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pain actually promote joint destruction13, 14, 15 and the
newer selective cyclooxygenase inhibitors carry an unjusti-
fiable cost16, 17 and fail to deliver improved efficacy18

despite significantly increasing the risk for kidney damage,
hypertension, myocardial infarction, stroke, and sudden
death.19, 20, 21 On the other hand, natural treatments such
as dietary improvements and fatty acid supplementation
have been shown to safely reduce the need for medical
treatments, to improve health, to alleviate many common
diseases, and to prolong life at lower cost, negligible risk,
and with improved overall outcomes.22, 23 In order to
reduce costs, promote health, and reduce iatrogenic dis-
ease, our healthcare paradigm must change from
“disease treatment with drugs and surgery” to “health
promotion with therapeutic nutrition and lifestyle
improvements.” It is safe and reasonable to predict that in
the near future, customized dietary improvement, therapeu-
tic nutrition, lifestyle modification, and fatty acid
supplementation will be viewed as integral components of
patient care for all patients with all diseases.  Doctors must
therefore be informed of new research on how to use these
interventions skillfully.

The combination of dietary improvement and skillful
nutritional intervention as reviewed by the current author in
the first article in this series24 and in greater detail else-
where25 is the single most powerful approach for the
effective treatment of a wide range of conditions.  Follow-
ing closely behind general dietary modification, fatty acid
supplementation offers clinicians the opportunity to
improve the health of their patients in ways that no other
single treatment can.

FATTY ACID SUPPLEMENTATION: UNDER-
STANDING IS THE KEY TO MASTERY

An accurate and detailed understanding of fatty acid
metabolism is important for the complete and effective
management of many clinical conditions including mental
depression, coronary artery disease, hypertension, diabetes,
other inflammatory/autoimmune disorders, and many of
the musculoskeletal conditions encountered in clinical
practice.  The practical application of this information is

INTRODUCTION

Chiropractic and naturopathic physicians are the only
doctorate-level healthcare providers with graduate-level
training in therapeutic nutrition and are emerging as the
leaders in the treatment and prevention of long-term health
disorders, including nearly all of the chronic diseases seen
in clinical practice such as obesity, hypertension, adult-
onset diabetes, hypercholesterolemia, allergies, asthma,
arthritis, depression and a long list of other musculoskeletal
and non-musculoskeletal conditions.1,2 With the increasing
substantiation of the effectiveness and cost-effectiveness of
the nutritional management of these problems, and the doc-
umentation of the excessive cost and adverse effects
generally associated with pharmaceutical medications, we
are approaching a paradigm shift in healthcare which will
eventually (re)position the practitioners of holistic natural
healthcare in their proper place—at the forefront of patient
management.

Healthcare providers of all disciplines are obligated to
act responsibly to protect the health of the public.  Current
research published in peer-reviewed medical journals sug-
gests that over-utilization of allopathic medical care
endangers patients’ health by exposing patients to prescrib-
ing errors3, hospital injuries, and what is described as
“substandard care.”4 A recent article in the New England
Journal of Medicine5 concluded that deficits in allopathic
medical care pose “serious threats to the health of the
American public.”  A 1997 review published by the Ameri-
can Academy of Family Physicians6 stated, “Recent
estimates suggest that each year more than 1 million
patients are injured while in the hospital and approximately
180,000 die because of these injuries. Furthermore, drug-
related morbidity and mortality are common and are
estimated to cost more than $136 billion a year.”  New
research also shows that several popular “antidepressant”
drugs actually increase the risk for suicide in children7 and
adults8,9, and, similarly, “antipsychotic” drugs may worsen
clinical outcomes in a large percentage of patients with
mental illness.10 Chiropractic diet therapy—not drugs—is
the most effective treatment for chronic hypertension.11, 12

Many anti-inflammatory drugs for the treatment of joint
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relatively straightforward, and with a detailed understand-
ing of precursors and modulators of fatty acid,
prostaglandin, and leukotriene metabolism, clinicians can
facilitate or restrict the production of bioactive chemicals to
promote the desired clinical result.  The basics of fatty acid
metabolism were reviewed previously; here we focus on

clinical applications.  We will focus on the fatty acids with
the greatest promise for clinical benefit: alpha-linolenic
acid, gamma-linolenic acid, eicosapentaenoic acid, docosa-
hexaenoic acid, and oleic acid.  Biochemical pathways and
clinical implications of fatty acid metabolism are detailed
in Figures 1 and 2.
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THE HEALTH-PROMOTING FATTY ACIDS:
ALA, EPA, DHA, GLA, AND OLEIC ACID

• Alpha-linolenic acid: ALA, α-LNA, ALNA,
18:3n3: ALA is an essential fatty acid as it is the
“first in line” in the family of omega-3 polyunsatu-
rated fatty acids (PUFA).  Sources include flax seed
oil (57% ALA), canola oil (9% ALA), soy oil,
breast milk, English/black walnuts, soybeans, pine
nuts, green vegetables, and beans.  Conversion of
ALA to the more biologically active EPA and DHA
does not reliably or efficiently occur in humans.26

No increase in DHA has been consistently observed
in humans after supplementation of ALA27; in fact,
supplementation with flax seed oil has actually
been shown to reduce DHA levels in humans.28

Although ALA can reduce blood pressure and car-
diovascular mortality26, it does not reduce serum
lipids as do EPA and DHA.  In a study of men with
metabolic syndrome, ALA was shown to have anti-
inflammatory benefits independent of its
conversion to EPA or DHA.29 The mechanism of
action appears to be downregulation of NF-KappaB
(the main “amplifier” for the expression of proin-
flammatory gene products30) rather than the direct
modulation of eicosanoid biosynthesis.  One study
using flax oil as a source of ALA to treat rheuma-
toid arthritis found no clinical or biochemical
benefit (i.e., no change in Hgb, CRP, ESR)31; how-
ever, the poor results of this study may have been
due to the inferior quality of the flax oil product that
was used which only supplied 32% ALA compared
with the much higher concentration of 57% found
in most products.  Moderate intakes of ALA from
flax oil profoundly reduce production of proinflam-
matory prostaglandins (e.g., PG-E2, measured by
urinary excretion) by 52% to 85% in humans32

which is superior to the 42% reduction induced by
rofecoxib (the drug “Vioxx”).33 In summary,
increased intake of ALA appears to provide cardio-
protective34 and anti-inflammatory benefits29,32,
and ALA can help reduce the frequency and sever-
ity of migraine headaches when used as part of a
comprehensive natural treatment plan that includes
diet change and nutritional supplementation.35

• Eicosapentaenoic acid: EPA, 20:5n3: EPA is
essentially absent in vegan diets since the major
dietary source is fish oil.  Dietary EPA is incorpo-
rated into cell membranes where it modulates
neurotransmitter and hormone receptor function
and where it is stored before liberation by phospho-
lipase for eicosanoid production.  EPA-derived
eicosanoids have anti-inflammatory properties,

including a reduction in the production of pro-
inflammatory eicosanoids such as LT-B4, PAFs,
and cytokines such as TNF-alpha and IL-1, and a
large reduction in PG-E2 and TX-B2.36 Unfortu-
nately, EPA can decrease production of DGLA, the
metabolite of GLA that has health-promoting prop-
erties.37 EPA doses of at least 4 grams per day are
needed to increase bleeding time.38 EPA supple-
mentation reduces urinary excretion of calcium in
patients with hypercalciuria and may therefore help
prevent the development of calcium urolithiasis.39

Due to its anti-inflammatory, membrane-enhancing,
and other nutrigenomic benefits, EPA supplementa-
tion has proven beneficial for patients with lupus,40

cancer41, borderline personality disorder42, mental
depression43, 44, 45, schizophrenia46, and osteoporo-
sis (when used with GLA).47

• Docosahexaenoic acid: DHA, 20:6n-3: DHA is
found only in plants of the sea,
phytoplankton/microalgae, and consumers of
microalgae (such as fish).  Like EPA, DHA is an
important component of cell membranes and gener-
ally appears to improve cell membrane function via
improving receptor function and signal transduc-
tion.  In late 2003, bioactive metabolites of
DHA—the docosatrienes and resolvins—were dis-
covered to mediate potent anti-inflammatory
benefits.48 Animal studies have shown that induc-
tion of DHA deficiency causes memory deficits and
a reduction in hippocampal cell size49, and DHA
deficiency in humans is consistently associated with
mental depression, learning disorders (e.g.,
ADD/ADHD), and other neuropsychiatric disorders
such as schizophrenia.  DHA levels are reduced by
ethanol consumption.50 DHA appears essential for
optimal cognitive function in infants and adults, and
DHA also provides protection against thrombosis,
arrhythmia, cardiovascular death, Alzheimer’s dis-
ease51, otitis media (when used with nutritional
supplementation52), and coronary restenosis follow-
ing angioplasty.53 Supplementation with DHA
(often in the form of fish oil, which includes EPA)
has been shown to benefit patients with bipolar dis-
order54, Crohn’s disease55, rheumatoid arthritis56, 57,

58, lupus59, cardiovascular disease60, psoriasis61,
and cancer.62 DHA appears to have an “anti-stress”
benefit manifested by 30% reductions in norepi-
nephrine and improved resilience to
psychoemotional stress.63, 64 Supplementation with
EPA+DHA is extremely safe and reduces all-cause
mortality.60

• Gamma (γ)-linolenic acid: GLA, 18:3n6: The
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most powerful health-promoting n-6 fatty acid,
GLA is found in varying concentrations in evening
primrose oil, borage seed oil, hemp seed oil, and
black currant seed oil.  Most if not all of the actions
of GLA are mediated following its elongation to the
biologically active DGLA, from which eicosanoids
that have cardioprotective and anti-inflammatory
benefits are derived. Low levels of DGLA are asso-
ciated with increased risk for stroke and myocardial
infarction.37 DGLA metabolites reduce the forma-
tion of the arachidonate-derived 2-series
prostaglandins, 4-series leukotrienes and platelet-
activating factor.65 GLA supplementation results in
the formation of two biologically active metabolites
from DGLA formed by cyclooxygenase and
lipoxygenase.  Prostaglandin E-1 (PG-E1) is the
main metabolite formed from DGLA by cyclooxy-
genase and its production is increased by vitamin
C.66 PG-E1 decreases platelet aggregation37,
inhibits vascular smooth muscle cell proliferation in
vitro67, causes vasodilation36, and thus helps lower
blood pressure.37 PG-E1 has anti-inflammatory
benefits and is probably the most potent
prostaglandin with respect to bronchodilation.66

Additionally, PG-E1 may have a mood elevating
effect insofar as levels are elevated in patients with
mania, reduced in patients with depression, and are
elevated by ethanol intake.68 Production of PG-E1
is increased by n-3 fatty acids.69 15-HETrE is the
second main metabolite from GLA/DGLA and is
formed from DGLA via 15-lipoxygenase.  15-
HETrE has potent anti-inflammatory action by
inhibiting the conversion of arachidonic acid to
leukotrienes via inhibition of 5-lipoxygenase and
12-lipoxygenase.37, 70 Clinically, this is very impor-
tant because several common and serious health
problems including allergy, asthma, cardiovascular
disease, and cancer are at least partially dependent
upon the function of lipoxygenase for the produc-
tion of leukotrienes.   Notably, prostate cancer cells
can be rapidly killed in vitro by lipoxygenase inhi-
bition.71 Clinical benefit associated with GLA
supplementation is seen in patients with, eczema72,
breast cancer (when used with tamoxifen73), pre-
menstrual syndrome74, rheumatoid arthritis75, 76,
diabetic neuropathy77, migraine headaches (when
used with ALA35), and respiratory distress syn-
drome (when used with EPA).78

• Oleic acid: N-9 oleic acid appears to have health-
promoting benefits, namely cardioprotection and
anti-inflammation which are both partially medi-
ated via suppression of NF-kappaB.79 Most studies
that have used oleic acid have used olive oil, which

is a complex mixture of oleic acid, squalene, and
phenolic antioxidants/anti-inflammatories; there-
fore, determination of the benefits of oleic acid
alone (i.e., without squalene and phenolics) is diffi-
cult.  Other sources of oleic acid include flax seed
oil and borage oil.  Olive oil should be consumed in
the diet to attain sufficient quantity of oleic acid
along with the health-promoting, anti-inflamma-
tory, anti-cancer, and cardioprotective squalene and
phenolic antioxidants.  Dietary consumption of
olive oil is consistently associated with reductions
in cancer and cardiovascular disease, particularly
when used as a component of a health-promoting
diet.80, 81

NUTRIGENOMICS: MODULATION OF
GENETIC EXPRESSION VIA INTERVENTIONAL
NUTRITION

The study of how dietary components and nutritional
supplements influence genetic expression is referred to as
“nutrigenomics” or “nutritional genomics” and has been
described as “the next frontier in the postgenomic era.”82

Various nutrients have been shown to modulate genetic
expression and thus alter phenotypic manifestations of dis-
ease by upregulating or downregulating specific genes,
interacting with nuclear receptors, altering hormone recep-
tors, and modifying the influence of transcription factors,
such as proinflammatory NF-kappaB.  Indeed, the previous
view that nutrients only interact with human physiology at
the metabolic/post-transcriptional level must be updated in
light of current research showing that nutrients can, in fact,
modify human physiology and phenotype at the
genetic/pre-transcriptional level.  Whereas pharmaceutical
modulation of genetic expression will require billions of
dollars and decades of research before clinical implementa-
tion, the power of health-promoting nutritional
interventions is available to us immediately at compara-
tively negligible cost.

Fatty acids and their end-products modulate genetic
expression in several ways, as these examples will illus-
trate.  In general, n-3 fatty acids decrease inflammation and
promote health while n-6 fatty acids (except for GLA,
which is generally health-promoting) increase inflamma-
tion, oxidative stress, and the manifestation of disease.
Corn oil, probably as a result of its high n-6 LA (linoleic
acid) content, rapidly activates NF-kappaB and thus pro-
motes tumor development, atherosclerosis, and elaboration
of pro-inflammatory mediators such as TNFa.83, 84, 85 Sim-
ilarly n-6 arachidonic acid increased production of the free
radical superoxide approximately 4-fold when added to iso-
lated Kupffer cells in vitro.  Prostaglandin-E2 is produced
from arachidonic acid by cyclooxygenase and increases
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genetic expression of cyclooxygenase and IL-6; thus,
inflammation manifested by an increase in PG-E2 leads to
additive expression of cyclooxygenase, which further
increases inflammation and elevates C-reactive protein.86

The unique health-promoting effects of GLA are nutrige-
nomically mediated via activation of PPAR-gamma,
inhibition of NF-kappaB, and impairment of estrogen
receptor function.87, 88 Supplementation with ALA leads to
a dramatic reduction of prostaglandin formation in
humans32, and this effect is probably mediated by down-
regulation of proinflammatory transcription, as evidenced
by reductions in CRP, IL-6, and SAA.29 EPA appears to
exert much of its anti-inflammatory benefit by suppressing
NF-kappaB activation via activation of PPAR-alpha89 and

thus reducing elaboration of proinflammatory mediators.90

EPA also indirectly modifies gene expression and cell
growth by reducing intracellular calcium levels and thus
activating protein kinase R which impairs eukaryotic initia-
tion factor-2alpha and inhibits protein synthesis at the level
of translation initiation, thereby mediating an anti-cancer
benefit.91 DHA is the precursor to docosatrienes and
resolvins which downregulate gene expression for proin-
flammatory IL-1, inhibit TNFa, and reduce neutrophil entry
to sites of inflammation.48 Therefore, we see that fatty
acids directly affect gene expression by complex and mul-
tiple mechanisms.  These effects are summarized in Figure
3. 
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Figure 3:  An integrated model of fatty acid effects on
eicosanoid production and Nutrigenomics
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BIOCHEMICAL AND CLINICAL SUPERIORITY
OF USING FATTY ACIDS IN BALANCED COM-
BINATION

For the majority of clinical situations, the use of fatty
acids in isolation is inferior to using fatty acids in balanced
combination for several reasons.  First, fatty acid
defects/deficiencies generally occur in combination rather
than in isolation, and therefore more than one fatty acid is
generally needed when fatty acid supplementation is
required.  Second, since fatty acids compete for space in
cell membranes, supplementation with a single fatty acid
can exacerbate depletion of other fatty acids.  Supplemen-
tation with EPA and DHA (ie, fish oil) leads to a reduction
in DGLA and deprives patients of the benefits of PG-E1
and 15-HETrE92; therefore GLA should be supplemented
when EPA and DHA are used.  ALA supplementation32 and
fish oil supplementation93 both reduce tissue levels of oleic
acid and this is believed to have negative effects; therefore
ALA and fish oil supplementation should include addi-
tional oleic acid.  GLA supplementation causes a harmful
reduction in EPA and a harmful increase in arachidonic
acid unless EPA and DHA are supplemented along with the
GLA.94 Because of these adverse effects noted with the
use of single sources of fatty acids, the current trend in
the research literature and in clinical practice is to use
fatty acids in combination. In other words, clinical bene-
fits are generally improved significantly when doctors and
patients use a fatty acid supplement that contains the
health-promoting omega-3, -6, and -9 fatty acids in combi-
nation and in their proper ratios.

