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	Liver:  fatty acid metabolism requires energy, can genrate inflammatory agents and is a competetive process against hormone metabolism
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	Nutrient Interaction
	Drug Interaction

	bile acids

Emulsifiers:

Lecithin, egg yolk

simple CHO, blended corn, yogurt, acacia gum, oatmeal

cream of rice
	Excessive intake of cholesterol, saturated fats and trans-fatty acids will bring on or exacerbate an EFA deficiency.
	-flaxseed meal contains a B6 utilizing component

-the requirements for vitamin E and possibly other antioxidants is increased by ingestion of PUFA’s
	


	Deficiency Signs: coarse and edematous dry, scaly skin (hypothyroidism is flaky dry skin); CNS symptoms, peripheral nervous system symptoms, edema, paresthesia, visual problems, slow development in children, decreased capillary integrity, in utero retinal development ((3), heart disease ((3).  Excessive cerumen



	
	Mackerel 
	Menhaden
	Cod
	Tuna
	Salmon 
	Herring

	percent fat
	13 %
	
	
	5 %
	9 %
	13 %

	total oil per ounce
	1.8-2.6 g
	
	.3 g
	. 7 g
	1.8 g
	1.5 g

	total oil per 4 oz.
	7.2-10.4 g
	
	1.2 g
	2.8 g
	7.2  g
	6 g

	total (-3 per ounce
	.3-.5 g(17 %)
	
	.13 g (42%)
	.2 g (30 %)
	.5 g (29%)
	.1 g (6%)

	total (-3 per 4oz
	1.2-2.0 g
	
	.52 g
	.8 g
	2.1 g
	3.6 g


	
	20:4

Arachidonic acid
	20:5 Eicosapenanoic acid
	Total lipid per 100 grams of  edible portion
	Sample Count (for previous column only)
	Std. Error

	salmon, chinook, raw
	0.154
	0.788
	10.440 
	10
	1.692

	salmon, pink, raw
	0.078
	0.419
	3.450 
	144
	0.14

	cod, Atlantic, raw
	0.022
	0.064
	0.670 
	293
	0.007

	cod, Pacific, raw
	0.017
	0.080
	0.630 
	18
	0.031

	tuna, fresh, bluefin, raw
	0.043
	0.283
	4.900 
	7
	0.971

	mackerel, Atlantic, raw
	0.183
	0.898
	13.890 
	364
	0.380

	herring, Pacific, raw
	0.096
	0.969
	13.880 
	128
	0.475

	halibut, Atlantic and Pacific, raw
	0.139
	0.071
	2.290 
	55
	0.236


all units are grams

	Sources of (-6:  

· linoleic acid:  safflower oil, sunflower oil, soybean oil, other nuts

· gamma-linolenic acid:  evening primrose oil, borage oil, black currant  

    seed oil
	Sources of (-3:

· EPA and DHA:  cod liver oil, halibut oil, mackerel oil, albacore tuna oil

· ALA:  perilla seed oil (64%), flaxseed oil (53%), black currant seed oil (13%), canola oil (11%), 

walnut oil (10%), soybean oil (7%), wheat germ oil (7%)


	Dosage and Administration:  The dosage is variable, depending on the type of oil used and the clinical condition being treated.  Usual doses of fish-oil concentrate are 3-12 g/day, cod liver oil 5-15 ml/day, flaxseed, sunflower or safflower oil 5-30 ml/day, evening primrose oil 2-6 g/day, borage oil 1-6 g/day, black currant seed oil 2-10 g/day.  For general nutritional support, taking sunflower/safflower and flaxseed oil on alternated days may provide a more physiologic balance of (-6 and (-3 fatty acids that supplementing with either oil alone.  However, for the treatment of specific conditions, the various oils listed above are not necessarily interchangeable.  Blood tests that measure essential fatty acids may be helpful.  In addition, there is little research on the effect of combining various essential-fatty acids in a supplement.

A recommended ratio is 4.5 ((6): 1 ((-3) thus long-term use of flax seed oil as the major source of fat is not good long-term treatment.


If inadequate absorption of fatty acids is determined, absorption can be increased in a variety of ways:

· oils absorb transdermally (caution with flax oil as it can permanently stain and scent absorbent material)

· emulsifiers:  food in general; specifically egg yolks, yogurt, applesauce, corn, acacia gum, lecithin, oatmeal

· pancreatic lipase enzymes

Oils should be stored in opaque plastic or amber glass bottles in the refrigerator


	Toxicity Signs:  Ingestion of large amounts may promote lipid peroxidation if additional vitamin E is not given.  Oils and foods (such as nuts) containing unsaturated fatty acids should be dept in an airtight container in the refrigerator in order to reduce the formation of lipid peroxides.  Large doses of oil may provide excessive calories (~120 calories/Tbl.).  Canola contains erucic acid which is carcinogenic, however modified strains currently have minimal levels of erucic acid.  


