflammatory

Phospholipid Structure. When R2 is DHA – get increased Phosphatidylcholine synthesis
and thus, acetylcholine (memory) synthesis - Also Increases Cell Membrane Fluidity

Arachidonic Acid is Precursor to Inflammatory Eicosanoids: Note
corticosteroids inhibit Phospholipase A2 in anti-inflammatory role

Arachidonic Acid Esterifies PL and becomes Source of
Inflammatory Prostaglandins Throughout the Body

NSAID’s block COX enzyme, reducing synthesis of PG-2 and
TXA-2 (thromboxane in platelets), thus anti-coagulant effect

AA – Increases Inflammation
EPA- Decreases Inflammation

Global Snapshot of Prostaglandin Synthesis from PUFA

ALA Blocks Conv of Linoleic to AA via delta 6 competition
ALA uses up delta-5 desaturase enzyme, enabling GLA to compete with AA
Omega-3 fat also inhibit TNF-alpha and Interleukin-1 (pro-inflammatory cytokines)

Note: GLA-DGLA to PG-1: Borage Seed Oil (GLA) Plus
Antioxidants, B6, Zinc, Mg, Enhance Pathway.

Polyunsaturated Fats (PUFA`s) of Importance

Saturated, Monounsaturated and PUFA`s

Fluidity of Cell Membrane Improves Membrane Function, Receptor
Function and Cell Function – the importance of Omega-3 fats.
An important factor in Postpartum Depression and Depression during
Pregnancy. Fetus siphons off EPA and DHA for its own brain development,
depleting maternal concentrations – negative impact on mother. Also
without adequate renewal of DHA next child has lower IQ due to decreased
maternal concentrations, including breast milk

Omega-3 fats esterify phospholipids of brain cell = increased fluidity and improved
receptor function on cell surface. Saturated fats and trans-fats make phospholipids
more rigid, impairing fluidity and receptor function

Receptors on Cell Membrane- increased fluidity
of phospholipids improves receptor function

Omega-3 Fats Improve Cell Membrane Function

Too much saturated fat, and trans-fats in cell membrane inhibit cell function. They
make brain cells more rigid, encourage microglia synthesis of inflammatory cytokines
and decrease receptor function and replace PUFA in PL structure.

Healthy Cell Membranes are Flexible if sufficient Omega-3 fat Ingestion

AA and PG-2 Activates NF-kb – Upregulates Inflammatory and
Hyperproliferative Gene Expression In Arthritis. EPA and PG-3 inhibit
Activation of NF-kb

Overview: TNF-alpha (mostly from macrophages) activates release of NFkb, which up-regulates synthesis and release of pro-inflammatory
cytokines and interleukins in chronic inflammation and increases risk of
cancer via sustained cell division.

NF-kb translocation to nucleus up-regulating synthesis and
secretion of inflammatory interleukins from
monocytes/macrophages (TNF; IL-1; IL-6; MCP-1 – Monocyte
Chemotaxis Protein, which attracts even more monocytes to the site, generating enhanced inflammatory
response https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2755091/

EFA’s in Heart Disease and CVD Risk

Omega 3- and CVD Risk
J Nutrients 2019 Protective Effects of Omega-3 Fatty Acids in Cancer-Related Complications
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6566772/#B33-nutrients-11-00945

• ”The membrane lipid composition modification from an omega-6 PUFA to omega-3
PUFA profile is very important because it increases the production of omega-3derived mediators, such as thromboxane A3 and prostacyclin I3, which are
weaker inducers of inflammation [33].
• Supporting this mechanism, a systematic review and meta-analysis
demonstrated that omega-3 PUFAs were able to reduce thromboxane B2
blood levels in subjects with a high risk of cardiovascular diseases, along with
a decrease of leukotriene B4 in the neutrophils of unhealthy patients.
• This was true for high-risk CVD patients as well as patients with rheumatoid
arthritis {34 - https://pubmed.ncbi.nlm.nih.gov/26808318/}

Omega -3 Fats and Sudden Cardiac Death
N Engl J Med (2002) https://pubmed.ncbi.nlm.nih.gov/11948270/

“Evidence has shown that patients with a higher mean baseline
blood level of omega-3 fatty acids are at a lower risk of cardiac
sudden death.
Indeed, one study found that relatively high omega-3 blood levels
(5.63% and 6.87%) were associated with a 72% and 81% lower risk of
sudden death, respectively, compared to patients with a mean
omega-3 blood level of 3.58%.”

Mayo Clinic (2014) https://www.mayoclinicproceedings.org/article/S0025-6196(13)01000-8/pdf

• “There can be little doubt that myocardial omega-3 plays a
physiologic role in the prevention of life-threatening ventricular
arrhythmias and that high-level omega-3 intake has the potential
to benefit vascular health via additional mechanisms.”
• “The balance of evidence suggests that an increase in omega-3
intake by the general population would in all probability decrease
the incidence of sudden death.”

Essential fatty acids as functional components of food
J Food Sci Technology (2014)
Kaur N, Chugh V and Gupta AK.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4190204/

• The results of a major clinical study involving over eleven thousand
patients with a recent myocardial infarction with 1 g per day of ω-3 fatty
acids reduced the occurrence of death, cardiovascular death and sudden
cardiac death by 20, 30 and 45 % respectively.
• Further studies indicated decreases in total mortality and cardiovascular
incidents (i.e., myocardial infarction) associated with the regular
consumption of fish and fish oil supplements (Wang et al. 2006;
Mozaffarian and Rimm 2006).

High Blood Pressure
Flaxseed Oil and Alpha-Linolenic Acid
Studies show that the human body can slowly elongate ALA into the
omega-3 fats EPA and DHA, found in fish. This elongation process directly
inhibits the conversion of omega-6 fats (Linoleic acid) into the dangerous
Arachidonic acid, which the body otherwise converts into local hormones
(PG-2) that increase inflammation and have been shown to increase
cancer risk in many experimental studies.

Many people are aware of the benefits of fish oil, but very few people
appreciate the studies showing the health benefits of flaxseed oil, rich in
the ALA omega-3 fat (57% ALA).

• In 2005, National Heart and Lung in Adults was one of
first studies to show that higher intake of ALA (from
flaxseed oil) was associated with lower blood
pressure.
• They also showed that higher tissue stores of ALA
(adipose tissue) was linked to lower blood pressure
readings in this large study involving over 4500 subjects
(aged 25 to 93 years) (1)

• A published study in the European Journal of Clinical Nutrition
in 2007 showed supplementation with flaxseed oil reduced
high blood pressure in high blood pressure patients who also
have other risk factors for heart disease, including high LDLcholesterol (the bad cholesterol) and low HDL-cholesterol
(the good cholesterol):

• This 12-week study included 87 male volunteers aged 35 to
70 years, who had high blood pressure, high LDL-cholesterol,
and low HDL-cholesterol.
• One group was given safflower seed supplementation, which
is high in omega-6 fats and the other group was given
flaxseed oil, which is 57% ALA omega-3 fat.

• After 12-weeks the flaxseed oil group realized a drop in
systolic and diastolic blood pressure of 5 mmHg
compared to the original baseline level. No change in
blood pressure occurred in the safflower seed oil group.
• Remember that for every 2-point decrease in blood
pressure, the risk of heart disease decreases by 7% and
the risk of stroke decreases by 10%. (2) So, a 5-point
drop in systolic and diastolic pressure is very significant.

Also, Atrial Fibrillation
• In-vitro studies have also shown that flaxseed oil
supplementation may also reduce risk of developing Atrial
Fibrillation - condition affecting 9% people over age of 65. (3).

• Consistent with these findings, studies link increased intake of
ALA with reduction in sudden death and non-fatal heart attack
(myocardial infarction) (2).
• Also noteworthy is the fact that experimental studies show that
flaxseed oil supplementation inhibits chemical-induced colon
cancer in animal studies, when tested against corn oil
supplementation.

• This is likely due to the fact that ALA (in flaxseed oil) is
indirectly converted to prostaglandin hormones that
slow the rate of cell division, whereas the LA (linoleic
acid) in corn oil is indirectly converted to prostaglandin
hormones that speed up the rate of cell division.