Clinical studies using mixed fatty acid preparations have
shown clinically powerful benefits.  The combination of
ALA and GLA was shown to dramatically reduce the
severity, frequency, and duration of migraine headaches
when used with vitamin supplementation and a reduction
in dietary arachidonate.35 Combination therapy with EPA,
DHA, GLA, and arachidonate was found beneficial for
children with symptoms of ADD/ADHD.95 Combination
therapy with EPA and GLA improved biochemical and
clinical indexes in adult patients with acute respiratory dis-
tress syndrome.78 Supplementation with GLA, EPA, and
calcium is superior to calcium alone in the treatment and
prevention of osteoporosis.47 In a recent placebo-con-
trolled trial with pregnant women, the combination of EPA,
DHA, and GLA appeared to protect women from eclamp-
sia and edema.96 Similarly, in patients with asthma, the
combination of EPA and GLA was well tolerated and
reduced leukotriene-B4 production.97 Recently, the combi-
nation of EPA+DHA in a 2:1 ratio with GLA was estimated
to reduce the risk for myocardial infarction in women by
43%.98 Thus, using combinations of health-promoting
fatty acids from the n-3 family (i.e., ALA, EPA, DHA) and

n-6 family (i.e., GLA) along with n-9 oleic acid to prevent
the decrease in oleic acid that occurs with ALA, EPA, and
DHA supplementation will most certainly prove clinically
beneficial for the treatment and prevention of an impres-
sively wide range of health disorders; the research is
already showing a clear trend in this direction.

CONCLUSIONS AND CLINICAL IMPLEMENTA-
TION

Fatty acid imbalances and deficiencies are common in
industrialized societies such as America that consume nutri-
tionally deficient diets with a lack of vitamins, minerals,
and n-3 fatty acids and a superabundance of artificial foods
and over-reliance upon grains.99, 100 The consistent theme
in the research is that supplementation with ALA, EPA,
DHA, GLA, and oleic acid provides clinically significant
health-promoting benefits in a wide range of patient groups
with various health disorders.  In the treatment of inflam-
matory, cardiovascular, and malignant diseases,
concomitant reduction in dietary arachidonic acid accentu-
ates the benefits of ALA, EPA, DHA, and GLA
supplementation.101 Paradoxically, preservation of or an
increase in tissue levels of arachidonic acid can be uniquely
beneficial in patients with neuropsychiatric illness such as
depression, attention deficit / hyperactivity disorder, and
schizophrenia when treated with fatty acid supplementa-
tion.95, 102, 103

The safety of fatty acid supplementation is high and has
been well established in numerous clinical studies.  Drug
interactions are extremely rare with fatty acids.  The low
frequency of drug interactions and adverse effects is to be
expected from these fatty acids which are synthesized
within the body and/or available from common foods,
though in insufficient amounts to be clinically therapeutic.
Very high doses of n-3 fatty acids may have a clinically sig-
nificant anticoagulant effect and should be used cautiously
in patients with bleeding tendencies and those taking anti-
coagulant medications such as coumadin/warfarin, aspirin,
or plavix/clopidogrel.

Supplementation with all of the health-promoting fatty
acids—ALA, EPA, DHA, GLA, and oleic acid—is
expected to provide doctors and patients with benefits
superior to those attained with the use of single fatty acids
in isolation.  Doses are tailored to patient size/weight and
health status and are kept within the safe boundaries estab-
lished in published research.  Oleic acid is safe at high
doses as its is consumed ad libitum in Mediterranean diets.
The highest daily dose of ALA reported in the literatures is
10,700 mg used in a 4-week study of lactating women.27

Two studies have used 13,000 mg EPA+DHA per day
without adverse effects in hypertensive patients104 and can-
cer patients.105 Four grams per day of GLA has been safely
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used in adults, and proof of safety was established in a
study of infants with eczema given doses of 3 grams per
day.72 Clinical effectiveness of fatty acid supplementation
for most conditions (e.g., cancer and all inflammatory/
autoimmune diseases) will be increased by implementing a
diet low in linoleic and arachidonic acids, which is
achieved via avoidance of vegetable oils, nut oils,
milk/dairy, and most grain-fed beef, liver, pork, lamb, and,
to a lesser extent, turkey and chicken.  Food allergens are
avoided and the underlying immune dysfunction is
addressed with orthomolecular immunomodulation.25 Bal-
anced, complete fatty acid supplementation along with a
health-promoting diet24,25, multivitamin supplementa-
tion106, and assurance of optimal vitamin D status25,107

forms the foundational treatment plan for nearly all patients
with all diseases.  For many patients, regardless of their
official “diagnosis”, this simple, safe, cost-effective
approach of overall health improvement is all the treatment
they require.  Doctors who use this approach will have
achieved a significant clinical advantage in the treatment of
patients with premenstrual syndrome, diabetic neuropathy,
respiratory distress syndrome, Crohn’s disease, lupus,
rheumatoid arthritis, cardiovascular disease, hypertension,
psoriasis, eczema, migraine headaches108, bipolar disor-
der109, borderline personality disorder, mental
depression110 schizophrenia, osteoporosis111, polycystic
ovary syndrome112, multiple sclerosis113, and muscu-
loskeletal pain.25,114,115 Patients with highly complex
illnesses and multiple health disorders may require addi-
tional treatment, as will be described in future articles in
this journal following a comprehensive synthesis of current
research for chiropractic and naturopathic physicians.25

ABOUT THE AUTHOR:

Dr. Alex Vasquez is a licensed naturopathic physician in
Washington and Oregon, and licensed chiropractor in
Texas, where he maintains a private practice and is a mem-
ber of the Research Team at Biotics Research Corporation.
As former Adjunct Professor of Orthopedics and Rheuma-
tology for the Naturopathic Medicine Program at Bastyr
University, he is the author of more than 20 published arti-
cles and a recently published 486-page textbook for the
chiropractic and naturopathic professions, “Integrative
Orthopedics: The Art of Creating Wellness While Manag-
ing Acute and Chronic Musculoskeletal Disorders”
available from OptimalHealthResearch.com.

ACKNOWLEDGEMENTS:

Pepper Grimm BA and Mike Owen DC of Biotics
Research Corporation reviewed this manuscript before sub-
mission.

REFERENCES: 
1. Kessler RC, Davis RB, Foster DF, Van Rompay MI, Walters EE, Wilkey SA,

Kaptchuk TJ, Eisenberg DM. Long-term trends in the use of complementary
and alternative medical therapies in the United States. Ann Intern Med
2001;135:262-268

2. Eisenberg DM, Davis RB, Ettner SL, Appel S, Wilkey S, Van Rompay M,
Kessler RC. Trends in alternative medicine use in the United States, 1990-
1997: results of a follow-up national survey. JAMA 1998 Nov
11;280(18):1569-75

3. Phillips DP, Christenfeld N, Glynn LM. Increase in US medication-error
deaths between 1983 and 1993.  Lancet. 1998 Feb 28;351(9103):643-4

4. “CONCLUSIONS: There is a substantial amount of injury to patients from
medical management, and many injuries are the result of substandard care.”
Brennan TA, Leape LL, Laird NM, Hebert L, Localio AR, Lawthers AG,
Newhouse JP, Weiler PC, Hiatt HH.  Incidence of adverse events and negli-
gence in hospitalized patients: results of the Harvard Medical Practice Study
I. 1991. Qual Saf Health Care. 2004 Apr;13(2):145-51

5. “Participants received 54.9 percent (95 percent confidence interval, 54.3 to
55.5) of recommended care.” McGlynn EA, Asch SM, Adams J, Keesey J,
Hicks J, DeCristofaro A, Kerr EA. The quality of health care delivered to
adults in the United States. N Engl J Med. 2003 Jun 26;348(26):2635-45

6. Holland EG, Degruy FV. Drug-induced disorders. Am Fam Physician. 1997
Nov 1;56(7):1781-8, 1791-2  Available at  http://aafp.org/afp/971101ap/hol-
land.html on September 8, 2004

7. “…failed to show paroxetine to be more efficacious than placebo. In addition,
the pooled results showed that suicidal thoughts, suicide attempts and
episodes of self-harm were more frequent among the paroxetine users (5.3%
of 378 children) than among those in the placebo group (2.8% of 285 chil-
dren).” Wooltorton E. Paroxetine (Paxil, Seroxat): increased risk of suicide in
pediatric patients. CMAJ. 2003 Sep 2;169(5):446

8. “The risk of suicidal behavior is increased in the first month after starting
antidepressants, especially during the first 1 to 9 days.” Jick H, Kaye JA, Jick
SS. Antidepressants and the risk of suicidal behaviors. JAMA. 2004 Jul
21;292(3):338-43

9. Jick SS, Dean AD, Jick H. Antidepressants and suicide. BMJ. 1995 Jan
28;310(6974):215-8

10. “The evidence consistently reveals that maintaining all schizophrenia patients
on antipsychotics produces poor long-term outcomes...” Whitaker R. The
case against antipsychotic drugs: a 50-year record of doing more harm than
good. Med Hypotheses. 2004;62(1):5-13

11. Goldhamer A, et al.  Medically supervised water-only fasting in the treatment
of hypertension.  J Manipulative Physiol Ther 2001 Jun;24(5):335-9

12. Goldhamer AC, et al. Medically supervised water-only fasting in the treat-
ment of borderline hypertension. J Altern Complement Med. 2002
Oct;8(5):643-50

13. “At…concentrations comparable to those… in the synovial fluid of patients
treated with the drug, several NSAIDs suppress proteoglycan synthesis…
These NSAID-related effects on chondrocyte metabolism … are much more
profound in osteoarthritic cartilage than in normal cartilage, due to enhanced
uptake of NSAIDs by the osteoarthritic cartilage.”  Brandt KD. Effects of
nonsteroidal anti-inflammatory drugs on chondrocyte metabolism in vitro and
in vivo. Am J Med. 1987 Nov 20; 83(5A): 29-34

14. “This highly significant association between NSAID use and acetabular
destruction gives cause for concern, not least because of the difficulty in
achieving satisfactory hip replacements in patients with severely damaged
acetabula.” Newman NM, Ling RS. Acetabular bone destruction related to
non-steroidal anti-inflammatory drugs. Lancet. 1985 Jul 6; 2(8445): 11-4

15. Brandt KD. Effects of nonsteroidal anti-inflammatory drugs on chondrocyte
metabolism in vitro and in vivo. Am J Med. 1987 Nov 20; 83(5A): 29-34

16. Nelson R. Coxibs not cost-effective for arthritis in most patients.  Lancet
2003; May 24: 1796

17. Spiegel BM, Targownik L, Dulai GS, Gralnek IM. The cost-effectiveness of
cyclooxygenase-2 selective inhibitors in the management of chronic arthritis.
Ann Intern Med. 2003 May 20;138(10):795-806

18. “In these trials rofecoxib 12.5-25 mg/day was no more effective than the
comparators (ibuprofen or diclofenac) used at maximal recommended doses.”
Rofecoxib: new preparation. A disappointing NSAID analgesic.  Prescrire Int
2000 Dec;9(50):166-7, 169

19. “The results from VIGOR showed that the relative risk of developing a con-
firmed adjudicated thrombotic cardiovascular event (myocardial infarction,
unstable angina, cardiac thrombus, resuscitated cardiac arrest, sudden or
unexplained death, ischemic stroke, and transient ischemic attacks) with rofe-
coxib treatment compared with naproxen was 2.38.” Mukherjee D, Nissen
SE, Topol EJ. Risk of cardiovascular events associated with selective COX-2
inhibitors.  JAMA 2001; 286(8):954-9

20. “Systolic blood pressure increased significantly in 17% of rofecoxib- com-
pared with 11% of celecoxib-treated patients (P = 0.032) at any study time
point.” Whelton A, Fort JG, Puma JA, Normandin D, Bello AE, Verburg KM;
SUCCESS VI Study Group.Cyclooxygenase-2—specific inhibitors and car-
diorenal function: a randomized, controlled trial of celecoxib and rofecoxib in
older hypertensive osteoarthritis patients. Am J Ther 2001 Mar-Apr;8(2):85-
95

Reducing Pain and Inflammation Naturally Part II: New Insights into Fatty Acids Biochemistry



https://www.amazon.com/Antiviral-Nutrition-Autoimmunity-Concept-Based-Evidence-Based-ebook/dp/B00OPDQG4W
https://www.amazon.com/Antiviral-Nutrition-Autoimmunity-Concept-Based-Evidence-Based-ebook/dp/B00OPDQG4W


Nutritional Perspectives: Journal of the Council on Nutrition of the American Chiropractic Association
January 2005 15

21. Topol EJ, Falk GW.A coxib a day won’t keep the doctor away.  Lancet. 2004
Aug 21;364(9435):639-40

22. Orme-Johnson DW, Herron RE. An innovative approach to reducing medical
care utilization and expenditures. Am J Manag Care. 1997 Jan;3(1):135-44

23. Ornish D, et al.  Intensive lifestyle changes for reversal of coronary heart dis-
ease. JAMA. 1998 Dec 16;280(23):2001-7

24. Vasquez A.  Reducing Pain and Inflammation Naturally. Part 1: New Insights
into Fatty Acid Biochemistry and the Influence of Diet.  Nutritional Perspec-
tives 2004; October pages 3-14

25. Vasquez A. Integrative Orthopedics: The Art of Creating Wellness While
Managing Acute and Chronic Musculoskeletal Disorders. Houston; Natural
Health Consulting Corporation.  (www.OptimalHealthResearch.com): 2004

26. “Indu and Ghafoorunissa showed that while keeping the amount of dietary
LA constant, 3.7 g ALA appears to have biological effects similar to those of
0.3 g long-chain n-3 PUFA with conversion of 11 g ALA to 1 g long-chain n-
3 PUFA.”  Simopoulos AP. Essential fatty acids in health and chronic disease.
Am J Clin Nutr. 1999 Sep;70(3 Suppl):560S-569S

27. Francois CA, Connor SL, Bolewicz LC, Connor WE. Supplementing lactat-
ing women with flaxseed oil does not increase docosahexaenoic acid in their
milk. Am J Clin Nutr. 2003 Jan;77(1):226-33

28. “Linear relationships were found between dietary alpha-LA and EPA in
plasma fractions and in cellular phospholipids. … There was an inverse rela-
tionship between dietary alpha-LA and docosahexaenoic acid concentrations
in the phospholipids of plasma, neutrophils, mononuclear cells, and platelets.”
Mantzioris E, James MJ, Gibson RA, Cleland LG. Differences exist in the
relationships between dietary linoleic and alpha-linolenic acids and their
respective long-chain metabolites.  Am J Clin Nutr. 1995 Feb;61(2):320-4

29. “CONCLUSIONS: Dietary supplementation with ALA for 3 months
decreases significantly CRP, SAA and IL-6 levels in dyslipidaemic patients.
This anti-inflammatory effect may provide a possible additional mechanism
for the beneficial effect of plant n-3 polyunsaturated fatty acids in primary
and secondary prevention of coronary artery disease.” Rallidis LS, Paschos
G, Liakos GK, Velissaridou AH, Anastasiadis G, Zampelas A. Dietary alpha-
linolenic acid decreases C-reactive protein, serum amyloid A and
interleukin-6 in dyslipidaemic patients. Atherosclerosis. 2003
Apr;167(2):237-42

30. Tak PP, Firestein GS. NF-kappaB: a key role in inflammatory diseases. J Clin
Invest. 2001 Jan;107(1):7-11

31. “Thus, 3-month’s supplementation with alpha-LNA did not prove to be bene-
ficial in rheumatoid arthritis.” Nordstrom DC, Honkanen VE, Nasu Y, Antila
E, Friman C, Konttinen YT. Alpha-linolenic acid in the treatment of rheuma-
toid arthritis. A double-blind, placebo-controlled and randomized study:
flaxseed vs. safflower seed. Rheumatol Int. 1995;14(6):231-4

32. Adam O, Wolfram G, Zollner N. Effect of alpha-linolenic acid in the human
diet on linoleic acid metabolism and prostaglandin biosynthesis. J Lipid Res.
1986 Apr;27(4):421-6