Clinical Indications

Vegetarians may have a tendency toward a relative insufficient (6 and (5 desaturase function compared to nonvegetarians.  Vegetable foods do not contain many fatty acids that are longer than 18 carbons, where as animal foods contain some 20 carbon species including products of (6 and (5 desaturase metabolism.  Therefore, utlization of plant derived fatty acids that are furthest along the metabolic pathway could prove beneficial.  DHGLA (20:3( 6) is the produce of (6 saturation and elongase activity of GLA.  DHGLA is found in borage 24%), black currant seed and evening primrose oil.  

Obesity  

(2 adrenergic receptors are stimulated by NE which encourages the adipocyte to store fat.  (2 receptor sites on adipocytes increases when fat is cut out of the diet resulting in metabolic encouragement of fat storage.  Inclusion of w3 FA during weight loss downregulates (2, which will help patients keep weight off. 

	Autoimmune Conditions

	Rheumatoid arthritis
	borage oil:  1.4 g GLA/day (4-6 grams oil)

fish oil concentrate:  10-12 g/day

black currant seed oil:  (10.5 g/day)
	GLA appears to be the most effective of the above-mentioned treatments.  There have been no studies evaluating the effect of a combination of the various fatty acid supplements


	Behavioral and Psychiatric Conditions

	Schizophrenia
	flaxseed oil:  2-6 Tbl./day 

fish oil concentrate:  10 g/day
	Case reports and uncontrolled trials:  Cases also suggest that EPO may reduce the “negative” symptoms of schizophrenia (i.e. apathy, withdrawal), particularly in patients who do not flush with niacin supplementation (possibly due to prostaglandin abnormality).  Patients have demonstrated plasma-membrane lipid abnormalities prior to supplementing.

	Bipolar disorder
	fish oil:  9.6 g/day (-3 fatty acids for 4 months
	Controlled trial:  Significantly improved symptoms an increased the duration of remission 


	Cardiovascular Conditions

	Hypertension
	
	Supplementation with fish oil or sunflower oil has lowered blood pressuer in some but not all studies.  Flaxseed oil has been ineffective.  Dr. Gaby recommends this treatment for those patients who have HTN and signs of EFA deficiency.

	Hyperlipidemia
	(6 FA’s
	May lower serum cholesterol.  Fish oil lowers triglycerides, but the effect on total cholesterol and LDL cholesterol is variable. 

	Vascular Headache
	EPO, borage oil
	These oils contain DHGLA, a precursor to PG1 which is vasodilatory.


	Dermatological Conditions

	Dry Skin
	
	Due to essential fatty acid deficiency

	Eczema
	Evening primrose oil:  2-3 g/day for children, 6-8 g/day for adults; fish oil 10 g/day; sunflower oil
	Controlled trials and uncontrolled trials w/ conflicting results

	Psoriasis
	Fish oil; Flaxseed oil (1-3 T/day)
	clinical observation


	Gastrointestinal Conditions

	Constipation
	Flaxseed oil:  1-2 Tbl per day
	Clinical observation:  The beneficial effect may be due to something in flaxseed oil other than the essential fatty acid.


	Gynecological and Obstetric Conditions

	Pregnancy
	Flaxseed oil:  1-2 Tbl per day
	The WHO recommends consumption of (3 fatty acids during pregnancy for neurological development of the fetus and infant.


	Hepatobiliary Conditions

	Hepatocellular carcinoma
	Evening primrose oil:  9-18 g/day
	Uncontrolled trial:  Prolonged survival by 3-4 x in cases of hepatocellular carcinoma.


	Male Conditions

	Benign Prostatic Hyperplasia
	Flaxseed oil: 1-2 Tbl./day 
	Clinical observation (A Gaby):  The beneficial effect may be due to something in flaxseed oil other than the essential fatty acids.


	Metabolic Conditions

	Lithium toxicity
	Sunflower oil (5-15 ml/day)
	Reversed lithium-induced tremor in several case reports. Clinical observation (J Wright):  A patient with lithium-induced renal dysfunction improved after supplementation with flaxseed oil.