• Slowing the rate of cell division is a known way to reduce
cancer risk in most tissues in the body. Higher intake of
ALA has been shown to accumulate in colon cells when
flaxseed oil supplementation is provided. (4)

• As so aptly explained in the 2015 review paper in the journal of Food and
Science Technology, “over the past 100 to 150 years, the consumption of
vegetable oils from corn, sunflower seeds, safflower seeds, cottonseeds
and soybeans has greatly increased, which resulted in drastic imbalance of
the essential fatty acids.
• Today, ratio of omega-6 to omega-3 fatty acid shifted to 20–30:1 in
western diets.” (5).
• Thus, daily supplementation with fish and flaxseed oil, can help to shift our
omega-6 to omega-3 fat intake ratio back to what is considered to be more
optimal for many health reasons, and is a more compatible with the genes
we inherited from our human ancestors, who largely foraged for their food,
ate animals that foraged for their food, consuming much higher amounts of
omega-3 fats than is customary in our modern world.

• A direct quote from the 2015 review paper on flaxseed
states, “A large number of clinical studies have
recognized the tremendous potential of omega-3 fats
against inflammatory mediators like prostaglandins E2,
leukotriene B4, TNF-α, interleukin, and cytokines.
• These clinical studies revealed that omega-3 fats are
helpful in prevention of coronary heart diseases,
atherosclerosis, rheumatoid arthritis and asthma.” (5)

Flaxseed Oil References from Previous Four Slides
1. Hypertension Journal (2005)
https://www.ahajournals.org/doi/10.1161/01.HYP.0000154679.41568.e6
2. European Journal of Hypertension (2007) https://www.nature.com/articles/1602631.pdf
3. Ander BP, Weber AR, Rampersad PP, Gilchrist JS, Pierce GN, Lukas A. Dietary flaxseed protects
against ventricular fibrillation induced by ischemiare perfusion in normal and hypercholesterolemic
rabbits. J Nutr. 2004;134:3250–4. 3256. [PubMed] [Google Scholar]
4. 2010 Study – Nutrition and Cancer: Colon Cancer Study
https://www.tandfonline.com/doi/abs/10.1207/s15327914nc5101_8 2015 review of flaxseed in J 6.
Food Sci and Technology highlighted the following
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4375225/ )

Omega-3 Fat Index and Blood Pressure (J Hypertension 2018)
https://www.ncbi.nlm.nih.gov/pubmed/?term=Whole+blood+omega3+fatty+acid+concentrations+are+inversely+associated+with+blood+pressure+in+young%2C+healthy+adults

Ingesting more omega-3 fats at a younger age is associated with the
prevention of early-onset high blood pressure. In this study researchers
examined over 2,000 young people, ages 21-40 years old, tracking their blood
pressure during office visits and using a 24-hour blood pressure monitoring
device to track blood pressure throughout the day.

They also drew blood samples to evaluate the omega-3 fat content of their red
blood cells (the red blood cell membrane), which established their individual
omega-3 index. If omega-3 fat comprised 8% of all the fats, then the person is
said to have an omega-3 index of 8%. If omega-3 fats comprised 4% of all the
fats in the red blood cell membrane, then the person would have an omega-3
index of 4%.

• Previous studies have shown compelling evidence that having an
omega-3 index of 8% or higher is strongly linked to lower blood
pressure in older subjects, as well as decreased risk of many
cardiovascular problems, including congestive heart failure,
heart attack and stroke.
• The 2018 study has shown that even in younger people, ages
21-40, that a higher omega-3 index is associated with a
significantly lower risk of having borderline high blood
pressure (pre-hypertension) or high blood pressure
(hypertension) at this early stage in life.

• Studies show that every 4,000 mg of EPA and DHA ingested per
month increases your omega-3 index by 0.24%.

• Fish with the highest omega-3 fat content include, salmon,
herring pickled, tuna Bluefin, mackerel, sardines (canned in oil)
and oysters (steamed).
• Examples of fish which contain intermediate amounts of omega
3 (EPA + DHA) are swordfish, rainbow trout, sea bass, crab king,
walleye, tuna (canned in water) and flatfish.

• In recent years, the incidence of high blood pressure among
younger persons, ages 20-39 yrs., has increased from 4% to 19%
within the North American population. Increasing the omega-3
index appears to be one way to help reverse this trend, along
with engagement in regular exercise, maintaining an ideal body
weight, not smoking, using alcohol judiciously and in some cases,
watching sodium intake.
Omega-3 Index Research Review: https://www.docsopinion.com/2015/10/05/the-omega-3-index/
Higher Blood Pressure In Young Adults 20-39: https://medlineplus.gov/magazine/issues/fall11/articles/fall11pg10-11.html

EFA’s and Arthritis

Studies Using Essential Fatty Acids in Arthritis Management
2012 Meta-analysis: Patients with RA taking Omega-3 Fats vs Placebo

• Ten RCTs involving 183 RA patients and 187 placebo-treated RA controls were included in
this meta-analysis. The analysis showed that omega-3 PUFAs clearly reduced nonsteroidal
anti-inflammatory drug (NSAID) consumption.
• Tender joint count, swollen joint count, morning stiffness and physical function showed a
trend to improve more in patients treated with omega-3 PUFAs than in placebo-treated
controls, but they did not reach statistical significance.
• Conclusions: This meta-analysis suggests that the use of omega-3 PUFAs at dosages >2.7
g/day for >3 months reduces NSAID consumption by RA patients.
Reference: Lee YH et al. Omega-3 polyunsaturated fatty acids and the treatment of rheumatoid arthritis: a meta-analysis. Arch Med Res. 2012, 43 (5): 356-62
https://pubmed.ncbi.nlm.nih.gov/22835600/

2016 Study: Global J Health Science
Preamble: “The effect of omega-3 fatty acids in the treatment of inflammatory diseases,
including rheumatoid arthritis has been shown (Lee et al., 2012). “
Omega-3 leads to reduced production of pro-inflammatory cytokines (PGE2, LTB4) and
cartilage-degrading enzymes by increasing n-3 FA and reducing arachidonic acid in the cell
membrane.”
Study Design: 12 weeks involving 49 Newly Diagnosed RA Patients
RX: In addition to standard RA Rx with prednisone and hydroxychloroquine and some
NSAID’s as needed, intervention group consumed 1.8 gm EFA and 2.1 gm DHA daily versus
placebo.

Results: At end of the study (3 months) patients taking Omega-3 showed the following:
1. Mean morning stiffness decreased in the omega - 3 group from 128 mins. to 40-mins.
2. Average number of tender joints was reduced from 21 to 5 joints.
3. Number of swollen joints dropped from 10 to 3.
4. Average ESR decreased from 39 to 16.
5. Overall assessment disease by patient and doctor showed a notable reduction of pain.
6. Changes in body weight in the case group showed no significant difference at the end of
the study compared to the beginning.
7. Use of analgesics decreased in the omega-3 group from 25 patients at baseline to 7 at the
end of the study (72%). Of these 18 patients, 8 patients (32%) completely discontinued
the use of pain medication, and 10 patients (40%) reduced the dose of analgesics.
Reference: Rajaei GJ et al. The effect of omega-3 fatty acids on patients with active rheumatoid arthritis receiving DMARDs therapy: double-blind
randomized controlled trial. Glob J Health Sci 2016, 9(7): 18-25 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4965662/

Additional Review Study of Importance: Br J Nutr systematic review 2012 https://pubmed.ncbi.nlm.nih.gov/22591891/

2020 Study (Omega-3 Fats and Newly Discovered Resolvins)
Reveals omega-3 fats give rise to anti-inflammatory Resolvins as well as
Prostaglandins
Class D resolvins are products of docosahexaenoic acid (DHA) and class E
resolvins are products of eicosapentaenoic acid (EPA).16–18
These metabolites of omega-3 fatty acids compete with those of omega-6 to
promote the resolution of the inflammatory cycle.19,20
They are thought to play a significant role in the attenuation of inflammation
and regulation of autoimmunity.”
Reference: Mediterr J Rheumatol 2020
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7362115/#:~:text=Omega%2D3%20fatty%20acids%20seem,of%20swollen%20and%20tender%20joints.