33. Van Hecken A, Schwartz JI, Depre M, De Lepeleire I, Dallob A, Tanaka W,
Wynants K, Buntinx A, Arnout J, Wong PH, Ebel DL, Gertz BJ, De Schepper
PJ.  Comparative inhibitory activity of rofecoxib, meloxicam, diclofenac,
ibuprofen, and naproxen on COX-2 versus COX-1 in healthy volunteers. J
Clin Pharmacol. 2000 Oct;40(10):1109-20

34. Hu FB, Stampfer MJ, Manson JE, Rimm EB, Wolk A, Colditz GA, Hen-
nekens CH, Willett WC. Dietary intake of alpha-linolenic acid and risk of
fatal ischemic heart disease among women. Am J Clin Nutr. 1999
May;69(5):890-7

35. Wagner W, Nootbaar-Wagner U. Prophylactic treatment of migraine with
gamma-linolenic and alpha-linolenic acids. Cephalalgia. 1997 Apr;17(2):127-
30

36. Tapiero H, et al. Polyunsaturated fatty acids (PUFA) and eicosanoids in
human health and pathologies. Biomed Pharmacother. 2002 Jul;56(5):215-22

37. Horrobin DF.  Interactions between n-3 and n-6 essential fatty acids (EFAs)
in the regulation of cardiovascular disorders and inflammation.
Prostaglandins Leukot Essent Fatty Acids. 1991 Oct;44(2):127-31

38. “A dose of 1.8 g EPA/d did not result in any prolongation in bleeding time,
but 4 g/d increased bleeding time and decreased platelet count with no
adverse effects. In human studies, there has never been a case of clinical
bleeding…” Simopoulos AP. Essential fatty acids in health and chronic dis-
ease. Am J Clin Nutr. 1999 Sep;70(3 Suppl):560S-569S

39. Yasui T, Tanaka H, Fujita K, Iguchi M, Kohri K.  Effects of eicosapentaenoic
acid on urinary calcium excretion in calcium stone formers. Eur Urol. 2001
May;39(5):580-5

40. Duffy EM, Meenagh GK, McMillan SA, Strain JJ, Hannigan BM, Bell AL.
The clinical effect of dietary supplementation with omega-3 fish oils and/or
copper in systemic lupus erythematosus. J Rheumatol. 2004 Aug;31(8):1551-
6

41. Wigmore SJ, Barber MD, Ross JA, Tisdale MJ, Fearon KC. Effect of oral
eicosapentaenoic acid on weight loss in patients with pancreatic cancer. Nutr
Cancer. 2000;36(2):177-84

42. Zanarini MC, Frankenburg FR. omega-3 Fatty acid treatment of women with
borderline personality disorder: a double-blind, placebo-controlled pilot
study. Am J Psychiatry. 2003 Jan;160(1):167-9

43. Nemets B, Stahl Z, Belmaker RH. Addition of omega-3 fatty acid to mainte-
nance medication treatment for recurrent unipolar depressive disorder. Am J

Psychiatry. 2002 Mar;159(3):477-9
44. Puri BK, Counsell SJ, Hamilton G, Richardson AJ, Horrobin DF.Eicosapen-

taenoic acid in treatment-resistant depression associated with symptom
remission, structural brain changes and reduced neuronal phospholipid
turnover. Int J Clin Pract. 2001 Oct;55(8):560-3

45. Peet M, Horrobin DF.A dose-ranging study of the effects of ethyl-eicosapen-
taenoate in patients with ongoing depression despite apparently adequate
treatment with standard drugs. Arch Gen Psychiatry. 2002 Oct;59(10):913-9

46. Emsley R, Myburgh C, Oosthuizen P, van Rensburg SJ. Randomized,
placebo-controlled study of ethyl-eicosapentaenoic acid as supplemental
treatment in schizophrenia. Am J Psychiatry. 2002 Sep;159(9):1596-8

47. Kruger MC, Coetzer H, de Winter R, Gericke G, van Papendorp DH. Cal-
cium, gamma-linolenic acid and eicosapentaenoic acid supplementation in
senile osteoporosis. Aging (Milano). 1998 Oct;10(5):385-94

48. Hong S, Gronert K, Devchand PR, Moussignac RL, Serhan CN. Novel
docosatrienes and 17S-resolvins generated from docosahexaenoic acid in
murine brain, human blood, and glial cells. Autacoids in anti-inflammation. J
Biol Chem. 2003 Apr 25;278(17):14677-87

49. Ahmad A, Murthy M, Greiner RS, Moriguchi T, Salem N Jr. A decrease in
cell size accompanies a loss of docosahexaenoate in the rat hippocampus.
Nutr Neurosci. 2002 Apr;5(2):103-13

50. Pawlosky RJ, Bacher J, Salem N Jr. Ethanol consumption alters electroretino-
grams and depletes neural tissues of docosahexaenoic acid in rhesus
monkeys: nutritional consequences of a low n-3 fatty acid diet. Alcohol Clin
Exp Res. 2001 Dec;25(12):1758-65

51. Horrocks LA, Yeo YK. Health benefits of docosahexaenoic acid (DHA).
Pharmacol Res. 1999 Sep;40(3):211-25

52. Linday LA, Dolitsky JN, Shindledecker RD, Pippenger CE. Lemon-flavored
cod liver oil and a multivitamin-mineral supplement for the secondary pre-
vention of otitis media in young children: pilot research. Ann Otol Rhinol
Laryngol. 2002 Jul;111(7 Pt 1):642-52

53. Bairati I, Roy L, Meyer F. Double-blind, randomized, controlled trial of fish
oil supplements in prevention of recurrence of stenosis after coronary angio-
plasty. Circulation. 1992 Mar;85(3):950-6

54. Stoll AL, Severus WE, Freeman MP, Rueter S, Zboyan HA, Diamond E,
Cress KK, Marangell LB. Omega 3 fatty acids in bipolar disorder: a prelimi-
nary double-blind, placebo-controlled trial. Arch Gen Psychiatry. 1999
May;56(5):407-12

55. Belluzzi A, Brignola C, Campieri M, Pera A, Boschi S, Miglioli M. Effect of
an enteric-coated fish-oil preparation on relapses in Crohn’s disease. N Engl J
Med. 1996 Jun 13;334(24):1557-60

56. Adam O, Beringer C, Kless T, Lemmen C, Adam A, Wiseman M, Adam P,
Klimmek R, Forth W. Anti-inflammatory effects of a low arachidonic acid
diet and fish oil in patients with rheumatoid arthritis. Rheumatol Int. 2003
Jan;23(1):27-36

57. Lau CS, Morley KD, Belch JJ. Effects of fish oil supplementation on non-
steroidal anti-inflammatory drug requirement in patients with mild
rheumatoid arthritis—a double-blind placebo controlled study. Br J Rheuma-
tol. 1993 Nov;32(11):982-9

58. Kremer JM, Jubiz W, Michalek A, Rynes RI, Bartholomew LE, Bigaouette J,
Timchalk M, Beeler D, Lininger L. Fish-oil fatty acid supplementation in
active rheumatoid arthritis. A double-blinded, controlled, crossover study.
Ann Intern Med. 1987 Apr;106(4):497-503

59. Walton AJ, Snaith ML, Locniskar M, Cumberland AG, Morrow WJ, Isenberg
DA. Dietary fish oil and the severity of symptoms in patients with systemic
lupus erythematosus. Ann Rheum Dis. 1991 Jul;50(7):463-6

60. “The recent GISSI (Gruppo Italiano per lo Studio della Sopravvivenza nel-
l’Infarto miocardico)-Prevention study of 11,324 patients showed a 45%
decrease in risk of sudden cardiac death and a 20% reduction in all-cause
mortality in the group taking 850 mg/d of omega-3 fatty acids.”  O’Keefe JH
Jr, Harris WS. From Inuit to implementation: omega-3 fatty acids come of
age. Mayo Clin Proc. 2000 Jun;75(6):607-14

61. Bittiner SB, Tucker WF, Cartwright I, Bleehen SS. A double-blind, ran-
domised, placebo-controlled trial of fish oil in psoriasis. Lancet. 1988 Feb
20;1(8582):378-80

62. Gogos CA, Ginopoulos P, Salsa B, Apostolidou E, Zoumbos NC, Kalfarent-
zos F. Dietary omega-3 polyunsaturated fatty acids plus vitamin E restore
immunodeficiency and prolong survival for severely ill patients with general-
ized malignancy: a randomized control trial. Cancer. 1998 Jan
15;82(2):395-402

63. Hamazaki T, Itomura M, Sawazaki S, Nagao Y. Anti-stress effects of DHA.
Biofactors. 2000;13(1-4):41-5

64. Sawazaki S, Hamazaki T, Yazawa K, Kobayashi M. The effect of docosa-
hexaenoic acid on plasma catecholamine concentrations and glucose
tolerance during long-lasting psychological stress: a double-blind placebo-
controlled study. J Nutr Sci Vitaminol (Tokyo). 1999 Oct;45(5):655-65

65. Fan YY, Chapkin RS. Importance of dietary gamma-linolenic acid in human
health and nutrition. J Nutr. 1998 Sep;128(9):1411-4

66. Horrobin DF.  Ascorbic acid and prostaglandin synthesis.  Subcell Biochem.
1996;25:109-15

67. Fan YY, Chapkin RS. Importance of dietary gamma-linolenic acid in human
health and nutrition. J Nutr. 1998 Sep;128(9):1411-4

68. Horrobin DF, Manku MS. Possible role of prostaglandin E1 in the affective

Reducing Pain and Inflammation Naturally Part II: New Insights into Fatty Acids Biochemistry



Nutritional Perspectives: Journal of the Council on Nutrition of the American Chiropractic Association
16 Vol. 28, No. 1

disorders and in alcoholism. Br Med J. 1980 Jun 7;280(6228):1363-6
69. Rubin D, Laposata M. Cellular interactions between n-6 and n-3 fatty acids: a

mass analysis of fatty acid elongation/desaturation, distribution among com-
plex lipids, and conversion to eicosanoids. J Lipid Res. 1992
Oct;33(10):1431-40

70 .Fan YY, Chapkin RS. Importance of dietary gamma-linolenic acid in human
health and nutrition. J Nutr. 1998 Sep;128(9):1411-4

71. Ghosh J, Myers CE. Inhibition of arachidonate 5-lipoxygenase triggers mas-
sive apoptosis in human prostate cancer cells. Proc Natl Acad Sci U S A. 1998
Oct 27;95(22):13182-7

72. Fiocchi A, Sala M, Signoroni P, Banderali G, Agostoni C, Riva E. The effi-
cacy and safety of gamma-linolenic acid in the treatment of infantile atopic
dermatitis. J Int Med Res. 1994 Jan-Feb;22(1):24-32

73. Kenny FS, Pinder SE, Ellis IO, Gee JM, Nicholson RI, Bryce RP, Robertson
JF. Gamma linolenic acid with tamoxifen as primary therapy in breast cancer.
Int J Cancer. 2000 Mar 1;85(5):643-8

74. Puolakka J, Makarainen L, Viinikka L, Ylikorkala O. Biochemical and clini-
cal effects of treating the premenstrual syndrome with prostaglandin synthesis
precursors. J Reprod Med. 1985 Mar;30(3):149-53

75. Brzeski M, Madhok R, Capell HA. Evening primrose oil in patients with
rheumatoid arthritis and side-effects of non-steroidal anti-inflammatory drugs.
Br J Rheumatol. 1991 Oct;30(5):370-2

76. Rothman D, DeLuca P, Zurier RB. Botanical lipids: effects on inflammation,
immune responses, and rheumatoid arthritis. Semin Arthritis Rheum. 1995
Oct;25(2):87-96

77. Jamal GA, Carmichael H. The effect of gamma-linolenic acid on human dia-
betic peripheral neuropathy: a double-blind placebo-controlled trial. Diabet
Med. 1990 May;7(4):319-23

78. Pacht ER, DeMichele SJ, Nelson JL, Hart J, Wennberg AK, Gadek JE.
Enteral nutrition with eicosapentaenoic acid, gamma-linolenic acid, and
antioxidants reduces alveolar inflammatory mediators and protein influx in
patients with acute respiratory distress syndrome. Crit Care Med. 2003
Feb;31(2):491-500

79. Massaro M, Carluccio MA, De Caterina R. Direct vascular antiatherogenic
effects of oleic acid: a clue to the cardioprotective effects of the Mediter-
ranean diet. Cardiologia. 1999 Jun;44(6):507-13

80. de Lorgeril M, Salen P, Martin JL, Monjaud I, Boucher P, Mamelle N.
Mediterranean dietary pattern in a randomized trial: prolonged survival and
possible reduced cancer rate. Arch Intern Med. 1998 Jun 8;158(11):1181-7

81. Alarcon de la Lastra C, Barranco MD, Motilva V, Herrerias JM. Mediter-
ranean diet and health: biological importance of olive oil. Curr Pharm Des.
2001 Jul;7(10):933-50

82. Kaput J, Rodriguez RL. Nutritional genomics: the next frontier in the postge-
nomic era. Physiol Genomics. 2004 Jan 15;16(2):166-77

83. Rusyn I, Bradham CA, Cohn L, Schoonhoven R, Swenberg JA, Brenner DA,
Thurman RG. Corn oil rapidly activates nuclear factor-kappaB in hepatic
Kupffer cells by oxidant-dependent mechanisms. Carcinogenesis. 1999
Nov;20(11):2095-100

84. Rose DP, Hatala MA, Connolly JM, Rayburn J. Effect of diets containing dif-
ferent levels of linoleic acid on human breast cancer growth and lung
metastasis in nude mice. Cancer Res. 1993 Oct 1;53(19):4686-90

85. Dichtl W, Ares MP, Jonson AN, Jovinge S, Pachinger O, Giachelli CM, Ham-
sten A, Eriksson P, Nilsson J. Linoleic acid-stimulated vascular adhesion
molecule-1 expression in endothelial cells depends on nuclear factor-kappaB
activation. Metabolism. 2002 Mar;51(3):327-33

86. Bagga D, Wang L, Farias-Eisner R, Glaspy JA, Reddy ST. Differential effects
of prostaglandin derived from omega-6 and omega-3 polyunsaturated fatty
acids on COX-2 expression and IL-6 secretion. Proc Natl Acad Sci U S A.
2003 Feb 18;100(4):1751-6.  Available at
http://www.pnas.org/cgi/reprint/100/4/1751.pdf

87. Menendez JA, Colomer R, Lupu R. Omega-6 polyunsaturated fatty acid
gamma-linolenic acid (18:3n-6) is a selective estrogen-response modulator in
human breast cancer cells: gamma-linolenic acid antagonizes estrogen recep-
tor-dependent transcriptional activity, transcriptionally represses estrogen
receptor expression and synergistically enhances tamoxifen and ICI 182,780
(Faslodex) efficacy in human breast cancer cells. Int J Cancer. 2004 May
10;109(6):949-54

88. Jiang WG, Redfern A, Bryce RP, Mansel RE. Peroxisome proliferator acti-
vated receptor-gamma (PPAR-gamma) mediates the action of gamma
linolenic acid in breast cancer cells. Prostaglandins Leukot Essent Fatty
Acids. 2000 Feb;62(2):119-27

89. Mishra A, Chaudhary A, Sethi S. Oxidized omega-3 fatty acids inhibit NF-
kappaB activation via a PPARalpha-dependent pathway. Arterioscler Thromb
Vasc Biol. 2004 Sep;24(9):1621-7

90. Zhao Y, Joshi-Barve S, Barve S, Chen LH. Eicosapentaenoic acid prevents
LPS-induced TNF-alpha expression by preventing NF-kappaB activation.  J
Am Coll Nutr. 2004 Feb;23(1):71-8

91. Palakurthi SS, Fluckiger R, Aktas H, Changolkar AK, Shahsafaei A, Harneit
S, Kilic E, Halperin JA. Inhibition of translation initiation mediates the anti-
cancer effect of the n-3 polyunsaturated fatty acid eicosapentaenoic acid.
Cancer Res. 2000 Jun 1;60(11):2919-25

92. “…intake of fish oil caused a significant depression in the content of
DGLA…  Since DGLA is the precursor of PGE1, which has been shown to

be anti-inflammatory, our findings suggest that the anti-inflammatory effects
of fish oil consumption could be mitigated by an associated reduction in
DGLA.”  Cleland LG, Gibson RA, Neumann M, French JK.  The effect of
dietary fish oil supplement upon the content of dihomo-gammalinolenic acid
in human plasma phospholipids. Prostaglandins Leukot Essent Fatty Acids.
1990 May;40(1):9-12