	Neurological Conditions

	Multiple sclerosis
	sunflower oil:  60 ml/day 
	Data conflicting:  Reduced the severity of exacerbations and slowed progression.  Meta-analysis of 3 double-blind trials showed significant benefit.  Based on theoretical considerations (abnormal EFA metabolism in patients with MS) an a small uncontrolled tiral, some practitioners use EPO (3-6 g/day) as an alternative to sunglower oil.  Long term supplementation with 5 ml/day of cod liver oil, in combination with a low-saturated fat diet (i.e. the Swank diet), has been reported to reduce substantially the degree of disability

	Benign familial tremor
	sunflower or flaxseed oil:  1 tsp to 2 Tbsp. per day
	Case reports and clinical observation:  Chronic cases may require several months (3-5) of treatment before improvement is seen. 

	Guillaine-Barre syndrome
	sunflower oil:  30 ml/day
	Associated with rapid recovery in 2 children

	Diabetic neuropathy
	480 mg/day GLA from EPO for 1 year
	Controlled trial


Fatty acids comprise the cell membrane and the membrane of cellular organelles such as the mitochondria. The cell wall essentially manages communication with and passage into and out of the cell.  Therefore, consumption of trans or hydrogenated fatty acids will result in the inappropriate use of these substrates in metabolic pathways resulting in a less selective way in which the cell, hence the body, can respond to the environment.  

Nomenclature

There are two systems of fatty acid nomenclature.  We will use linoleic acid as an example.

Carboxylic acid end (()      HOOC-C-C-C-C-C-C-C-C=C-C-C=C-C-C-C-C-C-CH3     Methyl end (()

1. 18 :2( 6 ( 18 is the number of carbons, 2 is the number of  double bonds, 6 is the location of the first double bond from the methyl


end, which is represented by (.

2. C 18 ( 9, 12:  C 18 is the number of carbons, (9,12 are the locations of the double bonds in relation to the carboxylic acid end, 


which is represented by (.

· Saturated fats contain no double bonds in their carbon chains.

· Unsaturated fats contain double bonds in their carbon chains.

· Monounsaturated fats contain a single double bond in their carbon chain.

· Polyunsaturated fats contain two or more double bonds in their carbon chain.

Bad fats:

saturated fats:


coconut:  short chain staturated fatty acids


hydrogenated fats:  previously unsaturated fats that are catalyzed into saturated fats by passing hydrogen through them in the 



presence of a catalyst such as nickel.  Usually increases the content of trans-fatty acids depending on the metal catalyst.

· peanut butter, margarine, vegetable shortening

· Metabolism is unknown as these fatty acids do not have any activity similar to essential fatty acids.

trans fats:  heating converts oils from cis to trans i.e. margarine

Azelaic acid:  product of oxidation of oleic acid



Current research suggest treatment of melanoma.  Thus, ozonated olive oil is rich in azelaic acid.  However, it may be healthier to give a patient azelaic acid due to other harmful oxidized substances in the ozonated olive oil

Essential Fatty Acids:

In the body, double bonds can only be inserted into the carboxy end ((), not the methyl end (() of fatty acids.  Thus, (9 fatty acids cannot be a utilized to create (3 or (6 fatty acids.  Likewise,  (3 and (6 fatty acids cannot be interchanged in the body.

Functions of fatty acids in the body:

1. Functions and structures of all membranes

2. metabolism of cholesterol

3. formation of eicosanoids (20 carbon fatty acids)

4. fuel

(3 fatty acids appear to have metabolic precedence, being the prefered fatty acid for prostaglandin synthesis.

(6 fatty acids

Dihomo gamma linolenic acid (20:3 (6) formation is favored in the seminal plasma, seminal vessicles and adrenal glands.  Therefore, when evaluating low normal adrenal function, evaluate fatty acid intake. 

(6 pathway

Linoleic acid (18:2( 6) 

enhanced by
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Adrenic acid (22:4( 6)


((4 desaturase)

Docosapentaenoic acid 

Estrogen increases delta 5,6 desaturases


pregnancy ( ( estrogen ( fetal neurological formation, hormonal development

Seeds and nuts are significant sources of (6 fatty acids.  People with severe allergies may benefit from minimal consumption of these foods.  Consider testing for allergies to these foods.

Series 2 prostaglandins

· IL-6 inhibits PG-E2 formation 

Thromboxanes:  


Thromboxanes are formed and released by platelets to affect their coagulability.  Thus, platelet coagulabilitity can be affected by consumption of various fatty acids.  


Daily consumption of aspirin inhibits COX  resulting in decreased TXA2.  Alternatives to aspirin therapy include administration of (3 oils in conjunction with Populus spp. or Salix alba 500 mg bid.  