Br J Nutri May 2012 https://www.cambridge.org/core/journals/british-journal-of-nutrition/article/influence-of-marine-n3polyunsaturated-fatty-acids-on-immune-function-and-a-systematic-review-of-their-effects-on-clinical-outcomes-in-rheumatoidarthritis/0F3DAA86B29B4D942B8381AA3F599D17

EPA and DHA also convert to anti-inflammatory Resolvins E and D, respectively

• Omega-3 fatty acids may modulate proinflammatory cytokine secretion. In a study
involving fish oil consumption by RA patients, the level of plasma interleukin-1β (IL-1β)
decreased after fish oil consumption.21
• In a clinical study in healthy volunteers, fish oil supplementation induced reduction
of tumour necrosis factor-alpha (TNF-α), IL-1β, and interleukin-6 (IL-6) by endotoxinstimulated monocytes cells.22

• In studies with fish oil supplementation, it was observed that docosahexaenoic acid
and eicosapentaenoic acid reduce the population CD4+ T cells which produce
interferon-γ (IFN-γ) and interleukin-17 (IL-17).23
• Studies in cultured cells have shown that eicosapentaenoic acid and docosahexaenoic
acid inhibit the production of the well-known pro-inflammatory cytokines, namely,
TNF-α, IL-1β and IL-6

Conclusion: “Omega-3 fatty acids are polyunsaturated fatty acids
which have an impact in health and disease. They act as
precursors to lipid mediators of inflammation and may attenuate
and modulate the autoimmune inflammatory response. They
have been shown to ameliorate or prevent experimental arthritis
and may decrease disease activity in rheumatoid arthritis.”
Mediterr J Rheumatol 2020
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7362115/#:~:text=Omega%2D3%20fatty%20acids%20seem,of%20s
wollen%20and%20tender%20joints.

GLA (from Borage Seed Oil) and RA Patients
2001 Study:

GLA decreases TNF-alpha in RA patients, which has been shown in two RA
studies using borage seed oil.
Suppression of TNF-alpha associated with decreased conversion of AA to PG-2
and increased conversion of DHLA – PG-1
Reference: International Immunpharmarcol https://www.essentialnutrition.com.br/media/artigos/gamalift/23.pdf

1993 Ann Intern Med 1993 119 (9): 867-7 https://pubmed.ncbi.nlm.nih.gov/8214997/

A randomized, double-blind, placebo-controlled, 24-week trial. Thirty-seven patients with rheumatoid
arthritis and active synovitis.
Intervention: Treatment with 1.4 g/d gammalinolenic acid in Borage Seed Oil or Cotton Seed Oil
(placebo).
Results:
1. Treatment with gammalinolenic acid resulted in clinically important reduction in the signs and
symptoms of disease activity in patients with rheumatoid arthritis (P < 0.05).
2. In contrast, patients given a placebo showed no change or showed worsening of disease.
3. Gammalinolenic acid reduced the number of tender joints by 36%, the tender joint score by 45%,
swollen joint count by 28%, and the swollen joint score by 41%, whereas the placebo group did not
show significant improvement in any measure.
4. Overall clinical responses (significant change in four measures) were also better in the treatment
group (P < 0.05). No patients withdrew from gammalinolenic acid treatment because of adverse
reactions.
Conclusion: Gammalinolenic acid in doses used in this study is a well-tolerated and effective
treatment for active rheumatoid arthritis.

Experimental Osteoarthritis and Omega-3 Fats
2011 Study: Osteoarthritis Prone Guinea Pigs. J Osteoarthritis and Cartilage 2011 19 (9):
1150-1157https://www.oarsijournal.com/article/S1063-4584(11)00164-6/fulltext

“In our aging population OA is set to become the 4th leading cause of disability by 2020.
Western” diets are cited as having an n-6:n-3 ratio of between 15 and 30:1, whereas diets for
which we are naturally adapted, such as those for Palaeolithic and modern hunter-gatherers,
contain roughly equal levels of n-6 and n-3 (1:1–2:1).”
Thus, dietary supplementation with n-3 PUFA has been recommended to redress this
imbalance.

• “PUFAs are essential fatty acids and precursors to a number of important
factors called eicosanoids, such as prostaglandins, thromboxanes,
leukotrienes and resolvins.
• These mediate various processes including inflammation and bone
metabolism. Conversion of PUFAs to eicosanoids is achieved by the action of
cyclo-oxygenases (COX) and lipoxygenases (LOX).
• Omega-3 and n-6 generate different series of eicosanoids, those from n-6
are generally highly pro-inflammatory and those from n-3 somewhat less so.
In particular, PGE2, derived from n-6 PUFAs, has been associated with
inhibition of anabolic processes and increased proteolytic degradation of
cartilage.”

Conclusion:
1. This study demonstrates clear benefits of n-3 supplementation in
reducing the signs of OA in a naturally occurring model of
disease.

2. We propose that a high n-3 diet has the potential to reduce signs
of OA in both cartilage and subchondral bone.

EFA’s in Brain Function, Concussion, Prevention and
Management of Alzheimer’s disease/Dementia

OMEGA-3 FATS IN DEPRESSION
Omega-3 fats from fish oil shown to be helpful in treatment of:
• Unipolar Depression
• Bipolar Depression
• Management of Depression in pregnant women – who cannot take prescription medications
• Postpartum Depression – during breast feeding medications are also not recommended
Mechanism of Action
Omega-3 fats shown to:

1.

Increase “fluidity” of nerve cell membrane – loss of membrane fluidity and flexibility results in disturbances
of membrane proteins (including enzymes), ion channels and neurotransmitters - all common features in
unipolar and bipolar depression

2.

Reduce synthesis of inflammatory eicosanoids – inflammatory eicosanoids are a common finding in
depression

3.

Prevent release of inflammatory cytokines – inflammatory eicosanoids are a common finding in depression

RECEPTOR SIGNALING

PHOSPHOLIPIDS – OMEGA- 3 FATS INCREASE FLUIDITY

OMEGA-3 FATS DECREASE BRAIN INFLAMMATION

DHA – CAN BECOME EPA AND REQUIRED
FOR BRAIN DEVELOPMENT AND IQ

Example of Clinical Trials: Fish Oil and Depression

In one study EPA dosage of 1500-2000 mg per day resulted in a 50%
reduction in depression scores in 8/10 patients (80% success rate) in patients
with bipolar depression, when used as single therapy.
Other studies suggest that dosage of up to 8000 mg EPA can be used, and
should include some DHA as well (3:1 ratio EPA:DHA approximately).
Not all studies have shown a benefit

Thus, EPA:DHA supplements may be a valuable adjunctive therapy in some
cases of unipolar and bipolar depression. I wouldn’t recommend it as single
therapy unless dealing with pregnant or postpartum women with depression

Pregnant and Postpartum Depression:
Pregnant women often have depleted omega-3 fat stores (fetus accumulates
the via placental transfer for brain development)

Decreased maternal stores of omega-3 fats associated with increased risk of
bipolar depression during pregnancy
A number of clinical studies have shown that EPA:DHA supplementation
effective in treatment of depression during pregnancy and postpartum
depression, with no adverse effects on fetus
Dosage Range: 3000 – 8000 mg EPA/DHA per day

Reference: Quershi, NA, Al-Bedah AM. Mood disorders and complementary and alternative medicine: A
literature review. Neuropsychiatric disease and treatment. 2013. 9:639-658

Omega-3 Fats and Depression
Integrative Medicine Research Journal (2015)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5481805/

• Cell signaling and structure of the cell membrane are changed by omega-3fatty acids, which demonstrates that an omega-3-fatty acid can act as an
antidepressant
• A relationship between depression and the ratio of omega-3 and omega-6 fatty
acid concentration of erythrocyte phospholipids and plasma was examined by
Adams et al (15) in 20 moderate to severe depressed patients.

• The ratio of erythrocyte arachidonic acid to EPA in a significant correlation with
depression severity was observed. In addition, a significant negative
correlation was observed between erythrocyte EPA and depression. The
authors, however, concluded that these results cannot be explained simply by
differences in the dietary intakes of EPA.15

• In addition to this there is evidence that they (omega-3 fats) may be useful as
a supplement for the treatment of bipolar disorder related depression
30 and evidence that EPA-supplemented food is helpful in patients suffering
depression are well documented.31
• For major depressive disorder, omega-3 fatty acids have not, so far, proved
significant as a monotherapy.33, 34

• An increase in the symptoms of depression is correlated with lower intakes of
dietary omega-3 fish oil as revealed by various epidemiological research
studies.
• Individuals experiencing the symptoms of depression also found to have lower
serum concentrations of essential fatty acids, which was also revealed by
several studies of EPA and DHA.35

• There is also significant evidence which support that omega-3 oils
can be used in the treatment for schizophrenia and bipolar
depression disorder.

• Besides treating depression omega-3 fatty oils may also be useful
in treating the symptoms of dementia.38
• Omega-3 oils are approved if a depressed person's diet appears to be
deficient of it. Omega-3 oil pills are used in combination with
selective serotonin reuptake inhibitors (SSRIs) and are considered
as more standard treatment for depression as recommend by some
physicians.