93. “Supplementation with long-chain n-3 FAs in NIDDM patients leads to the
lowering of oleic acid SPL content.”  Haban P, Zidekova E, Klvanova J. Sup-
plementation with long-chain n-3 fatty acids in non-insulin-dependent
diabetes mellitus (NIDDM) patients leads to the lowering of oleic acid con-
tent in serum phospholipids. Eur J Nutr. 2000 Oct;39(5):201-6

94. “The decrease in serum eicosapentaenoic acid and the increase in arachidonic
acid concentrations induced by evening primrose oil may not be favourable
effects in patients with rheumatoid arthritis in the light of the roles of these
fatty acids as precursors of eicosanoids.”  Jantti J, Nikkari T, Solakivi T,
Vapaatalo H, Isomaki H. Evening primrose oil in rheumatoid arthritis:
changes in serum lipids and fatty acids.  Ann Rheum Dis. 1989
Feb;48(2):124-7

95. Stevens L, Zhang W, Peck L, Kuczek T, Grevstad N, Mahon A, Zentall SS,
Arnold LE, Burgess JR. EFA supplementation in children with inattention,
hyperactivity, and other disruptive behaviors. Lipids. 2003 Oct;38(10):1007-
21

96. D’Almeida A, Carter JP, Anatol A, Prost C. Effects of a combination of
evening primrose oil (gamma linolenic acid) and fish oil (eicosapentaenoic +
docahexaenoic acid) versus magnesium, and versus placebo in preventing
pre-eclampsia. Women Health. 1992;19(2-3):117-31

97. Surette ME, Koumenis IL, Edens MB, Tramposch KM, Clayton B, Bowton
D, Chilton FH. Inhibition of leukotriene biosynthesis by a novel dietary fatty
acid formulation in patients with atopic asthma: a randomized, placebo-con-
trolled, parallel-group, prospective trial. Clin Ther. 2003 Mar;25(3):972-9

98. Laidlaw M, Holub BJ. Effects of supplementation with fish oil-derived n-3
fatty acids and gamma-linolenic acid on circulating plasma lipids and fatty
acid profiles in women. Am J Clin Nutr. 2003 Jan;77(1):37-42

99. Simopoulos AP. Essential fatty acids in health and chronic disease. Am J Clin
Nutr. 1999 Sep;70(3 Suppl):560S-569S

100. O’Keefe JH Jr, Cordain L. Cardiovascular disease resulting from a diet and
lifestyle at odds with our Paleolithic genome: how to become a 21st-century
hunter-gatherer.  Mayo Clin Proc 2004 Jan;79(1):101-8

101. Adam O, Beringer C, Kless T, Lemmen C, Adam A, Wiseman M, Adam P,
Klimmek R, Forth W. Anti-inflammatory effects of a low arachidonic acid
diet and fish oil in patients with rheumatoid arthritis. Rheumatol Int. 2003
Jan;23(1):27-36

102. Horrobin DF, Jenkins K, Bennett CN, Christie WW. Eicosapentaenoic acid
and arachidonic acid: collaboration and not antagonism is the key to biologi-
cal understanding. Prostaglandins Leukot Essent Fatty Acids. 2002
Jan;66(1):83-90

103. Peet M, Horrobin DF; E-E Multicentre Study Group. A dose-ranging
exploratory study of the effects of ethyl-eicosapentaenoate in patients with
persistent schizophrenic symptoms. J Psychiatr Res. 2002 Jan-Feb;36(1):7-18

104. Du Plooy WJ, Venter CP, Muntingh GM, Venter HL, Glatthaar II, Smith KA.
The cumulative dose response effect of eicosapentaenoic and docosa-
hexaenoic acid on blood pressure, plasma lipid profile and diet pattern in mild
to moderate essential hypertensive black patients. Prostaglandins Leukot
Essent Fatty Acids 1992 Aug;46(4):315-21

105. Burns CP, Halabi S, Clamon GH, Hars V, Wagner BA, Hohl RJ, Lester E,
Kirshner JJ, Vinciguerra V, Paskett E.  Phase I clinical study of fish oil fatty
acid capsules for patients with cancer cachexia: cancer and leukemia group B
study 9473. Clin Cancer Res. 1999 Dec;5(12):3942-7

106. Fletcher RH, Fairfield KM. Vitamins for chronic disease prevention in adults:
clinical applications. JAMA. 2002 Jun 19;287(23):3127-9

107. Vasquez A, Manso M, Cannell J. The Clinical Importance of Vitamin D
(Cholecalciferol): A Paradigm Shift with Implications for All Healthcare
Providers. Alternative Therapies in Health and Medicine 2004; 10: 28-37

108. Grant EC. Food allergy and migraine. Lancet. 1979 Aug 18;2(8138):358-9
109. Kaplan BJ, Simpson JS, Ferre RC, Gorman CP, McMullen DM, Crawford

SG. Effective mood stabilization with a chelated mineral supplement: an
open-label trial in bipolar disorder.  J Clin Psychiatry. 2001 Dec;62(12):936-
44

110. Lansdowne AT, Provost SC. Vitamin D3 enhances mood in healthy subjects
during winter. Psychopharmacology (Berl). 1998;135(4):319-23

111. Holick MF. Vitamin D: importance in the prevention of cancers, type 1 dia-
betes, heart disease, and osteoporosis. Am J Clin Nutr. 2004;79(3):362-71

112. Thys-Jacobs S, Donovan D, Papadopoulos A, Sarrel P, Bilezikian JP. Vitamin
D and calcium dysregulation in the polycystic ovarian syndrome. Steroids.
1999;64(6):430-5

113. Goldberg P, Fleming MC, Picard EH. Multiple sclerosis: decreased relapse
rate through dietary supplementation with calcium, magnesium and vitamin
D. Med Hypotheses. 1986 Oct;21(2):193-200

114. Al Faraj S, Al Mutairi K. Vitamin D deficiency and chronic low back pain in
Saudi Arabia. Spine. 2003;28(2):177-9

115. Vasquez A. Integrative Orthopedics and Vitamin D: Testing, Administration,
and New Relevance in the Treatment of Musculoskeletal Pain. Townsend
Letter for Doctors and Patients 2004; October, 75-77

Reducing Pain and Inflammation Naturally Part II: New Insights into Fatty Acids Biochemistry



 

Additional articles and book excerpts have been amended 

to the previous publication in order to provide context 

and orientation to the author’s main works.  

BOOK EXCERPTS, CHAPTERS:  

• https://www.amazon.com/Dr-Alex-Vasquez/e/B00AT5764Y  

• https://www.ichnfm.org/im4  

• https://www.ichnfm.org/volume-1-essential-knowledge 

• https://www.ichnfm.org/volume-2-inflammatory-disorders  

PDF articles: Full-text archives of the author’s articles are available per the following:  

• https://ichnfm.academia.edu/AlexVasquez  (main archive/repository)  

• https://www.researchgate.net/profile/Alex_Vasquez2  (archive/repository)  

• https://www.inflammationmastery.com/reprints (cloud-based PDF folder)  

• https://www.ichnfm.org/public  

VIDEOS: Access to public videos is available per the following:  

• Main archive: https://vimeo.com/drvasquez  

• See also: https://www.ichnfm.org/public  

• And to a lesser extent: https://www.youtube.com/channel/UCPR2pgwFw9L2GUnBgupQ5Aw 

WEBSITES:  

• Main: https://www.inflammationmastery.com/ 

o Antiviral: https://www.inflammationmastery.com/antiviral 

o Fibromyalgia: https://www.inflammationmastery.com/fibromyalgia 

o Migraine: https://www.inflammationmastery.com/migraine 

o Complete protocol: https://www.inflammationmastery.com/book-nutrition-functional-medicine 

• Main: https://www.ichnfm.org/ This is actually a very rich website with many blogs and videos  

o https://www.ichnfm.org/antiviral2019 and the long series starting with 

https://www.ichnfm.org/antiviral, https://www.ichnfm.org/antiviral2, 

https://www.ichnfm.org/antiviral3, https://www.ichnfm.org/antiviral4, and continuing… 

o https://www.ichnfm.org/braininflammation 

SOCIAL MEDIA UPDATES: Note that updates are made on a regular basis to the following 

social medial pages, with some overlap but also some topic-specific specialization, which is 

self-explanatory by the titles of these pages:  

• Dr Alex Vasquez 's Inflammation Mastery  https://www.facebook.com/InflammationMastery  

• Migraine Headaches, Hypothyroidism, and Fibromyalgia  

https://www.facebook.com/MigraineHypothyroidismFibromyalgia  

• International Journal of Human Nutrition and Functional Medicine  https://www.facebook.com/IJHNFM  

• International College of Human Nutrition and Functional Medicine (higher quality and academic news) 

https://www.facebook.com/IntCollHumNutrFunctMed  

• Revista Latinoamericana de Nutrición Humana y Medicina Funcional  

https://www.facebook.com/RevLatinoNutrHumMedFunc  

• Antiviral Nutrition  https://www.facebook.com/AntiviralNutrition  

• NaturopathicRheumatology  https://www.facebook.com/NaturopathicRheumatology  
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current versions of all major patient management and 

clinical treatment protocols are published in 

Inflammation Mastery, 4th Edition as a single 
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discounted pricing directly from ICHNFM from 

https://www.ichnfm.org/im4, while the digital 

formats are available via several different platforms, 

including Amazon’s Kindle (free) software, Barnes 

and Noble’s Nook, Apple iBook, etc as hyperlinked 

below. Per popular request by students who were 

studying (as a required textbook) only one section at 

a time, “IM4” was also published in two easier-to-
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Clinical Nutrition and Functional Medicine, which 

contain chapters 1-4 (pages 1-712+index) and 5 (713-

1154+index), respectively. Video access is included 

with IM4 and TCNFM,1+2. 

Availability in print and digital formats (examples):  
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• https://www.amazon.com/Inflammation-Mastery-4th-
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mastery-4th-edition-alex-
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 Chapter and Introduction  Page 

Preamble: download free ebook sample https://www.amazon.com/dp/B01KMZZLAQ  i 

1. Patient Assessments, Laboratory Interpretation, Clinical Concepts, Patient Management, Practice 

Management and Risk Reduction: This chapter introduces/reviews/updates patient assessments, laboratory 

interpretation, musculoskeletal emergencies, healthcare paradigms; the common and important conditions hemochromatosis and 

hypothyroidism are also included in this chapter since these need to be considered on a frequent basis in clinical practice  

1 

2. Wellness Promotion & Re-Establishing the Foundation for Health: Reviewed here are diet, lifestyle, 

psychosocial health, and—given the pervasiveness of persistent organic pollutants and their increasingly recognized clinical 

importance—an introduction to environmental medicine 

187 

3. Basic Concepts and Therapeutics in (Nondrug) Musculoskeletal Care and Integrative Pain 

Management: Nonpharmacologic management of musculoskeletal problems is preferred over pharmacologic (e.g., NSAID, 

Coxib, steroid, opioid) management because of the collateral benefits, safety, and cost-effectiveness associated with manual, dietary, 

botanical, and nutritional treatments. A brief discussion of the current crisis in musculoskeletal medicine is provided for 

contextualization and emphasis of the importance of expanding clinicians' knowledge of effective nondrug treatments 

243 

4. The Major Modifiable Factors in Sustained Inflammation: Major components of the “Functional Inflammology 

Protocol” are reviewed here, from concepts and molecular biology to an emphasis on practical clinical applications 

1) Food & Basic Nutrition  307 

2) Infections: Dysbiosis* / Viral** 
*This section specific to bacterial dysbiosis was also published separately as a clinical monograph 
titled Human Microbiome and Dysbiosis in Clinical Disease (Discounted Black and White Printing, 
https://www.amazon.com/dp/1512360295) and in full-color printing 
https://www.amazon.com/Human-Microbiome-Dysbiosis-Clinical-Disease/dp/0990620417  
** This section specific to viral infections is also published separately in full-color paper printing 
as Antiviral Strategies and Immune Nutrition: Against Colds, Flu, Herpes, AIDS, Hepatitis, Ebola, and 
Autoimmunity  https://www.amazon.com/dp/1502894890 and as a digital ebook Antiviral 
Nutrition  https://www.amazon.com/dp/B00OPDQG4W  

396 / 

540 

3) Nutritional Immunomodulation 609 

4) Dysmetabolism, Mitochondrial Dysfunction, ERS/UPR, mTOR 622 

5) Special Considerations: Sleep, Sociopsychology, Stress, Surgery 674 

6) Endocrine Imbalances 688 

7) Xenobiotic Immunotoxicity 699 
 

303 

5. Clinical Applications 

1) Hypertension 727 

2) Diabetes Mellitus  819 

3) Migraine & Headaches* 863 

4) Fibromyalgia* 
*These two sections specific to migraine and fibromyalgia were also published separately as Pain 
Revolution (full-color printing; https://www.amazon.com/dp/B01AR3NX0S) and Brain 
Inflammation in Chronic Pain, Migraine and Fibromyalgia: The Paradigm-Shifting Guide for Doctors 
and Patients Dealing with Chronic Pain (black-and-white printing; 
https://www.amazon.com/dp/B01EQ9KMH6/); both versions are also available in digital ebook 
formats for reading on phone, computer, iPad via the free Kindle software 

901 
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6) Rheumatoid Arthritis 1019 

7) Psoriasis and Psoriatic Arthritis 1038 

8) Systemic Lupus Erythematosus 1053 

9) Scleroderma & Systemic Sclerosis 1074 

10) Vasculitic Diseases 1094 

11) Spondyloarthropathies & Reactive Arthritis 1108 

12) Sjögren Syndrome/Disease 1119 

13) Raynaud's Syndrome/Phenomenon/Disorder 1127 

14) Clinical Notes on Additional Conditions: Behçet's Disease, Sarcoidosis, 

Dermatomyositis and Polymyositis 

1131 

 

713 
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Affirmation and consistency of common themes in an interconnected reality; the importance of 

transitioning from reception to comprehension to conception to behavior 

 
"The fact that today I still stand by these ideas, that in the intervening time they themselves have constantly 
become more strongly associated with one another, even to the point of growing into each other, 
intertwining, and becoming one, that has reinforced in me the joyful confidence that they may not have originally 
developed in me as single, random, or sporadic ideas, but up out of common roots, from some fundamental will for 
knowledge ruling from deep within, always speaking with greater clarity, always demanding greater clarity.  

In fact, this is the only thing appropriate and proper for a philosopher. We have no right to be isolated in any 
way: we are not permitted to make isolated mistakes or to run into isolated truths. Our ideas, our values, our 
affirmations and denials, our ifs and buts—these rather grow out of us from the same necessity which makes a tree 
bear its fruit—totally related and interlinked amongst each other: witnesses of one will, one health, one soil, one sun."  
 

Nietzsche FW. On the Genealogy of Morals, 1887, Preface essay #2 

 
 
"In order for a particular species to maintain itself and increase its power, its conception of reality must 
comprehend enough of the calculable and constant for it to base a scheme of behavior on it." 

 
Nietzsche FW. Will to Power,1901, #480 

 

 
 
"If this book is incomprehensible to anyone and jars on his ears, the fault, it seems to me, is not necessarily mine. It 
is clear enough, assuming, as I do assume, that one has first read my earlier writings and has not spared some 
trouble in doing so: for they are, indeed, not easy to penetrate. Regarding my Zarathustra, for example, I do not allow 
that anyone knows the book who has not at some time been profoundly wounded and at some time profoundly 
delighted by every word in it; for only then may he enjoy the privilege of reverentially sharing in the halcyon element 
out of which that book was born and in its sunlight clarity, remoteness, breadth, and certainty. In other cases, people 
find difficulty with the aphoristic form: this arises from the fact that today this form is not taken seriously enough. An 
aphorism, properly stamped and molded, has not been "deciphered" when it has simply been read; rather, one has 
then to begin its exegesis—its explanation, its extraction, for which is required an art of searching, deciphering. To be 
sure, one thing is necessary above all if one is to practice reading as an art in this way, something that has been 
unlearned most thoroughly nowadays—something for which one has almost to be a cow and in any case not a 
"modern man": rumination—taking time to pause, to reflect, to consider... 
 