	TXA1
	TXA2
	TXA3

	· decreases platelet aggregation
	highly platelet aggregatory
	decreases platelet aggregation


( 3 pathway

Alpha linolenic acid (18:3( 3) 







lipids:  (dietary cholesterol, ( saturated and mono LCFA, trans FA


((6 desaturase)
                   blocked by:
carbohydrates: alcohol, ( dietary sugar, diabetes









micronutrients:  zinc deficiency
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Series 3 prostaglandins

Eicosapentaeinoic acid (20:5( 3)


TXA3



(elongase)





Series 5 leukotrienes: not bronchoconstrictive (like series 4 LT)

22:5 (3





((4 desaturase)

Docosahexaenoic acid (22:6( 3) ( series 5 LT 


PG E3
Estrogen increases delta 5,6 desaturases


pregnancy ( ( estrogen ( fetal neurological formation, hormonal development

Delta 5 desaturase prefers ( 3 to (6 at a ratio of 50:1.  

EPA:


Decreases platelet aggregation


-conversion of ALA to EPA is very limited

Arachidonic Acid

Liberated by phospholipase from the cell membrane.  (find research on the three types of phospholipase)

Arachidonic acid (20:4 w6) has a profound effect on mast cell activity.  
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Lipoxygenase is used to bleach wheat flour by destroying carotenes.  

	Inflammation





	

Pain



	Cartilage destruction

	Leukotrienes (LT B4)
	PGE2, induced by IL1(
	TNF(, IL 1(


Arachidonic acid Increases platelet aggregation

Proinflamatory Metabolites of LOX

The LOX pathway involves the enzyme 5’ lipoxygenase (5-LO) and produces HPETE (hydroperoxyeicosatetraenoic acid) and its derivatives:  12-HPETE in platelets, 5- and 15-HPETE in leukocytes. 

· 5-HPETE  gives rise to  

· HETE (hydroxyeicosatetraenoic acid) which is a neutrophil chemotactic factor.

· Leukotrienes:  AA ( (5-LOX )( LT A4 ( LT B4 or LT C4-D4-E4
· LTB4 a chemotactic factor

· LT C4, D4 , E4  are involved in vasoconstriction, bronchoconstriction and ( vascular permeability. These are referred to as  slow reacting substances of anaphylaxis (SRS-A)
12-LOX ( hydroperoxy radical eicosatetraenoic acid (12-HPETE)



Series 4 LT are 30 times more active than the 5 series LT in chemotactic acitivity.  



Series 5 LT are not bronchoconstrictive like series 4 LT.  

· 15-LOX ( 15 HPETE

· HPETE causes chemotaxis of white blood cells


· HPETE is active in the prostaglandin pathway by blocking the formation of PGI2 encouraging the formation of TXA2 resulting in 

· the encouragement of platelet aggregation. Thus someone with heart disease should be concerned about allergies which 

· result in an increase in HPETE.



Glycyrrhiza:  chalcones bind LT B4 and D4 for an antiinflammatory effect.



Quercetin can block 5-LOX (1/’3 tsp tid to qid for adults, ¼ tsp tid –qid for kids for asthma managment).  However, quercetin will not be effective in status asmaticus, a medical emergency.

Proinflammatory Metabolites of COX:  Prostaglandins

· PGF2(:  commonly associated with menstrual cramps (Tanacetum:  expect some variances due to variablity in sesquiterpene 



lactone content)


Isoprostanes: slight modification of pentane ring of prostaglandins

· DHGLA( PGE1  (Give w-3 FA beforehand by 1 meal to take up the delta 5,6 desaturase as w3 is preferential subsrate for for 


these enzymes)



acitivates cAMP



vasodilator



inhibits platelet aggregation


Alcohol blocks delta 6 desaturase and promotes PGE1

Noninflammatory Metabolites of COX

· PGI2:  Prostacyclin

· diuretic:  The kidney utilizes fatty acids and their metabolites for proper fluid balance function.


· protects gastrointestinal mucosa

· PGE1
· activates adenyl cyclases ( (cAMP

· inhibits platelet aggregation

· ( vasodilation, reduces vasospastic response of catecholamines

· activates T-lymphocytes

· decreases inflammation


Nutrients known to be required for PGE1 synthesis include DGLA (found in evening primrose oil, borage oil, and black current oil), 


magnesium, zinc, nicotinic acid, and Vitamin C.

� Chirstensen, Dawn.  Acta Physiologica Scandinavia, 1952  27: 204-5