• Omega-3 fatty acids were evaluated with and without SSRI fluvoxamine
and the findings suggest that the patients treated with a combination of
omega-3 fatty acids and fluvoxamine showed a significant difference
compared with those treated with fluvoxamine alone in improving
depression symptoms.54

• Among women in the USA, depressed symptoms were examined in relation
to intake of omega-3 fatty acids and omega-6 fatty acids. Higher intake of
omega-3 fatty acids than omega-6 fatty acids was found to be associated
with decreased risk of heightened symptoms of depression.55

• Omega-3 fatty acids—mostly DHA—were also found at increased levels in brain of fat-1
transgenic mice and is suggested to have influence on depression and mood.

• Further it is suggested that omega-3 fatty acids, particularly DHA helps in the
hippocampal neurogenesis and may help to treat and prevent depression.56

• Boosting of standardized antidepressant levels of omega-3 fatty acids results an
apparent improvement in symptoms of depression. Improvement of depression
symptoms by using fatty acids were found proportional to using potential therapeutic
agents such as lithium and lamotrigine.57

• Omega-3 fatty acids such as EPA in comparison to DHA or placebo were observed to be
of greater efficacy in adjunctive treatment in mild-to-moderate depression.58, 59

2016 Study: Omega -3 Fats and PTSD
In 2016, an important study showed that providing PTSD
patients with an omega-3 fat supplement, containing both EPA
and DHA (docosahexaenoic acid) resulted in decreased severity
of PTSD symptoms.
This study involved 110 PTSD patients who had sustained severe
physical injury and were left with PTSD symptoms after
conventional treatment.
Reference:
2016 Study (PTSD) Journal of Affective Disorder (PTSD) https://www.jad-journal.com/article/S0165-0327(16)30995-8/fulltext

2017 Study: Omega- 3 Fats and PTSD
In 2017 another study involving 83 PTSD patients showed that the
administration of omega-3 fats (EPA-147 mg and DHA-1,470 mg per day)
for 12 weeks, decreased a key physiological PTSD symptom, which entailed
lowering their resting heart rate.
A major physiological symptom in many cases of PTSD is a pounding heart
rate (elevated heart rate, pounding with excess force in the chest). In this
study, elevated red blood cell levels of EPA were strongly associated with
reducing elevated heart rate in these patients, after omega-3 fat
supplementation was initiated.
Reference:
Journal of Affective Disorder 2017 (PTSD)https://www.jad-journal.com/article/S0165-0327(16)30239-7/fulltext

Memory and Alzheimer’s disease: When R2 is DHA – increases synthesis of
PC (in presence of choline and cytidine) - this is critical for acetylcholine
synthesis, especially after 55 yr
Reference: Choline and it’s Products Acetylcholine and Phosphatidylcholine: Choline (Wurtman RJ, Cansev M, Ulus IH) Springer-Verlag-Berlin Heidelberg 2007):
http://wurtmanlab.mit.edu/static/pdf/1020.pdf

Omega-3 Fats and Alzheimer’s disease
• Omega-3- Fats (EPA & DHA) – 400 mg of omega-3 fat per day associated with
significant decrease in Alzheimer’s disease risk (Zutphen Elderly Study).
• Several recent studies have suggested that higher intake and blood levels of omega-3
fatty acids may help to reduce risk of age-related cognitive decline, dementia and
Alzheimer’s disease.
Positive Effects:
1. Omega- 3 fats shown to up-regulate the LR- 11 Receptor, which down-regulates
synthesis of beta-amyloid protein, especially upon stimulation from DHA
2. Decreased Brain Inflammation
3. Increased Brain Cell Fluidity
4. Increased Blood Flow (vasodilation of cerebrovascular system)

References Omega 3 Fats and Alzheimer’s Disease
1. Conquer JA, Tierney MC, Zecevic J, Bettger WJ, Fisher RH. Fatty acid analysis of blood plasma of patients with
Alzheimer’s disease, other types of dementia, and cognitive impairment. Lipids 2000;35:1305-12
2. Heude B, Ducimetiere P, Berr C. Cognitive decline and fatty acid composition of erythrocyte membranes – the
EVA Study. Am J Clin Nutr 2003;77:803-8
3. Tully AM, Roche HM, Doyle R, et al. Low serum cholesteryl esterdocosahexaenoic acid levels in Alzheimer’s
disease: a case-control study. Br J Nutr 2003;89:483-9
4. Kalmijn S, van Boxtel MP, Ocke M, Vershcuren WM, Kromhout D, Launer LJ. Dietary intake of fatty acids and fish
in relation to cognitive performance at middle age. Neurology 2004;62:275-80
5. Kalmign S, Feskens EJ, Launer LJ, Kromhout D. Polyunsaturated fatty acids, antioxidants, and cognitive function in
very old men. Am J Epidemiol 1997;145:33-41
6. He K, Song Y, Daviglus MI, et al. Fish consumption and incidence of stroke: a meta-analysis of cohort studies.
Stroke 2004;35:1538-42

7. Connor WE and Connor SL. The importance of fish and docosahexaenoic acid in Alzheimer’s disease. Am J Clin
Nutr;85:929-30. 2007
8. Brunner E. Oily fish and omega 3 fat supplements. BMJ;332:739-740.2006
9. Beydoun MA, Kaufman JS, Satia JA, Rousamond W, Folson AR. Plasma n-3 fatty acids and the risk of cognitive
decline in older adults: the Atherosclerosis Risk Communities Study. Am J Clin Nutr 85:1103-11. 2007
10.Van Gelder BM, Tijuis M, Kalmijn S, Kromhout D. Fish consumption, n-3 fatty acids, and subsequent 5-y cognitive
decline in elderly men: the Zutphen Elderly Study. Am J Clin Nutr; 85: 1142-7. 2007
11.Scientific Advisory Committee on Nutrition, Committee on Toxicity. Advice on fish consumption: benefits and
risks. London, Stationery Office, 2004. www.food.gov.uk/multimedia/pdfs/fishreport2004full.pdf (accessed 9 Feb
2006).

Beta-Amyloid Plaque Production is Prevented
by Up-regulation of LR-11 Receptor by DHA

LR-11 Receptor
(SORL1 Gene) and
Amyloid Plaque
• DHA is only known
substance shown to upregulate LR-11 Receptor,
helping to prevent
synthesis of betaamyloid plaque

2015 MCI and Alzheimer’s Intervention Study
Omega-3 + Antioxidants + Vitamin D
• A study by Milan Fiala, from the University of California/Los Angeles, and
colleagues investigated the effects of supplementation with omega-3 fatty acids
and antioxidants in 12 patients with minor cognitive impairment, 2 patients
with pre-mild cognitive impairment, and 7 patients with Alzheimer disease,
over a 4 to 17-month period.
Results: supplementation with omega-3 fats and antioxidants prompted
macrophages to ingest and destroy the beta-amyloid plaque in the brain at an
increased rate. Monocytes, upon omega-3 and antioxidant stimulation, began
digesting and breaking up the plaque in the brains of these patients. The net
result was less beta-amyloid plaque in these high-risk patients.

• The patients who already had Alzheimer’s disease showed a reduced
effect. The efficacy was much greater for those with mild clinical
impairment and pre-mild clinical impairment.
• The study authors concluded: “Our study is the first to show significant
immune and biochemical effects of [omega]-3 fatty acids with
antioxidants in patients with [minor cognitive impairment].”

• Participants ingested a smart drink containing: 1000 mg DHA:1000 mg
EPA. And Antioxidants from pomegranate and chokeberry and
resveratrol, as well as 400 IU Vitamin D
Reference:
Omega-3 supplementation increases amyloid-beta phagocytosis and resolving d1 in patients with minor cognitive impairment. July 25, 2015
The FASEB journal vol 29 no.7:2681-2689.http://www.fasebj.org/content/29/7/2681.full.pdf+html

2017 Study (J Alzheimer’s Disease): Omega 3 and Brain Blood Flow

• Study involved 166 patients from a psychiatric referral clinic for which omega-3
fat status had been measured.
• The study used SPECT scan technology, which provided accurate image of blood
flow to 128 regions within the brain.
Results: Subjects with a high omega-3 fat status showed improved blood flow to
key regions of the brain important for learning, memory, and the prevention of
depression and dementia.

• The Lead author Daniel G. Amen, MD, adds, “This is very important research
because it shows a correlation between lower omega-3 fatty acid levels and
reduced brain blood flow to regions important for learning, memory,
depression and dementia.
Refences:

1.