Friedrich Nietzsche, On the Genealogy of Morals, Preface, Section #8 
Sils-Maria, Upper Engadine, July 1887 
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� Food � Infections � Nutri-immunomod � Dysmetab � Stress/Sleep/Socio/Surg/Sup � Endo � Xeno

� Food: Diet and Basic Nutritional Supplementation

Major Concepts in this Section 

"Food" is the first part of the protocol and the foundation of the overall plan, not simply for improving nutritional 
status, but for setting the biochemical stage for more profound improvements in immune balance, mitochondrial 
function, et al. Patients can and should appreciate that they have near complete control over what they 
consume; unfortunately and conversely, however, in countries such as the United States where much of the 
food supply is contaminated with pesticide residues and genetically manipulated food-type (GMO) products, 
consuming a health-promoting diet can present unique challenges.  

Contents of this section: 
1. Introduction to Nutrigenomics: Gene-Expression Effects of Foods and Nutrients
2. Basic Concepts and Practical Applications via Previously Published Articles

a. A Five-Part Nutritional Wellness Protocol That Produces Consistently Positive Results: Brief Review of
Scientific Rationale

b. Implementing the Five-Part Nutritional Wellness Protocol for the Treatment of Various Health Problems
c. Common Oversights and Shortcomings in the Study and Implementation of Nutritional Supplementation
d. Revisiting the Five-Part Nutritional Wellness Protocol: The Supplemented Paleo-Mediterranean Diet

3. Diet Details, Biochemical Concepts, and Clinical Pearls
a. Macronutrients and "The Big Picture": Protein, Carbohydrates, Lipids, Fiber, pH Balance
b. Micronutrients and Nutritional Supplementation—Overview and Concepts: Vitamins, Minerals,

Combination Fatty Acids, Probiotics
c. Additional Considerations: GMO (Genetically Manipulated Organisms/Foods) and related toxins,

Gluten, Fructose, TLR, AGE/RAGE, food-induced hypothalamic inflammation, GPR-120
4. Additional Details and Mini-Monographs:

a. The Major Fatty Acids and End-products of Clinical Significance
b. NFkB and Its Phytonutritional Modulation
c. Food Allergy and Adverse Food Reactions: A few considerations and perspectives

Introduction to Nutrigenomics: Pro-Inflammatory and Anti-Inflammatory Effects of Foods and Nutrients  

We must look beyond the nutritional properties of foods to appreciate that dietary patterns and the consumption 

of specific foods can influence genetic expression and either promote or retard the development of inflammation 

and related clinical disorders. The purpose of this section is to help clinicians attain a more profound understanding 

of the value of nutrition and its critical role as a foundational component in the treatment plan of patients with 

inflammatory disorders. The “correct” diet for the vast majority of patients with inflammatory disorders is the 

“supplemented Paleo-Mediterranean diet” which I have described in several other publications. The diet is 

modified for the specific exclusion of allergenic foods; it is implemented on a rotation basis, and it allows for 

periodic fasting and vegetarianism/veganism. The implementation of health-promoting dietary modifications is an 

absolutely mandatory component of the treatment plan, upon which other treatments depend for their success. The 

study of how dietary components and nutritional supplements influence genetic expression is referred to as 

nutrigenomics or nutritional genomics and has been described as “the next frontier in the postgenomic era.”7 Various 

nutrients have been shown to modulate genetic expression and thus alter phenotypic manifestations of disease by 

upregulating or downregulating specific genes, interacting with nuclear receptors, altering hormone receptors, and 

modifying the influence of transcription factors, such as pro-inflammatory NFkB (NFkB) and the anti-inflammatory 

peroxisome-proliferator activated receptors (PPARs).8,9,10,11 The previous view that nutrients only interact with 

human physiology at the metabolic/post-transcriptional level must be updated in light of current research 

showing that nutrients can, in fact, modify human physiology and phenotype at the genetic/pre-transcriptional 

7 Kaput J, Rodriguez RL. Nutritional genomics: the next frontier in the postgenomic era. Physiol Genomics. 2004 Jan 15;16(2):166-77.  Very important article.  
8 Vamecq J, Latruffe N. Medical significance of peroxisome proliferator-activated receptors. Lancet. 1999;354:141-8 
9 Ehrmann et al. Peroxisome proliferator-activated receptors (PPARs) in health and disease. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2002 Dec;146(2):11-4  
10 Kliewer SA, Xu HE, Lambert MH, Willson TM. Peroxisome proliferator-activated receptors: from genes to physiology. Recent Prog Horm Res. 2001;56:239-63 
11 Delerive P, Fruchart JC, Staels B. Peroxisome proliferator-activated receptors in inflammation control. J Endocrinol. 2001;169(3):453-9 
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Important Enzymes in Fatty Acid Metabolism 

Fatty acids are converted to other fatty acids in the same family by the desaturase and elongase enzymes. The major 

“direction” of these reactions is depicted in the diagrams; however these reactions, like nearly all enzymatic 

reactions, are reversible to a limited extent. Fatty acids are converted to biologically active end-products by enzymes 

such as the cyclooxygenases, lipoxygenases, cytochrome P-450 enzymes and by nonenzymatic conversion. Four 

important concepts need to be understood in relation to the enzymes that interconvert fatty acids: 

1) These enzymes do not work with equal efficiency, and thus their end-products may not be produced in

sufficient amounts to be biologically or clinically significant. Therefore, on paper, the cascade of fatty acid

metabolism appears to flow easily from one fatty acid to its downstream progeny; in reality however, this

process is often slow and therefore not immediately reliable when one is looking for rapid and reliable clinical

results. The desaturase enzymes are slow and rate limiting, whereas the elongase enzymes function efficiently

and rapidly. For example, Horrobin noted, “Because the 6-desaturation step is so rate-limiting, it is impossible

to produce any significant elevation of DGLA levels in humans by increasing linoleic acid intake.”411

2) These enzymes are subject to significant interpatient variability due to inherited and acquired factors that

can reduce enzyme activity. For example, many patients (especially those with eczema and diabetes) have

extreme reductions in the activity of delta-6-desaturase, the rate-limiting enzyme in the fatty acid cascades from

ALA and LA. When delta-6-desaturase is slow to perform its conversions, synthesis of all downstream fatty

acids is greatly reduced.

3) All enzymes require coenzymes (organic [carbon-containing] molecules, such as vitamins) and/or cofactors

(inorganic molcules, such as minerals). If the patient is deficient in cofactors/coenzymes, the efficiency of

enzymatic conversions is greatly impaired. Since micronutrient deficiencies are common even in developed

countries, and since people can have clinically significant micronutrient deficiencies (i.e., “marginal

malnutrition”412) yet still be “apparently healthy”, a wise clinical strategy is to ensure that the patient’s

micronutrient status is adequate by encouraging the patient to consume a nutritious organic413 whole-foods

diet along with a high-potency broad-spectrum multivitamin and multimineral supplement. Patients with

magnesium deficiency show impaired fatty acid metabolism because desaturase enzymes are unable to

function properly without sufficient magnesium.414 Animal studies suggest that vitamin B-6 deficiency can

reduce the function of delta-6-desaturase by 64% and lead to reductions in EPA and DHA.415

4) Substrates compete for enzymatic conversion. In several instances, the same enzyme must act upon two

different fatty acids in two different omega families. For example, delta-6-desaturase converts the omega-3

linolenic acid to stearidonic acid, yet this same enzyme also converts the omega-6 linoleic acid to gamma-

linolenic acid. If the diet contains an absolute or relative excess of linoleic acid, then on a molecular and

functional level, this excess linoleic acid will disproportionately utilize delta-6-desaturase and conversion of

available linoleic acid to gamma-linolenic acid will be reduced. As reviewed by Dupont416, “A competitive

interaction between fatty acids exists so that those of the [alpha-linolenic acid, omega-3] family suppress the

metabolism of those of the [linoleic acid, omega-6] family, and the [linoleic acid, omega-6] family suppress

metabolism of the [linolenic acid, omega-3] family although less strongly. Both the [linoleic acid, omega-6] and

[alpha-linolenic acid, omega-3] fatty acids suppress metabolism of the [oleic acid, omega-9] fatty acids.” Stated

more plainly by Pizzorno417, “…a relative excess of one fatty acid will tend to hog an enzyme system, resulting

in decreased conversion of the other fatty acids.” In reviewing clinical evidence that EPA supplementation

leads to significant reductions (50%) in DGLA levels, Horrobin418 noted, “However, the n-3 EFAs are much

more effective in inhibiting n-6 EFA metabolism than vice versa.” A practical example: in a patient who is

deficient in both omega-3 and omega-6 fatty acids, supplementation exclusively with flax oil will exacerbate

the deficiency of gamma-linolenic acid.

411 Horrobin DF. Interactions between n-3 and n-6 essential fatty acids (EFAs) in the regulation of cardiovascular disorders and inflammation. Prostaglandins Leukot Essent Fatty 

Acids. 1991 Oct;44(2):127-31 
412 Allen LH. The nutrition CRSP: what is marginal malnutrition, and does it affect human function? Nutr Rev. 1993 Sep;51(9):255-67 
413 Bob Smith. Journal of Applied Nutrition 1993; 45: 35-39 
414 Galland L. Impaired essential fatty acid metabolism in latent tetany. Magnesium. 1985;4(5-6):333-8 
415 Tsuge H, Hotta N, Hayakawa T. Effects of vitamin B-6 on (n-3) polyunsaturated fatty acid metabolism. J Nutr. 2000 Feb;130(2S Suppl):333S-334S 
416 Dupont J. Lipids. In: Brown ML (ed). Present Knowledge in Nutrition. Sixth Edition. Washington DC: International Life Sciences Institute;1990 page 62 
417 Pizzorno JE. Total Wellness. Rocklin: Prima; 1996 page 170 
418 Horrobin DF. Interactions between n-3 and n-6 essential fatty acids (EFAs) in the regulation of cardiovascular disorders and inflammation. Prostaglandins Leukot Essent Fatty 

Acids. 1991 Oct;44(2):127-31 
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• Delta-6-desaturase (D6D):

o In omega-3 fatty acid metabolism, D6D converts linolenic acid to stearidonic acid. In omega-6 fatty

acid metabolism, D6D converts linoleic acid to gamma-linolenic acid. D6D is the rate-limiting

enzyme in fatty acid metabolism, meaning that it is the slowest functioning enzyme in the cascade

of fatty acid conversions. Recall that in biochemistry the first enzyme in a series of biochemical

reactions tends to be the rate-limiting enzyme for the sake of avoiding unnecessary downstream

conversions. D6D is inhibited by trans fatty acids.419 Action of this enzyme is increased during

essential fatty acid deficiency.420 Patients with eczema and diabetes have been noted to have defects

in the function of D6D.421

o Efficient function of D6D requires iron, magnesium, zinc, pyridoxine, niacin, and riboflavin.

Administration of supraphysiologic doses of enzyme cofactors can improve function of defective

or mutated enzymes.422

o The catecholamines epinephrine and norepinephrine inhibit D5D and D6D.423

• Delta-5-desaturase (D5D):

o In omega-6 fatty acid metabolism, D5D converts DGLA to arachidonic acid. However, this enzyme

is slow, so that virtually all arachidonic acid found in body tissues originated from the

consumption of land animal fats/meats424 such as beef, liver, pork, lamb, and poultry. Additionally,

some people (such as those with X-linked retinitis pigmentosa425) have reduced action of D5D and

therefore have low levels of DHA. D5D is inhibited by EPA.426 Released in increased amounts

during stress and anxiety, the catecholamines epinephrine and norepinephrine inhibit D5D and

D6D.427

• Delta-4-desaturase

o Action of this enzyme is increased during essential fatty acid deficiency.428

• Elongase: These enzymes efficiently add carbon groups to the fatty acid chain.

• Prostaglandin synthase complex (PGS): This is the major enzyme system that is responsible for

prostaglandin biosynthesis. PGS includes phospholipase A2 and cyclooxygenase.429

• Phospholipase-A2

o Crucial to the arachidonic acid cascade since cyclooxygenase can act only on free arachidonate (i.e.,

after arachidonate has been liberated from membrane phospholipids); this is the rate-limiting step

in the formation of arachidonate-derived prostaglandins.430

o Contact of IgE with mast cells stimulates the release of arachidonate, which must occur via

phospholipase A2431

o Inhibited by adrenal steroids (cortisol) and prednisone

• Cyclooxygenase (COX) (also called “prostaglandin synthase” or “PGS” or “prostaglandin endoperoxide

synthase”)

o COX-1 is “constitutive” and is found in all cells, while COX-2 is inducible by stimulation from

monocytes/macrophages following stimulation by PAF, IL-1, or bacterial lipopolysaccharide; its

induction is inhibited by glucocorticoids.432

419 Simopoulos AP. Essential fatty acids in health and chronic disease. Am J Clin Nutr. 1999 Sep;70(3 Suppl):560S-569S 
420 “The delta 4 desaturase activity is increased in essential fatty acid deficiency similar to delta 6 desaturase.” Christophersen BO, Hagve TA, Christensen E, Johansen Y, Tverdal 
S. Eicosapentaenoic- and arachidonic acid metabolism in isolated liver cells. Scand J Clin Lab Invest Suppl. 1986;184:55-60 
421 "This concept is illustrated by atopic eczema and diabetes, which may represent inherited and acquired examples of inadequate delta-6-desaturation." Horrobin DF. Fatty acid 
metabolism in health and disease: the role of delta-6-desaturase. Am J Clin Nutr. 1993 May;57(5 Suppl):732S-736S 
422 Ames BN, et al. High-dose vitamin therapy stimulates variant enzymes with decreased coenzyme binding affinity (increased K(m)). Am J Clin Nutr 2002 Apr;75:616-58 
423 Mamalakis G, et al. Anxiety and adipose essential fatty acid precursors for prostaglandin E1 and E2. J Am Coll Nutr. 1998 Jun;17(3):239-43 
424 Pizzorno JE. Total Wellness. Rocklin: Prima; 1996 page 169 
425 Hoffman DR, et al. Impaired synthesis of DHA in patients with X-linked retinitis pigmentosa. J Lipid Res 2001 Sep;42(9):1395-401 
426 Barham JB, Edens MB, Fonteh AN, Johnson MM, Easter L, Chilton FH. Addition of eicosapentaenoic acid to gamma-linolenic acid-supplemented diets prevents serum 
arachidonic acid accumulation in humans. J Nutr. 2000 Aug;130(8):1925-31 
427 Mamalakis G, et al. Anxiety and adipose essential fatty acid precursors for prostaglandin E1 and E2. J Am Coll Nutr. 1998 Jun;17(3):239-43 
428 “The delta 4 desaturase activity is increased in essential fatty acid deficiency similar to delta 6 desaturase.” Christophersen BO, et al. Eicosapentaenoic- and arachidonic acid 
metabolism in isolated liver cells. Scand J Clin Lab Invest Suppl. 1986;184:55-60 
429 Delvin TM. Textbook of Biochemistry with Clinical Correlations. New York: Wiley-Liss, 1997. Pages 431-441 
430 Delvin TM. Textbook of Biochemistry with Clinical Correlations. New York: Wiley-Liss, 1997. Pages 431-441  
431 McGlivery RW. Biochemistry: A Functional Approach. Third Edition. Philadelphia: WB Saunders, 1983. Pages 747-750 
432 Delvin TM. Textbook of Biochemistry with Clinical Correlations. New York: Wiley-Liss, 1997. Pages 431-441  
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o COX is irreversibly inhibited following acetylation by aspirin. 

o The expression of COX is inhibited by glucocorticoids,433 which also inhibit phospholipase A2. 

o COX forms TXs and PGs, while LIPOX form LTs. 

o The COX metabolite PG-F2alpha is necessary for the formation of matrix metalloproteinase-2 and 

other collagenases which are utilized for the destruction of connective tissue434 

o COX is apparently activated by either n-6 fatty acids or the oxidized metabolites of n-6 fatty 

acids.435 Therefore, consumption of n-6 fatty acids alone—without trauma or inflammatory 

stimuli—is sufficient for the increased production of the harmful arachidonate-derived 

prostaglandins and leukotrienes. Thus, by definition, a diet high in n-6 fatty acids may subtly yet 

significantly promote pain, inflammation, joint destruction, and cancer.  

o A well-established consequence of inhibiting COX is that of increasing LIPOX metabolites. 

Inhibiting COX will decrease COX metabolites, yet will cause an increase in LIPOX metabolites 

because of increased substrate levels; i.e., the liberated arachidonate that is not metabolized by 

COX is now available to be metabolized by LIPOX. Thus, inhibiting COX produces a “metabolic 

shunt” effect that increases production of inflammatory mediators such as HETE and the 

leukotrienes. Additionally, inhibition of COX inhibits formation of the beneficial anti-

inflammatory DGLA metabolites.  

o Arachidonate metabolites from COX function for the most part to increase inflammation and 

pain.436 

o Increased expression of COX-2 increases production of PG-E2 and has been associated with 

increased production of anti-apoptotic proteins and a reduction in pro-apoptotic proteins in 

cultured rat intestinal cells.437 

o The activity of lipoxygenase and cyclooxygenase produces reactive oxygen species (ROS) 

intermediates. 

o The paradox of how a single enzyme such as cyclooxygenase can produce such a wide array of 

metabolites from a single substrate such as arachidonic acid is solved by recognizing that 

arachidonate is three-dimensionally rearranged once within the cyclooxygenase enzyme and that 

these random arrangements favor the production of different metabolites by the preferential 

molecular modification of the original arachidonate.438 Additionally, cyclooxygenase may become 

slightly rearranged as well, thus further promoting the heterogeneity of progeny.  

• Lipoxygenases: a family of enzymes that form leukotrienes 

o Corneal lipoxygenase is inhibited by vitamin C439 

o The activity of lipoxygenase and cyclooxygenase produce ROS intermediates 

o 5-lipoxygenase, 5-LOX 

� This is a pro-inflammatory enzyme that has different basal levels of activity in different 

people and in different disease conditions. Proinflammatory variances of this enzyme are 

seen in Africans (24%), Asians and Pacific Islanders (19.4%), other racial/ethnic groups 

(18.2%), Hispanics (3.6%) and whites (3.1%) and are associated with accelerated 

atherosclerosis and elevations in CRP especially when the diet is high in arachidonic acid 

and low in EPA440 

                                                
433 Tapiero H, et al. Polyunsaturated fatty acids (PUFA) and eicosanoids in human health and pathologies. Biomed Pharmacother. 2002;56(5):215-22 
434 "Specific metabolites of each pathway, i.e. PGF2 alpha and 5-HPETE, are able to transcend the block and restore collagenase production, invasiveness in vitro and metastatic 
activity in vivo." Reich R, Martin GR. Identification of arachidonic acid pathways required for the invasive and metastatic activity of malignant tumor cells. Prostaglandins 1996 
Jan;51(1):1-17 
435 “ …due to activation of cyclooxygenase either by oxygenated metabolites of n-6 fatty acids or by the n-6 fatty acids themselves.” Rubin D, Laposata M. Cellular interactions 
between n-6 and n-3 fatty acids: a mass analysis of fatty acid elongation/desaturation, distribution among complex lipids, and conversion to eicosanoids. J Lipid Res. 1992 
Oct;33(10):1431-40 
436 Tapiero H, et al. Polyunsaturated fatty acids (PUFA) and eicosanoids in human health and pathologies. Biomed Pharmacother. 2002;56(5):215-22 
437 Tapiero H, et al. Polyunsaturated fatty acids (PUFA) and eicosanoids in human health and pathologies. Biomed Pharmacother. 2002;56(5):215-22 
438 Thuresson ED, Lakkides KM, Smith WL. Different catalytically competent arrangements of arachidonic acid within the cyclooxygenase active site of prostaglandin 
endoperoxide H synthase-1 lead to the formation of different oxygenated products. J Biol Chem. 2000 Mar 24;275(12):8501-7 jbc.org/cgi/reprint/275/12/8501 
439 Horrobin DF. Ascorbic acid and prostaglandin synthesis. Subcell Biochem 1996;25:109-15 
440 Dwyer JH, et al. Arachidonate 5-lipoxygenase promoter genotype, dietary arachidonic acid, and atherosclerosis. N Engl J Med. 2004 Jan 1;350(1):29-37 
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� 5-LOX has been described as “procarcinogenic” due to its role in producing LT-B4 which 

has mitogenic and anti-apoptotic actions441 

� The 5-LOX metabolite 5-HPETE is necessary for the formation of matrix metalloproteinase-

2 and other collagenases which are utilized for the destruction of connective tissue442 

o 8-lipoxygenase, 8-LOX

� 8-LOX is upregulated in animal models of cancer and has been described as 

“procarcinogenic” due to its role in producing 8-HETE, which has genotoxic effects and 

which is found in humans443 

o 12-R-lipoxygenase, 12-R-LOX

� 12-R-LOX has been described as “procarcinogenic” due to its role in producing 12-R-

HETE444 

o 12-S-lipoxygenase, 12-S-LOX

� 12-S-LOX has been described as “procarcinogenic” due to its role in producing 12-S-

HETE445 

� Expression of 12-S-LOX is directly correlated with aggressiveness, stage, and grade in 

human prostate cancer446 

o 15-lipoxygenase-1, 15-LOX-1

� 15-LOX-1 metabolizes n-6 linoleic acid into 13-S-HODE, which appears to have anticancer 

actions447 

o 15-lipoxygenase-2, 15-LOX-2

� 15-LOX-2 metabolizes n-6 arachidonic acid into 15-S-HETE, which appears to have 

anticancer actions448 

o 12/15-lipoxygenase, 12/15-LOX

� Earlier works cited previously described 12 LOX and 15 LOX separately; more recent 

reviews have described "12/15-LOX" as a single enzyme; in this moment, whether this term 

is being used to describe the 12 and 15 forms separately yet in conjunction or as a different 

enzyme from the other 12 and 15 forms is not clear, and the differentiation may not be of 

practical clinical importance at this time. However, what is relevant is the connection 

between Western high-fat diets, LOX activity, and mitochondrial dysfunction as 

contributors to insulin resistance; an impressive review article published in 2013 by 

Mabalirajan and Ghosh449 noted that high-fat Western diets (in animal models) lead to 

activation of 12/15-LOX and resulted in oxidative modification of fatty acids and sequential 

mitochondrial impairment, ER stress, UPR, and insulin resistance. Beyond the intellectual 

gratification of enhanced understanding, this data suggests that LOX inhibition—such as 

for example via ginger or bioavailable curcumin—might be an additional therapeutic 

strategy against organelle (e.g., mito and ER) dysfunction and subsequent pathoclinical 

complications.   

441 "These targets include procarcinogenic lipoxygenases (LOXs), including 5-, 8-, and 12-LOX, and anticarcinogenic LOXs, including 15-LOX-1 and possibly 15-LOX-2." 
Shureiqi I, Lippman SM. Lipoxygenase modulation to reverse carcinogenesis. Cancer Res. 2001 Sep 1;61(17):6307-12 
442 "Specific metabolites of each pathway, i.e. PGF2 alpha and 5-HPETE, are able to transcend the block and restore collagenase production, invasiveness in vitro and metastatic 
activity in vivo." Reich R, Martin GR. Identification of arachidonic acid pathways required for the invasive and metastatic activity of malignant tumor cells. Prostaglandins 1996 
Jan;51(1):1-17 
443 Shureiqi I, Lippman SM. Lipoxygenase modulation to reverse carcinogenesis. Cancer Res. 2001 Sep 1;61(17):6307-12 
444 Shureiqi I, Lippman SM. Lipoxygenase modulation to reverse carcinogenesis. Cancer Res. 2001 Sep 1;61(17):6307-12 
445 Shureiqi I, Lippman SM. Lipoxygenase modulation to reverse carcinogenesis. Cancer Res. 2001 Sep 1;61(17):6307-12 
446 Reich R, et al. Identification of arachidonic acid pathways required for the invasive and metastatic activity of malignant tumor cells. Prostaglandins 1996 Jan;51(1):1-17 
447 Shureiqi I, Lippman SM. Lipoxygenase modulation to reverse carcinogenesis. Cancer Res. 2001 Sep 1;61(17):6307-12 
448 Shureiqi I, Lippman SM. Lipoxygenase modulation to reverse carcinogenesis. Cancer Res. 2001 Sep 1;61(17):6307-12 
449 Mabalirajan U, Ghosh B. Mitochondrial dysfunction in metabolic syndrome and asthma. J Allergy (Cairo). 2013;2013:340476 
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Real natural food is a human right: Corporate profiteers state 
that food and water are not human rights, but—in contrast to historical 
precident and social interests—corporate property. In this manner, 
private corporations become stronger than governments, when they 
control access to food, water, and thus very foundation of daily life and 
and thus national stability. When multinational corporations control the 
grain and water supply, then they also control the supply of poultry, 
cattle/livestock, and—increasingly—farm-raised fish.Corporations that 
control a society's food/water supply have control over that society, and 
they have the wealth to buy politicians, laws, and selective enforcement. 
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associated with complications such as pancytopenia, organ failure, and death408, it is not a treatment to be taken 

lightly nor should inexperienced physicians administer it. Colchicine can be administered orally, but its low 

therapeutic efficacy in relation to its moderate gastrointestinal toxicity limits its applicability. In a poorly 

designed study by Schnebel and Simmons409, orally administered colchicine was no better yet was more toxic 

than placebo; this study appears to have been designed specifically to show inefficacy and toxicity of colchicine 

since the patients were either given no treatment alternating with a gastroirritative toxic dose of colchicine.  

Statue of Silvius Brabo, a mythical Roman soldier who is said to have killed a giant and thrown 
his hand into the river, hence the name of the city Antwerp, which translates to "hand throwing." 
Photo at Antwerp City Hall, Belgium 2012 by DrV.  

408 "Bone marrow depression has been reported, primarily in cases of acute colchicine intoxication, and intravenous administration of the drug has been associated with severe 
pancytopenia and death." Levy M, Spino M, Read SE. Colchicine: a state-of-the-art review. Pharmacotherapy. 1991;11(3):196-211 
409 Schnebel BE, Simmons JW. The use of oral colchicine for low back pain. A double-blind study. Spine. 1988 Mar;13(3):354-7 Use of colchicine in this study varied from 
abstinence for 3 days followed by a toxic dose on day 4; therefore patients in the treatment group were subjected to no treatment for 75% of the time, followed by a dose that 
caused gastrointestinal toxicity—vomiting and diarrhea—the other 25% of the time. At neither phase of the study were patients exposed to a treatment that had any possibility of 
being effective in relation to the potential toxicity. This study was so poorly designed that its publication brings into question the editorial quality of Spine during this era. 
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nutritional supplement and whole foods industries have failed to provide adequate support for the naturopathic 

profession in proportion to the increase in nutrition supplement sales and the public's increasing appreciation for 

and purchase of whole and organic foods, both of which have been supported by the naturopathic profession. 

Naturopathic schools are not without some occasional administrative incompetence and political pettiness; notable 

events during 2013 within two schools caused the unnecessary loss of intellectual power and internationally-

respected irreplaceable academic/clinical/intellectual leadership from the profession in ways that clearly violate the 

profession's social, humanitarian, and intellectual values, despite administrative declarations to the opposite. 

Overall, the naturopathic profession continues to make positive albeit slow progress. Because the naturopathic 

profession's philosophy of healthcare stems from and extends back to life itself, naturopathic medicine is, at present 

and without any legitimate question, the only philosophy and model of primary healthcare (contrasted to allopathic 

and osteopathic) capable of salvaging, reforming, and optimizing healthcare outcomes in particular and human life 

in general.  

Barefoot physician (Wahkeena Falls, Oregon): "Let us spend one day as deliberately as Nature, and not be 
thrown off the track by every nutshell and mosquito’s wing that falls on the rails [train tracks]. Let us rise early and 
fast, or let us break the fast gently and without perturbation; let company come and let company go, let the bells 
ring and the children cry—determined to make a day of it.  Why should we knock under and go with the stream? ... 
Let us settle ourselves, and work and wedge our feet downward through the mud and slush of opinion, and 
prejudice, and tradition, and delusion, and appearance, that alluvion which covers the globe, through Paris and 
London, through New York and Boston and Concord, through Church and State, through poetry and philosophy 
and religion, until we come to a hard bottom and rocks in place, which we can call reality." Thoreau HD. Walden. 1854 
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The End 

• "It was during the years of my lowest vitality that I ceased to be a pessimist. The instinct of self restoration forbade me
a philosophy of poverty and discouragement. As it were, that is how those years appear to me now. I soon discovered
life anew…including myself. I turned my will to health, to life, into a philosophy….into the will to power.”

• "The time is now past when accidents could befall me; and what could now fall to my lot which has not already be my
own!? It returns only, it comes home to me at last—mine own Self. And such of it as has been long abroad, and
scattered among things and accidents. And one thing more do I know: I stand now before my last summit, and before
that which has been longest reserved for me."

• "You have within you the power to merge everything you have lived through – attempts, false starts, errors, delusions,
passions, your loves and your hopes – into your highest goal, with nothing left over."

• "At every step one has to wrestle for truth; one has to surrender for it almost everything to which the heart, to which our
love, our trust in life, cling otherwise. That requires greatness of soul: the service of truth is the hardest service…"

• "With your love go into your isolation and with your creativity, my brother; and only later will justice limp after you.
• "What makes a person heroic?" Answer: "To simultaneously face one's greatest fear and one's highest hope."
• "My principle article of faith is that one can only flourish among people who share the identical ideas and the identical

will."
• "Not around the inventors of new noise but around the inventors of new values does the world revolve."

Friedrich Nietzsche (German classical Scholar, Philosopher and Critic of culture, 1844-1900) 

Ceiling of Café de La Pedrera in Barcelona: 2014 photo by DrV 



1154 Inflammation Mastery & Functional Inflammology    ICHNFM.ORG 

Index:  
11-beta hydroxysteroid 

dehydrogenase, 737 
12-hydroperoxyeicosatetraenoic acid, 

370 
12-R-HETE, 370 
12-R-lipoxygenase, 375 
12-S-HETE, 370 
12-S-lipoxygenase, 375 
13-S-HODE, 369 
15-hydroperoxyeicosatetraenoic acid, 

370 
15-hydroxy-eicosatrienoic acid, 368 
15-lipoxygenase-1, 375 
15-lipoxygenase-2, 375 
15-S-HETE, 370 
2,4-dichlorophenol, 237 
2,5-dichlorophenol, 236 
2010 ACR guidelines for the 

diagnosis and assessment of FM, 
910 

25(OH) vitamin D, 59, 745 
2-hydroxyestrone, 693 
3-3-hydroxyphenyl-3-

hydroxypropionic acid, 442, 935 
5-HETE, 370 
5-hydroperoxyeicosatetraenoic acid, 

369 
5-hydroxytryptophan, 960 
5-lipoxygenase, 374 
5pSPMD, 717 
8-lipoxygenase, 375 
8-S-HETE, 370 
Abducens, 23 
Acacia catechu, 535 
ACEi, 807 
Acetaminophen, 913 
Acetyl-L-carnitine, 789 
Acetyl-L-carnitine, 970 
Acinetobacter spp, 94 
Acupuncture, 791, 973 
Acute nontraumatic monoarthritis, 122 
Acute red eye, 119 
Acute-onset HTN, 752 
Adenosine monophosphate (AMP), 

571 
Adipokines, 205, 822 
Adipose, 205, 822 
ADP, dosing and clinical use, 493, 

720 
Adrenic acid, 367 
Adverse food reactions, 379, 984 
African American, 807 
ALA, 359 
Alcohol, 413, 460, 929 
Aldolase, 1146 
Aldosterone:renin ratio, 748 
Aldosterone-to-renin ratio, 748 
Algal chlorovirus ATCV-1, 441, 935 
Alginate, 1093 
Alkalinization, 267, 770 
Allergy diagnosis, 391 
Allium sativum, 779 
Alpha-2 agonists, 813 
Alpha-adrenergic receptor class-2 

agonist, 813 

Alpha-adrenergic receptor type-1 
antagonist, 812 

Alpha-linolenic acid, 359 
Alveolar hemorrhage, 1062 
Alzheimer’s disease, 92 
Amitriptyline, 912 
Amlodipine, 810 
Amoxicillin, 496 
ANA - interpretation, 78 
ANA - overview, 26 
Analgesia (natural), 266, 267 
ANCA, 1103 
ANCA-associated vasculitis (also 

called "granulomatosis with 
polyangiitis", formerly Wegener’s 
granulomatosis, 428 

Andrographis paniculata, 537 
Anesthetics, 298 
Anethum graveolens, 535 
Aneurysm (intracranial), 875 
Angiotensin-2 converting enzyme 

inhibitors, 807 
Anise, 534 
Ankylosing spondylitis, 1110 
Anti-autoantibody interventions, 1071 
Antibiotic/antifungal drugs, 495 
Anticardiolipin antibodies, 1064 
Anti-CCP antibodies, 81, 1024 
Anticitrullinated protein antibodies, 81 
Anticyclic citrullinated peptide, 1024 
Anti-double stranded (DS, native) 