Journal of Alzheimer’s Disease May 19, 2017 https://www.sciencedaily.com/releases/2017/05/170519124034.htm

2.

http://www.j-alz.com/content/can-omega-3-help-prevent-alzheimers-disease

EFA’s in Cancer Prevention and Adjunctive Treatment
2021 Breakthrough Study
https://www.sciencedaily.com/releases/2021/06/210611110802.htm
• 3D tumors disintegrate within a few due to the action of a well-known omega-3 (DHA).,
Hungry for fatty acids, tumor cells in acidosis gorge themselves on DHA but are unable to
store it correctly and literally poison themselves. The result? They die (apoptosis).
• In 2016 it was discovered that tumor cells in an acidic microenvironment (acidosis) replace
glucose with lipids as an energy source in order to multiply. These same cells are the most
aggressive and metastases.
• But these tumor cells respond in diametrically opposite ways depending on the fatty acid
they absorb. "We soon found that certain fatty acids stimulated the tumour cells while
others killed them. “DHA literally poisons them. (apoptosis)
• Normally, tumor, cells store fatty acids in lipid droplets, which protects them from
oxidation. But in the presence of a large amount of DHA, the tumor cell is overwhelmed
and cannot store the DHA, which in turn oxidizes and leads to cell death (apoptosis)

Prostate Cancer and Omega-3 Fats
Mo Med (2013) https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6179880/

“A substantial number of epidemiological studies, both
prospective and case-control, have previously examined the
association between fish or fish oil ingestion and prostate
cancer risk, and these findings clearly do not incriminate
long-chain omega-3 ingestion as factor in prostate cancer
induction.3–9

• A recent meta-analysis of these studies indicates that fish
consumption has a null or slightly protective impact on
prostate cancer incidence but is strongly protective with
respect to prostate cancer mortality.4
• With respect to patients who already have prostate cancer,
frequent fish consumption has been associated with
improved survival.

Omega-3 Fats and Prostate Cancer – up to 33% reduction in risk with
regular fish consumption (Swedish study of 6,000 men in 30 year follow up
– The Lancet –2001)
Animal studies support PG-3 protection against prostate CA, and slow
growth of prostate cancer cells
Some studies (e.g., Brasky 2013) suggest that higher omega-3 fat intake may
increase prostate cancer, risk but a more current review of all studies by
the (Mayo Clinic 2014) suggests that the preponderance of evidence
suggests that higher intake of omega-3 fats decreases risk of prostate
cancer, advanced prostate cancer, improves survival in prostate cancer
patients who have been treated, and is associated with increased
longevity over all by 2.2 yrs.
Mayo Clinic Review
https://www.mayoclinicproceedings.org/article/S0025-6196(13)01000-8/pdf

Breast Cancer – May 2015 Review
Breast Cancer Research Journal https://breast-cancer-research.biomedcentral.com/articles/10.1186/s13058-015-0571-6

“Women with evidence of high intake ratios of the marine
omega-3 fatty acids eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) relative to the omega-6
arachidonic acid have been found to have a reduced risk of
breast cancer compared with those with low ratios in some
but not all case–control and cohort studies.

“If increasing EPA and DHA relative to arachidonic acid is effective in
reducing breast cancer risk, likely mechanisms include reduction in
proinflammatory lipid derivatives, inhibition of nuclear factor-κBinduced cytokine production, and decreased growth factor receptor
signaling as a result of alteration in membrane lipid rafts.

Primary prevention trials with either risk biomarkers or cancer
incidence as endpoints are underway but final results of these trials
are currently unavailable.”

Omega-3 Fats and Premenstrual Syndrome
2017 Study: Psychosom Obstet Gynaecol https://pubmed.ncbi.nlm.nih.gov/28707491/
Multi-Center, Placebo-controlled Randomized Clinical Trial n=95 PMS sufferers
Intervention: 1,000 mg Fish Oil daily vs Placebo
Results: “ The mean scores of physical and mental components of quality of
life were significantly improved in the omega-3 supplement and placebo
groups. The treatment of premenstrual symptoms using omega-3
supplement reduced symptoms and ameliorated women's quality of life.”
Mechanism: Likely synthesis of PG-3 eiconsanoids (anti-inflammatory/antiproliferative)

EFA’s and the Skin

• Vitamin A of Zinc Deficiency and Essential Fatty Acid Deficiency can cause
•
•
•
•
•

Perifollicular hyperkeratosis or Pilaris Keratosis (arms, legs and back)
Aggravate eczema, psoriasis
Produce Rough, dry, scaly skin
EFA’s required for prostaglandin synthesis
But Pilaris Keratosis can also be genetic

Follicular Hyperkeratosis from Vitamin A Deficiency
or EFA Deficiency – looks similar

Essential Fatty Acid Deficiency and Skin

Omega-3 Fats and Skin Protection From UV-light
• In a study with 42 healthy human volunteers, the effects of
eicosapentaenoic acid (n-3) or oleic acid on skin responses and early
genotoxic markers after UV radiation were investigated.
• Four grams of fatty acids were ingested daily for three months.

• In the group supplemented with eicosapentaenoic acid (EPA), UVinduced p53 expression (apoptosis) in skin and DNA strand breaks
in peripheral blood lymphocytes were lowered, indicating
protection by dietary EPA against acute UV-dependent
genotoxicity.

• As the most prominent result, sunburn sensitivity was
diminished by ingestion of eicosapentaenoic acid (EPA).

• In comparison to baseline, the UV-induced erythemal
threshold was increased about 1.4-fold at the end of the
study.
• None of these parameters was significantly changed in the
group that received oleic acid.
• These results confirm earlier studies on the protective
effects of dietary fish oil rich in omega-3 fatty acids toward
the susceptibility to UVB-induced erythema and epidermal
lipid peroxidation.

• After six months of supplementation with about 10 g of fish oil
per day, the MED was increased about 2.1-fold.
• Photoprotective effects of fish oil were also determined in lightsensitive patients with polymorphic light eruption accompanied
by diminished basal and UVB-dependent PGE2 levels.
• Prostaglandin E2 and nitric oxide in combination play a role in
UVB-induced erythema formation.

• Thus, the amelioration of the UV-induced inflammatory
response may be due to lowered prostaglandin E2 levels.
https://www.annualreviews.org/doi/10.1146/annurev.nutr.24.012003.132320

EPA And Skin Health
• Some Animal studies reveal that EPA
supplementation, but not DHA supplementation,
produces anti-inflammatory effects on UVA and
UVB-induced acute inflammatory reactions of the
skin

• Danno, K., Ikai, K., Imamura, S. Anti-inflammatory effects of eicosapentaenoic acid on experimental skin
inflammation models. Arch Dermtol Res 1993; 285 (7), pp. 432-5

EFA’s and Skin Texture
• PG-hormones made by epidermal cells determine skin smoothness
& softness
• Epidermal cells extract EFA’s from blood and incorporate them into
cell membrane
• EFA’s released from cell membrane to make PG- hormones (PG-1,2,3)
• PG-2 produces more dry, rough, scaly skin

• Prostaglandins are known to be involved in the
inflammatory process of the skin and can determine the
roughness, scaliness, and dryness of the skin to significant
degree

• Optimal synthesis and balance of epidermal prostaglandins
help produce skin that is smooth and moist

• Pustisek, N, Lipozencic, J. Prostaglandins in dermatology.vActa dermatovenerologica Croatica: ADC (Acta
Dermatovenerol Croat) 2001 Dec; 9(4), pp.291-8

Linoleic Acid And Skin Texture
• Linoleic acid comprises 15-25% of the fatty acids in stratum corneum in most
people, some of which becomes GLA then DGLA, then PG-1 if delta-6 desaturase
enzyme is sufficiently active.
• Deficiencies in linoleic acid cause defects in the skin’s barrier function, which lead
to increased trans-epidermal water loss, epidermal hyperproliferation, and
decrease in prostaglandin series-1 (PG-1)
• Clinically, this appears as erythematous, dry, weepy, and scaling lesions of the skin
• Studies by Horrobin D indicate that supplementation with evening primrose oil
(containing linoleic and gamma linolenic acid) can reverse these problems and
improves clinical outcomes in atopic eczema, especially pruritis (itching)
• Reichert, R. Evening Primrose Oil Cream, Dry Skin, & Atopic Disposition. Quarterly Review of Natural
Medicine, Spring’98, p.7
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Linoleic Acid Deficiency- some of this abnormally
results from decreased PG-1 synthesis

• In the skin epidermis, the metabolism of polyunsaturated fatty acids (PUFAs)
to prostaglandins is highly active
• Studies show that dietary oils influence the distribution of PUFAs in epidermal
phospholipids and the epidermal levels PUFA-derived hydroxy fatty acids.
• As such, the feeding of EPA and DHA-rich fish oils results in higher epidermal
phospholipid levels of 15-hydroxy EPA and 17- hydroxy DHA, which produce
anti-inflammatory and antiproliferative effects, improving skin texture.