DNA antibodies, 1064 
Antidysbiotic lifestyle, 489 
Antifibrillarin antibodies, 1092 
Anti-histone antibodies, 1064 
Antihistorical, 196 
Anti-inflammatory & analgesic 

treatments, 255 
Anti-Jo-1, 1146 
Antimetabolites, 413, 415, 928 
Antimicrobial treatment of SIBO, 963 
Antimutagenesis as a direct antiviral 

strategy, 573, 582 
Anti-nuclear antibodies, 1064 
Antinuclear antibody - interpretation, 

78, 79 
Antioxidant capacity of fruits and 

vegetables, 209 
Antiphospholipid and Anticardiolipin 

antibodies, 1064 
Antiphospholipid syndrome, 427 
Antiphospholipid/ anticardiolipin/ 

Hughes syndrome, 85 
Anti-Ro antibodies, 1064 
Anti-Sm (anti-Smith) antibodies, 1064 
Antiviral (phyto)nutrition, 723 
Aortic coarctation, 735 
Arachidonate avoidance, 769 
Arachidonic acid metabolites formed 

by cyclooxygenase, 368 
Arachidonic acid, 366 
Arginine, 775, 776 
Arginine, omega-3 fatty acids and 

nucleotide-supplemented enteral 
support, 585 

Armour thyroid, 697 

Aromatase, 693 
Aromatase, 828 
Artemisia annua, 494, 533, 722 
Artificial sweeteners, colors and other 

additives, 212 
Ascorbic acid, 587, 770 
Aspartame, 212 
Asthma & Reactive Airway Disease, 

1001 
Atlantoaxial instability in AS and RA, 

1111 
Atlantoaxial instability, 120, 121 
Atlas vertebra realignment, 795 
Augmentin, 496, 964 
Authentic living, 221 
Autism, 414, 415, 483, 484, 485, 530 
Auto-brewery syndrome, 459 
Autoimmune hepatitis, 85 
Autoimmune thyroid disease, 85 
Autointoxication, 459 
Autonomization, 224 
Avascular necrosis of the femoral 

head, osteonecrosis, 123 
Azithromycin for psoriasis, 1048 
Azithromycin, 496 
Babesia, 93 
Bacterial allergy, 434 
Bacterial DNA, 409 
Bacterial overgrowth, 473 
Bacteriophage therapy, 497 
Bacteriophages, 556, 1059 
Balance shoes, 294 
Barrett’s esophagus, 1078 
Bed rest, 254 
Beets, 537 
Behcet's Disease, 1133 
Behcet's Syndrome, 1133 
Berberine, 533, 781 
Berberine: dosing and clinical use, 

720 
Beta-adrenergic receptor blockers, 

“beta blockers”, 809 
Beta-glucuronidase, 104, 488 
Betaine, 576 
Betulina, 534 
Bile flow, 706 
Biochemical Individuality - overview, 

216 
Biochemical individuality, 195 
Biofilms, 439 
Bioflavonoids in the treatment of 

allergy, 388, 994 
Biotin, 611 
Bismuth, 494, 534, 722 
Blastocystis hominis, 493, 525, 720 
Bleach bath, 515 
Blood Dysbiosis, 511 
Blood pressure measurement, 743 
Body mass index (BMI) for predicting 

amount and duration of weight 
loss, 744 

Body Mass Index, 204, 822 
Boerhaavia diffusa, 537 
Bone necrosis caused by NSAIDs, 

250 
Borrelia burgdorferi, 93 



Index & Appendix 

 

 

ICHNFM.ORG Inflammation Mastery & Functional Inflammology 1155 
 

Boswellia serrata, 259 
Bowel-associated dermatitis-arthritis 

syndrome (BADAS), 434 
Bradycardia, 807 
Breath testing, 487 
Bromocriptine, 691, 692 
Brucea javanica, 535 
Buchu/betulina, 534 
Butyrate, 415 
BVG-LOC profile, 753 
Bystander activation, 428 
Cabergoline, 691 
Caffeine, 212 
Calcium channel blockers 

(dihydropyridine class), 810 
Calcium pyrophosphate dihydrate 

deposition disease, 124, 125 
Campylobacter, 93 
Canadian Hypertension Education 

Program recommendations, 761 
C-ANCA, 1103 
Candida albicans, 526 
Candida hypersensitivity, 434 
Cannabis sativa and related variants, 

261 
Caprylic acid, 535 
Capsicum annuum, Capsicum 

frutescens, 260, 1049 
Carbohydrate loading for 

supercompensation, 211 
Carboxy-methyl-lysine, 904 
Cardiopulmonary examination, 743 
Carica papaya ("papaya"), 567 
Carnitine Insufficiency Caused by 

Aging and Overnutrition, 789 
Carnitine, antiinflammatory effects, 

1049 
Carpal bones myofascial release, 290 
Carpal tunnel syndrome - clinical 

management, 286 
Carpal tunnel syndrome - 

manipulative treatment, 292 
Carrageenan, 212 
Cartilage destruction caused by 

NSAIDs, 250 
Casokinins, 773 
Catecholamine-O-methyltransferase, 

737 
Cat's claw, 259 
Cauda equina syndrome, 2, 120 
Cayenne pepper - monograph, 1049 
Cayenne pepper, 260 
CBC – overview, 25 
CCB, 810 
CCP, 81, 1024 
Celiac disease and autoimmunity, 492 
Celiac disease and autoimmunity, 719 
Celiac disease, 85, 429 
Cell wall-deficient bacteria, 408 
Centella asiatica, 1088 
Central neurogenic hypertension, 738 
Cephalexin, 497, 516 
Cervical spine dysfunction, 742 
Cervical Spine: Rotation Emphasis, 

280 

CH50, 1064 
Chemistry panel – overview, 25 
Chemistry/metabolic panel, 745 
Chiropractic model of illness and 

healing, 152 
Chiropractic spinal manipulative 

therapy, 792, 794 
Chiropractic, 973 
Chiropractic-supervised water-only 

fasting in the treatment of 
borderline hypertension, 668, 669, 
763 

Chlamydia trachomatis, 93 
Chlamydia/Chlamydophila 

pneumoniae, 93, 517, 918 
Chlorella pyrenoidosa, 673, 725 
Chlorella, 673, 725, 979 
Chlorovirus ATCV-1, 441, 935 
Chlorpyrifos, 236 
Chocolate, 771 
Chondroitin, 270 
Chronic fatigue syndrome, 94 
Chronic inflammatory disease, 

sustained inflammatory response, 
398 

Churg-Strauss syndrome, 1099 
CIC (circulating immune complexes), 

1141 
Ciprofloxacin, 497 
Citrate synthase, 890 
Citrobacter freundii, 526 
Citrobacter rodentium, 526 
Clinical Assessments for HTN, 742 
Clinical Case: 45yo HLA-B27+ woman 

with recurrent UTIs and a 7-year 
history of ankylosing spondylitis, 
501 

Clinical Case: Abnormal lactulose-
mannitol ratio in a patient with 
idiopathic peripheral neuropathy, 
499 

Clinical Case: Elevated hsCRP (high-
sensitivity C-reactive protein) in a 
male patient with metabolic 
syndrome and rheumatoid arthritis, 
500 

Clinical Case: Elevated plasma 
ammonia in the absence of liver 
disease, 461 

Clinical Case: Exemplary case of 
clinical and laboratory evidence of 
reversal of “severe, aggressive, 
drug-resistant” rheumatoid 
arthritis, 402 

Clinical Management, 752 
Clinical practice involves much more 

than “diagnosis and treatment”, 
114 

Clonidine, 813 
Clostridium, especially in autism, 485 
Clove, 534 
Cluster headache - differential 

diagnosis of head pain, 875 
Cluster headache, 874 

Cluster headaches, treatment with 
melatonin, 899 

Cocaine, 735 
Cockcroft-Gault formula, 740 
Cocoa, 771 
Cod liver oil, 588 
Coenzyme Q10 (CoQ10) in cardiac 

disease, 788 
Coenzyme Q-10, 787, 966 
Coffee as a gastrointestinal stimulant, 

495 
Cold and stretch treatment for MFTP, 

277 
Colonization, 399 
Combination of streptococcal antigen 

with bacterial DNA, 410 
Combinatorial inflammology, 478 
Combinatorial multifocal 

polydysbiosis, 398 
Commiphora molmol, 533 
Complement, 84 
Complements C3 and C4, 54 
Composite seropositivity, 1024 
Composite seropositivity, 81 
Comprehensive parasitology, 102 
Comprehensive parasitology, 102, 

501, 529 
Compression - use in injury 

management, 255 
Conn’s syndrome, 739 
Conscious living, 196 
Consciousness-raising, 224 
Consent to treatment, 110 
Contemplation, 194 
Contraceptives, 735 
Controlled breathing, 791 
CoQ-10 in the treatment of allergy, 

388, 994 
CoQ-10 treatment for migraine, 890 
CoQ10, 420, 787, 969 
Corrective experience, 224 
Cortef, 695 
Cortical spreading depression, 866 
Cortisol, 694 
Cosmetics, 979 
Cough headache - differential 

diagnosis of head pain, 875 
Counterthrust, 279 
CPDD, 125 
CPPD, 124, 125 
Cranberry, 534 
Cranial nerve V, pain sensation in 

migraine, 863 
Cranial nerves, 22, 23 
C-reactive protein - interpretation, 27 
Creatine kinase, 1146 
Creatine monohydrate, 970 
CREST syndrome, 1074 
Cross-reactivity, 423 
CRP - interpretation, 52 
Cryoglobulinemia, 1098 
Curcumin requires piperine for 

absorption, 308, 377, 389, 996 
Curcumin, 537 
Cushing’s disease/syndrome, 735 



 

https://www.amazon.com/dp/1502894890
https://www.amazon.com/dp/1502894890


PDF articles: Full-text archives of the author’s articles are 
available per the following:  

• https://ichnfm.academia.edu/AlexVasquez  

• https://www.ichnfm.org/public  

• VIDEO: BRIEF Critique of “Effects of n−3 Fatty Acid 
Supplements in Diabetes Mellitus: ASCEND Study”  
https://vimeo.com/287650812  

• VIDEO: Bad Science in Medical Nutrition: Politics of 
Fish Oil  https://vimeo.com/314997927  

https://ichnfm.academia.edu/AlexVasquez
https://www.ichnfm.org/public
https://vimeo.com/287650812
https://vimeo.com/314997927


PDF articles: Full-text archives of the author’s articles are available:  

• https://ichnfm.academia.edu/AlexVasquez  

• https://www.inflammationmastery.com/reprints   

• https://www.ichnfm.org/public  

https://ichnfm.academia.edu/AlexVasquez
https://www.inflammationmastery.com/reprints
https://www.ichnfm.org/public


PDF articles: Full-text archives of the author’s articles are available:  

• https://ichnfm.academia.edu/AlexVasquez  

• https://www.inflammationmastery.com/reprints  

• https://www.ichnfm.org/public  

• See original video here: https://vimeo.com/318326979 

https://ichnfm.academia.edu/AlexVasquez
https://www.inflammationmastery.com/reprints
https://www.ichnfm.org/public
https://vimeo.com/318326979


 

PDF articles: Full-text archives of the author’s articles are 
available per the following:  

• https://ichnfm.academia.edu/AlexVasquez 

• https://www.ichnfm.org/public  

• VIDEO: BRIEF Critique of “Effects of n−3 Fatty Acid 
Supplements in Diabetes Mellitus: ASCEND Study”  
https://vimeo.com/287650812  

• VIDEO: Bad Science in Medical Nutrition: Politics of 
Fish Oil  https://vimeo.com/314997927  

https://ichnfm.academia.edu/AlexVasquez
https://www.ichnfm.org/public
https://vimeo.com/287650812
https://vimeo.com/314997927


PDF articles: Full-text archives of the author’s articles are available:  

• https://ichnfm.academia.edu/AlexVasquez   

• https://www.inflammationmastery.com/reprints   

• https://www.ichnfm.org/public  

https://ichnfm.academia.edu/AlexVasquez
https://www.inflammationmastery.com/reprints
https://www.ichnfm.org/public


PDF articles: Full-text archives of the author’s articles are 
available per the following:  

• https://ichnfm.academia.edu/AlexVasquez  

• https://www.inflammationmastery.com/reprints  

• https://www.ichnfm.org/public  

https://ichnfm.academia.edu/AlexVasquez
https://www.inflammationmastery.com/reprints
https://www.ichnfm.org/public


 

PDF articles: Full-text archives of the author’s articles are available:  

• https://ichnfm.academia.edu/AlexVasquez  

• https://www.inflammationmastery.com/reprints  

• https://www.ichnfm.org/public  

• See new article posted here https://www.ichnfm.org/d  

https://ichnfm.academia.edu/AlexVasquez
https://www.inflammationmastery.com/reprints
https://www.ichnfm.org/public
https://www.ichnfm.org/d


 

 

  

DOWNLOAD FREE SAMPLE: https://www.amazon.com/Dr-Alex-Vasquez/e/B00AT5764Y  

• VARIOUS VIDEOS AND BLOGS: https://www.ichnfm.org/braininflammation  

• INFO: https://www.inflammationmastery.com/fibromyalgia  

• INFO: https://www.inflammationmastery.com/migraine  

• From Inflammation Mastery, chapter 5, the two sections specific to migraine and fibromyalgia 
were also published separately as Pain Revolution (full-color printing; 
https://www.amazon.com/dp/B01AR3NX0S) and Brain Inflammation in Chronic Pain, Migraine 
and Fibromyalgia: The Paradigm-Shifting Guide for Doctors and Patients Dealing with Chronic 
Pain (black-and-white printing; https://www.amazon.com/dp/B01EQ9KMH6/); both versions 
are also available in digital ebook format for phone, computer, iPad via the free Kindle software 

https://www.amazon.com/dp/B01EQ9KMH6/
https://www.amazon.com/Dr-Alex-Vasquez/e/B00AT5764Y
https://www.ichnfm.org/braininflammation
https://www.inflammationmastery.com/fibromyalgia
https://www.inflammationmastery.com/migraine
https://www.amazon.com/dp/B01AR3NX0S
https://www.amazon.com/dp/B01EQ9KMH6/
https://www.amazon.com/dp/B01EQ9KMH6/


Nutritional Perspectives: Journal of the Council on Nutrition of the American Chiropractic Association
October 2004 5

these processes—1) inflammation, 2) cell membrane
dynamics, 3) neurotransmitter/hormone receptor function,
and 4) gene expression—is with skillful nutritional inter-
vention: dietary improvement and phytonutritional
supplementation.  In particular, modulation of fatty acid
metabolism by supplementation with nutritional oils is the
most efficient means to achieve all four of the above-men-
tioned goals. 

FOOD AND INFLAMMATION:

The adage “One man’s food is another man’s poison”
finds particular relevance when we are dealing with
patients experiencing pain and inflammation.  Although
dietary recommendations must always be customized for
each individual patient, we can confidently make certain
general recommendations to help these patients overcome
their health problems and to feel and function better.  Con-
ceptually, we can organize our ideas about foods into the
following categories: 1) foods to avoid, 2) foods to con-
sume, 3) customized recommendations with regard to
allergies, sensitivities, and intolerances.

Foods to Avoid: Many doctors and patients are unaware
of the pro-inflammatory nature of many commonly eaten
foods.7 As long as patients continue to consume pro-
inflammatory chemicals in their foods on a daily basis, then
they will continue to fight an uphill battle against pain and
inflammation.  Generally speaking, eating is itself a pro-
inflammatory event, with sugars and fats inducing more
inflammation than protein-containing foods.8 Therefore,
simple sugars and high-fat foods should be avoided.  Two
fatty acids in particular, linoleic acid (LA) and arachidonic
acid (ARA) from the n-6 family should be reduced or elim-
inated from the diet to the extent possible.  LA increases
inflammation by several mechanisms, one of which is acti-
vation of NF-kappaB.9 (Phytonutritional modulation of
NF-kappaB10 will be reviewed in upcoming articles in this
series.)  Therefore, rich sources of LA should be avoided as
much as possible. LA is abundant in most nut, seed, and

INTRODUCTION: 

Since its inception, the chiropractic profession has rec-
ognized and affirmed the importance and benefits of
whole-patient healthcare.1,2 In contrast to the medical
model of disease, which generally seeks to use synthetic
drugs to target isolated biochemical pathways, the holistic
model of health and disease appreciates that a multifaceted
approach including physical (structural, biomechanical,
anatomical), biochemical (nutritional, hormonal, neuro-
chemical), and psychoemotional assessments and
interventions is commonly safer, more effective, and less
expensive in the long-term for the restoration and preserva-
tion of optimal health.3 Extensive documentation in
support of these concepts and their clinical applications has
recently been compiled by the current author in a 486-page
manuscript.4

While the benefits, safety, and cost-effectiveness of
physical medicine and spinal manipulation have been well
established in journal articles and commissioned reports,5,6

it is only within the past few years that we have seen a lit-
eral explosion of high-quality research supporting the
concept that skillful phytonutritional interventions can have
a powerful and beneficial influence on patient outcomes for
a wide range of health concerns.  Thus, as the only nation-
ally-licensed healthcare providers with training in nutrition,
chiropractic physicians should claim their proper position
of leadership in the management of chronic health disor-
ders.  

The research increasingly points to inflammation as a
common determinant of many diseases, including cancer,
cardiovascular disease, neurologic conditions, diabetes,
arthritis, and the so-called autoimmune diseases such as
rheumatoid arthritis, lupus, and multiple sclerosis.  Addi-
tionally, new research is also documenting the powerful
influence of nutrition on optimal cell membrane dynamics,
neurotransmitter/hormone receptor function, and modifica-
tion of gene expression.  The most powerful, cost-effective,
and fundamental means for effectively addressing all of

Reducing Pain and Inflammation Naturally
Part I: New Insights into Fatty Acid Biochemistry 

and the Influence of Diet
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vegetable oils such as canola oil (21%), safflower oil
(76%), sunflower oil (71%), corn oil (57%), soybean oil
(54%), and cottonseed oil (54%).  Similarly, ARA is the
direct precursor to the isoprostanes—chemicals that are
formed from the non-enzymatic oxidation of ARA and
which exacerbate pain and inflammation. ARA is the pre-
cursor for and increases the production of inflammatory
and noxious chemicals, particularly the prostaglandins and
leukotrienes.  Additionally, laboratory research has found
that ARA also promotes activation of NF-kappaB and can
cause a 400% increase in superoxide production in Kupffer
cells.9 The most obvious method for reducing production
of chemicals derived from ARA is to reduce dietary intake
of ARA; this means avoiding the richest sources of ARA
such as whole milk, beef, liver, pork, lamb, and to a lesser
extent turkey and chicken.  Additionally, many of these
problematic foods, especially beef, liver, pork, and lamb,
are also major sources of dietary iron, which promotes joint
inflammation independently from its contribution to iron
overload and hemochromatoic arthropathy.  Indeed, as I
have discussed in this journal11 and elsewhere12, all
patients with polyarthropathy should be tested for iron
overload.  In summary, patients with inflammatory condi-
tions should avoid foods that are high in fat, simple
carbohydrates, linoleic acid, arachidonic acid, and iron.
Artificial and processed foods should also be avoided since
they are commonly rich in trans-fatty acids and are
depleted of antioxidants.

Foods to Consume: Fruits and vegetables are rich
sources of health-promoting nutrients such as vitamins,
minerals, fiber, fatty acids such as squalene, and—perhaps
most important—a wide range of phytochemicals includ-
ing limonoids, carotenoids, terpinoids, isothiocyanates,
flavonoids, proanthocyanidins and other polyphenols.
Dietary antioxidants have important anti-inflammatory
benefits that extend beyond their abilities to quench free
radicals.  Additionally, components of whole foods, such as
the sterols and sterolins found in vegetables, have signifi-
cant immune-modulating effects and have shown benefit in
alleviating the inflammation of rheumatoid arthritis.  Fruits
and vegetables contain over 5,000 different phytochemicals
that act additively and synergistically to maximize antioxi-
dant protection and to protect health.13 Vegetarian, vegan,
and plant-based whole-foods diets are naturally low in fat,
linoleic acid, arachidonic acid, iron, and trans-fatty acids.
Extra virgin olive oil contains oleic acid, squalene, and phe-
nolic compounds which work synergistically to reduce
inflammation, pain, and cardiovascular disease.  Whey, soy,
and cold-water fatty fish provide health benefits in addition
to the provision of high-quality protein.  Green tea shows
anti-inflammatory, antioxidant, and anti-cancer actions.
Diets with a strong foundation of whole fruits and vegeta-
bles help patients increase their intake of antioxidant and

anti-inflammatory vitamins, minerals, fiber, and phytonu-
trients while helping to reduce intake of pro-inflammatory
iron and fatty acids.  Lastly, a significant portion of the
health benefits and anti-inflammatory effects of increased
consumption of fruits and vegetables is due to favorable
alterations in gastrointestinal microflora14 rather than the
direct nutritive values of foods.

Customized Recommendations and Food Allergies:
We are all aware that, in certain patients, specific foods and
combinations of foods may exacerbate joint pain and
inflammation.15,16 Therefore the diet must be customized
for each patient with regard to food allergies, food sensitiv-
ities, and food intolerances.  Not only must problematic
foods be avoided, but patients’ gastrointestinal and immune
status must be evaluated and improved.4 Although many
doctors are aware of the elimination-and-challenge tech-
nique, most doctors do not direct sufficient attention to
improving gastrointestinal status and immune function so
that the immune system is no longer hyper-responsive to
benign food constituents.4

AN INTRODUCTION TO FATTY ACID METAB-
OLISM

We can think of the major biologically active fatty acids
as originating from three major categories or “families”
based on their molecular configuration and thus their phys-
iologic properties.  We can then ascribe general properties
to these families and the individual members within each
group.  The most clinically important fatty acids are “unsat-
urated”, meaning they have one or more carbon-to-carbon
double bonds rather than carbon-to-carbon single bonds,
the latter being “saturated” with the full number of hydro-
gen molecules.  Double bonds strongly influence the
biochemical and clinical effects of fatty acids, making these
fatty acids more reactive and biologically active than their
saturated counterparts, as well as more prone to oxidation,
rancidification, and hydrogenation.

Within each family, fatty acids progress from predeces-
sors to progeny by a series of enzymatic steps catalyzed by
desaturase and elongase enzymes.  The desaturase enzymes
are very slow in their conversions compared to the elongase
enzymes, and the clinical relevance of this difference will
become apparent as this article and series of articles pro-
gresses.  We also note that fatty acids never change from
one family to another: e.g., an omega-3 fatty acid will
always remain in the omega-3 family and will never
become a member of the omega-6 or omega-9 family.  This
is because the defining characteristic on a molecular level
is never altered: omega-3 fatty acids have their first carbon-
to-carbon double bond starting at the third carbon from the
methyl group; omega-6 fatty acids have their first carbon-
to-carbon double bond starting at the sixth carbon from the
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methyl group; omega-9 fatty acids have their first carbon-
to-carbon double bond starting at the ninth carbon from the
methyl group.  For the sake of efficiency and accordance
with nomenclature conventions, we will hereafter abbrevi-
ate “omega” as “n” for the n-3, n-6, and n-9 fatty acids,
respectively.  

N-3 fatty acids: The n-3 family of fatty acids begins
with alpha-linolenic acid, commonly referred to as one of
the two “essential fatty acids” because it cannot be pro-
duced within the human body and must therefore be
provided by the diet.  Manifestations of n-3 fatty acid defi-
ciencies are generally subtle when contrasted to those of the
n-6 family and include behavioral and visual impairment,
endocrinologic alter-
ations, and a
tendency toward the
development and
progression of sev-
eral chronic
degenerative dis-
eases.17

Abundant in flax
oil (~57%), alpha-
linolenic acid (ALA)
is converted to steari-
donic acid by
delta-6-desaturase.
Stearidonic acid
(SDA) is elongated to
n-3 eicosatetraenoic
acid, which is then
converted to eicos-
apentaenoic acid
(EPA) by delta-5-
desaturase.  EPA is
elongated to n-3
docosapentaenoic
acid (n-3 DPA),
which is then con-
verted to
docosahexaenoic acid
(DHA) by delta-4-
desaturase.  These
substrates and con-
versions are
illustrated in Figure 1
(modified with per-
mission from
Integrative Orthope-
dics4).

N-6 fatty acids: The n-6 family of fatty acids begins

with linoleic acid (LA), also referred to as an “essential
fatty acid” because it cannot be synthesized de novo within
the human body.  LA is abundant in most nut, seed, and
vegetable oils such as canola oil (21%), safflower oil
(76%), sunflower oil (71%), corn oil (57%), soybean oil
(54%), and cottonseed oil (54%).18 LA is converted by
delta-6-desaturase to gamma-linolenic acid (GLA), which
is quickly elongated to dihomo-gamma-linolenic acid
(DGLA).  DGLA is slowly converted by delta-5-desaturase
to arachidonic acid (ARA), which is elongated to adrenic
acid, which is finally converted to n-6 docosapentaenoic
acid by delta-4-desaturase.  These substrates and conver-
sions are illustrated in Figure 2 (modified with permission

Alpha-linolenic acid
ALA  18:3n3
flax seed oil

Stearidonic acid
18:4n3

black  currant oil

Eicosapentaenoic acid
EPA  20:5n3

fish oil

delta-6-desaturase
(slow conversion)

elongase
(rapid converstion)

Docosahexaenoic acid
DHA  22:6n3

fish oil, microalgae

delta-4-desaturase
(very slow conversion)

elongase

n-3 docosapentaenoic acid
22:5n3

n-3 Eicosatetraenoic acid
20:4n3

delta-5-desaturase

Figure 1.  Metabolism of n-3 fatty acids

Linoleic acid
LA  18:2n6

nut, seed, and vegetable  oils:
safflower oil, sunflower oil, corn
oil, walnut oil, sesame seed oil

Arachidonic acid
ARA  20:4n6

"land animal" fats: beef, liver,
pork, poultry, lamb, eggs,

and milk/dairy

Gamma-linolenic acid
GLA  18:3n6

evening primrose oil, borage
seed oil, hemp oil, and black

currant seed oil

Dihomo-gamma-linolenic acid
DGLA  20:3n6

breast milk

delta-5-desaturase
(very slow conversion)

elongase
(rapid conversion)

delta-6-desaturase
(very slow rate-limiting conversion)

n-6 docosapentaenoic acid
22:5n6

delta-4-desaturase

elongase

Adrenic acid
22:4n6

Figure 2.  Metabolism of n-6 fatty acids
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from Integrative Orthopedics4).

Note that the term “eicosatetraenoic acid” can apply to
both 20:4n6 (arachidonic acid) of the omega-6 fatty acid
family19 and to 20:4n3 of the omega-3 fatty acid family.20

Therefore, to avoid the confusion that would result from the
use of the term “eicosatetraenoic acid” by itself, “n-6
eicosatetraenoic acid” should be used when referring to
20:4n6 (arachidonic acid) and “n-3 eicosatetraenoic acid”
should be used when referring to 20:4n3.  Similarly, 22:5n3
of the omega-3 fatty acid family21,22 and 22:5n6 of the
omega-6 fatty acid family23,24,25 are both referred to as
“docosapentaenoic acid.” Therefore using the term “docos-
apentaenoic acid” will be ambiguous unless the appropriate
n-3 or n-6 designation is stated.  “N-3 docosapentaenoic
acid” should be used to refer to 22:5n3 and “n-6 docos-
apentaenoic acid” should be used for 22:5n6.

N-9 fatty acids: The primary n-9 fatty acid in the human
diet is oleic acid, the predominant monounsaturated fatty
acid in olive oil.  While oleic acid is certainly biologically
active and therefore clinically important, due to the com-
plexity of olive oil as the primary source of oleic acid, we
are not yet able to clearly determine from epidemiological
studies how much of the benefit of olive oil consumption is
due to the oleic acid compared to the benefits derived from
the powerful antioxidant and anti-inflammatory actions of
the phenolics, the relatively high content of squalene, or
other confounding variables in diet and lifestyle.26,27

ENZYMATIC CONVERSION: CHEMICAL
FLOWCHARTS VERSUS THE REALITY OF CLIN-
ICAL EFFECTIVENESS

If conversion of one fatty acid to the next proceeded as
efficiently as depicted in biochemical flow charts, then n-3
ALA and n-6 LA could be supplemented to provide all of
the downstream fatty acids and their metabolites, presum-
ably in the proper ratios.  However, clearly this is not the
case due to intrinsic as well as genotypic (inherited) and
phenotypic (manifested) defects in enzyme effectiveness.
Clinicians need to understand the individual characteristics
of these enzymes in order to successfully employ therapies
which modulate fatty acid metabolism.  Since the conver-
sions catalyzed by elongase are quite efficient and are
almost never discussed as cause for concern in the medical
and nutritional literature, we will focus on the desaturase
enzymes, which are noted to have significant variances in
phenotypic expression and which can be adversely affected
by common vitamin and mineral deficiencies. 

Delta-6-desaturase: The first step in the n-3 and n-6
pathways is the action of delta-6-desaturase (D6D) in con-
verting ALA to SDA and LA to GLA, respectively.
Enzymatic conversions by D6D are rate-limiting due to 1)

its strong need for several vitamin and mineral co-factors,
2) its genotypic impairment, such as in patients with
eczema,28 3) its phenotypic impairment in patients with
diabetes,29 and its impairment by trans-fatty acids,30 stress
neurotransmitters,31 and other environmental and nutri-
tional influences.4 The slow conversions by D6D explain
why, as Horrobin noted, “…it is impossible to produce any
significant elevation of DGLA levels in humans by increas-
ing linoleic acid intake.”32 Similarly, conversion of ALA
to the downstream and clinically desirable fatty acids EPA
and DHA is unreliable, with most studies showing only a
modest increase in EPA and no increase in DHA following
supplementation with ALA.  Cofactors required for effi-
cient action of D6D include iron, zinc, magnesium,
pyridoxine, riboflavin, and niacin; when these vitamins and
minerals are deficient, D6D function will be impaired and
defects in fatty acid metabolism will result.33

Delta-5-desaturase: Delta-5-desaturase (D5D) slowly
converts n-3 eicosatetraenoic acid to EPA, and in the n-6
pathway, DGLA to ARA.  Supplementation with GLA has
been shown to result in a slight to modest increase in ARA
that may or may not be clinically significant.  Impairment
of D5D is seen in patients with the blinding eye disease
retinitis pigmentosa, resulting in marked reduction in reti-
nal DHA levels.34

Delta-4-desaturase: Delta-4-desaturase (D4D), like the
other desaturase enzymes, is also very slow-acting.  While
impaired conversion of adrenic acid to n-6 docosapen-
taenoic acid appears to be of little or no consequence,
reduced bioavailability of DHA due to its slow conversion
from n-3 docosapentaenoic acid has tremendous implica-
tions in the etiology of schizophrenia, a disease associated
with impaired D4D activity.35

By understanding the biochemical efficiency of these
enzymes, doctors are better able to understand how to
implement clinical strategies for modulating fatty acid bal-
ance in their patients.  In the n-3 family, supplementation
with ALA increases (in order of decreasing efficiency)
ALA, SDA, and EPA but does not consistently elevate
DHA.  Therefore, although consumption of flax oil has
many important benefits and may be used to modestly
increase EPA levels, it cannot be relied upon to increase
DHA levels.36 Supplementation with SDA increases EPA
levels, but DHA is not significantly increased due to the
slow conversion by D4D.37 Supplementation with EPA
proportionately increases EPA but does not consistently
increase DHA.38 DHA supplementation is the most effec-
tive and reliable means for increasing DHA levels.39

In the n-6 family, supplementation with LA does not
lead to clinically significant increases in GLA or DGLA.32

Supplementation with GLA greatly increases DGLA and
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leads to a modest increase in ARA.40 Diets high in ARA
lead to increased tissue levels of ARA.  Consumption of
EPA lowers levels of GLA/DGLA29 and oleic acid41; like-
wise, consumption of GLA lowers levels of EPA.40

Overall, the implications are that when a particular
fatty acid is desired for its physiologic effect and clinical
benefits, it should be supplied directly from the diet or
supplements.

CONCLUSION:

In this brief article, we have introduced and reviewed the
foundational terminology and concepts which will facili-
tate the introduction of more advanced concepts as
presented in the upcoming articles in this series.  Dietary
improvement and custom-tailored prescription of individ-
ual fatty acids is consistently providing patients and doctors
with greater health and superior clinical results.  Allevia-
tion, prevention, and effective treatment of many diseases
previously considered to be “untreatable” is now possible
with fatty acid supplementation, diet modification, and the
use of other vitamins, minerals, and botanical medicines.
The skillful use of these interventions by the chiropractic
profession, whether as adjunctive treatment to spinal
manipulation or as primary therapy, is in accord with our
holistic philosophy and promises to advance the promi-
nence of our profession in the healthcare arena.  Since the
pharmaceutical-surgical paradigm delivers many unneces-
sary risks and unsatisfactory outcomes in the management
of chronic disease42-49, now is the time for chiropractic
physicians to step forward and deliver the safest, most
effective and cost-effective therapies ever before seen in
American healthcare for the management of chronic health
problems.
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