• Ziboh, V.A., Miller, C.C., Cho, Y. Metabolism of polyunsaturated fatty acids by skin epidermal enzymes:
generation of antiinflammatory and antiproliferative metabolites. Am J Clin Nutr 2000 Jan; 71 (1 Suippl),
pp.361S-6S
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• The feeding of borage oil (rich in GLA) results in higher
epidermal levels of the epidermal elongase product of
GLA, known as dihomo-gamma-linolenic acid (DGLA),
which is converted to the anti-inflammatory and
antiproliferative hydroxy fatty acid and prostaglandin
hormone known as 15-hydroxyeicosatrienoic acid and
PG-1, respectively.
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• Thus, the 15-lipoxygenase enzyme plays an important role in converting
dietary PUFAs into either pro-inflammatory and hyperproliferative
eicosanoids or anti-inflammatory and anti-proliferative eicosanoids, within
epidermal cells.

• These biochemical pathways have been shown to be of importance in the
ability of medicinal oils to effectively treat chronic inflammatory skin
conditions and improve the smoothness and texture of the skin

• Miller, C.C., Tang, W, Ziboh, V.A., Fletcher, M.P. Dietary supplementation with ehtyl ester concentrates of
fish oil (n-3) and borage oil (n-6) polyunsaturated fatty acids induces epidermal generation of local putative
anti-inflammatory metabolites. J Invest Dermatol, 1991, Jan; 86 (1), pp.96-103
• Miller, C.C., Ziboh, V.A. Gammalinolenic acid-enriched diet alters cutaneous eicosanoids. Biochem Biophys
Res Commun, 1988 Aug 15; 154 (3), pp. 967-74
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The Damaging Effects of Arachidonic Acid on Skin Cells
• A major proinflammatory metabolite of arachidonic acid,
leukotriene B4, which accumulates in Psoriasis, as
epidermal 15-lipoxygenase metabolizes arachidonic acid
into 15- hydroxyeicostetraenoic acid (HETE)
• EPA metabolized by epidermal 15-lipoxygenase into 18EPA (18- hydroxyeicosapentaenoic acid) (HEPE)
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HETE and HEPE
Eicosanoids
• HETE is derived from
Arachidonic acid, where
as HEPE is derived from
EPA
• EPA and HEPE help
prevent conversion of AA
to HETE, helping to
reduce skin inflammatory
conditions and improving
skin texture

• Thus, some authorities recommend supplementation with EPA,
ALA and/or GLA –containing oils, as a means to suppress
cutaneous inflammatory disorders and improve skin appearance
and smoothness

• Ziboh, V.A. Implications of dietary oils and polyunsaturated fatty acids in the management of cutaneous
disorders. Arch Dermatoil 1969 Feb; 125 (2), pp. 241-5
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Psoriasis and Eczema:
Treatment With EPA and DHA
• A clinical trial involving 13 patients with psoriasis demonstrated that 8 of the 13
patients receiving EPA and DHA supplementation showed mild to moderate
improvement of their global psoriasis symptoms after 8 weeks, which correlated with
higher epidermal phospholipid levels of EPA and DHA than baseline levels recorded prior
to supplementation with these omega-3 fats
• In atopic eczema, evidence suggests that there is a defect in the conversion of linoleic
acid to GLA (due to defective delta-6-desaturase enzyme), which results in skin
roughness, and elevated catecholamine concentrations in patients with atopic eczema.
• Supplementation with oils containing GLA have resulted in improvement of atopic
eczema in double-blind, placebo-controlled crossover trials.
• Ziboh, V.A., Cohen, K.A., Ellis, C.N., Miller, C., Hamilton, T.A., Kragballe, K., Hydrick, C.R., Voornees, J.J.
Effects of dietary supplmentation of fish oil on neutrophll and epidermal fatty acids. Modulation of clinical
course of psoriatic subjects. Arch Dermatol, 1986 Nov; 122 (11), pp.1277-82
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• Carriers of cystic fibrosis tend to be atopic as well,
supporting the notion that part of the defect in these
patients lies in a faulty delta-6-desaturase enzyme
function
• Other studies indicate that as we age the delta-6desaturase enzyme activity declines, permitting more
rapid cellular aging of skin cells
• Horrobin, D.F. Essential fatty acid metabolism and its modification in atopic eczema. Am J Clin Nutr, 2000
Jan; 71 (1 Suppl), pp.367S-72S
• Manku, M.S. Horrobin, D.F., Morse, N., Kyte, V, Jenkins, K, Wright, S., Burton, J.L. Prostaglandins Leukot
Med, 1982 Dec; 9 (6), pp.615-28
• Raederstorff, D., Loechleiter, V., Moser, U. Polyunsaturated fatty acid metabolism of human skin fibroblasts
during cellular aging. Int J Vitam nutr Res 1995; 65 (1), pp. 51-5
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Note: Delta-6 Desaturase (D6D) converting LA to GLA

Psoriasis and Eczema:
Treatment With Omega-3 Fats
• Patients with eczema, psoriasis, rough, dry and/or scaly skin
(and as a means to potentially slow or reverse skin aging)
should consider the use of GLA-containing medicinal oils and
omega-3 fat supplementation as a means to alter the
epidermal phospholipid PUFA profile and eicosanoid
concentrations in such a way as to result in significant
improvement to skin texture, hydration and overall appearance

• Ziboh, V.A., Cohen, K.A., Ellis, C.N., Miller, C., Hamilton, T.A., Kragballe, K., Hydrick, C.R., Voornees, J.J.
Effects of dietary supplmentation of fish oil on neutrophll and epidermal fatty acids. Modulation of clinical
course of psoriatic subjects. Arch Dermatol, 1986 Nov; 122 (11), pp.1277-82
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ALA in Skin Health and Eczema

• Studies using ALA-containing oils (e.g., flaxseed oil) have
also shown that it can reduce synthesis and
concentrations of arachidonic acid and PG-2 in the cell
membrane (RBC) of animals afflicted with atopic eczema
(dermatitis) and improves blood flow to the skin (due to
the vasodilation effect of PG-3 and other EPA derivatives,
such as hydroxy fatty acids)
• Suzuki, R., Shimizu, T., Kudo, T., Ohtsuka, y., Yamashiro, y, Oshida, K. Effects of n=3 polyunsaturated fatty
acids on dermatitis in NC/Nga mice. Prostaglandins Leukot Essent Fatty Acids, 2002 Apr; 66 (4), pp. 435-40
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Prostaglandin Series-2 &
The Promotion Of Skin Cancer
• Animal studies suggest that PG-2 production in skin cells may promote the development
of skin cancer, likely due to its hyperproliferative properties
• This evidence is further supported by the studies demonstrating that oral ingestion of
various non-steroidal anti-inflammatory drugs, such as indomethacin, piroxicam or
Celebrex (which block the cyclo-oxygenase enzyme, preventing the synthesis of PG-2),
prevented the development of UV-induced skin cancers by up to 85%
• In fact, the drug Celebrex had therapeutic efficacy in that it caused regression of
preexisting skin cell tumors in experimental studies.
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Prostaglandin Series-2 &
The Promotion Of Skin Cancer (cont’d)
• Similar preventive results have been shown with topical application
of indomethacin, after UV-light exposure, suggesting a postexposure
approach to skin cancer prevention maybe effective.

• The researchers conclude:
“Collectively, these studies suggest that
prostaglandins play a critical role in skin cancer
development”
• Fishcher, S.M. Is cyclooxygenase-2 important in skin carcinogenesis? J Environ Pathol Toxicol Oncol, 2002;
21 (2), pp. 183-91
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PG-1 Synthesis and Skin Recap
• Supplement with GLA (Borage Oil-22% yield), as everyone has suboptimal cell conc of GLA as they age
• Antioxidant, B-50 complex and mineral supplement to boost conv of GLA
to PG-1
• Individuals with diabetes, eczema, PMS, aging, have defect in enzyme
conv LA to GLA.

Synthesis of PG-3 and Skin Recap
• Omega-3 fats are building block for PG-3

• Fish oil (EPA and DHA) are immediate build block of PG-3
• Flaxseed oil (ALA) can increase EPA levels
• Omega-3 fats block conv of LA to AA, inhibit phospholipase A2 and
inhibit NF-kappa beta induction.
• PG-3 shown to reduce skin cancer risk in some studies

EFA Supplementation
• Best results to optimize skin smoothness, softness and moistness:
• 1200 mg capsules containing 400 mg each of borage, flaxseed and fish oil
• Take 3 capsules per day
• Fish oil is 30%EPA and 20% DHA
• Flaxseed and borage oil are GMO-free

Other Benefits of EFA’s
DHA and Vision – required by retina for vision. The highest concentration of DHA per unit
tissue weight was found in the membrane phospholipid components of the photo receptor
outer segments of the retina. The fluidity of retinal membrane due to DHA helps in faster
response to stimulation. The laboratory animals with experimentally induced omega-3
deficiencies showed deficits in retinal structure, visual activity development and cognitive
performance (Reisbick et al. 1997; Crawford 1993).
DHA and Brain Development - The high level of DHA in the brain and nervous system are
actively deposited particularly during the last trimester of pregnancy and during the first
2 months of infancy and very early years of a child’s life (Birch et al. 2000). Its modulatory
effect on the activity of ion channels underlines its role in supporting electrical signaling
(Litman et al. 2001) and ultimately brain functioning such as learning ability, memory etc. A
source of DHA to brain and nervous tissue is needed to replenish and maintain optimal DHA
levels for functioning throughout life span (Youdim et al. 2000). The depletion of DHA levels
to sub-optimal concentrations in the brain due to insufficient dietary intakes of ω-3 fatty
acids has been found to result in cognitive deficits (impaired learning ability). A sufficient
supply and accumulation of DHA appears necessary for optimal neurotransmission to
support cognitive function in the brain and optimal visual transduction and functioning
(Litman et al. 2001

Diabetes, Metabolic Syndrome and Fatty Liver (NASH) - Because of the
ability of ω-3 fatty acids to inhibit inflammation and suppress genes related
to lipid metabolism, these have been shown to be therapeutic agents in
dyslipidemia, the metabolic syndrome, type 2-diabetes and steatohepatitis.
EPA and DHA have been shown to have similar regulatory effects as
glitazone, a member of the thiazolidinedione group of drugs for diabetes
that increase insulin sensitivity on liver and skeletal muscle cells, on a large
number of genes and transcription factors (Erkkila et al. 2004; Li et al. 2004)

Childhood Asthma (2019) – study showed that higher omega-3
intake in children with asthma is associated with less severe
symptoms and reduced infiltration of neutrophils in the lungs in
the presence of triggering mechanisms (air particles) compared
to asthmatics ingesting more omega-6 fats (arachidonic and
linoleic acid). The lead author of the study, Dr. Bringham stated,
"There is mounting evidence that diet, particularly omega-3 and
omega-6 fatty acids, may play a role in lung health”.
Reference:Emily P Brigham , Han Woo , Meredith McCormack , Jessica Rice , Kirsten Koehler , Tristan Vulcain Tianshi Wu , Abigail Koch , Sangita Sharma ,
Fariba Kolahdooz , Sonali Bose ; Corrine Hanson , Karina Romero ; Gregory Diette , and Nadia N Hansel. Omega-3 and Omega-6 Intake Modifies Asthma
Severity and Response to Indoor Air Pollution in Children. American Journal of Respiratory and Critical Care Medicine, 2019. 10.1164/rccm.2018081474OC

• Improved Pregnancy Outcomes (2019) - An important double-blind randomized
controlled study was published in the Journal of Nutrition in November of 2018,
showing that supplementing pregnant women with Omega-3 Fats during the
third trimester is associated with improved pregnancy outcomes, regarding
“prolonged pregnancy and higher infant birth weight. “
• The study included 736 pregnant women and their offspring. One group of
women began taking a daily Omega-3-Fat supplement (2.4 gm or 2,400 mg)
between weeks 22 and 26 and continued until one week after the birth of their
child.
• The placebo group ingested a supplement containing olive oil.
• The results showed that women taking the Omega-3-Fat supplement had a
longer pregnancy (gestational period), increased intrauterine growth of the
fetus, and their infants had a higher (97 gm) and healthier birth weight. (1)

• Previous data from the Kansas University DHA Outcome Study (KUDOS) indicated that
supplementation with 600 mg/day of DHA (an Omega-3-Fat) during the last two
trimesters of pregnancy led to a significant reduction in preterm births. In line with this,
a report by Australian researchers using data from the “DHA to Optimize Mother and
Infant Outcome trial” (DOMinO) indicated that DHA supplementation was associated
with 15% lower rates of preterm births. (2,3)
• Even more impressive, the results of the Cochrane Review paper in November 2018,
which reviewed more than 70 controlled trials found that supplementation with the
Omega-3-Fats, DHA and EPA (both found in fish oil supplements), cut the risk of early
preterm (less than 32 weeks) birth by 42%, cut the risk of a preterm birth (34-37
weeks) by 11% and reduced by 10% the risk of having a small baby (less than 2,500
gm).(4)
• Other studies have shown the higher intake of DHA by women prior to pregnancy,
during pregnancy and during the lactation phase - post-delivery, is associated with
higher IQ levels in their offspring. This is likely because DHA is a crucial nutrient for
brain development of the fetus and the newborn. (5)

References: Omega-3 and Pregnancy Outcomes:

1. Kofod Vinding R, Stokholm J, et al. Fish oil supplementation in pregnancy increases gestational age, size
for gestational age, and birth weight in infants: A randomized controlled trial. Journal of Nutrition.
November 9, 2018 https://academic.oup.com/jn/advance-articleabstract/doi/10.1093/jn/nxy204/5167900?redirectedFrom=fulltext
2. Kudos Study: Department of Dietetics and Nutrition Kansas City Medical Center: University of Kansas:
http://www.kumc.edu/school-of-health-professions/dietetics-and-nutrition/our-faculty/carlson.html

3. Australian Study: Ahmed S, Makrides M et al. Analysis of hospital cost outcome of DHA-rich fish-oil
supplementation in pregnancy: Evidence from a randomized controlled trial. Prostaglandins Leukot Essent
Fatty Acids. Dec 2015: 102-103. https://www.ncbi.nlm.nih.gov/pubmed/26432510
4. Cochrane Review: Omega-3 fatty acid during pregnancy. November 15, 2018
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD003402.pub3/full
5. DHA and Brain Development: American Pregnancy Association: https://americanpregnancy.org/firstyear-of-life/omega-3-supplements-baby/

Multiple Sclerosis Prevention - In the Nurses’ Health Study, which has followed over 80,000
registered female nurses in the U.S since 1984, nurses who regularly have the highest
consumption of alpha-linolenic acid, the main omega-3 fat found in flaxseed oil, show an
approximately 40% reduction in risk of developing M.S., compared to nurses who had the
lowest consumption of this omega-3 fat. Fish and fish oil consumption were not associated with a
decreased risk of M.S. in this study. Thus, the ingestion of flaxseed oil may also be a modifiable
lifestyle factor in the prevention of M.S.
(Bjornevik K et al. Polyunsaturated fatty acids and the risk of multiple sclerosis. Mult Scler Journal. 2017, 23;14 : 1830-1838.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5494026/ )

Longevity (5 Years Increased Life Expectancy) – A 2021 study showed that higher
omega-3 fat levels in the body increases life expectancy by almost 5 years. (1) As the
researchers stated, “being a regular smoker takes 4.7 years off your life expectancy (on average),
the same as you gain if you have high levels of omega-3 fats in your blood. “ (2)
The study followed 2,200 people, who were over the age of 65 and were monitored for an
average of 11 years. The results showed that individuals with higher amounts of omega-3 fats
in the membrane (outer skin) of their red blood cells (erythrocytes) had improved life
expectancy outcomes, which means that red blood cell omega-3 fat content is a good mortality
risk predictor. (1) (see references next slide)

References: Omega-3 Fats and Longevity

1. Michael I McBurney, Nathan L Tintle, Ramachandran S Vasan, Aleix Sala-Vila, William S Harris. Using an
erythrocyte fatty acid fingerprint to predict risk of all-cause mortality: the Framingham Offspring
Cohort. The American Journal of Clinical Nutrition, 2021; https://academic.oup.com/ajcn/advancearticle/doi/10.1093/ajcn/nqab195/6301120
2. Higher levels of omega-3 acids in the blood increase life expectancy by almost five years. Science Daily
July 22, 2021. https://www.sciencedaily.com/releases/2021/07/210722113004.htm

Aging, Telomeres, Oxidation/Inflammation:
(J Brain Behav Immun 2013) https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3545053/
Shorter telomeres have been associated with poor health behaviors, age-related
diseases, and early mortality. Telomere length is regulated by the enzyme
telomerase and is linked to exposure to proinflammatory cytokines and oxidative
stress.
In our recent randomized controlled trial, omega-3 (n-3) polyunsaturated fatty
acid (PUFA) supplementation lowered the concentration of serum
proinflammatory cytokines.
This study assessed whether n-3 PUFA supplementation also affected leukocyte
telomere length, telomerase, and oxidative stress. In addition to testing for group
differences, changes in the continuous n-6:n-3 PUFA ratio were assessed to
account for individual differences in adherence, absorption, and metabolism.

• The double-blind 4-month trial included 106 healthy sedentary overweight
middle-aged and older adults who received (1) 2.5 g/day n-3 PUFAs, (2) l.25
g/day n-3 PUFAs, or (3) placebo capsules that mirrored the proportions of
fatty acids in the typical American diet.
• Supplementation significantly lowered oxidative stress as measured by F2isoprostanes (p=0.02). The estimated geometric mean log-F2-isoprostanes
values were 15% lower in the two supplemented groups compared to placebo.
• Although group differences for telomerase and telomere length were
nonsignificant, changes in the n-6:n-3 PUFA plasma ratios helped clarify the
intervention’s impact: telomere length increased with decreasing n-6:n-3
ratios.
• The data suggest that lower n-6:n-3 PUFA ratios can impact cell aging. The
triad of inflammation, oxidative stress, and immune cell aging represents
important pre-disease mechanisms that may be ameliorated through
nutritional interventions.

Lifestyle Approach To Optimizing EFA in Health Promotion
1. Reduce Build up of Arachidonic Acid - precursor to PG-2 (pro-inflammatory)
and Other Fats Encouraging Inflammation (saturated fat)

▪ Avoid high fat meats and high fat dairy product
▪ Use olive, canola, and peanut oil in place of other oils high in
linoleic acid

Lifestyle Approach To Reduce Inflammation (cont’d)
2. Reduce Animal Fats High in Saturated Fat - studies show that simply
eating a high fat diet increases the absorption into the bloodstream of
endotoxins produced by gut bacteria, which in turn, promote the secretion
of inflammatory cytokines from immune and other cells.

• Other studies have shown that the consumption of meats, cheese and dairy
products also increase the endotoxin load in the body’s circulation, which in
turn, also trigger the release of inflammatory cytokines and biomarkers
(such as CRP).

In 2006 it was first shown that saturated fatty acids (SFAs) were
able to directly stimulate inflammatory gene expression by way of
TLR4(toll-like receptos-4 on macrophages) signaling in vitro, with
the saturated fat lauric acid (meat) showing the greatest
inflammatory activity, and myristic acid (dairy) and stearic acid
showing much less inflammatory effects.
Reference (Saturated Fat and Inflammation: Fritsche KL. The science of fatty acids and
inflammation. Advances in Nutrition Journal, 2015, vol 6:2935-3015.

Also avoid: Deep-fried food, battered foods, foods with transfats

Lifestyle Approach To Reduce Inflammation (cont’d)
3. Consider an Essential Fatty Acid Supplement
Example: One capsule contains:
• Fish Oil – 400 mg (30% EPA/20% DHA = 50% EFA)
• Flaxseed Oil – 400 mg (58% ALA)
• Borage Seed Oil – 400 mg (22% GLA)
Dosage: 3 capsules per day for maintenance (double dosage for
therapeutic purposes)

Adëeva Nature’s Essential Oils
One capsule contains:
Fish Oil - 400 mg (50% EPA + DHA)
Flaxseed Oil – 400 mg (57% ALA)
Borage Seed Oil – 400 mg (22% GLA)
Dosage: 2-3 capsules per day
Why?

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Joint Inflammation Prevention and Treatment
CVD Prevention - Inflammation, BP, Arrhythmia-Fibrillation, Platelet Stickiness
Brain Support – Development, Memory, Inflammation, Alzheimer’s Prevention
Cancer Prevention
Skin - Texture, CA prevention, Sunburn Protection, Eczema, Psoriasis, Pilaris Keratosis
PMS Management (prevention)
Vision
Diabetes and Metabolic Syndrome (improved insulin receptor function)
NASH (fatty liver) – part or Rx
Longevity/Telomeres/Anti-Aging
Pregnancy (with physician’s approval)
Asthmatics

Lifestyle Approach To Reduce Inflammation (cont’d)
4. Reduce intake of alcohol, hydrogenated fats – they encourage production of PG-2.
5. Consider B-vitamins, antioxidants, magnesium and zinc – promote PG-1 and PG-2
pathways as coenzymes:
• Vitamin C – 1,000 mg Vitamin E – 400 IU
• Selenium – 100- 200 mcg
• Zinc – 15-25 mg
• Magnesium – 250- 500 mg
• Vitamin B6 – 50 – 100 mg
Hence: High Potency Multiple Vitamin and Mineral

Intern J Molecular Medicine (2018)
https://www.spandidos-publications.com/10.3892/ijmm.2018.3989/abstract

Adeeva Multi Vitamin Enhances Efficacy or EFA Supplementation
Antioxidants, B-vitamins, zinc and magnesium are
required to enhance conversion of EPA and GLA to
PG-3 and PG-1, and to suppress conversion of AA
to PG-2.
Antioxidants prevent oxidation of GLA, DGLA
allowing their further conversion to PG-1.
Integrative Medicine – third edition (David Rakel) Elsevier Saunders Publishing
Prostaglandins Leukot Essential Fatty Acids (1992) https://pubmed.ncbi.nlm.nih.gov/1492101/
J Nutrition (1989) https://pubmed.ncbi.nlm.nih.gov/2520267/

Adeeva All-in-One Multiple Vitamin and Mineral: 2 caplets, twice daily with
food provides the following:

All-In-One Multi Vitamin and Mineral
Vitamin A

2,500 I.U.

Beta Carotene

15,000 I.U.

Vitamin C

1,000 mg

Vitamin D

1000 I.U.

Vitamin E succinate

400 I.U. (natural)

Thiamin

50 mg

Riboflavin

50 mg

Niacin

50 mg

Vitamin B-6

50 mg

Folic Acid

400 mcg

Vitamin B-12

50 mcg

Biotin

300 mcg

Pantothenic Acid

50 mg

Adeeva All-in-One Multiple Vitamin and Mineral Continued

All-In-One Multi Vitamin and Mineral Continued
Calcium

500 mg

Iron

6 mg

Magnesium

200 mg

Zinc

15 mg

Selenium

200 mcg

Copper

2 mg

Manganese

5 mg

Chromium

50 mcg

Molybdenum

50 mcg

Bioflavonoids

50 mg

Lutein

6 mg

Lycopene

6 mg

Synergistic Effects
1. Nature’s Essential Oils

2. All-in-One Multi-Vitamin and
Mineral
Together they support antiinflammatory processes, brain
function, heart and blood vessel
health, etc.

Dr. James Meschino
drjames@adeeva.com

Next Steps
If you are not an Adeeva Customer and would like to learn about ordering and dispensing
Adeeva Supplements to your patients, or for your own personal use, as well as:
• Adeeva Monthly Specials
• Wholesale/Retail Pricelist
• NEW AFFILIATE PROGRAM - How patients can order online and you receive credit and
compensation for online purchases through Adeeva affiliate program
• In-office Adeeva Education Materials (free brochures and other resources)
• Dr. Meschino’s Webinars for your Patients on Nutritional Medicine.
• Dr. Meschino’s Weekly Lifestyle Medicine Update Video Newsletter – can forward to
patients
• Dr. Meschino’s Health Lifestyle Booster – can forward to patients
Call or Email: Arlene Walker: arlene@adeeva.com
Phone: 866-262-1010

You can learn more at:
www.adeevainfo.com – a website that supports health care practitioners
Also learn about how to become a Registered Nutritional Consultant
Practitioner (RNCP/ROHP) sanctioned by the International Organization of
Nutritional Consultants (www.ionc.org): contact brad@gim-academy.com or
call 647) 987-8506

Practitioners ordering Adeeva Products for their offices are now giving 20
complementary subscriptions for select patients to access Our Digital
Wellness Coaching Program: www.meschinowellness.net

CMCC CE Webinar:
Topic: Arthritis and Chiropractic:
Imaging, Diagnosis, Nutrition
with
Dr John Taylor - Chiropractic
Radiologist
Dr. James Meschino
Date: October 16, 2021 (6 Hr. CE)
Cost: $200.00 - All proceeds donated
to Dr. James Laws Student Award Fund
Here is the link to register and learn more:
https://continuingeducationatcmcc.myabsorb.ca/#/instructor-ledcourses/df496898-b392-466b-bfa1-2faa60ece664

Dr. James Meschino
drjames@adeeva.com

